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Foreword 

Widespread outbreaks of grasshoppers, 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 Africa that seemed related to the locust and grasshopper situation. Tho Senate 
Appropriations Committee and its Subcommittee on Foreign Operations requested that OTA 
address a number of questions regarding how 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 shouid the United States do when the problem recurs? 

This isOTA'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 the 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 special report draws on many people's expertise. We appreciate 
the efforts of our workshop participants, the people who responded to our survey, ind those 
who reviewed the two draft reports. In particular, our thanks go to staff at the United Nations 
Food and Agriculture Organization (FAO) and the U.S. Agency for International 

OTA, USAID, ind FAO's analyses and policy suggestionsDevelopment (USAID). 
sometimes differ. But we at OTA are grateful for the assistance these other groups provided 
and the thoroughness with which they reviewed our earlywork. 

JOT N H. GIBBONS 
Director 
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THE BASICS 


Several major species of locusts as well as sig-
nificant pop ul ations of various grasshoppers 
threatened African 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, green vegetation allowed 
these pest species to proliferate. ,evcraigrasshop-
per species in the West African Sahel reached 
levels high enough to result in large scale control 
efforts. Also, a major plague of Desert 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 Iraq, Iran, and Kuwait in the east and some 
fragments of swarms reached the Caribbean. 

The recent plague caught African nations and 
donors unprepared because the infrastructure to 
fight these insects had deteriorated in the decades 
since the last major 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). Experts differ widely in their 
assessment of the significance of grasshopper and 
locust outbreaks relative 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-
tivcs exist for chemical pesticides; and education 
and training for the next generation of experts 
seems inadequate, 

Locusts and Grasshoppers 

Some 200 grasshopper and locust species, with 
different food preferences and geographic dis-
tribution, are agricultural pests in Africa. A 
smaller number cause the majority of concern, 
including the Desert Locust and Senegalese 
Grasshopper (see figure 1). Different species can 
invade virtually 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 
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a given area and they occur episodically. 
Grasshopper infestations often involve a number 
of different species and cause agricultural damage 
each year. The Sahelian region is particularly vul
nerable. 

Locusts and some grasshoppers become a 
serious problem when they breed rapidly, become 
heavily concentrated, and undergo a biological 
transformation to the gregarious phase. Each in
sect in a gregarious group (a band 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,(XX) km in a week. A 
plague occurs when many gregarious bands and 
swarms occur over a large area in 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-although the inability to forecast 
weather precludes accurate prediction of insect 
build-ut). The reasons for plagues' declines are less 
clear. 8pecifically, the importance of control in 
declines ishotly debated. 

Organizations Involved in Controlling 
locusts and Grasshoppers 

The U.N. Food and Agriculture Organization 
(FAO) has coordinated international locust con
trol efforts since the 1950s, important because 
locust swarms migrate 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 lRed Locust Control Organiza
tion for Central and Southern Africa) conduct 
survey and control efforts in most of sub-Saharan 
Africa, where national crop protection services are 
less well-developed than elsewhere. Three 
regional FAO commissions in Northwest Africa, 
the Near East, and Southwest Asia, cover areas 
where control is handled primarily by the national 
crop protection agencies; they coordinate surveys, 
control, training, and research. 

3 
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Box A-An Open Letter to OTA's Readers: A Time for Caution 
Africa recently experienced the largest simultaneous upsurges of several important locust and grasshop.per pests in 50 years. Public and private donors spent approximately $275 million to control these pests iat least 23 countries from 1986 until mid-1989. Some African countries spent a significant amount of theLirown scarce furds as well. The U.S. Government provided some $60 million worth of aircraft, pesticides, andtechnical assistance (usually by Americans), in that order. Some cam this is the first time a Desert Locustplague has been stopped in its tracks and that the cortrol program deserves full credit. They say that chemicalzontrol is virtually the only technological option against locust swarms today, and that other effective andsafe control methods are at least a decade away. They seem to be right. 
Yet, others contend that the weather contributed more than control to the insects' d.cline. They saofficials should not take so much credit but perhaps more responsibility: for the mostly uncounted financialhealth, and environmental costs of insecticide-based control programs; for using funds for emergency effortsthat miht have been bettor spent on long term development efforts; and for focusing on a few insects that,wnhile highly  aibic, do not cause crop losses as great as some other agricultural pests. They also seem to beright. 

The material in this report raises some unsttling questions about U.S. policy and the uie of currenttechnology in locust and grasshopper control programs in Africa. Some of OTA's findings are clear; othersare highly qulmified, reflecting lack of consensus among experts. In each instance in the chapters tha' follow,OTA sets out the relative degree of agreement among experts, des';ribes which parties fall into which campsand teases out implications of the disagreement. Sue treatment has decreased but probably not eliminatedthe controversial nature of some of our findings and these findings are the base on which OTA's furtheranalysis is built. Therefore, some might say OTA's report is built on a foundation of sand. OTA is inclinedto state thz:t certain U.S. policies are shaky, instead. 
The causes for some questionable policy choices arc. understandable. Locusts and grasshoppers, by theirability to increase rapidly and sometimes to cause near-total destruction at localized sites, createoverwhelming and seemingly irresistible pressure for African and donor officials 

an 
policymakers are well motivated and want to save crops and avoid famine. 

to take action. Such
However, famine and nationalevel crop loss do not seem to be directly related to the impact of locust and grasshopper upsurges. In 1986,for example, these insects apparently caused overall crop loss of a little less than 1 percent in the 9 mostaffected African countr es. 

OTA finds that the U.S. response to the African grasshopper and locust outbreaks commonly has beenbased on faulty assumptions like the assumption that locust and rasshopper outbreaks lead to famine, It istime to lay better groundwork for U.S. pest management strategies in Africa. This will not be easy becauseof the multiple and conflicting motivations of people involved. Scientists want to be correct.herders want to avoid risk an Farmers andproductive. Policymakers want to be effective and individual nations wantto preserve sovereignty. Certainly scientists' and policymakers' thoughtful assessments of grasshopper/locustsituations in Africa differ markedly. Farmers' and herders' voices are not apparent in discussions of locustsand grasshoppers so their assessment of recent experience is not known, at least to OTA. 
In any subject where reasonable disagreement exists, caution in making policy seems warranted.Therefore, OTA may seem to have provided more questions than answers here, in in that clear-cut optionswould not likely be as useful, for example, as oversight questions. Fortunately, the recent upsurges of locstsand grasshoppers seem to have passed. This is a propitious time, then, for Congress and theother concernedagencies to take the time needed to assess realistically the effects of the recent widespread spraying, andprepare for the future. For the insects WILL be back although no one can predict when, and most expertsagree that improving preparedness could have solid paybacks the next time. By doing so, we might have moretechnological options, we might be more able to preventproblems before they grow so large as to limit policychoices, and we might be able to keep a better perspective on the overall intent--ensuring the most effectiveuse of U.S. aid money for the development of Africa's poor. 

SOURCE: Office of Technology Amemcnt, 1990. 
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Figure 1-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 Grasshoppn Control in 
AfricaAsia: A ProrammaticEnvironmentalAsscd Main Report, contractor report p read for the US. Agency (or 
International Dvlopment, Macih 1989, pp. C-7, C-19. 

The African national cropp rotection services, responsible for short-term aid (3 to 6 months) 
usually under the Ministry of Agriculture, are the whte regional bureaus and the Bureau for Science 
major atiopnal organizations responsible for and Technology provide longer term aid.
grasshopper control and they take over when 

problems exceed the capacity of individual As a result of donor and African countries' 
farmers. They carried out ground spraying in the efforts, approximately 4.6 million ha of land in 10 

Sahelian and West African countries receivedrecent campaigns, sometimes assisted by farmer 
groups. Aerial spraying, often executed under aerial or ground insecticide treatments in1986 and 
regional or donor auspices in the Sahel but by 1987, mostly against grasshoppers. In 1988,10mil
national agencies ib the Maghreb, was used for lion ha were sprayed in Northwest and West 
more extensive or remote infestations. Africa, mostly against Desert Locusts and approximately 13 million liters of insecticides were 

Donors contributed some $275 million from used, mostly in Northwest Africa, at a total cost of 
1986 through mid-1989 to locust and grasshopper about $100 million. 
control, rmainly inNorthwest Africa and the Sahel. 
The United States gave $59 million, about 20 per- Controlling Grasshoppers and Locusts 
cernt of the donor funds (tables 1 and 2). U.S. aid 
provides assistance primarily through the U.S. Most traditional methods have been replaced 
Ag ency for International Development (USAID). by the use of chemical insecticides, at least in 
The Office of Foreign Disaster Assistance is official programs. The most effective traditional 
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Table 1-Donor Assistance to Locust and Grasshopper Control Programs, 1986-89 
(U.S. dollars/calendar year) 

Donors 1986 1987a 1988 1989 Total 

(Jan.-May) 
Bilateral donors: 

Algeria 
Australia
Austria 
Belgium 
Canada 
China 

Denmark 
Finland 
France
Germany (FR) 

Greece 
Indonesia
Iran 
Israel 
Italy 

Japan 
Kuwait
Lib, i 
Luxembourg 

Morocco 
Netherlands
Nigeria 

Norway 
Portugal
Qatar 
Saudi Arabia 
Spain 
Sweden 
Switzerland 
Thailand 
Tunisia 
Turkey 
United Kingdom 
USAID 
U.S.S.R. 
Yugoslavia 

50,000 
0 
0 

130,000 
3,014,500 

500,000 

692,500 
400,000 

1,792,537
3,025,887 

50,000 
0 
0 
0 

2,659,000 

1,288,000* 
0 
0 
0 

20,000 
2,350,000

0 

3,127,000 
0 
0 
0 

62,511 
1,185,929 

403,000 
11,000 

0 
0 

1,909,183 
9,196,245 

0 
64,00 

146,882 
0 
0 

206,714 
2,802,238 

* 

635,369 
0 

3,491,738
6,209,031 

0 
10,000

0 
* 

2,471,386 

0 
0 

140,000 

0 
1,850,000

0 

1,500,000 
0 
0 
0 
0 
0 

92,790 
0 
0 
0 

987,687 
6,983,332 

* 

0 

180,000 
205,000

29,041 
500,000 

2,243,000 
40,000 

2,813,068 
208,455 

6,030,127 
11,992,(XX) 

160,000 
25,000
7,500 

0 
2,994,675 

4,100,368 
1,000,000
1,212,000 

244,000 

320,000 
6,592,347

400,000 

1,615,000 
606,000

12,000 
2,860,000 
2,440,000 
2,599,386 

944,268 
0 

90,000 
500,000 

5,800,000 
21,599,859 

1,376,000 
0 

0 
0 
0 

1,300,000 
343,000 
120,0(X) 

2,400,000 
75,000 

3,150,000 
14,250,000 

0 
0 
0 
0 

1,000,000 

13,620,000 
0 
0 
0 

0 
0
0 

2,000,000 
0 
0 
0 
0 
0 

338,000 
0 
0 
0 

207,000 
12,000,000 

0 
0 

376,882 
205,000 
29,041 

2,196,714 
8,402,738 

660,000 

6,540,937 
683,455 

14,464,402 
35,476,918 

210,000 
35,0(X)

7,5(X) 
* 

9,125,061 

19,008,30S 
1,000,000 
1,212,000 

384,000 

340,000 
10,792,347

400,0(X) 

8,242,(X) 
606,000 

12,0(X) 
2,860,00() 
2,502,511 
3,785,315 
1,778,058 

11,0(X) 
90,000 

500,0(X) 
8,903,870 

49,779,436 
1,376,000 

64,000 

Subtotal bilateral donors 31,931,292 27,587,167 81,739,094 50,803,000 192,000,553 
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Table I-Donor Assistance to Locust and Grasshopper Control Programs, 1986-89-Continued 
(U.S. dollars/calendar year) Continued 

1989 TotalDonors 1986 1987a 1988 
(Jan.-May) 

Multilateral donors: 
165,000 0 200,000 6,019,730 6,384,730

African Development Bank 

Banque Africaine de
 

750,000
Developpement Africain (BADEA) 750,000 0 0 0 


European Economic
 
2,348,674 9,600,143 400,000 23,088,798

Community (EEC) 10,739,981 
0 2,044,000 16,444,000

Islamic Development Bank 0 :4,400,000 


Organization of African
 
0 621,4300 321,430 300,000Unity (OAU) 

Organization of Petroleum 
Exporting Countries (OPEC) 300,000 0 39,00(0 0 339,000 

0 96,000
UN Children's Fund (UNICEF) 86,000 * 1 0 ,0 0 0 c 


UN Development Program
 
0 4,819,332

(UNDP) 1,839,000 5 4 ,00 0 b 2,926,332 


UN Environment Program
 
0 0 48,405 0 48,405

(UNEP) 

UN Food and Agriculture
 

7,931,000Organization (FAO) 2,601,000 20,000 4,700,000 610,000 
0 0 18,000

UN World Food Program (WFP) 18,000 0 


UN World Health Organization
 
0 0 4,4804,480 0(WHO) 


9,073,730 60,545,175
Subtotal multilateral donors 16,503,461 2,744,104 32,22-3,880 

2,455,460
Non-Governmental Organizations 1,211,460 133,000 c 1,111,000 0 

Total 49,646.213 30,464.271a 115.073.974 59.876730 255.061.18 
+O20,0(000+ 20'000000a50,464,271 275U01.18 

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

NOTES: 
'Amount unknown (1987).
aIncludes only assistance to Sahelian and West African countries.
 
hIncludes only assistance to two of four recipient countries.
 
clncludes only assistance from section aid to Gambia.
 
dAn additional $20 million was given by donors for programs in Northw'st African countries, Sudan, Ethiopia, and Yemen (Jeremy Roffey,
 

Emergency Center for Locust Operations, FAO, personal communication, June 26, 1989). 

SOURCES: 
1: Jeremy Rofkey, "1986 Funding Chart for Grasshopper and locust campaigns in Africa" (Emergency Centre for Locust 

Column 

Operations, U.N. Food and Agriculture Organization, Rome, December 1986).
 

Column 2: U.N. Food and Agriculture Organization, "Repor' of the Meeting on the Evaluation of the 1987 Grashopper Campaign in the 

SaheI, AnnexVI (Emergency Centre for I ocust Operations, Rome, December .997 •errt of
Report o 

Columns 3 and 4: UN. Food and Agriculture Organization, "Assistance Provided to Countries and Regional Or,,anizations," 
I.ocust Control Committee, AGP:DI.CC/89/4, Rome, Italy, June 12-l6, 1989. 

the Thirtieth Session of the FAO 1seser 

http:275U01.18
http:255.061.18
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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 AfricaBurkina Faso 

CameroonIape Verde 

Ghamba 
Gambia 
Guinea BissauMali 
Mauritania 
Niger 
S6n6gai 
Sahel Regional 

$268,800 
200,000

0 

990,841 
35,000 
29,000

1,287,080 
154,000 
61,000 

1,657,349 
244,000 

$591,732 
200,000 

0 

1,254,211 
594,898 
290,320

1,012,433 
227,500 
337,386 

1,923,752 
0 

0 
0 

75,000 

0
1,775,110 
1,446,964 
1,199,(47 

245,892 
0 

0 
0 

25,000 

0 
25,000 

0 
200,000 
866,256 
317,000 

3,362,320 
0 

$860,532
400,000 
100,000 

3550,782 
654,898 
319,320

4,274,623 
2,694,720 
1,915,033 
7,189,313 

244,000 

East and Southern AfricaBotswana 
Ethiopia 
Sudan 
Tanzania 
Zaire 

Zambia 
East Africa Regional 

1,183,587 
75,000 

1,024,948 
50,000 
10,860 

100,000 
0 

0 
380,516 
600,000 

0 
0 

0 
0 

0 
407,820 
662,415 

0 
0 
0 
0 

0 
13,800 

173,713 
0 
0 
0 
0 

1,183,587 
877,136 

2,461,076 
50,000 
10,860 

100,000 
0 

Northern Africa and S.W. AsiaAlgeria 
Jordan 
Morocco 
Pakistan 
Tunisia 
Yemen 
African Regional 

0 
0 
0 
0 
0 
0 

75347 

0 
0 
0 
0 
0 

135,598 
0 

1,070,032 
0 

5,295,713 
0 

1,361,447 
0 

5,578,414 

18,866 
152,600 

10,308,974 
2,000,000 
1,410,535 

0 
. 123988 

1,088,898 
152,600 

15,985,203 
2,000,000 
2,771,982 

135,598 
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 FAO 4,084,587 358,000 2,465,(t1 1,508,910 8,416,497Amount of total, OFDA fundsb'c 7,171,012 6,384,059 9,643,950 5,585,652 28,784,673 

E
.1OTS:
 
1,Assistance to Gambia in 1988 and some in 1989 included inamount for Senegal.U.S. assistance consists of OFDA 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 $4,940,600, the regional programs $6,689,656, and local currency $2,350,464, fora grand
total of $23,524,670. In FY 1989, OFDA con-ibute $5,585,652, the missions $15,847,400, the regional programs $1,55,000 and local currenycS",850,343 ' r,.rand total of $24,848,395.Information thisl Ihus, the percent of OFDA funding decreased significantly in 1988 and 1989.hne 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 asof September 30, 1986," n.d.1987-Officeof Foreign DisasterAssistance, "Insect Infestation," OFDAAnnual Report Fiscal Year 1987 (Washington, DC: USAID, 1988).1988-Office of Foreign Disaster Assistance, "Insect Infestation," OFDA Annual Report Fiscal Year 1988 (draft) (Washington, DC: 
1989-John Gelb, Office of Foreign Disaster Assistance, "U.SAI.D. Support, Desert Locust Task Force, FY 1987-89," dated July 22-23,1989. Due to the decline of the locust problem inearly 1989, some of the funds allocated have been reprogrammed for other cropprotection activities. 
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method consists of driving hoppers into trenches 
and then burning, drowning, or crushing them. 
Arsenic was the first chemical used against these 
pests. Ground and then aerial spraying of persist-
cnt organochlorines (dieldrin and BHC) became 
the preferred control method in the 1950s. But 
dicldrin was banned, first in the United States and 
then Europe, in the late 1970s because of its en-
vironmental and health hazards. Fenitrothion and 
malathion 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 grasshoppt:rs as 
a disaster threatening Africa's already precarious 

oniood security. Swarms put political pressure 
national leaders and donors to mount aggressive, 
chemical control. National government and donor 
policies are based on the assumptions that locusts 
are a serious problcm,that pesticides are the way 
to control them, and that control programs benefit 
low-resource farmers and herders substantially. 
Others disagree with these assumptions; OTA also 
finds the assumptions questionable. Experts differ 
over: 


* 	 the insects' impact on fox production and 
whether they cause famine; 

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

* 	 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 
Ipests even during upsurges in terms of overall crop 
osses, although Focalized damage maybe devastat-
ing for short periods. Economic losses depenld on 
which plants are affected and their age so damage 
is unevenly distributed among commercial and 
subsistence farmers and herders. The lin"-Kctween 
farnine or food shortages and locusts and 
grasshoppers is nuestionable. Locusts and 
grasshoppers can harm national agricultural 
production if they devastate areas crucial to a 
nation's economy (as in 1954 when Desert Locusts 
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destroyed citrus trees in Morocco's Souss Valley). 
This type of damage did not occur in the recent 
plague, however. Damage was less than drought 
would produce, and losses were localized, with the 
aggregate level of production in 1986 in the nine 
countries most affected by grasshoppers down 
only about 1.0 percent in weight and 1.5 percent 
in value, according to FAG and USAID esimates. 

The Effectiveness of Control 

The efficacy, efficiency, and equitability of 
locust and grasshopper control programs are un
documented. While insecticides can protect stand
ing crops, their ability to end or prevent plagues is 
not clear. Nor have the economic benefit., of crop 
protection been demonstrated. Experts' views on 
reasons for the decline of plagues range from "en
tircly due to w,ather" to control programs were 
the major factors curtailing the plague.' Key data 
for resolving these differences of opinion are lack
ing. It seems that, in some places, at certain times, 
properly administered control can help interrupt 
the sequence of events thai could .ontributc to an 
upsurge's spread. While climate is the dominant 
factor, it seems that chemical control can play an 
important role, at least on the national scale. 

Various insecticides have different relative ef
fectivencss based on ingredients and formulations. 
A 	number were used in the recent campaigns, 
often in ways that reduced or negated their effec
tiveness, e.g., when temperatures and wind speeds 
were beyond recommended ranges, after insects 
had laid eggs, or when somc areas were unneces
sarily resprayed. Chlorinated h drocarbons
dieldrin, lindanc, and BHC--were eliminated from 
U.S.-supported efforts after USAID was sued by 
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 suppl' 1;-idane. All three 
were used in the most recent African locust and 
grasshopper campaign, although in small amounts, 
and unused stocks remain. The insecticides with 
USAID's qualified approval for use against 
grtsshoppers and locusts changes over time. That 
list is not totally congruent with insecticides 
registered for use against grasshoppers 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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7ie recent control efforts were plagued byproblems. Opportunities to spray hopper bands,
when the insects were more concentrated,
missed because of the: 	

were 

" 	 inccessibility of breeding areas; 

* 	 ackofvehicles, 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 strifi. 

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

Costs of the control programs in Africa were
high, especially because chemicals had to be im-

orted and transportation costs were high-from
15 to $30 per hectare in 1986, compared to $5.50to $9.,X)perhectareforgrasshoppercontrolinthe 

United States. The cost-effectiveness of control 
has not been demonstrated. Some evidence existsthat in 1986 the value of production saved in the

nine most affected countries did not equal or ex-
ceed the costs of control: 
a total of $40 million for
control to save $46 million of production. The
data on which this conclusion is 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 grasshopper campaigns. Application, storage,and disp:sal were not monitored and the cumula-
tive effects of chemicals used in various agricultural and health programs were not taken into
account. Case reports exist of toxic human 
posure, especially to 

ex-
those who handled insec-

ticides. Insufficiernt attention was paid to the effects of locust and grasshopper spraying 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 organisms (e.g., fcnitrothion to birds and fish and
carbaryl to honeybees) and some of these oc
curred. Honeybee colonies were killed in Tunisiaand 30 sheep died after grazing on pesticide-con
taminated land. Insecticide residues were found 
in 	 the soil in Mali and Morocco. Storage anddisposal of surplus insecticides and containers isrecognized as a major problem by African govern
ments, donors, and FAO. Problems such as inadequate 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 cquipped to dealwith locusts and grasshoppers on a long-term basis.
Commonly, development goals are sacrificed in
favor of .mergency management. In Africa, civil
strife and long-standing border disputes constrained 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 datd
 
on 
pests, vehicle breakdown, poor training,

shortage of survey materials, inadequate prepara
tions before the rainy season, inaccurate treat
ment figures, and no monitoringof adverseeffects.

Donor organizations exhibited a different set of 
shortcomings: organizational shifts and redirection of fun s from development to crisis manage
ment, and lack of experts experienced withtechnical 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 



Africans and its own personnel; and 3)stress sound 
selection, storage, application, and disposal of in-
secticides. 

The Office of Foreign Disaster Assistance 
(OFDA) Desert Locust Task Force was the focal 
point for coordination. It held weekly meetings,

ringilig together experts from the U.S. Depart-
ment of Agriculture s Agricultural Plant Health 
and Inspection Service and the Forest Service, the 
EPA, and the U.S. Geological Survey (USGS).
Also, the Task Force reviewed its work annually 
and prepared a helpful Locust/Grasshopper 
Management OperationsGuidebook.USAID held 
10 training workshops and funded additional train-
ing by FAO and a regional organization. 

USAID advocated use of less toxic insecticides, a 
ban on dicldrin, and improved disposal ofcontaincrs 
and surplus stocks. Also, USAID supplied protective 
clothing for pesticide applicators and tested 
applicators' cholinesterase levels in one country.
USAID clearly prevailed in reducing dieldrin's use. 
USAIDattemptcd tomakecontrol moreefficientand 
less costly by prc-positkning chemicats in Europe and 
using remote sensing (greenness maps) to identify 
are isfor ground survcyN. 

Ihow To Do Better Next Time 

Overall, the results of locust and grasshopper
control were disappointing. Donors cannot afford

"und expensive control campaigns without ad-
dressing fundamental questions rcgarding goals 
and implementation. Now that the insects are in 
recession, it istime 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 special attcntion. Each has important im-
plications for the organization of African regional 
and national efforts and for donor funding. 

The Feasibility and Priceof Prevention 

FAO and USAID maintain that the plague
prevention strategy that evolved in the 1960s (sur
veys in seasonal breeding grounds and controlling 
populations as they become gregarious there) 
could prevent plagues if properly applied. But this 
depends on effective monitoring and control on a 
continuous basis, and that iscostly. Also, effective 
spraying is difficult in actuality, partly due to fac-
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tors beyond the control of donors or governments 
(civil wars, weather). FAO proposes a major 
preventive effort in the next 5 years. It seems that 
such a preventive strategy would be less expensive 
than widespread control but this isundocumented 
so far. Crisis management mobilizes resources and 
attention more effectively than preventive ap
proaches to chronic or slow-onset problems, how
ever. 

Integrating Emergency ControlPrograms With
 
Long-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 all U.S. funds for locust and 
grasshopper programs in fiscal year 1986 and 1987 
were OFDA funds and 58 percent of USAID's 
major longer term grasshopper and locust 
project's funds were allocated to emergency assis
tance for fiscal years 1988 through 1990. Respon
dents to OTA's survey agreed that crisis 
management was the major type of activity under
taken in the recent campaign and most advocated 
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 organizations. Some species, e.g., the 
Senegalese Grasshopper and African Migratory 
Locust, can be controlled by national crop 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 ControlEfforts Should Be 
Mounted 

During the recent campaigns, 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 trcatmcnt (e.g., 
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FAO's "strategic control program" aimed at hop-
per bands in breeding areas) v. later treatment 
(e.g., when swarms or bands actually threaten
crops) are hotly debated. The former' iay be more
costly financially, and the latter politically.
Generally, a need exists to improve the precision
and accuracy of control efforts. USAID would 
have to revise its strategy of controlling swarmswherever they occur in order to do this. 

What Control To Use: The Role of 
Technolog3, 

Today, widespread insecticide spraying is the 
predominant technology used againstgrasshoppers and locusts. Tbree areas of tech-
nolgy scem promising for the future: integrated 
pest management (1PM), alternative controls, andmonitoring insects, weather, and vegetation. 

Major elements of IPM apply during locust
and grasshopper upsurges: optimization of
trol, 

con-
use of multiple control tactics, keeping pest

damage below economic injury level to maintain 
stable crop production, and minimization of
insecticides' hazards. These were not followed in
the recent control efforts despite IPM being
USAID's stated policy. This was partly due to lack 
of technology and partly due to the poor decision-
making and performance by donors and African
agencies. Today, biological control, cultural prac-
rices, and othe;, nonchemical components of IPM 
cannot provide the high level of control needed tostop gregarious swarms. In the future, tiese
methods might, however, contribute significantly
when used together or at early states of an infestation. Research on alternatives and improved
use of pesticides can be done now and, in fact, must
be supported now if alternatives are to be avail-
able for future locust and grasshopper upsurges.
Experts estimate that it may be 8 to 10 years or
longer before alternatives to insecticides are avail-
able for large-scale use. 

Biological control (the use or encouragement
of natural enemic; for the reduction of pests) is 
one potential component of IPM. Microbial con-
trol methods now being researched include 
Nosema (a protozoa) and viruses that could be 

incorporated with microbial !,;ticides. Bioration
al control methods also include botanical pes
ticidcs and pheromone traps, other potential
alternatives to synthetic chemical insecticides.
The chemicals contained in the neem tree have
received attention as a botanical insectiide with 
antifccdant properties. 

Monitoring insects, weather, and vegetation 
can be done from the g.ound or from the air.Generally, ground monitoring technologies are
adequate, but jurisdictional questions, remoteness 
of breeding areas, and lack of resour:,cs in cropprotection services cause them to be used ineffec
tively. Current technologies for acrid monitoringtend to be impreciscar I their results delivered too
late. An array of remote sensing satellites has 
developed. USAID and FAO fund importantr,note sensing-based early warning systems for 
locust and grasshoppcr monitc'ring. USAID sponsers greenness maps to help guide ground surveys.
In 1987, USGS began ,sing U.S. National Oceanic
and Atmospheric Administration (NOAA) satel
iite data to create time-series maps of vegetation
changes. FAO began its ARTEMIS (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
vegetatior. Currently, remote sensing for early
warning ofgrasshopper and locust upsurges isnot 
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 desirable, effective, nor OTA s intent,
but USAID's inaction or ineffectiveness has left a 
policy vacuum that Congress may need to fill.Mostly, the need exists for careful congressional
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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Box B-High Priority Policy Options for Congress 

Chapter 4 sets out detailed oversight questions and policy options and their rationale (see 
Loxes 4-A through 4-D). The following high priority areas are drawn from more extensive set. 

Revising USAID Strategy 

Oversight Questions: 
* justification for widespread pesticide spraying from 1986 to 1989 
* revised plans for "next time" 

Congressional Options: 
* revising USAID's Locust/Grasshopper Strategy Paper for Africa 
* reviewing USAID's pest management planning 
* implementing the Programmatic Environmental Assessment's recommendations 

Implementing Integrated Pest Management (IPM) 

Oversight Questions:
 
" scenarios for different Agency responses
 
* research on alternative controls 
* implementation of IPM 
* increased USAID technical capacity 
* support for IPM extension and training in Africa 

Congressional Options:
 
" completing USAID's Pest Management Sector Review
 
* establishing a Pest Management Task Force 

Using Pesticides Judiciously 

Oversight Questions:
 
storage and disposal problems
 

* more selective and efficient inecticide use 
* combined impact of spraying ('orhealth and agriculture 

Con.ressional Options: 
o specifying more selective, effective, and safe insecticide use 

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

Oversight Questions: 
* the impact of policy reform 
* the benefits of "greenness" maps 
* coordination among donors and African countries 

Congressional Options: 
o setting priorities for various groups' support 
o identifying how Congress impedes USAID's impact 

SOURCE: Office of"technologyAswument, 1990. 
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OTA's work builds on several recent studies 
on pesticide use in developing countries: 

* 	 OpportunitiestoAssist DevelopingCountries 
in the Proper Use of Agricu tural and 
IndustrialChemicals(1988, 22); 

* 	 Locust and Grasshopper Control in 
Africa/Asia: A Progmmmatic Environmental
A&essment (1989, 95); 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)
asscsing 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 dispos !,e) additional research on alternativecontrol methods, and f) addressing institutional 
factors that hamper efforts, including needed 
managcment changes within UISAID. 

Revising USAID's Strategy 

USAID's approach would require significant
changes if the United States wants to play a leader-
ship role in developing sustainable pest manage
mcnt strategies for Africa: iving hig]her priority to 
IPM; building in-house scientific capacity to im-
prove 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. 

1JSA!D currcntly has enough information to
revise the Africa Bureau's 1987 Locust/Grasshop-
per Strategy Paper and to ensure that the 
Locust/GrasshopperManagement Operations
Guidebook conforms to these revisions and that 
the recommendations of USAID's Programmatic
Environmental Assessments are imp emented. 
OTA finds that Congress might encourage
USAID to form a broad Pest Management Task 
Force to oversee implementation of these recom-
mendations and coordinate the U.S. response to
various worldwide plant protection initiatives,
Also, the USAID Task Force might commission an 

external group to evaluate the 1986 through 1989 
control programs in Africa. The Task Force might
also designate a standing subcommittee on research to solicit, evaluate, and fund IPM research 
proposals related to locust and grasshopper con
trol. 

Implementing Integrated Pest Management 

More fully using IPM in grasshopper and 
locust programs will require a sizable investment
in 	 research, training of Africans, and improved
technical capacity among USAID staff. Since IPM 
isa multipronged systems approach, 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-understood 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 services in 
IPM as well as supporting several types of re
search.
 

Using Pesticides Judiciously 

USAID needs to examine carefullv its re
search, evaluations, and technical as'istance 
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 all levels, making one person responsible for 
providing USAID missions with insecticide-re
fated information, preparing and updating country
supplemental environmental assessments, and im
plementing its nwn staff's suggestions from the last
campaign. In some areas, USAID cannot imple
ment measures to improve pesticide use without 



congressional action. Granting waivers to certain 
requirements 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 take over 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 improving
their management and financial support to reach 
their potential, however. FAO can lead incompil-
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' participation in locust and 
grasshopper control has significant advantages, 
Their participation can be encouraged via the 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 may be necessary to ensure that the 
most effective pest management is undertaken. 
Some of monies needed to support improvements 
in USAID's grasshopper and locust work may 
come from internal shifts of funds because the 
Agency is no longer funding massive control ef-
forts. Congress may want to encourage USAID to 
allocate more of its existing agricultural funds to 
pest management generally and IPM specifically. 
Pest management received a declinings hare of the 
Bureau for Science and Technology's agricultural
budget in recent years. This trend, coupled with 
reduced USAID funding to agriculture in general, 
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means that few U.S. development assistance funds 
are being spent on long term pest management. 

Congress replaced USAID's functional ac
counts with the Development Fund for Africa in 
1988 to provide USAID with increased flexibility 
and to make funding more efficient. Congress
could evaluate the impact of the Development
Fund. Early indications are that agricultura fund
ing decreased relative to other sectors as a result 
and pressure 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 isno doubt that some new efforts would 
require new appropriations. What is not clear is 
how much these efforts would cost. Implementing
IPM for locusts, grasshoppers, and other pests
would require funds for planning, training, rc
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 
obligation to assist disaster victims around the 
world. In some ways, the U.S. response to the 1986 
through 1989 locust and grasshopper problems in 
Africa modeled cffcctive disaster aid: large 
amounts of resources were mobilized. OTA's re
search, however, uncovered distressing questions 
about whether locustsand grasshoppers constitute 
a national and international disaster and also 
whether the U.S. respone 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. policy takes that road at its peril: massive 
insecticide spraying in a crisis atmosphere iscostly 
in dollar terms; it tends to be inefficient in the 
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short-term, ineffective in the medium-term, and 
misses the roots of problems in the long-term; and 
the potential health and environmental damage 
can be high. The alternative path is not readily
apparent,however. Africa's pest problems are sig-
nificant, 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 millions of 
hectares with insecticides. 
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Chapter 1 

The Basics
 

OTA examines whatSETTNG THE STAGE In this study (box 1-A), 
happened during the 1986 to 1989 plague years and 

In the late 198M, s'.,cral major species of locusLs considers the implications of the longer-term is
as well as significant populations of various grasshop- sues. The major :pecics of locusts and related ag
pers simultaneously threatened Africa for the first grcgating grasshoppers in Africa and the Middle 
time in 50 years (93). This infestation began in 1985 East (box 1-B) are the focus. From 1986 to 1989, 
through 1986 after rains ended asevere, several-year most international control efforts in Africa were 
drought and new, green vegetation allowed these directed at the Desert Locust and the Sec cgalesc 
pest species to proliferate. Grasshopper, so most examples in this rcpert deal 

with these two species.
 
Several grasshopper species in the West African
 

Sahel reached levels high enough to result in large- LOCUSTS AND GRASSHOPPERS 
scale control efforts from 1985 to 1989. ALso, a major 
plague of Desert LOICLLsts began incountries arourd Locusts and aggregating grasshoppers have 
the Red Sea, with swarms moving west across the fascinated biologists and caused farmers anxiety for 
Sahelian (see app. A) countries. By November 1988, centuries because of their unusual behavior. This 
swarms of the Desert Locust extended from section details the insects' biology and behavior. 

For readers with less need for detailed knowledge,Mauritania apd Senegal in the west to Iraq, Iran, and 
Kuwait in the eaist, and some fragments of swarms the following information is critical to under
even reached the Caribbean. standing later sections of this report and to making 

informed policy choices: 
The lat widespread Descrt Locust plague ex

tended from 1949 to 1963. Following that plague, DifTrcnt locustand grasshoppcrspeciescan bc 
to have distinctthe infrastructure to fight locusts and grasshoppers difficult idcntify, yet they 

that require different controldeteriorated, and the recent plague caught Africa biologics 
unprepared and highly vulnerable. For donors, in- strategie's. 
cluding the U.S. Agency for International 

Each insect can eat its own weight in vegctationDevelopment (USAID), the Desert Locust 
plague, along with other locust and grasshopper each day. Damage mainly depends on the 
problems, caused shifts in funds, operations, and number ofinsects, how long thy stay in a given 
programs to cope with the apparent emergency. area, which plants they eat (non-crop, 

commercial crop, subsistence crop) and the 
Despite ear!itr forecasts that the Desert plants' stage ofdevelopment. 

Locust plague might continue for several more 
years, in April 1989 the United Nations Food and When crowded (bybrcedingorcongregating in 
Agriculture Organizaion (FAO) announced that moist places) these insects undergo a 
the plague had dissipated (105). But longer-term change-from living ts scattered, sdentary 
issues remain. For example, experts differ widely in individuals to becoming cohesive, gregarious 
their assessment of the significance of locust and bandsofhoppcrsorhighlymobileadultswarms. 

Swarms can migrate hundreds of miles ina fewgrasshoppcr outbreaks relative to other pest 
problems and in terimrs of the crop damage they weeks.
 
cause on a nationa! level; the information base on
 
which major control decisions were based seems Locusts and grasshoppers' life cycles have 
deficient; no sound technological alternatives exist three stages: eggs, hoppers, and adults. 

Gregarious insects are most concentrated andfor chemical pesticides; and edication and training 
for the next gencratic.n of experts to deal with vulnerable to control during the second stage 
future plagues seems inadequate, because hoppers cannot fly. 
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Box 1-A-Methods efThis OTA Study 

The process for this study falls intotwo broad phases: research and synthesis 
(I), then writing, review, and revision (II).
In the first phase, three expert contractors
cxamined: 1) the pest situation, control
strategies, and institutional aspccts in
both the mid-1980s and in their historical 
context; 2) thc role of climate in pest upsurges and declines; and 3) the ethical is
sues involved in control campaigns (app.
B). In December 19W8, OTA conducted a 
survey (app. C) of some I0W locust expertsand o ficials represcnting the range of na-
tional, regional, and international
ganizations involved 

or-
in locust and

grasshopper control and research. The 
and objective was o assess current.past infestation trends, crop losses,
cont~ol efforts, and needs for future con
trol efforts. Twenty-six people rcsfp nded
in Africa, the Nliddle East, Europe, and 
Canada; 11 USAID staff completed the same form (app. D). 

OTA began to synthesize the findingsof the expert papers and the survey results 
at an OTA workshop. This meeting alsod inaj (USAIidentified major issues, additional data 
needed, and preliminary policy options .. 
OTA prepared a draft report after con-
ducting further interviews and reviewing 
more publications on these topics. This 
draft was reviewed by representatives ofUSAID, FAO, African national and
regional organizations, and other experts
from the United States, United Kingdom,
and Africa (app. E). Also, USAID staff in
Washington met with OTA in addition to 
providing extensive written materials.OTA's report was revised substantially fol-
lowing this review process. The revised
draft was then reviewed a second time byone of the original three contractors and
FAO. This final version includes revisions
based on that review as well as additional
information gathered by OTA inde
pendent of the review process. 

Flowchart of Study Methods 

[Cnes,00 Request 
(Senae Com(Senate ConresonaIteeon issoropriations
Sdco o 

Subcommittee on Foiviqn Opetationsj 

Int,,, Researce 

4
 
3 Survey -onractorof Locust Eperts3_ 

L............
 

0rAWrkshp 

i 
Additional Internal OTAResearch 

...... . 1, pp 
-all-Re00i 70 pplapp,0, 

. 
Initial external reviev, 

-

r .- . -


Revew ( (FAO,African.AfOcn. Review (24tAdSew Other Experts) 

Revie. t A e w(24.........--.... 
Meeting with USAID 

.
v
 

R[eRvised 150 ppReport (approx 

I 
V 

-ai Revew i2 
7 _ 

T 
Revisions 



Ch.1-The Basics * 21 

Box 1-B-Major Species of Locusts and Related Aggregating Grasshoppers in Africa and the 
Middle East 

Locusts 

* 	 Desert Locust, Schlitocercagregaria:This species is potentially the most dangerous of the 
locust pests because of its abi;y to swarm rapidly across great distances. The pest has two to 
five generations per year. 

* 	 African Migratory Locust, Locusta migratoriamigratorioides: This species also may swarm 
over large areas. Duning plagues, the pest may invade nearly all of sub-Saharan Africa. The 
outbreak areas from whch swarms arise are associated with extensive and seasonally flooded 
grass plains along the middle Niger River, the south-sout'least Lake Chad Basin, and the 
Blue Nile Basin of Sudan. The pest has two to four generations per year. 

* 	 Red Locust, Nonuadacrivsepternfasciata: This species, with only one generation per year, 
occurs in Eastern and Southern Africa. During outbreaks, it may invade nearly all of Africa 
south of the Equator. 

" 	 Brown Locust, Locustanapardalina:This species is primarily found in South Africa and 
southern Namibia. However, swarms may invade surrounding countries in southern Africa. 
The pest has two to four generations per year. 

* 	 Moroccan Locust, Dociostaurusmaroccanus:This species, with only one generation per year,
is found in arid areas of North Africa. During outbreak, it may invade areas along a belt 
extending from Morocco in the west to the Near East and Soviet Central Asia. 

* 	 Tree Locust,Anacridium melanorhodon: During outbreaks, this species may infest an area 
south of the Sahara that extends from Senegal in the west to Somalia, Tanzania, and Saudi 
Arabia in the east.However, it is normally a problem only in Sudan where it defoliates the 
gum arabic tree (Acaciasenegal). The species has one generation per year. 

Aggregating Grasshoppers 

* 	 Senegalese Grasshopper, Oedaleussenegalensis:This species occurs in a band across kfrica 
north of the Equator (but also reaching south in Thnzania), the Middle East, and southwest 
Asia. The pest has two to four generations per year. 

* 	 Sudan Plague Locust, Aiolopus simulatri:This species extends from Sahel to Sudan and 
Egypt, soufwest Asia to Bangladesh, and north to the Tadzhik Republic of the U.S.S.R.The 
populations are greatest in the Nile Valley, where this species isregarded as the most serious 
grasshopper pesi. The pest can breed continuously. 

* 	 Variegated Grasshopper, Zonocerus variegatus: This species primarily affects forested areas 
of West Africa but may also extend into the Sudan and eastern Africa. ft isprimarily a problem
in clearings of forested areas but also may be a problem in savanna areas. The pest has one 
generation per year. 

SOURCES: Adapted by OTA from: Anti-Locust Research Centre, Anti-Locust Handbook (London, 1966); Dale G. Bottrell, 
"Locusts and Grasshoppers in Africa and the Mi,"ie East," contractor report prepared for the Office of Technology Assessment, 
Washington, DC, January 1989; TAMS Consultants and Consortium for International Crop Protection, Locust and Grasshopper 
Controlin AfricaAsia:A Prograrunatic EnvironmentalAsserwnent Main Report, contractor report prepared for the U.S. Agency 
for International Development, March 1989; and 13.P. Uvarov, GrasshoppersandLocusts-A lfandbook of GaieralAcridolo, 
vol. 2 (London: Centre for Overseas Pest Research, 1977). 
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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 

Locusts belong to a large 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 superfamily Acridoidca 
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 largc numbers .,,f insects. In 
sonie 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" isused nontcchnically. In 
the United States, for example, cicadas-a different
type of insect in the order Homoptera-are sometimes 
called "locusts." Different kinds of cicadas occur in 
large numbers at regular 13- and 17-year intervals,
Unlike locusts, perkxical cicadas do little damage to 
vegetation. Pcople who have experienced theirdense 
hatching, however, know something of what locust 
outbreaks are like. "Locust", in French, is "criquet,"
but the insects Americans call crickets also differ from 
locusts and gi asshoppers although the three insect 
types share the same scientific order. 

At least 1,500speciesofgrasshoppersand locusts
exist inAfrica, with a wide spectrum oftcharacteristics, 
Some 200 species hive been reported as pests. Ac-
curate scientific identification, often es.sential to as-
sessing the magnitude ofa pest problem and selecting
suitable control nitihods, can be difficult, 

Life Cycles: Eggs, Hoppers, and Adults 

The life cycle of all species of locusts and
grasshoppers consists of three stages: eggs, hop-
pers, and adults. Usually eggs occur in frothy
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. Usually
the insects molt five times, with the irowth stages
between each known as "instars." After the last
molt, the insects are considecd "fledglings," or 
immature adults, but have developed wings strong
enough to fly (figure 1-1). Desert Locusts live from 
2.5 to 5 months (93) and, under optimal environ
mental conditions, populations probably can mul
tiply 10 times in each generation (71). 

Various grasshopper and locust species differ in
important ways, such as the length of time cas can 
survive without rain and the insects' vulnerability to 
natural enemies (predators, parasites, and 
pathogens). Desert Lxust eggs are viable for up to
10 to 12 weeks in soil that remains sufficient moist 
(118). On the other hand, Senegalese Gras.shopper
eggs can survive indry soil for sveral years anJ hatch 
when rains come (55). Grasshoppers often fall prey
to natural enemies (99), but usually natural enemies 
only are significant sources of mortality for Desert
Locusts when xpulations 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 principally distinguish locusts 
from other grasshoppers. Locusts eh.ve as "typical"
grasshoppers and live as solitary individuals when
their po)pulations are small. However, when locusts 
occur inlarge numbers and high density they undergo 
a transformation to a gregarious phase, and move 
together in dense groups. Gregarious locusts are 
called swarms when cmposed of adults, and bands 
when composed of young ho pe.rs. A swarm of adult
Desert Locusts may contain z0 million to 150 mi!lion 
individuals per square kilometer and spre-ad o_'L an area ranging from a few hectares to hundrecs of 
square kilometers. Adult swarms of Desert LAocu. ts 
can migrate several thousand kilometers while hop
per bands move only a few kilometers. Fledgling
;warms make the longest flights of all adults, traveling 
up to 1,000 km in a week (93). 

Experts generally agree that rain and the 
availability of new vegetation create conditionsconducive for the transformation ofsolitary insects 
into gregarious bands or swarms (93). Outbreaks
marked population increases leading to the ap
pearance of gregarious groups-follow successful 
breeding. 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: The relative sizes of the ive instar hoppers and adult Desert Locust, shown at approximately one-half actual size.
 

SOURCE: A. Steedman, ed., Locust Handbook (United Kingdom: Overseas Development Natural Resources Institute, 1988), p. 20.
 

grcgarization process (83). Somctimcs solitary 
locusts breed successively in one location; other 
times they congregate in new breeding sites. The 
resultant crowding produces gregarious behavior 
(83). 

Physiological changes in the insects' ap-
pcarance also are associated with the gregarization 
process and may be dramatic. Somc 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 arc 
brightly colored. In addition, color changes may 
occur with sexual 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 isused 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 may be started by 
unusual weather or certain changes in land use (92). 

Generally, gregarious behavior in locusts and ag-
gregating grasshoppcrs proceeds by intermediate oi 
transition stages and it is reversible if conditions 
change. Also some species are highly gregariou, 
whereas others are less so. Still other spccis' behavior 
falLs on the continuum in between. It is thercbre not 

(71) and the Senegalese Grasshopper the 
Senegalese Locust (69). 

Loxcust and grasshopper species vary in their food 
prcirrences. Some specics (e.g., the African Migratory 
Locust, Red Locust, Brown Locust, and the 
Senegalese Grasshopper) prefer grasses, including 
economically im[xmrtant txx crops such as corn, millct, 
sorghum, and wheat (95). The Tree Locust prefers 
trees, shrubs, and bushes. The Dcesrt Locust, on the 
other hand, eats a wide range of fxxl (93), aithough 
some believe it prefers grass.s but cats other vegeta
tion onlywhcn necessary (54, 95). 

Locusts and aggregating grasshoppers reprcscnt 
the greatest dangcr to agriculture duiing their 
gregarious phase. One analysis of records of Descrt 
Locust damage showed that 8percent ofcrop damage 
isdone byhoppers, 69 percent by immature and matur
ing swarms, and 23 percent by sexually mature adult 
swarms (93). Crop damage by hoppers islow because 
the breeding areas where hoppers hatch are mostly 
outside crop areas. But once grcgarious swarms begin 
to migrate, the potential for damage increases. In
dividual locusts and grasshoppers can eat their own 
weight (up to 2grams) infx-,d everyday. Desert Lcust 
swarms are particularly large so their potential fbr 
damage is especially great. One-half million Dccrt 
Locusts, a small part of an average swarm, weigh ap
proximately 1ton and eat as much "tixxl" per day as 
about 2,5(X) people (93). 

Geographic Distribution and Migration 
Patterns 

surprising that experts differ in drawing the line be
twccn locusts and grasshoppers. For example, one The regional distribution of each locust and 
OTA reviewer wrote, "the Tree Locust iscategorized r.hopperspecieL-aries fromyar to yar,but thesxci.s 
bysome acridologists among aggregatinggrasshoppers rmKvd in large-scale outbreats caled upsurges-show 
because of [its] poor swarming behavior" (64). Others general patter; (figure 1-2). Forscveral species, outbreak 
call the Sudanese Grasshopper the Sudanese Locust areas, those permanent breeding and gregarization areas, 



Figure 1-2-Distribution of Major Species of Locust and Aggregating Grasshoppers in Africa 
and the Middle East 
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Figure 1-2-Distribution of Major Species of Locust and Aggregating Grasshoppers in Africa
 

and the Middle East-Continued
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can be distinguished from larger invasion areas. For 
example, the Red Locust, the African Migratory
Locust, and the Moroccan Locust all have definedoutbreak areas. The larger, combined invasion 
areas of the major species cover virtually all of 
Africa. 

Desert Locusts have a particularly extensive
distribution, 'ith no localized or well-dcfined out-
break area_. 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 all of the in-
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). 

Certair. zones exist within the Desert Lxust's
rccession area that arc particularlysuitable for brced-
ing and formation of gregarious groups. These zones
w)nstitute a small part of the total recesion area (12,
54). Locusts moving into such a seasonal breeding
area may be further concentrated by wind conver-
gencc and moisture, laying their eggs in constricted 
sitcs. MajorDesertLocustoutbrea ksoccurwhen the 
amount and frequency of rainfall enables insect num-
bcrs to build from one generation to the next ,71).
Should the build-u p continue long enough, a plague
results. A Dcsert Locust plague occurs when manygregarious 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 start plagues arc rare. More

frequently, potentially dangerous, partially
gregarious populations dic down without produc-
ing bands or swarms, usually because of weather
conditions but sometimes because parasites
predators kill hopners (93). 

and 

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

The Sahelian region of Africa is particularly vul
nerable. 

Locusts' migratory patterns ar. affected by
prevailing .wasonal winds, topo)graphy, and tempera
ture. Normally, insects drifl downwind until they en
counter conditions suitably moist for breeding andfeeding. Nevcrthelss, broadsciasonal patternsof move
ment are detectable. For example, inW,-st Africa, sum
mer Desert Locust breeding occurs in the Sahel and 
swanns prxluced there generally move from east-to
w-st north of a weather pattern known as the Inter-
Tropical Convergencc Zone and west-to-cast to its
south. Winter breeding areas are located in the
Mahgreb countries and swamis move mostly north-to
south from there. Weather conditions also affect
specific insxt migration routes. For example, frag
ments fDesert Locustswarsreached tc Caribbean
with the aid ol'OctLber 1988 storms. They crossed the
Atlantic from West Africa-a distance of 5,000 
kilometers-in a priod estimated from several days(85) to a week (54). Mountains in Morocco, Algeria,
Yemen, and Iran, highlands in Ethiopia, and the
escarpment inSaudi Arabia affect wind pattcrnswhich,
in turn, influence the direction and speed of' locust 
movement For example, the Anti-Atlas Mountains
south of the Souss Valley form a tofx)graphical barrier 
to northward-moving swarms. Low temperatures,
commonly found at higher altitudes, 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 grasshoppcrs and locusts. Already a
variety of environmentalchanges has led to certain
changcs as natural vegetation gives way to cultivated
land, as irrigation brings moisture to areas, as cultiva
tion disturbs egg xxls, or as vegetation is reduced.
For example, the Red hxxust's impo)rtance declined
inMauritius as agricultural land expanded and locust
populations became less dense (36). Likewise, the 
normally gregarious African Migratory Locust todayis behaving more like a nongregarious grasshopper
due to the break-up of its habitat in Mali (118). On
the other hand, the Variegated Grasshoppcr, aminor
nuisance in the 193(X, became a major problem inthe
1970s following widcsprcad forest clearing for coffee
prxiuction inthe Ivory Coast. The pest flourished in
the environment created by certain weeds that in
vaded clearings (71). Similarly, Cavin (19) feels that
descrtification can be expected to increase the 



amount of habitat suitable for high intensity Desert 
Locust breeding. 

LOCUST AND GRASSHOPPER 

UPSURGES, DECLINES, AND 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 intervaLs 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 remoLe scns-
ing and compuieozed mathematical models. But 
they are unable to predict weather patterns suffi-
cicntl inadvance to know whether an upsurge will 
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 
defining when a plague begins. Thus, experts differ 
in their analysis of the number and timingof the last 
century's plagues. The most thorough analysis of 
the upsurges and decline.; of the Desert Locust 
showed that seven major plagues, lasting from 7 to 
22 years each, occurred in the 112-year period from 
186) to 1972 in Africa, the Middle East, and South-
west Asia (138, figure 1-3). Statistical analysis 
revealed two kinds of plagues in the individual 
regions: those lasting a year or so and those lasting 
6 to 8years. 

Most agree that the last majorplague subsided 
in 1962 to 1963 (70, 93). Several major Desert 
Locust upsurges occurred since then: 1967 to 1968, 
1977 to 1978, and 1986 to 1989, but these were 
shorter and less extensive than earlier plagues (70, 
figure 1-3). Disagreement 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, 
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did qualify as a plague and was similar in scale to 
that in most years from 1950 to 1962. 

Also, most experts agree that locust and grasshop
per upsurges are heavily influenced by meteorological 
factors. Forexample, the main factor (apart from locust 
invasions from the outside) associated with 1860 
through 1972 Desert Locust plagues seemed to be 
above-average winter and spnng rains (138). Re
searchers have sought correlations of plagues with 
drought, wind circulation, even sin spots. The Inter-
Tropical Convergence Zone isof particular interest 
lecause areas ofconverging air masses are most 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 ,Desert 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 
past century without including environmental in
formation (5). The main controversy regarding the 
decline of plagues isover the impact of control. 

Most agree that widespread plague dynamics 
are influenced by successive conditions in seasonal 
breeding areas and areas where migrations 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 Africa in late 1987, following favorable 
conditions that led to formation of gregarious 
swarms in the seasonal breeding areas around the 
Red Sea and in parts of the Sahel in 1985 and 1986. 
Following successful winter breeding in North 
Africa in early 1988, large numbers of swarms 
migrated south joining locusts breeding in the 
Sahel 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 a large number of 
swarms from the Sahel in the Atlantic Ocean, and 
unfavorable breeding conditions (mainly low rain
fall and low temperatures) during the winter and 
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Figure 1-3-Major Plagues of the Desert Locust 
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NOTE: 'he undulating lineabove the graph outlines the plagues and recession periods, the broken portion suggesting the extent of infestationduring the period 1860-1924 when records were incomplete. 
SOURCE: Zena Watoff, "Sonic Temporal Characteristics of Desert Iocust Plagues," Anti-Locust Memoir 13 (LAndon: Anti-loeustResearch Cent 2r, 1976). Update by Joyce Magor, "Joining Battle with the Desert Locust," Shcl/Ag-iculture, No. 3,1989, o. 13. 

spring breeding season in Northwest and East
Africa. Throughout the period, USAID, FAO, and
others were predicting that the plague would con-
tinue for times ranging from I to 10 years. 

In summary, the reasons for the start of a locust 
or grasshopper upsurge are relatively well known,
though inability to forecast weather precludes accurately predicting when upsurges will occur and
theirduration. Reasons for plagues'subsidingare less 
clear. Specifically, the importance of control indeclines isdebated (see ch.2). 

ORGANIZATIONS INVOLVED IN
LOCUST AND GRASSHOPPER CONTROL 

Many locust and grasshopper control respon-
sibilities of the colonial period were shifted in the
1950s to FAO, along with the mandate to coor-
dinate bilateral and multilateiai activities. Newly
formed national crop protection agencies and
regional organizations supplanted colonial struc-
tures as African nations achieved independence in
the 1960s. 

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 ofall donor funding of the most recent campaignand assigned it some priority in its African programs
(table 1-1). 

National Crop Protection Services and

Other National and Local Groups
 

The national crcp protection services, under 
the Ministry of Agriculture in most countries, havethe mandate to protect crops. Therefore, they arethe major national organizations responsible for 
grasshopper and locust control and take over whenproblems exceed the capacity of individual farmers.
Generally, the crop protection services organizedand
carried out ground surveys and spraying in recent
control campaigns, using four-wheel drive vehicles.
Aerial spraying-often executed under regional and/or
donor auspices in the Sdhel-was used for more exten
siveor remote infestationsorwhen the crop protection
services could not meet needs. 



Additional Ministry of Agriculture agencies also 
were involved in control efforts: agricultural extension 
agents assistoi in monitoring, conductingcontrol, and 
,iganizing kxal participation. National research and 
forestry services contnbutcd knowledge, skills, and 
resourccs. Other government agencies, too, too k part 
in the large conLrol campaigns, these included public 
health departments, weather bu,reaus, customs ser-
vices, and transpomrtation ministri.es. In some countries, 
military pilots assistcd with aerial spraying. 

Local farmer brigades were amajor corn ment 
of the ground surveillance and control efforts in 
some countri,:s. In Mali, 4X,(X) hectares were 
treated by giound sprayion in I1-8, and 45 farmc. 
brigades rxcived high praise for their effectiveness. 
Tlhcir expertise was developed in the previous 2 years' 
cltorts: experienced farmers used hand or backpack 
spraycrs and untrained ones used dusters. Niger 
rcl(rtedly had 10,(XK) five-person farmer brigad.s 
Chad. 1,(XX) brigad.s;with 100,(X) farmcrs (9Y)). Farmer 
committcts were trained to recognize buildups of the 
S4negalese Grasshopper and initiate control in Burkina 
Fso, Gambia, Mall, Niger. and S,,n3gal (19, 71). 

USAID estimates that tie affected countries 
contributed $28.5 million in fiscal year 19'88 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 198), the governments of 
Morocco, Aigeria, and Tunisia contributed $76 mil-
li(n, $58 million, and $10 million, respectively. 
Sudan, Somalia, Mali, and S6n6gal contributed 
from $1 million to $4 million each. Many seriously 
affected countries, however, were Sahelian nations 
with little revenue to supxrt the control effort. 

Regional Organizations 

Thre semiautonomous regional organizations-tle 
Desert Lcust Control Organizatin IMr Eistern Africa 
(DLCO-EA), the Joint Lcust and Bird Control Or-
ganization (OCIALAV), and the International Red 
Locust Control Organisation for Central and Southern 
Africa (IRLCO-CSA)--and three regional FAO corn-
missions deal with migratory pests that transcend nation
al boundaries in Afica, the Near East, and Southwest 
Asia (see table 1-2 and figure 1-5). 

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

Ci. l-The Basics • 29 

tions is DLCO-EA, lounded in 1%2 by Ethiopia, 
France (for Djibouti), Kenya, Somalia, Tanzania, 
and Uanda and joined by Sudan in 196 . Its main 
objective is control of the Desert LA cust, but in 
1976 its Council of Ministers decided to undertake 
control of grain-eating birds (e.g., the quelca), 
armyworms, and tsetse flies when locusts are in 
recession (63). 

OCLALAV, created in 1905 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. Itscarlieroperational role in surveyandcontrol 
wi.,. -, ,A . ...,_,t'tiurges and 
then was reassigned to the national crop protection 
services. In turn, the crop protection services' repre
sentatives began discussionts with the Sahel Institute 
(INSA) of the Permanent Interstate Committee for 
Drought Control in the Sahcl (CILSS) regarding a 
regional approach (9i)). A previous regional crop 
protection project of CILISS was terminated in 197, 
following withdrawal of USAID funding. The CILSS
associated meteorological organization AGRHYMET 
continues to provide valuablc weather information to 
members. 

Currently, IRLCO-CSA suffers from a lack of 
member states' payments, but its situation is im
proving, following locust and grasshopper upsurges 
in the region, and donor assistance isbeing sought 
(12). On the other hand, the International African 
Migratory Loxcust Organization was dissolved in 
1986(102). 

The three regional FAO Commissions for Con
trolling the Desert Lcust (for Northwest Africa, the 
Near East, and Southwest Asia) were begun in 1971, 
1967, and 1964 respectively in areas where locust 
survey and control were already the resx)nsibility of 
national structures. (In sub-Saharan Africa, survey 
and control were principally done by regional entities 
then(106)).TheseCommissiOi ssuptx)rtsurvey, con
trol, training, and research. Member nations set 
policy and determine control activities,whereas FAO 
c(x)rdinates the work and serves as secretariat. 

U.N. Food and Agriculture Organization 

The U.N. Fxod and Agriculture Organization 
(FAO) has been the principal coordinator of inter
national locust and grasshopper control campaigns 
since the early 195(X, a role confirmed by the U.N. 
General Assembly in December 1988. Initially, FAO 

http:ministri.es
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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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Table 1-1-Donor Assistance to Locust and Grasshopper Control Programs, 1986-89 
(U.S. dollars/calendar year) 

Donors 1986 1987a 1988 989 Total 
(Jan.-May') 

Bilateral donors: 
Algeria 
Australia 
Austria 
Belgium 
Canada 

China 

50,000 
0 
0 

130,000 
3,014,500 
500,000 

146,882 
0 
0 

266,714 
2,802,238 

180,000 
205,000 
29,041 

500,000 
2,243,000 

40,000 

0 
0 
0 

1,300,000 
343,000 
120,0W 

376,882 
205,000 
29,041 

2,196,714 
8,402,738
60,000 

Denmark
Finland 
France 
Germany (FR) 
Greece 
Indonesia 
Iran 
Israel 

692,500
400,000 

1,792,537 
3,025,887 

50,000 
0 
0 
0 

635,369
0 

3,491,738 
6,209,031 

0 
1(), C,0 

0 
* 

2,813,068
208,455 

6,030,127 
11,992,000 

160,000 
25,0(X) 
7,500 

0 

2,400,000 
75,000 

3,150,000 
14,250,000 

0 
0 
0 
0 

6,540,937 
683,455 

14,464,402 
35,476,918 

210,000 
35,0(0 

7,500 
* 

Ialy 
Japan 
Kuwait 
Libya 
Luxembourg 
Morocco 
Netherlands 
Nigeria 

2,659,000 
1,288,000 

0 
0 
0 

20,000 
2,350,000 

0 

2,471,386 
* 

0 
0 

140,000 
0 

1,850,000 
0 

2,994,6'75 
4,100,368 
1,000,000 
1,212,000 

244,000 
320,000 

6,592,347 
400,000 

1,000,000 
13,620,000 

0 
0 
0 
0 
0 
0 

9,125,061 
19,008,368 
1,()000
1,212,000 

384,000 
340,000 

10,792,347 
400,0W0 

Norway 
Portugal
Qatar 
Saudi Arabia 
Spain 

3,127,000 
0 
0 
0 

62,511 

1,500,000 
0 
0 
0 
0 

1,615,000 
606,000 

12,000 
2,860,000 
2,440,000 

2,000,000 
0 
0 
0 
0 

8,242,000 
606,000 

12,000 
2,860,000 
2,502,511 

Sweden 
Switzerland
Thailand 
Tunisia 
Turkey 
United Kingdom 

1,185,929 
403,000

11,000 
0 
0 

1,909,183 

0 
92,790 

0 
0 
0 

987,687 

2,599,386 
944,268 

0 
90,000 

500,000 
5,800,000 

0 
338,000 

0 
0 
0 

207,000 

3,785,315 
1,778,058 

11,000 
90,000 

500,000 
8,903,870 

U.SAID 
U.SS.R.
Yugoslavia 

9,196,245 
0

64,000 

6,983,332 
* 
0 

21,599,859 
1,376,000

0 

12,000,000 
0 
0 

49,779,436 
1,376,000

64,00 

Subtotal bilateral donors 31,931,292 27,587,167 81,739,094 50,803,000 192,060,553 
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Table 1-1-Donor Assistance to Locust and Grasshopper Control Programs, 1986-89 
(U.S. dollars/calendar year)--Continued 

Donors 1986 1987a 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 Developmerit Bank 0 0 14,400,000 2,044,000 16,444,000 
Organization of African 

Unity (O(AU) 0 321,430 300,000 0 621,430 

Organization of Petroleuni 
Exporting Countries (OPEC) 300,000 0 39,000 0 339,000 

UN Children's Fund (UNICEF) 86,000 * 10,000c 0 96,000 

UN Development Program 
(UNDP't 1,839,000 54,000b 2,926,332 0 4,819,332 

UN Environment Program 
0 0 48,405 0 48,405(UNEP) 

UN Food and Agriculture 
2,601,000 20,000 4,700,000 610,000 7,931,000Organization (FAO-) 

UN World Food Program (WFP) 18,000 0 0 0 18,000 

UN World lealth Organization
(WHO) 480 0 0 0 4480 

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 c 1,111,000 0 2,455,460 

Total 49.646.213 30.464,271 115.073.974 59.876.730 25.061.188 
' +20.000,000 + 20,00010 

50.464.271 275.061.18 

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

NOTES: 
*Amount unknown (1987).
aincludes only assistance to Sahelian and West African countries.
 
bIncludes only assistance to two of four recipient countries.
 
cincludes only assistance from section aid to Gambia.
 
dAn additional $20 mitlion was given by donors for programs in Northwest African codntries, Sudan, Ethiopia, and Yemen (Jeremy Roffy,
 

Emergency Center for lAcust Operations, FAO, personal communication, June 26, 1989). 

SOURCES: 
Column 1: Jeremy Roffey, "1986 Funding Chart for Grasshopper and lAcust campaigns in Africa" (Emergency Centre for Locust 

Operations, U.N. Food and Agriculture Organization, Rome, December 1986). 
Column 2: U.N. Ftxd and Agriculture Organiwation, "Report of the Meeting on the Evaluation of the 1987 Grasshopper Campaign in the 

Sahel, Annex VI (Emergency Centre for I.ocust Operations, Rome, December 1987). 
Columns 3and 4: U.N. Food and Agriculture Organization, "Assistance Provided to Countries and Regional Organmat ions," Report of 

the 'Thirtieth Session of the FAO D5esert ocust Control Committee, AGP':DLCC/89/4, Rome, Italy, June 12-16, 1989. 

http:275.061.18
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Table 1-2-Independent Regional Organizations and Their Member Nations 

Organization 

DLCO-EA: Desert Locust Control 
Organisation for Eastern Africa 

OCLALAV: Organisation Commune 
de Lutte Antiacridienne et de 
Lutte Antiviare/Joint Locust and 
Bird Control Organization 

IRLCO-CSA: International Red Locust 
Control Organisation for Central 
and Southern Africa 

Member States Headquarters 

Djibouti, Ethiopia, Sudan, Addis Ababa, 
Somalia, Kenya, Tanzania, Ethiopia 
Uganda
 

Chad, Cameroon, Dakar, Senegal

Benin, Gambia,
 
Ivory Coast, Niger, Mali,
 
Mauritania, Senegal
 

Kenya, Uganda, Tanzania, Ndola, Zambia
 
Zambia, Malawi, Zimbabwe,
 
Botswana, Swaziland,
 
Mozambique
 

SOUt RC.': I)ale G. I3ottrell, "lx'custs and Gramhoppers in Africa and the Middle FI-st," contractor relport prepared for the Office ofl'echnoln-
Asssssment, January 1989. 

focused only on Descrt Locust problems, but its 
scope was broadened later to include othermigratory pests. 

The FAO Desert Locust Control Committee 
(DLCC) is the overall intergovernmental lxxly that
coxordinatLs all Desert Locust-related control and research. In 1955, the United States was a founding
member of the DLCC ind remains one of ;ome 50 
member countries. The Emergency Centre for Locust
Operations (ECLO), created in 1%6 and housed inFAOs headtquarters in Rome, bears operational
responisibility within FAO. It assumed responsibility
for raising donor funds and coordinating control activitics during the recent upsurge. ECLO has handled
approximately $10 million in aid each year sitce 1986
in addition to coordinating some 150 projects funded
by bilateral and multilateral donors, including FAO 
itself (109). 

FAO's activities include: 

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

" 	 preparing and distributing the monthly
FAO/ECLO Desert Locust Bulletin, special
bulletins on other locusts and grasshoppers as 

needed, and a semiannual research registry
beginning in 1989; 

* organizing international meetings forrepresentatives of 	donors and national 
gcrnments; 

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

9 	 implementing locust projects financed by FAO,the Unitcd Natiens Development Programme,
and the international community. 

Also, FAO coordinates activities of the African

regional locust and grasshopper control organiza
tions and sponsois 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 fortraining and technical assistance, vehicles, protec
tive clothing, radios, and spare parts. FAO's data
indicate that total donorexpenditures for programs 
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Figure 1-5-Regional Organizations and FAG Commissions in Charge of lA)cust and 
Grasshopper Control 
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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 1-1). 

As a ,esult of donor and African countries'
efforts, approximately 4.6 million ha of land in 10
Sahelian and West Africa countries alone received 
aerial or ground insecticide treatments in 1986 and
1987, mostly 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 avcrage 20 percent of all donor contributionsthrough mid-1989 to Northwest and sub-Saharan 
Africa. Data from USAID show U.S. expenditures,
by fiscal year, totaling $58.8 million from 1986 to
1989: $7.4 million in fiscal year 1986 P7.5 million
in fiscal year 1987, $20.4 million infiscal year 1988,
and $23.0 million in fiscal year 1989 (table 1-4). In 
19S8 and 1989, this amounted to approximately 4 
percent of U.S. development assistance to sub-
Saharan Africa (123). 

'The United States h~is provided financial and tech-
nical iasListance to locust and grasshopper control ef-
fort:k inAfrica since the 1950s. During the 1945 through
193 upsurges, U.S. monetary contributions were less 
than the United Kingdom's and FAO's. However, in
the 195(s and 1960s, the United States provided tech-
nical specialists and helped establish the DLCO-EA. 
Fllowing a wides red grw:.shoppcr outbreak in the 
Sahel in 1974 and1975, USAID set up a RegionalFood Crop Protection Project to strengthen national 
services in West Africa and funded the CILSS In-
tcgrated Pest Management Project in the Sahel. In
addition,.osupporting projects bilaterallyin the various
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) regionalbureaus, 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

worary Office of Emergency Operations in taking the
lead in USAID kcust and grasshopper control efforts
in 1987 (99). In July 1988, the AID Administrator 
created the Desert Locust Task Force, under the aegisof OFDA. The Task Force included staff from the
various USAID bureaus (AFR and ANE), offices
(contracts and legal 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 weekly 
before dissolving on June 1, 1989, following thedecline 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 Locust/Grasshopper Assistance project.
Financial aspects of U.S. multilatcral assistance (e.g.,
to 1c U.N. Devclopment Programme and FAO) are 
haitdled by the Department of State's Bureau of 
International Organization Affairs. 

USAIDoften hiresoutside technical expertise fromU.S. consulting firms, universities, and USDA. USDA's
Office of International Cxperation and Delopment,
for example, usd $26 mill ion of USAID funds from
1986 to 1989. Of this, $1.5 million supported technical 
cxperts 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
paigms (3). 

Other U.S. agencies assist in control efforts. For 
example, the U.S. Geological Survey provided "green
ness maps" showing where vegetation was abundant 
following rainfall; EPA staff, working with USAID,
advised African governments on safe disposal ofsurplus
mnsetticides and emptycontainers; and U.S. Peace Corps 
volunteers participated inthe Mauritanian control campaign (119). 

In addition to official government donors, a num
be- of priv.ate, nongovernmental organizations
(NGOs) provided assistance to African countries 

Ihe Development Fund for Africa is the baseline against which these contributions were measured. This iFund does not include Foodfor Peace (Public Law 480), Economic Support Funds, or multilateral assistance. 
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Table 1-3-Total Area Controlled in the Sahelian Countries in 1986 an(. 1987 

Ground (ha) i _Aerial (i a)_ Toal (h
--96 1~987- --8 98h18 

225,200 293,000 247,565Mauritania 100,000 22,365 193,000 
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 0 232,033 9,062 

25,222 42,428 143,700 212,555 186,922 254,983Chad 
Niger 151,414 75,420 270,505 23,0,8.34 421,919 306,254 
Cameroon 0 54,000 0 0 0 54,000 
Guinea Bissau 0 9,000 0 0 0 9,000 

0 0 0 60,000 60,000Nigeria 0 

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 Gra.hopp7Control in Africa/Asia: A 
Progratmnatic EnvironmcntalAssessmnet, Main Report, contractor report prepared for the U.S. Agency for International l)evelop
ment, March 1989, p. D-37. 

affected by locusts and grasshoppers. 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, donatinga plane to Mali foraerialspraying 
(82). 

Donor-SponsoredResearch 

Many organizations engaged in locust and 
grasshopper control also carry out related research. 
And some primarily research organizations are begin-
ningtoexamineimprovedcontrolmethods.Thelnter-
national Center on Insect Physiology and Ecology in 
Nairobi, Kenya and the International Institute for 
Tropical Agriculture in West Africa are among the 
latter. 

Some donors fund kxxst and grasshopper r.search 
projects by their own sz-ntists, such as the United 
Kingdom'sOverseasDevelopmentNaturalResourcesIn-
stituteand the French grashopper and kxust research unit 
of theCenterforlnternational Cooperation inAgicultund 
Research for Development. On the other hand, USAID 
conacts out scientificreseatch usually to private con-

suiting firms and universities. The Locust Research 
Task Force of the Special Program for African 
Agficultural Research of the World Bank main
tains a computerized directory ofdonor-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 -.;d/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 they also 
developed a variety of cultural and physicalcon
trots 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, 
especially against small infestations in crops or hop
per bands near croplands. For example, some 
farmers combine the use of pesticides with fire, 
burning roosting locusts at night (32). Village 
brigades in Chad herded hopper bands into deep 
trenches and buried them in the recent campaign 

http:23,0,8.34
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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 AfricaBurkina Faso 
Cameroon 
Cape VerdeChad 
Gambia 
Guinea Bissau 
Mali 
Mauritania 
Nig er 
Sdnd 1l1,657,349 

h Regional 

$268,800 
200,000 

0
990,841 

35,000 
29,000 

1,287,080 
154,000 
61,000 

244,000 

$591,732 
200,000 

0
1,254,211 

594,898 
290,320 

1,012,433 
227,500 
337,386 

1,923,752 
0 

0 
0 

75,000
1,305, 73q 

J 
0 

1,775,110 
1,446,964 
1,199,647 

245,892 
0 

0 
0 

25,000
0 

25,000 
0 

200,000 
866,256 
317,000 

3,362,320 
0 

$860,532 
400,000 
100,000

3550,782 
654,898 
319,320 

4,274,623 
2,694,720 
1,915,033 
7,189,313 

244,000 

East and Southern AfricaBotswana 
Ethiopia 
Sudan 
Tanzania 
Zaire 
Zambia
East Africa Regional 

1,183,587 
75,000 

1,024,948 
50,000 
10,860 

100,000 
0 

0 
380,516 
600,000 

0 
0 
0 
0 

0 
407,820 
662,415 

0 
0 
0 
0 

0 
13,800 

173,713 
0 
0 
0 
0 

1,183,587 
877,136 

2,461,076 
50,000 
10,860

10X,000 
0 

Northern Africa and S.W. AsiaAlgeria 
Jordan 
Morocco 
Pakistan 
Tunisia 
Yemen 
African Regional 

0 
0 
0 
0 
0 
0 

75347 

0 
0 
0 
0 
0 

135,598 
0 

1,070,032 
0 

5,295,713 
0 

1,361,447 
0 

5578,414 

18,866 
152,600 

10,308,974 
2,000,000 
1,410,535 

0 
4 123988 

1,088,898 
152,600 

15,985,203 
2,000,000 
2,771,982 

135,598 
9777749 

Total dollars $7,446,812 $7,548,346 $20,424,184 $22,998,052 $58,797,910 

Amount of total granted to FAO 4,084,587 358,000 2,465,000 1,508,910 8,416,497Amount of total, OFDA fundsb'c 7,171,012 6,384,059 9,643,950 5,585,652 28,784,673 

NOTES: 
aAssistance to Gambia in 1988 and some in 1989 included in amount for Senegal.U.S. assistance consists of OFDA funds, USAID mission funds, Africa or Asia/Near East Bureau regional funds, and some local currency.In fiscal year 1988, OFDA contributed $9,643,950, the missions $4,840,600, the regional programs $6,689,656, and local currency$2,350,464, for a grand total of $23,524,670. In fiscal year 1989, OFDA contributed $5,585,652, thc missions $15,847,400, the regionalprograms $1,565,000 and local currency $1,850,343, for a grand total of $24,848,395. Thus, the percent of OFDA funding decreased 
Csignificantly in 1988 and 1989.
Information in this line from John Gelb, 1989, below. 

SOURCES:
1986-John Gelb, Office of Foreign Disaster Assistance, AID, "USG Contributions to Icust/Grasshopper Threat in Africa-FY 1986 as

of September 30, 1986," n.d.1987-Officeof Foreifn Disaster Assistance,' Insect Infestation," OFDA Annual Report Fiscal Year 1987 (Washington, DC: USAID, 1988).1988-Office ot toreign Disaster Assistance, "Insect Infestation," OF'DA Annual Report Fiscal Year 1988 (draft) (Washington, DC:
USAID, 1989).1989-John Gelb, Office of Foreign Disaster Assistance, "U.S.A.I.I). Support, Desert Locust Task Force, FY 1987-89," dated July 22-23,1989. Due to the decline of the locust problem in early 1989, some of the funds allocated have beer. reprogrammed for other crop
protection activities. 
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Box 1-C-USAID's Operational Responsibility for Locust/Grasshopper Problems 

Several groups within USAID have responsibility for various aspects of the United States' 
contributions to addressing locust and grasshopper problems in Africa. These include the Office 
of Foreign Disaster Assistance, the Bureaus for Africa and Asia and the Near East, and the Bureau 
for Science and Technology. 

1. Short-term-The Office of Foreign Disaster Assistance (OFDA) has the authority and respon
sibility to apply its resources to: 

* 	 emergency pest situations in a host country when a disaster has been declared by the U.S. 
Ambassador to that country, 

" 	 the mitigation of potential disaster situations, and 

" 	 certain recovery and rehabilitation activities designed to prevent secondary disaster effects. 

2. 	 Medium-term-The Bureaus for Africa and Asia and the Near East have the authority and 
responsibility to: 

* 	 implement nondisaster project activities required to put the pest emergency situation back 

under control; and 

* 	 implement normal, longer-term development initiatives, vis-a-vis pest control programs. 

3. 	Long term-The Bureau for Science and Technology, working with the Bureaus for Africa and Asia 
and the Near Fast, has the authority and responsibility to support development activities on a 
regional or bilateral basis, designed to improve the capabilities and capacities of national and 
regional institutions. 

SOURCE: Adapted by OTA from TAMS Consultants and the Consortium for International Crop Protection, Locust andGrasshop
per Control in Africa/Asia: A Programmatic EnvironmentalAssessment, Main Report, contractor report prepared for the Agency 
for Intenmational Development, March 1989, pp. D1-D2. 

(119), using what is probably the most effective Most traditional controls have been replaced 
traditional control. by the use of chemical insecticides, at least in offi

cial control programs. Numerous synthetic organic 
Some traditional control methods are some- insecticides arc available now. -he first chemical 

times ineffective, e.g., plowing fields infested with treatment, used from the 1880s through the 1940s, 
pods (12). And some other means, e.g., planting was an arsenic-poisoned bait. Baitingcould bedone 
resistant varieties of sorghum, cultivating by unskilled labor, but buying, storing, and 
grasslands, fallowing agricultural land, or rotating transporting tons of wheat bran for bait made this 
crops, are effective against some species but not costly, remote breeding sites were missed, and 
others. For example, cassava, a root crop, isplanted sometimes the pests did not cat the bait (79). In the 
in some areas as a security against locusts but it is 1940s and 1950s, first ground, and then aerial, 
'cry vulnerable to -'.tack by the Variegated spraying techniques were introduced and the per-

Grasshopper (71). Planting rooted sorghum plants sistent organochlorines BHC (benzene 
instead of seeds in flood-recession irrigated areas hexachloride) and dieldrin became the insecticides 
can protect crops from the Sudan Plague Locust of choice (34, 79). In the 1960s, dieldrin was most 
but not other species (12). often used against Desert Locust hopper bands and 
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Table 1-5-Examplies of Locust and Grasshopper Control Methods 

Cultural 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)
* Planting short-sedson crop varieties or seeding or harvesting early 

or reseeding
 
Physical methods 
 9 2eaiting or trampling on the hopp rs

* Diggi,4 up egg pods or plowing fields infested with egg pods* Scattering straw over roosting sites and then burning it* Lighting Fires or making noise to prevent swarms from settling in 
crops

* Driving hoppcrs into trenches and burning, drowning, or crushing
them 

* Use of flame throwers
* Use of horse-, tractor-, or truck-drawn collecting machines 

Biological methods * Running poultry in crops
* Use of cattle to cat off and trample grass in locust breeding

grounds
* Introduction of pathogens
 

Chemical methods 
 * Use of conventional chemical insecticides 
* Use of botanical compounds, e.g., neem extracts 

SOURCE.S: Compiled in Dale G. Bottrell," ocusts and Grasshoppers in Africa and the Middle Eaist," contractor report prenared for theOffice of Technology As.sessment, Washington, DC, January 1989, p. 24, from: DL. Gunn, "Systems and Man
Systems, Value Judgments and Dieldrin in Control of Locust I loppers .Strategies,
PhilosophicalTralactions of.SriesB, vol. 28,7,1979, pp. 429-445 C.F. I lemmin,, 	 leRoal..n ie of Lon on,7heLocust Menace, Centre for Overseas Pest Research, I.ndon, 1974; J. Ledge-r,African Wildlife, vol. 41, 1987, pp. 1'97-210; J. Rofy he E-,ffects of Changing Land Use on Locusts and Grassho pers, pp. 199-,dProceedings ofthe InternationalStudy- Conference onl Current and Future Problerns ofAcridologi; Lo~ndon, 1970; 'TAMS Consultantsand Consortium for International Crop Protection, Locust and Grasshopper Control inAfrica/Asia: A Progratnmatic Em'ironnietalAssessment, Main Report, contractor report prepared fur the U.S. Agency for International Development, March 1989. 

BHC against adult swarms (55). Also, BHC was effective and respraying was unnecessary, even if aused against Brown Locust upsurges in South second hatching occurred (54, 104).Africa rom the late 1940s through the 1980s (52).Dieldrin has been used against Red Locust out-
breaks since the 1950s (79). 

Concern mounted in the 1970s regarding the
heavy use of persistent pesticides. DDT, the 

Initially, dieldrin and the other persistent pCs-
prototype persistcnt organochlorine, was banned bythe Unite States in 1972 and dieldrin came underticides seemed to be amajor technological advance, increased scrutiny. Studies indeveloped countries inDicdrin, fr example, remains toxic for 30 to 40days on vegetation and longer in soil, despite rain 	
the 1900s showed substantial traces of dicldrin inhuman tissue. High levels of dicldrin are known toor sun (34, 118). Hopper bands were controlled by cause convulsions in humans and the chemical isspraying swathes of vegetation with dieldrin, form- responsible for 13 recorded deaths (104).ing "barriers" in front of marching bands. Since 	 Theevidence of dicldrin's carcinogenicity is strong indicldrin acts as a stomach poison that accumulates mice, weaker in other experimental animals, andover time, the insects eventually ingested a lethal 	 inconclusive or negative in humaiis (17, 104, 137).dose by eating treated vegetation. Low doses were EPA canceled most dieldrin uses inthe United States 
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in 1974 and European countries also banned its tieBank in 1985, developed with the assistance of 
use. EPA cited dieldrin's carcinogcnicitv, bioac- the United States. In the same year, FAO passed
cumulation, hazards to wildlife, and other chronic an InternationalCode of Conduct on the Distribu
effects (134). tion and Use of Pesticides. 

USAID routinely sponsored ovc rr- ,,- Lw of rys- The type of insecticides used in African locust and 
ticides in the 1970s that EPA banned or restricted for grasshopper control programs has shifted markedly 
use in the United States. In 1975, four cnvironmental away from the persistent or anochlorines (dieldrin, 
organizations sued USAID for failure to prepare an BHC, aldrin, and lindane) although some use con
environmental impact statement (EIS) on these p.s- tinues (table 1-6). At least one-half of OTA survey
ticide uses, as required by the 1969 Natknal Environ- respndents identificd the use of BHC, dicdrin, and 
mental Policy Act. USAID, in reslxrn.;, prepared an lindane in the past but only one or two respondents
EIS in 1977 and issued a pesticide policy the folcving indicated their current use. Some European countries 
year prescribing how pesticides should b treated in still allow the use of lindane, closely related to BI IC 
USAID activities (8). Since the 1978 publication of chemically(12). The in.secticid-s most commonly used 
Regulation 16 (22 Federal Code of Regulations Part for controlling grasshoppers and kcusts in Africa are 
216), the United States has required environmental fenitrothion and malathion (10). Thesc organophos
assessments prior to approving purchase or use of phates are principally contact insecticide-s with short 
pesticides overseas with U.S. funds. The residualaction (2 to3 days) (118).
chlorinated hydrocarbons dicldrin, lindane, and 
BtlC could neither he purchased nor used in U.S.- Most donors have requirements to pu ':hase 
supported efforts. USAIDenvironmental officcs in pesticides f'rom domestic companies ("tied aid"), 
Washington approved individual USAID missions' and USAID did so, by and large, even though 
requests lorvarious insecticides dependingon what purchases funded with OFDA money arc exempt 
was known at the time (43). Beginning in 1977, From these provisions due to their emergency na
various amendments to the Foreign Assistance Act ture. Fenitrothion, introduced by Sumitomo and 
further required that USAID consider the cnviron- independently by Bayer, is Japanese-owned and 
mental impacts of its overscas projects and specifi- manufactured in the large quantities needed for 
cally undertake activities to maintain and restore locust control in Japan andEuropc. Malathion Ls 
natural resources in developing countries (127). manufactured in the United States and elsewhere. 

Dieldrin is no longer produced in significant quan-
The USAID policy on pesticides served as a tities in the United States, where it was developed,

model for other donors for developing rcgulations or in Europe. Thus, malathion was a major corn
on their use of pesticides in Third World countries. ponent of U.S. donations. 
The World Bank promulgated Guielines for the 
Selection and Use of Pesticidesin Bank Financed 
Projects and Their Procurement When Financed by 
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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 FAOG 	 OTAc OTAC LHB 

namea
Name 

Aldrin x X 
Alphacypermethrin Fastac x
 
Alphamethrin x 
 x 
Arsenic compounds X 
Bendiocarb Ficam X X 
B1C, Benzene
 

Hcxachloride 
 x xCarbaryl Sevin x x 
Chlorpyrifos Dursban xX 
DarsIcan X 
DDT X X 
Dichlorvos 
 DDVP x 
Delhamcthrin Decis x x
 
Diazinon 
 Basudine x x x
Dieldrin Ensodil x x 
DNOC x X
Esfenvalcrate X 
Fcnitrothion 	 Sumithion x X X 

Folithion 
Fenvalerate X 
Hcptachlor X
lsobcnzan X
Lambdacyhalothrin Karate x x 
Lindane x x
Malathion x 	 x x
Para-oxon x
Parathion 	 Pencap 
 X 
Propoxur/Phoxim 	 Undine X 	 X 

NOTES: 
'llustrative examples, since many commercial brands exist.IAOs list of pesticides are those used on a substantial .scale for Dlsert IXcust control.cpesticides listed are those that OTA's survLy respondents indicated as currently used for locust/grasshopper control, regardless of the scale 

of that use. 
Insecticides no longcr used for either locust or grasshopper control. 

SOURCES: 
F'AO: U.N. F-oodxand Agriculture Organization,Emergency Center for l ocust Operations, "Pesticides for l)esert Locust Control: June 1989Update,"African Locust Bulletin, No. 14/89, June 20, 1989, pp. 0-7. 
OTA: Responses to OTA survey, 1988. 
L 113:
Steedman, A., 7he Locat Ilandb()k 1 ondon: Overseas Development Natural Resources Institute), 19 8, p. 119.Name/commercial names: USAII), I.cust/GrlashoplprManae7?ment: Olwrations Guidebook (Washington. DC: January 1989), pp. VII-4-5,

and PRIFAS, SASNewsletter, No. 8, Aug. 7, 1989, p.37. 
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Chapter 2 

What Is The Problem?
 

VARYING PERCEPTIONS OF THE 
PROBLEM 


Finding: Many views exist on variousaspects of 
locust and grasshopperproblems but these have not 
been widely debated nor resolved. Inttead, many 
host-country and donor policymakers base control 
policies and programs on certain assumptions: that 
locusts andgrasshoppersare a serious problem, that 
pesiridesare the way to controlthem, and thatcon-
trol programs have substantial benefits for most 
farners and herders. OTA finds these assumptions 
questioneible. 

Lo.eust and Grasshopper Outbreaks as 
Disasters 


To many, especially the general public, the 
rzccnt upsurges of locusts and grass hoppers in 
Africa seem to pos a major threat to that 
continent's already precarious food security. The 
New York Times proclaimed: "L)custs Threaten 
Sub-Sahara Africa With Famine" (April 24, 1988, 
p. 14) and "The Cloud Over Africa Is Locusts" 
(November 11, 1988, p. A3). This perception is 
one of large swarms of insects, stripping vast areas 
of vegetation. Also, people assume that these in-
sects are the most damaging pests facing African 
farmers and herders and the problem seems un-
solvable because, after all, locusts have caused 
plagues since biblical times. In many minds, these 
insect outbreaks arc inevitably linked to famine 
and the popular press has reinforced this view. 

Many aspects of the public policy response to 
locust and grasshopper problems match this per-
ccption. For example, the U.S. Agency for Intcrna-
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 special control efforts, by donors and 
regional and national organizatkns. 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 through fiscal year 1989, indicate 
the high priority given to this officially declared emer
geny. 

Many within the expert community, especially 
those who work with grasshopper and locust control, 
agree with this assessment of the disastrous impact of 
locusts and grasshoppcrs on African agriculture. The 
problem is perceived as serious enough to warrant 
specialized attention and to mobilize substantial 
donor and host country rc.s)urces. Most people who 
re'spondcd to OTA's survey (app. B)noted that locust 
and grasshopper problcms are "very serious" in the 
areas with which they are familiar, with the 1986 to 
1989outbreakbeingaserious asanyon record. Also, 
approximately one-half of the resx)ndcrqLs rank 
locusts as the most seriouts pest intheir area. 

Certainly locusts can devastate vegetation over 
sizable areas, especially if swarms are moving slowly 
and stay in one place for several days. The potential 
for national-level drops in agricultural proxluction 
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 kcalities 
where f1*xl supplies are already 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 losses to grasshoppers were estimated at 20 
to 30 prc t in 1985 desitc spra ing pesticides 
on 900 km and, irn1986, some farmers' millet 
crops were destroyed three times before they 
eventually abandoned some fields (,r plantcd sor

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

ICertain aspects of OTA's survey may have led resx)ndents to exaggcrate t.Le magniiudc of ihese problems: some questions were not precise 
enough rcgarding the time and geographic areas of outbreaks; the rcsfionse rate was low (25 percent) and people who perceive the problem to 
be serious are those most likely to complete a lengthy form; many of the rspondenis are affiliated with locust and grasshopper control programs; 
and the questionnaire was sent at the peak of the recent upsurges. 

45 
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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 arc not involved in control efforts, make quite adifferent 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, outbreaks occur often, but upsurges that lead to aplague are rare (93). In this, the analogy to a 
natural disaster such as a tornado isapt. In a given!ocation, the situation may be disastrous but the
impact, measured over a wider area and/or for alonger time period, may have little significance. 

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

Assumptions provide a needed basis forpreliminary answers to important policy-related 
questions in the absence of reliable data and: 

..
the experience of using insufficient data that are 
of uncertain quality to make critical determinations 
atx)ut the use of scatce resources, isnothing new in 
the third World. (72, p.2) 

Unresolved, major discrepancies in how experts
view locust and grasshopper problems now, owever, have significant repercussions for congres-
sional and other policy dccisionmaking.
Moreover, the lack of debate on important issuesoutside a small group of scientists and control 
experts means that those who see the situation asdisastrous, warranting massive spraying, often 
carry the day. 

Specific, significant areas of debate include:
1) the insects' impact on food production; 2) the
importance of locusts and grassoppers 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 chemicalinsecticides, 5) the relative roles of climate and 
control in bringing about declines of insectupsurges; and 6) whether the benefits of control,
in terms ofcrops saved, exceed the costs of control.Experts differ, also, in their opinions on the nature
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 beorganized and what strategies should be followed. 

LOCUSTS AND GRASSHOPPERS'
 
IMPACT ON FOOD PRODUCTION
 

Finding: The link between locust and grasshop
per upsurges andfood 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 areasfor short
period oftime. Thus, the highprioritygiven to locust 
and grasshopper controlprogramsis unwarranted. 

Do Locusts Cause Famine? 

USAID, like others, justifies its locust and
grasshopper control rogram on the basis of averting famine. The 1987 USAID Locust/Grasshopper
Strategy Paperdefines 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 famineconditions in many parts of Africa. (113, p.1) 

More recently, USAID stated that the goal of
its $22 million African Emergency Locust
Grasshopper Assistance (AELGA) project, fiscal years 1987 through 1989, is "to contribute to the
improved nutritional status and well being ofAfricans by reducing the threat of locust and
grasshopper plague-induccd famine, and its associatedlecoriomic and sociai suffering." 

Key data are missing, but historical analysis
(16) and recently acquired data (72) suggest that 



what is often considered fact-the connection be-
twcen swarming insects and famine-is actually a
questionable assumption.a aAs 

Crop loss from locusts and grasshoppers may 
be severe in certain areas without having sig-
nificant impact on national crop production. 
USAID country reports reveal little overall crop 
damage by Desert Locusts during 1988, the height 
of the recent plague-crop losses of 2 percent in 
Sudan and Mali (with some localized severe 
damage)-and minimal or negligible losses in 
Niger, Chad (117), and Algeria (89). The authors 
of the Chad case study claim that effective control 
was the reason for the small losses, but also admit 
that no system exists for reliably evaluating crop 
damage by locusts, 

The insec s' impact is highly dependent on a 
number of variables, including the number of in-
sects preacnt, how long they stay in the area, and 
the amo,nt each insect cats (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 crop 
development. Young grain crops are highly vul-
nc rable but replanting may be possiblc if they are 
destroyed early. Damage to more mature crops is 
usually lower until just before grains begin to 
ripen; nevertheless, a swarm can cause partial or 
total crop loss (95). At other stages, damagc is 
substantially less. For example, one study o the 
African Migratory Locust's effect in Kenya 
showed that the pest caused I(X) percent yield loss 
when attacking very young or flowering corn, 20 
percent yield loss on corn with unripened ears, and 
no yield loss on corn over 30 cm tall (139). 

Economic losses also depend on which phint 
species and what part of the plant locusts affect, 
e.g., consuming grain or foliage or breaking 
branches due to their weight. Grain crops are 
highly susceptible at the "milk, graini stage and 
100 percent yield lo;s may occur if'even low den-
sities of locusts or grasshoppers attack then. 
Studies on the impact of locusts on sugarcane 
yields in several countries showed that the highest 
recorded crop loss was due to Red Locusts in 
Mozambique s sugarcane fields, where yield was 
reduced by an estimated 33 percent in 1934 (95). 
Sugar-cane lo,;ai:es of 12 to 18 percent were more 
usual (in South Africa in the 1950s and the Philip-
pines in the 1930s), but in one case yield incrt-ased 
after defoliation (95). Also, the weight of roost-
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ing locusts may break branches of trees, affccting 
future yields of valuable commercial crops. 

a result, crop losses are unevenly dis
tributcd in space and time, even during upsurges. 
Within affectcd areas, sometimes all vegetation is 
stripped, especially in sites such as breeding areas 
and traditionally infested areas, e.g., in §udan, 
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 ;s less than total and uneven due to 
swarms' mobility and other factors. 

Comparatively small areas of the total area 
infested by Desert Locusts experience losses in 
excess of 70 percent (16). This occurred in the 
1954 through 1955 season when nearly IX)percent 
of the total reported damage was in a smahIpart of 
southern Morocco and in 1958, when a higher 
percentage was concentrated in two small areas in 
Ethiopia, causing severe, but localized, economic 
losses (16). The U.N. Food and Agriculture Or
ganization (FAO) 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 b,.- difficult to obtain. Grasshoppers, 
the Senegalese Grasshopper in particular, caused 
more generalized and heavicr damagc than locusts 
in recent years (12). No areas within nine West 
African countries studied have been affected 
severely enough by locusts and grasshoppers 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 Souss Valley in late 1954 and early 
1955, so commercial growers were hard hit. But 
the Senegalese grasshopper adversely affects most 
of the millet- and much of the sorghum-growing 
areas of the Sahcl (71) and, thus, subsistence 
farmers bear much of the damage. 

Some insect species prefer grains and pose a 
greater threat to farmers than herders. Generally, 
herders seem to be less affected by locust swarms 
than farmers, probably because 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 if their movement from devastated areas is
restricted or if overgrazing already has reduced 
grass cover (95). 

Substantial crop damage may lcad to local ad-
verse impacts on food security. Beyond this, little 
can be said with much certainty. Locust and 
frasshopper damage contributed to 1986and 1987
ood deficits in some countries but perhaps no 

more than other factors (72). In 1986, FAO cs-
timatcd 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-
siblc, to determine. On a countrywide basis, the 
recent locust or grasshopper upsurges did not have
the negative impact that itdrought would produce.
Generally, the aggregate amount of damage
reported was much less than feared and the losses 
were on the scale of localized, perhaps near-nor
nal stress rather than nationa calamities (table
2-1 ). Some observers report that locust and 
frasshopper outbreaks often do not result in even 
ocal food shortages, because of replantin g,

regrowth of vegetation, use of resistant crops such 
as cassava and, especially, help from neighhors or 
relatives. Thus, the "x)pular image of a locustoutbreak leading to famines seems to have little or 
no basis in fact. (95) 

Famines have complex causes, as shown by
recent examination of famines in Ethiopia from 
1972 to 1974 (87) and the Sahel from 1968 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 fcood production, since 
food shortages alone do not explain starvation.Neither aggregate food availability nor average
consumption of food per person declined sig-

nifi antly in Ethiopia during one of the worst years
of the famine (87). Apparently people starved
because they could not afford to buy food from 
outside the area when their own farm output
declined. Pastoralists were particularly hard hit in
Ethiopia and the Sahel, but social, economic, and 
olx)itical factors, not the severity of drought, determined this. For example, the growth of commer

cial agriculture reduced 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 muchso 
that hunting could not replace domesticated 
animals; growing commercialization of agriculture
had disrupted arrangements by which herders 
tridcd with farmers for access to cropland for 
dry-season grazing. 

Given the complexity ofsuch interactions, it is
unlikely that the role locusts and grasshoppers play
in famine could be assessed wit h aggregate food
production data rather than information on local
lood availability. Data on local crop production
losses and local shortages is essential but does not 
seem to exist, especially for food crops. Even na
tional aggregate data commonly are only es
timates. Locust and grasshopper control has taken
place spx)radically 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
ingouthreaks that were sufficiently large to merit the 
attention of an international agency or a govern
ment .. h."ecre exist no accurate cropyield and/or
ks data for mnt of the arca subject to attack by
locusts. (95) 

In 1987, Oregon State University began
USAID-fundcd wo-k to improve the assessment 
of losses due to these insects. However, USAID'sexpectation 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 ofvariables involved complicates
estimating potential crop losses and helps explains 



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 Lcust; people have made 
attempts in the past-and failed. Breeding areas 
arc remote with access further limited by civil 
strife; upsurges can be large and widely scattered; 
and locusts are very mobile (16, 79). 1Expericnced 
observers can estimate severe crp losses ic-
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 

TIe 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 corn-
pelling evidence does not exist that thev cause 
worse losses than other pests (37, 72, 9j5). F-or 
instance, pilant protection experts often assume 
that all types of preharvest crop losses in the Salel 
region are great iasits 30 percent but sometimes 
l',rgcr. Of this, grasshoppers may be responsible 
for 5 to 1S percent of crop losses each year (72). 
In 1986, grasshoppers were considered a major 
problem and large-scale control programs were 
undertiaken. Yet tile 1986 crop production losses 
caused by grasshoppers seems to be below this 
normal ran e (taite 2-1). Thcsc data, compiled 
'or the Famine Early Warning System (FEWS) are 
the best availablc, although somewhat unrcliable. 

olwever, the 1986 FEWS data correspond 
with earlier estimates, many made before large 
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-lo-Acust Research Center in 
London for 1925 through 1934 and FAO for 1949 
through 1958. Analyzing this information. F.T. 
Bullcn 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 
percent of the total crop production) and only 
about 4 percent in a peak plague year (or, only 
about 0.6 percent of total crop production). ie 
concluded, "L)custs and grasshoppers, even at 
their worst, constitute only a very small proportion 
of the overall crop protection problem." (16) 
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In fact, weeds cause greater food crop losses 
in Africa than insects-I 5 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 over time (25, as 
cited in 95). O1A reviewers 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 
spoiled production. In 1987, in West Africa and 
the Sudan, despite severe grasshopper infcsta
tions, losses to farmers due to inadequate market
ing and storage facilities were greater than those 
caused by insects (12). 

TIHE EFFECTIVENESS OF CONTROL
 
PROGRAMS
 

Finding: The efficacy, efficiency, and equi
tability of locust and grasshoppercontrol programs 
are undocumentedor rely largely on anecdotalinfor
mation. While insecticides undoubtedly kill insects 
andcanprotectstandingcrops, insecticides'abilityto 
end or prevent plagues is not clear. Nor have the 
economic benefits of control programs been 
demonstraled convini-ingly, especially for the low
resourt" farmers and herders who are most vul
nerable. 

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

Control v. Climate 

Many insecticides are ,;ff'ective for killing 
locusts and grasshoppers (95). However, the 
relationship between insect mortality and prevent
ing crop or forage losses, in tile area sprayed or 
distant from it, is uncertain. Also, it is not clear 
whether control campaigns prevent a plague fvom 
developing, hastcr the end of a plague, or do not 
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Table 2-1-Crop Production Affected by Grasshoppers, 19&6 (thousands of metric tons) 

Country 
Gross 

productiona 
Production lost 

to grasshoppersb Production saved Production affected h 
1,000s MT Percent 1,000s MT Percent 1,000s MT Percentc 

Burkina Faso 
Chad 
Ethiopia 
Gambia 
Mauritania 
Mali 
Niger 
Senegal 
Sudan 

1,917.0 
685.0 

6,504.0 
144.0 
125.0 

1,780.0 
1,807.0 

904.0 
4,300.0 

8.3 
24.0 
0.5 
1.0 

10.0 
-30.0 

108.0 
50.0 

9.2 

< 1 
4 

< 1 
< 1 

8 
2 
6 
5 

< 1 

91.5 
30.0 

0.5 
1.0 

10.0 
30.0 

108.0 
70.0 

9.2 

5 
4 

< 1 
< 1 

8 
2 
6 
7 

< 1 

99.8 
54.0 

1.0 
2.0 

20.0 
60.0 

216.0 
120.0 
18.5 

5 
8 

< 1 
1 

16 
3 

12 
12 

< 1 
All 18,226.0 241.0 1.4 350.2 1.9 591.3 3.2 

NO'lI IS:
 
Original data from tJSAI), F'AO, CILSSfiFAO."original data from FAO, FEWS estimates.
Iercents lost and saved do not always equal percent affected dije to rounding errors. 

SOU.JRCI : Price, Williams & Associa te., "1980 (irasshopperand I Acust Infestations," FFWS Special Rcxrt No. 1,contractor reiport prepared[or U.S. Agenty for Itlernalional l)-eslopmeni, 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 resistance (which has not yet been known to occur for
locusts). In these cases, insccticides could increase
threats from locusts and grasshoppers indirectly, 

Experts point out that control with chemicalinsecticides 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 control methods developed after World War 1Iwith
reducing the duration and incidence of some 
species' plagues or of reducing the intensity andgeographic size of other species' outbreaks when
they do occur (54, 93). They contend that control
efforts prolonged recessions between plagues of
the Red Locust (5), the African Migratory Locust
(2), and the Desert Locust (79). Generally, how-
ever, analysts 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 fromdeveloping into plagues or considerably shorten 
the duration of those that do develop (12). Fur
thermore, the failure to mobilize adequateresources and the inaccessibility of target areas,
rather than ineffective melhods themselves,
caused several missed opportunities to prevent the 
Desert Locust upsurgcs from develo ing into a
widespread plague in 1987 and 1988 in FAO's view 
(106). 

Others find, however, that control efforts have
had negligible impacts on plague populations and 
that their decline is due almost entirely to naturalcauses (135). Support for this view comes from
reviewing past Desert Locust and Brown Locust
plagues. Plagues occurred for both insects it times
when chemical control measures were used exten
sively (9, 52). For example, the Desert Locust
plague from 1949 to 1963 (when chemical controls 
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were being deployed) was no less intense and The usual view of those involved in control cam
lasted twice as long as plagues earlier in the cen- paigns is that control measures are key in ending 
tury, which occurred before these control plagues. The more objective view-that ofmost scien
techniques were available (138, Figure i-3). tists not involved incontrol-is that weather iskey, 

that weather has as much if not a greater role than 
Climate is known to have a contrllin effect control. (54) 

on many aspects of locust and grasshopper be
havior. Most believe that climate can retard Key data for resolving these differences of 
locusts and grasshoppers as much as control (95). opinion regarding the impact of control programs
But some believe that climate alone controls in- are lacking. Thisincludes accurate surveys of: the 
sects and that locust plagues end whether they are numbers of insects present in a given location and 
treated or not (135). If so, locust upsurges could time during an infestation; baseline numbers of 
be allowed to run their course at considerably less insects present during recessions; the percent of 
financial and environmental expense than current total production actually at risk; the actual amount 
massive interventions. Such an approach would of damage done to crops and other vegetation; the 
be analogous to the U.S Forest Service's practice impact of this local damage on local and aggregate
of usually letting forest fires burn, except where crop production. Similarly, specific information is 
fires threaten lives or homes. needed on veather and control variables. For 

example, experts at a 1988 World Meteorological
Not surprisingly, OTA's reviewers similarly Organization workshop on meteorological con

have points of view ranging from insect declines tributions to locust control stressed the need for 
are entirely due to weather (63) to the control more case studiesas wcllas improved coordination 
program was the major factor in curtailing the betwecn weather and locust control operations 
plague (44). Others (61, 79) believe that control (112). fhis missing information is kcy to making 
campaigns definitely suppress plague develop- informed decisions regarding whether chemical 
ment and hasten the end of a plague, but admit control effoi as are economically justifiable, where 
adverse weather may play a crucial role. resources should be directed and when, the ap

propriate nature, timing, and quantity of emergen-
As a result, several conclusions are possible: cy aid, and the amount of preparation needed to 

"the question of wheth-r the decline of the plague meet threats in succeeding years (73). 
was due to [human intervention] or . . . nature 
remains unresolved" (71). Or, "There is no firm However, historical data can support 
evidence that control campaigns have appreciably provisional decsions and some data syntheses 
affected the declines" (9). The French research have been completed (e.g., 4). Based on these, it 
agency PRIFAS conjectured that 20 percent of the appears that, in some places and at certain times, 
Desert Locust population was destroyed by con- certain kinds of control may help break a sequence
trol efforts in late 1988 and early !989, 30 percent of events that could lead to a widespread insect 
perished in storms over the Atlantic, 30 percent upsurge; undei other circumstances, control can 
were killed by low temperatures, and 20 percent have negligible impact. For example, a kill rate of 
by insufficient rainfall (76). FAO's Bradcr (13) 95 percent might be required over a vast area when 
concluded that: weather favors insect build-up; once rains decline, 

a lesser effort properly administered, can hasten 
While climate appears to be the dominant factor what nature started (55). Other generalizations 
determining the fate of locust plagues, chemical con- regarding the effectiveness of locust control are 
trol may play an important role at least on the nation- highly suspect and some costly decisions are being 
al scale, made with little data to support them. 

Currently, FAO is supporting research by the "Pesticides of Choice" and Their 
British Overseas Development Natural Resources Effectiveness 
I ute examining the roles of weather and con
tr ., the sequence of events leading to the up- In August 1988, USAID waived Regulation 16 
surge, spread, and decline of the Desert Locust and identified malathion, carbaryl, and 
plague between 1985 and 1989. The scientist fenitrothion as the "pesticides of choice" and listed 
coordinating that research said: others that could be used in locust and grasshop
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per control (table 2-2). As a result of the waiver,
USAID was not required to prepare an environ-
mental assessment before pesticide use. The
waiver was justified on the basis of a declared 
emergency and other environmental research
planned and underway. For instance, the Agency

ad contracted with TANIS Consultants, Inc. wit
technical input from the Consortium for Interna-
tional Crop Protection (CICP) headquartered at
the UniversityofMaryland)toconductaPro ram-
matic Environmental Assessment rcgarding locust
and grasshopper control throughout Africa and 
Asia. 

Also, USAID contracted with a private firm,
Dynamac, to conduct trials of 6 to 8 insccticides fortheir efficacy; impact on nontargct, beneficial or-
ganisms; and residues in soil andon vegetation inMali (against the Senegalese Grasshopper) and
Sudan (against the Desert Locust) in 1987 through
198. It was known that the relative effectiveness
of various ingredients, formulations, and applica-
tions of insecticides must be assessed under fieldconditions and balanced against harmful effects,
but this had not been done adequately. USAIr)
hoped that the Dynamac trials would fill 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 Protectio, Agency's
(EPA) list of pesticides registered for Lise in the
United States against grasshoppers and locusts,
EPA registers malathion, carbaryl, diazinon, *,idane, acephate, chlorpyrifos, and tralomethrin 
(with zylene) but not some others commonly used
in USAID-approved locust control efforts, e.g.,
fenitrothien and propoxur. USAID's list allowed
the United States to match other donors'
proved pesticides more closely, at 

ap-
least for the

major chemicals. However, lack of clarity existed 
in the field about which were best and why some 
pesticides approved for use in the United Stateswere diallowed overseas. Advice from
Washington regarding these policies was some-
times too slow in coming and voluminjous 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 19,6 to 1989 for
locust and grasshopper control was formidable. 
Insecticide use seems to vary widely among
countries, ranging from 34 to 1,014 metric tons in
7 individual Sahelian countries in 1986, for in
stance (95), and between regions. In 1988, the 4northwest African countries of the Maghreb 
region used 11 million liters of insecticides and the
4 most affected Sahelian countries, 2 million liters,at a total cost on the order of $1X) 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 isnot clear how accurate these figures
are. Donors provide the same pesticide in different
formulations so figures are difficult to summarize
and compare. Also, FAO's information does notinclude the amounts of pesticides purchased by
African governments; these amounts arc sig
nr;Icant in the Maghreb but negligible in the Sahel 
(-2). 

U.S. assistance during the past campaign con
sisted principally of pesticides, airplanes, andequipment for spraying (figure 2-1). The United
States provided 605,518 liters and 450 metric tons
of insecticides in 1986 and 1937, according to the
OFDA database (iable 2-3). This was mostly
malathion, carbaryl, and lesser amounts of 
propoxur and fenitrothioi, at a cost of approximately $3.2 million. Apparently, carbaryl was

purchased but not used (99) because some African
officials doubted its effectiveness and wanted
 
quicker-acting chemicals.
 

The United States exem ptsemcrgency efforts,
i.e., those supported by ODA, from "tied aid"
provisions, but these requirements apply to pes
ticide choice for longer-term efforts, e.g., those
funded by USAID missions and bureaus, for wrch
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 affectedpesticide
selection, control costs, and the speed with which
pesticides reached Africa. USAID usuallyselected 
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Table 2-2-International Registration Status of Locust/Grasshopper Insecticides in Selected 
Developed Countries 

United States 
Approved 
by AID 3 

Registered 
by EPA4 

Registered 
by EPA for 

Insecticide Canada I France2 U.K. 2 
West 

Germany2 
grasshopper/
locust 4 

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)a 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. 
:Approved with the qualification that use be monitored or justified.
8No approved common name exists for Karate, a trade name for a synthetic pyrethroid, according to Farm Chemicals Handbook 1989 

(Willoughby, OH: Meister Publishing Co., 1989). 

SOURCES: 
1. Dr. Peter Bennett, Chemical Evaluation Division, Bureau of Chemical Safety, Food Directorate, Ottawa, Onzario, Canada, KIA OL2, 

January 1988. 
2. 	European Directory of Agrochemical Products, Part 3, Insecticides and Acaricides, Royal Society of Chemistry, The University, 

Nottingham, England, NG7 2RD, 1984. 
3. 	 Insecticides approved from Aug. 15, 1988-Aug. 15, 1989. Charles Gladson ct al., "Waiver of Pesticides Procedures for Locust/Gras

shopper Control Programs in APR and ANE Regions," action memorandum for AID Administrator, Aug. 15,1988, Attachment A pp. 
6-7. This differs from direction on pesticide selection in the Locust/GrasshopperManagement OperationsGuidebook (1989). New 
information requires that the list be updated constantly. 

4. 	TAMS Consultants and Consortium for International Crop Protection, LocustandGrasmhopperControlinAfrica/Asia:A Programmatic 
EnvironmentalAssessmern, Main Report, contractor report prepared for USAID, March 1989, 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 

Thohnlcal assistance 
Pesticide@20 20% 

86% 

Equipment 

7% 

Planes and helicopters 

37% 
SOtJRCE: John Gelb, Office of Foreign Disaster A.istance, USAID, "J.S.A.I.D. Support, Desert l ocust lsk Force, FY 1987,"June 22, 1989. 

Table 23--Pesticides Purchased With USAID Funds for Locust/Grasshopper Campaign: 
Fiscal Years 1986 and 1987 

1986- 1987 b 

Pesticide Valuec Volumed Valuec Volumed 

Carbaryl 0 0 258,802 96,690 L 
50 tf217,739Fenitrothion 260,000 50,000 Le 205,000 5,000 LMalathion 199,305 60,000 L 1,382,959 393,828 LPropoxur 
 1 0 600,000 400 tUnspecified t15,000 N.A. 
 0 0 

Total 574,305 110,000 L 2,664,500 495,518 L 

450t
 
NOTES: N.A.=Not available

bRecipient countries listed in 1986: Mali and Senegal.
Recipient countries listed in 1987: Burkina Faso, Chad, Ethiopia, Gambia, Guinea
cOften "value" includes the cost of ocean and/or air freight. Bissau, Mali, Senegal, Sudan, and Yemen.
 
Active ingredients vary considerably (e.g., between 1and 4pounds per liter depending on the formulation).
eL=liter
 
t= metric ton.
 

SOURCE: D.-nnis King, USAID/OFDA, "O.F.D.A. Commodity/Service Report," Washington, DC, June 27,1989. 
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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. Generally, 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-
mcnts affecting bureau and mission money, includ-
ing the need for competitive bids, were a major 
cause of delays in U.S. programs. USAID/Moroc-
co noted that approximately 5 months were 
needed to purchase and ship insecticides in 1988 
and 1989 because of these requirements (120). In 
Chad, the insecticides arrived late also, but in this 
case the delay was not detrimental because the 
locusts had "mysteriously disappeared" (117). 

OperationalEffectiveness of Conlrol 

The use of insecticides may protect standing 
crops from grasshoppers and locusts. ttowcvcr, 
few detailed studies have been made of the opera
tional effectiveness of the recent sprayinY cam-
paigns, e.g., insecticides' efficacy in killing insects 
was not monitored. Also, insecticides were ,'icn 
used in ways that reduced or negated their cffcc-
tivcness (54, 99). 

Incorrect application methods and careless 
target sel':tion reduced the effectiveness of con-
trol. Some areas were sprayed tx late in the day 
or when temperaturcs or wind speeds were beyond 
recommended ranges or that had already been 
sprayed. Mounting targeted control efforts was 
not a priority of USAID and others during this 
campaign. Some swarms were treated that poscd
little threat because they were not expected to 
reach croplands or because they had already laid 
eggs 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 
bypassed 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-stagies. 

The 19W6 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, impassability of roads after rains, 
donors' diverging xlicics, lack of transport and 
communications, and late ordering and arrival of 
equipment and pesticides. Air shipments of sup
plies were more timely in 1987. Yet, some 1987 
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
torts 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, and application 
method. For example, carbaryl costs at least twice 
as much as malathion and fenitrothion ($4.50 v. 
$2.(X) per ha). Ground application costs ranged 
from $6.(X) to $8.50 per ha for ultra-low volume 
(ULV) spraying, $8 to $12 per ha for baits, to 18 
to $20 per ha fbr dusts in Senegal in 1986. Aerial 
and ground ULV spraying cost approximately the 
same per hectare. Howevcr, farmers treated only 
0.5 ha per hour, the crop protection service treated 
8 !o12 ha per hour wit ground spraying, whereas 
acrial spraying averaged 450 to 470 ha per hour 
(118). Multicngine aircraft arc most costly per 
hour but can cover the largest areas; using smaller, 
single engine aircraft costs about $1,(0 per hour. 

These estimated costs for ULV spraying arc 
comparable to current U.S. costs of grasshopper 
control, which range from $5.50 to $9.00 per ha. 
But these estimates assume that the pesticides arc 
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
campaigns. More realistic estimates of total donor 
and local costs in Africa range from $15 to $30 per
hectare in 1986 (95). Thus, the actual costs of 
control programs in Africa are high. 

The direct benefits of control campaigns can 
be assessed by estimating the value of 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 dc.ends 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 Loxcust in Africa is
devoted to subsistence farming and herding.
Thus, the economic benefits of control programs
for the most vulnerable are even less clear thanthose for large-scale commercial farmers. By and 
large, the micro-lcvcl economic and sociological
research needed to make this determination has 
not been done. 

The value ofcrops saved ismore 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 1%0'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 
Provides little basis from which to derive the 
benefits 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 may be 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 Souss Valley and
southern Morocco (115). But this estimate as-
sumcd that the intensity and scope of the damage
in 1988 would equal that 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 unusual weather that 
trapped 14 immature swarms in the narrow Souss 
Valley for6 to8wceks and its probability of rccu,'
rence is low (41). 

Resultant claims of the value of crops saved
due to control are questionable 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, althoughsonic instructive historical evidence exists, such as
records of damage in average and plague years
before control campaigns were mounted. Costs of 
not controlling an infestation would inc:rde the 
value of the crops lost plus resulting relief and 
rehabilitation costs, e.g., food aid and seeds for 
replanting. 

When csts v.benefits are exvamined, the nmonctary
costs of the 1986 through 1989 control program may
not havc yielded a favorable net return in terms of the 
amount and value ofcrops saved. USAID's mid-term 
evaluation of its AELGA project found that data wasnot available to assess the value of crops and livestock

saved (99). Some evidence, however, shows that the
 
value of prxluction saved in 1986, generally did not

equal or exceed the valuc of inputs received for treat
ment in fiveofthc ninc Sahelian countries (72). Over
all, donor contributions of $40) million or control
 
seem high compared to the estimated $46 million of
production saved. These findings were based on the 
best available, but admittedly unreliable, national
level aggregate data. USAID's 1989 Programmatic
Environmental Assesment of gras.shopper/locust
control incorporated the findings and underlying its
sumptions ofthis 1987study. Thus, USAID accepted
the concluskn that the cAsts of the control program
in 1986, barely exceeded the value of the crops saved. 
Furthermore, historical data show that increascs in
control costs do not nexs>sarily result in decreases in 
crop kss. Data from earlier D.scrt 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 ofopera
tions and the way that costs and benefits arc 
defined in space and time. Inappropriate spraying 



and target selection increase the cost of control. 
Early treatment is costly if benefits arc defined for 
locaior national areas. Yet, early treatment may 
be considered economically cfficicnt if it prevents 
a plague (95). In that case, estimated bcnefits 
increase because they accrue to a number of' 
countries over a longer time period, 

The cost-effectiveness of locust and grasshop-
per control programs has not been demonstrated 
convincingly. This is due,in part, to the scarcity of 
data, and tLat is understandable, given the con
straints of data-gathering in vast, remote areas, the 
few people and other resources that national 
governments can devote to the task, and the cmer-
gcncy nature of the situation. No single organiza-
tion is responsible for collecting the kind of data 
that would be required to provide a thoroulph 
evaluation of' the costs and benefits of control 
opierations. Groups have concentrated on im
plementing control operations without asking 
whether those efforts were, in fact, economiciily 
justified and without using part of their resources 
to collect data on crop losses and control costs. 
Without such data, sound policymraking is impos-
sible. 

After-the-fact cost/bcncfit 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. This is 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, arc not well 
captured in cost/benefit analy is yet may have im-
portant implications for the effectiveness of 
programs (131), for thefgrowth of institutions, and 
for U.S. interests (97). 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 arc truly emergencies and 2) emergency 
responses are effective. These are questionable 
assumptions (95). 
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Certainly if control operations cannot be jus
tified on the basis ofmonetary 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 
x)tntial costs of loss of beneficial e,:ganisms, 

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'TilE ENVIRONNIENT 

Finding: Safe, environmenttdsound use of in
secticides ws 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 ofother health andspray
ingprogramvtaken into account. 

tluman Exposure 

Evidence from a variety of sources suggests 
that direct and indirect human exposure to insec
ticides was sometimes dangerously 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, 
resuting in some poisonings (114). The AELGA 
mid-term cvaluation cites a story of flies dropping 
on contact with a control technician even after he 
washed thoroughly (99). Insecticide poisoning 
was reported in Niger as a result of people cating 
treated locusts (99). Also, human poisoning oc
curred when "empty" pesticide containers were 
reused to store water or fox)d (77). 
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Numerous pesticides, known to be toxic to 
grassho.ppers and locusts at diffecrnt formulations, 
rates of application, temperatures, etc., also con-
stitute various level; of hazard to people, accord-
ing to the U.N. World Health Organization (111): 

" extremely hazardous (parathion), 

highly hazardous (aldrin, dichl,,rvos,didrin,DNOC), 

" moderately himirdous (alphacpemethrin,
bendiocarb, BHC (or HCtf)', carbaryl,
carbosulfan, chlorpyrifos, cyhalothrin,
cypermcthrin, DDT. dcltanethnn, djitzinon,
l nitr)thion, fcrvaleratc, heptatchk)r, lirmLne,
ph,m prtpzur, trakvxnetrn), 

" slightly hazamhus (acephatc, 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 chcm;cals produce chronic 
health effects, including cancer and neurological
and reproductive disorders. For example, aldrin,
BI-IC, dieldrin, and lindane accumulate and 
remain in the human body for considerable 
periods of time, with the potential for chronic 
effects. USAID has prohibited the use of these 
persistent pesticides for health and environmental 
reasons since the late 1970s (43). The impact of 
long term exposure of cntirc populations in gtiven 
areas to pesticides from a variety of' agricultural
and health spraying programs is largely undocu-
mented. However, the fact that large numbers of 
people may unknowingly expericnce subclinical,
chronic changes without having been offered in-
formation or risk-reducing choices is worrisome 
(95). 

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 chemical residues by eating
sprayed insects. However, the relative importance
of locusts in 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-lunded field trials of six pesticides'
residue; in Sudan detected levels high enough that 
researchers recommcnded that bcndiocarb should 
be limited to areas not used for agriculture or
grazing, an'd that post-spray harvesting be 
restricted after fenithrothion and chlorpyrifos use(28). The dangers of exposure to insecticideresidues in food and water supplies 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 alrcady
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 Ihan more persistent ones,
such as lindanc, but pesticide choice has not, by
and large, beei dictated by criteria such as potential environmenta! contamination. 

Accidental exposure to pesticides can occur in 
a variety of ways: when sp)rayingtequipment real
functions, when chemica s are stored with little 
regard to long term safety, or when containers are 
reused inappropriately (14). Technicians and 
herders have the highest probability of significant
chemical cxposure in 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 f'or 
operators. Protective gear (goggles, lace masks,
rcspirators, bo)ts, gloves and special protective
clothing) isoften unavailable. Or, its use may not 
be perceived as worth the discomfort in tropical
cli:'Aates. Soap and water f'or washing after 
handling or applying pesticides may be scarce. 

Some contamination does occur, especially in 
areas where pesticides are not widely used and
technicians are unfamiliar with them. Lack of' 
training increases the risks of improper applica
tion and, thus, dangerous levc of exposure.
Over-application of malathion occurred, for cx
ample, because control personnel mistakenly cx
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 
campaigns, too few people participated for it to 
reach the people most in need. 
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Some believe that the public's exposure to pcsticide-contaminated areas (50). Also, chemi
pesticides used for locust control is likely to be cal residues were found in the soil following spray
quite small, especially because spraying olften ing programs in Mali and Morocco (12). But no 
takes place over sparsely settled areas. I lowcvcr, systematic program exists for monilring the con-
USAID evaluators observed that "pesticide trol program's effects on humans or the environ
poisoning of humans and livestock is a more im- ment, so the extent of the damage is unknown. 
mediate lcthal threat than the presence of locust USAID's recent Dynamac-run field trials were 
swarms and hopper bands in isolated areas" (99). expected to provide additional information on 
Widely dispersed pastoralists and subsistence these types of' environmental risks, but a recent 
fIarmers constitute asizable portion of the popula- evaluation found the design, implementation, and 
tion where locusts and grasshoppers occur, and analysis of' the trials faulty due to lack of baseline 
their exposure to spraying is unrecorded. Al- data, the insufficient involvement of the national 
though officials attempted towarn people inhabit- crop protection services, and the absence of 
ing areas to be sprayednot to eat locusts, radio and locusts in the Sudan trials (t99). 
print messages did not reach many seminomadic 
people and low-resource f'armcrs (99). "Many species may be at risk" based on poten

tial impacts of' the insecticides and given what is 
Collecting age and gender disaggregatcd data known about their efl'ects from American and 

is especially important in monitoring health im- European research (95). The f'enitrothion dosage 
pacts of' pesticide spraying. Some chemical recommended by FAO is near the threshold at 
residucs may aff'ect nursing mothers, but not other which aerial applications cause immediate inor
people in the area. tality to birds (93). Fnvironmentally sensitive 

habitats (such as wetlands and Lakes) are located 
Environniental Effects in important control areas such itsthe outbreak 

areas oi the African Migratory Locust and the Red 
Just as different insecticides pose various Locustand certain of the Desert Locust's breeding 

leve.ls of hazard to humans, some insecticides, areas. At least thus far, locust and grasshopper 
dosaic:;, and methods of application arc potential- control has taken precedence over protecting en
ly more harmful to the environment than otht.rs vironmentally sensitive areas. 
(table 2-4). The extent of damage that insecticides 
inlict on the environment is not well-understood Storage and Disposal 
although certain chemicals seem to be prel'erablo 
to others, given a region's environmental charac- Many f'ccl that inadequate pesticide storage 
teristics. f'acilities are an acute problem (46, 48, 101). 

Generally, stores are poorly ventilated and need 
Aerial applications of' fenitrothion have been repair. For example, the 19 storage facilities in 

reoxrted to be phytotoxic to sorghum and reduce its Somalia had leaking roofk, poor ventilation, and 
yield (84). Malathion and carbaryl (like others) are cracked earth floors (1). 
highly toxic to insect pollinators. Some evidence 
suggests that the organophosphat,. pesticides Improperly stored pesticides may lose their 
generally have adverse effects on nontarget ter- effectiveness as well as pose a hazard. Undoubt
restrial organisms. For examp le, fcnitrothion and edly some old stocks were used in the recent cam
diazinon can kill birds (58) and malathion applied to paign without verifying whether ingredients were 
mallard eggs adversely alfectcd hatchlings (42). still active (37). And the leaks and spills that result 

f'rom improper handling and storage can lead to 
Several examples of harm to nontargct or- major sources ofcontamination (95). For example, 

ganisms and the environment were reported due 25 200-liter barrels of malathion were badly 
to the recent campaigns in Africa. In Tunisia, dented, some were leaking, and they were stored 
substantial numbers of honeybee colonies were in direct sunlight at asite in Algeria (89). A mound 
lost (50), damaging economically important of approximately 2,000 five-liter cans of 
apiculturc and extending to the country's produce dimethoate have corroded and leaked outside of 
production because bees are important fruit tree Khartoum, Sudan (49) and all of Sudan's provin
pollinators. The most dramatic case of'animal loss cial stores needed complete overhaul when they 
reported was the death of 30 sheep grazing in were examined in the mid-1980s (101). Twenty-six 
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Table 2-4-Toxicity or Various Pesticides to Non-Target Organisms 

Chemical Persistcnce Bioaccumulation Birds Mammals Fish 
Aquatic 

invertebrates 

Carbaryl 
Diazinon 
Dieldrin 
Fenitrothion 
Lindane 
Malathion 
Propxur 

L 
M 
H 
L 

M-H 
L 

L-M 

L-M 
M 
H 
M 
H 
L 

L-M 

L 
M-H 

H 
H 

M-H 
M 

L-M 

L 
L 
H 
L 
M 

L-M 
M 

L 
M 
H 
La 
M 
L 
L 

L 
H 
M 
H 
M 
L 
H 

Acephate 
Bendiocarb 
('hlorpyrifos 
Cypermcthrin 
l.amlda-cyhal othrin 
Tralomclhrin 

L 
M 

M-H 
M-H 

M 
M 

L 
M 

M-H 
Hb 

UP 
Hb 

L 
M 
--

L 
L 

L 
M 
M 
L 
H 
L 

L 
M 

L-M 
H 
H 
H 

L 
M 
H 
H 
H 
H 

KiY: I. = low 
M ni medium 
II higi 

NOF'S: 

elcnitrothion is moderately toxic to fish, Foster L. Maye,, Jr. and Mark R. lllersieck, ManualofAcute Toxicitrv: Interpretationanid Data
lidcefor 410 Chemicalsand 66 Species of IF' vwatr Fish, Resource Publication 10 (Washington, i)C: U.S. l)epartnient of the Interior,

lish and Wildlife Service, 1986), pp. Z24-230.
 
Based on log 1'.
 

SOURCF.: TAMS, Inc. and the Consortium for International Crop Protection, Locust and (;rasshoppeRr Controlin Africa/Asia: A PrograminaticI'Environmettal.,sses.sment,Fixecutive Summary, contractor report prepared for the U .S. Agency 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, 60,0(X) liters of dieldrin are stored in 
Mali, 56,0(X) liters in Mauritania, 35,5(X) liters in 
Somalia, 30,000 liters in Ethiopia, and 21,(XX) liters 
in Niger (13). In some cases, indane and dieldrin 
are kept by the national crop protection services 
to use as a last resort only if other insecticides are 
not available or if infestations reach critical levels, 

Suitable disposal facilities arc lacking for these 
and other pesticides and their containers. As a 
result, only a portion are destroyed following 
recommended procedures and excess stocks and
containers may be discarded in ways that make 
human, land, or water contamination virtually cer
tain. Many of the estimated 10,0(X) 200-liter metal 
drums used in the recent campaign probably have 
beer, used to store water, fuel, or grain or for a 
variety of other purposes (77). Disposal proce
dures are highly variable 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



ping, storage, and use in the tropics, with labeled 
instructions not understandable to the persons
handling them. For example, Kcn a and North 
Yemen received dimcthoate in leaking 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 
developing country pesticide use. Chemicals ap-
plied for locust and grasshopper control, while 
substantial, may be overshadowed by broad-scale 
applications for other agricultural purposes and 
for disease control. The amounts uscd for such 
different purposes vary considerably, making it 
difficult to sort out the potential impacts of each. 
Generally, more pesticides are used in agriculture
than for health-related vector control. For cx-
ample, estimates exist that Sudan uses 1() times 
more pesticide on cotton crops than in malaria 
control programs (95). Many of the same chcn,;-
cals are used in both programs, as well as foi 
grasshopper and locust control. For example,
dieldrin, DIDT, malathion, fenitrothion and 
propoxur are, or have been, used for malaria con
trol (14) and dieldrin for tsetse fly control (34). 
Sonie 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 carbamatc compounds re-. 
quires more frequent application. With the 
amount of arabic land availaia.,: for new cultivation 
diminishing, many African countries can only in. 
crease their agricultural prcduction through more 
intensive agriculture. Increased use of pesticides 
is often a key strategy and African farmers are 
using increascd amounts of pesticides each year 
(100). 

The Special Case of Dieldrin 

used for locust and 
Of those pesticides 

grasshopper control, dicldrin's use is the most 
debated, with the United States at odds with FAO 
and French officials. In the United States, con-
cerns are over the potentially "fearsom,." (95) 
negative effects of dieldrin's widespread and long-
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term use in locust and grasshopper programs. 

European and U.S. studies, beginning in the 
1960s, found substantial traces of die drin in 
human tissue. Problems of environmental persist
ence and negative effects on nontarget species
also surfaced. As a result, EPA canceled most 
dicldrin uses in the United States (133) and a 
number of European countries followed suit (53). 

Currently, USAID gives preference to short
lived, nonpersistent materials and to chemicals 
having EPA registration, particularly if registered
for the intended use. Dieldrin meets neither 
criterion. Therefore, USAID supports no efforts 
in which dieldrin is used. In large part, this rcstric
tion has led otherdonors and African governments 
to abandon use of' dieldrin in grasshopper and 
locust control. 

On the other hand, FAQ (104) claims that the 
severity of the 1988 desert locust infestation is 
partly attributable to donors' unwillingness to 
supply dieldrin in 1987. As a result, FAO con
tends, swarms ,scaped on two major 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 dieldrin] asavictory, the fact 
isthat l)esLrt l.ocust hopper control using nonper
sistent pesticides will t-, much more time-consum
ing, must less effective, and much more expensive 
than it was with dieldrin. Our prediction isthat this 
will substantially increase the likelih(xxl of seasonal 
upsurges developing into major upsurges and 
plagues, at leas, until such time as some of the 
rxxstulated alternatives prove effective. (13) 

French officials, relying on recommendations 
of a French research agency (PRIFAS), also dis
agree with the U.S. position to withhold dieldrin. 
However, as African countries become more 
aware of dicldrin's harmful effects, they have be
come more supportive of the U.S. position, even 
impounding donated stocks of dicldrin. For ex
ample, Cape Verde now bans all pesticides that arcprohibited in the United States (99). 

Dieldrin isno longer produced in sizable quan
tities, except perhaps in Libya and India (121), so 
continuing debates regarding its use center on 
whether existing stocks should be destroyed or 
i::cd in remote areas with special guidance. The 
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most reccnt estimate is 3,0,(XX) liters stored in 
West Africa (77). Currently, FAO policy is that 
use of available 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: Afost instttitns-w/hether,,frican na-
tional or regionalor donor-arenot equipped to 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 constrainthe effectivenes ofshorl-terin enter-
genqy programs and longer-term preventive ones. 

Institutional Factors 

A variety of institutional problems ielated to 
pcst management are commonplace in Africa. 
Nl any countries lack the resources-opcrational
aircraft, vehicles, communications and spraying
Cqtli[ient, and fuel-to deal with pests. Also, 
many lack the legal structure for regulating import,
application, and disposal o'pesticides. Few have 
medical facilities to treat pesticide poisoning or 
cxtension programs to train farmers how to use 
pesticides properly. Most countries lack person-
nel trained to 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 ar true I'()r many countries,but wide variations exist also. Generally, the 
northwest African governments have more well-
developed inf'rastruct urc,more trained personnel,
and far more resources than Sahelian govern-
ments. 

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

five African countries have pesticide laws (96). 

A variety of'additional factors affcct locust and 
grasshopper programs specifically, especially due 
to the episodic nature of upsurges. Much of the 
infrastructure buit for grasshopper and locust re
search and con tr1 gradually lapsed aftcr the lastmajor Desert Locust plague ended in 1963. Many
European experts with valuable field experience 
gained in earlier campaigns had retired or died
without training replacements. As a result, little 
institutional memory rcmained when the current 
upsurge began and the new generation of en
tomologists had not tI'ccd problems of this kind or 
scale bctforc. Thus, existing African and donor 
infrastructure was incapable of handling this cier
gc ncy effort well, let aloine mounting a longer- term 
approach that would emnphasize upsurge preven
tion.
 

An examination of these specific problcms wasmade in Chad, highlighting problcms of imprecise
data on the extent of the problem, vehicle break
down, poor training, short age ol'survey materials 
and other equipment, lack ol preparation bef,re
the rainyseason, inaccurate treatment figures, and 
no records of undesirable environmental elfects 
( I I). 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 f'or travel costs and other expenses
nccdcd for these newly trained personnel to train 
field-level slaff, in turn (95). 

National crop protection scrv'es benefit from 
the international support that follows a disaster 
and national governments may exaggerate the 
locust and grasshopper problem in an effort toobtain 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 may be undercountcd, but
migrating swarms arc sighted in many areas and are 
easily overcountod. FAO,like other U.N. agen
cies, compiles information from individual 
countries rather that, collecting independent data. 
With no means to verify data supplied by individual 
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Table 2-5-Strengths or Fifteen West and Central African Countries a in Various Areas of 
Plant Protection 

Area of plant protection 

Plant protection personnel 
Pest control equipment 
Support facilities 
Plant protection laboratories 
Pest diagnostic laboratories 
Plant quarantine buildings, equipment 
Pesticides available locally 
Plant protection service 
Agricultural schools, training facility 
Specialized plant protection curriculum 
Institutionalized research 
On-farm, applied research 
Pest lists 
Pest distribution knowledge 
Pest biology knowledge 
Economic loss knowledge 

Ivory Coast, Liberia, Nigeria, Sierra lAcone, logo, and Zaire 

SOtURC.: P.S. Teng, "Plant Protection Systems in West and Central Africa-A Situation Analysis," unpublished rexrt to U.N. Food and 
Agriculture Organization's Plant Protection Service (Rome, FAO) August 1985. 

Pest control knowledge 
Overall strength: 

Extension 

Research 

Training 


N( )TE: Countries in survey 

Percent of countries in catecgory 
Good Moderate Poor 

7 40 46 
0 47 47 
0 13 80 
0 47 47 
0 47 47 
7 40 40 
0 43 20 
7 20 40 
7 66 20 
7 33 53 
7 53 20 
0 13 74 
13 47 33 
0 47 40 
7 7 13 
0 27 40 
0 20 80 

7 40 40 
20 54 13 
7 46 40 

were Benin, Cameroon, Central African Republic, Congo, (aNn, The Gambia, Ghpna, (uinea. Guinea-Bissau, 

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

In sub-Saharan Africa, locust and grasshopper 
control isunlikely to ever be the sole responsibil'ity 
of national crop protection services or other na-
tional groups, even under the best of 
circumstances. First, many locust 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 long recession periods between 
insect upsurges mean pians can go untested for 

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

The regional African institutions in the Sahel, 
established to 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. Fr example, institu
tional weaknesses of the Permanent Interstate 
Committee for Drought Control (CILSS), a 
regiutnal intergovernm:ntal organization in the 
Sahel , were cited as a major reason for the disap
pointing performance of the regional integrated 
pest nlanagement project of the 1970s (128). 
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Similarly, shortcomings in donor programs
have been documented. Donors and insecticide 
manulacturers were unprepared for the recentupsurges, like their African counterparts. As a
result, tcchnolo ies selected fkor the recent control
cffort 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 tem xrary consultants, interns, or
borrowed from other agencies. Few had ficld cx-
pcricnce dealing with locust and grasshopper upsurges in Africa. Fewer spoke French, and most
ofthe area affccted in the recent upsurges isFran-
cophone. 

Locust and grasshopper programs becamecrisis management, in part, because ol this lack ofpreparednlcss. And, he high costs of crisis 
management are neariy unanimously cicd as a
prohblem (99). Generally, emergency assis:nce
has nrot been done with an eye to future develop-
mnent needs; nor has development assistanceusually incorporated disaster mitigaiion (68). The
locust and grasshopper programs were no exccp-
ion. 

Developmental goals of locust and grasshop-
per programs are not well defined and tend to beovershadowed by the attention to the emergency
effort. Emphasis on crisis management can nar-
row other opportunities due to direct competition
f'Or funds within donors' budgets, shifts to more 
readily funded short-term research, etc. For cx-

ample, USAID mission buy-ins for emergency activities reduced amountthe a,,ailablc 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. Forexample, the USAID missions' locust and
grasshopper staff performed the duties of othersif'f, often for the sake )I'expediency (114).
Jenerally, an emphasis on short-term emergency

management has also meant that donors andAfrican agencies missed op-xortunitieF to tap local 

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

Crisis opcrations 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 
sucn as the Joint Locust and Bird Control Or
ganization (OCLALAV), expatriates under the
auspices of FAG ran the control operations, espe
cial y aerial spraying, in much of' the Sahel. This
)arallcl organization resulted in a technically ef[cctive control program that, inadvertently, fur

ther undermined OCLALAV (99). 

Differences in strategy and tactics among
donors led to confusion among African oflicials
regarding technical approaches and to costly
delays and duplication of e'ffort. Also, differencesincreased pre,;surc on the African officials whodealt with the oft-conflicting requirements whileattempting to manage national campaigns. For 
exampIc, field personnel had to be trained in the 
proper use and maintenance of several different
kinds of spraying equipment f'or the same use. 

Donors agree that emergency relief* has sub
stantial popular appeal. Further, USAID and
FAO agree that lack of funds constrains ttem from 
implementing key component:; of a more 1prcventive approach, e.g., long-term institution building
of crop protection services, providing equipmentand training f'or surveillance and monitoring of 
nsccts, pre-tpositioning of pesticides to reduce

costly air f'reight expenses, and setting up mobile
units to survey and control locusts in "strategic"
breeding areas in remote areas. 

These institutional perspectives, combined

with the lack of' important information, help ex
plain the tendency to exaggerate locust and

grasshopper problems and to take a crisis manage
ment approach. Acting in one's self'-intcrest is appropriate, 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 ofoverall problems. Sometimes this view was lost during the recent cam
paign. For example, frequent assertions by
representatives of FAO, USAID, and Africangovernments that the recent upsurges were the 
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worst locust plague ever recorded are not docu-	 can readily justify requests to Congress for addi
tional funds to stop a plague of locusts, and thosemented (see figure 1-3). funds generally arc forthcoming.
 

The Politics of Locusts and Grasshoppers
 

Other vested interests come into play during 
locusts and locust and grasshonper campaigns, such asThere are thcse who claim that 

for bilateral over multilateralgras.hoppers are primarily "x~litical pests" because 	 preferences 
of political pressure to mount a control campaign. 	 programs, ,icd aid requirements, or funding 

Some of this pressure is readily understandable: programs in certain countries but not others for 

locusts are highly visible, swarms can create panic, political reasons. These factors often override 

they can cause severe damage in localized :,reas, and decisionmaking based on technical considerations. 
some advocate sharply curtailinglarge-scale aerial spraying is more casiiy undertaken 	 For example, 

and provides more visible results than alternatives. 	 fcnitrothion's use because of potential environ
mental damage. Political factors are likely to enter 

Memories of devastating incidents caused by into such a decision-whether made by USAID, 

Desert Locusts and ,,hcr swarming insects in the FAO, or African Governments. The United States 
1940s and 1950s can lead political leaders to would be seen as advocating U.S.-manufactured 
respond urgently to the perceived threat )f dis- alternatives (American Cyanamid produces 
aster. This, combined with x)pular perceptions malathion and Union Carbide, carbaryl) to the 
that these insects cause severe crop damage, in- Japanese- and GCernman-produced fcnitrothion. 
creases political pressure to mount an aggresive 
control effort. For example, during the recent The most public differences among donors in 

this recent cam)aign related to pesticide selectionupsurge, Moroccans and others often referred to 
the near-total damage caused in 1954 and 1955 by and application methods. However, many less 

Desert Locusts in the Souss Valley where orange visible differences existed regarding overall 

trees are the most valuable agiicultural product. 	 development goals and strategies. For example, 
This damage was estimated at $14 million in 1954 donors disagreed on the relative importance of 

dollars (13); at least 10 percent of Morocco 's increasing net agricultural production, increasing 
farmland was affected mostly in the south and yield, increasingarm income, building democr'"ic 

Souss Valley (115). Moroccans feared that the institutions, developing a more equitable distribu

insects woufd cause similar serious damage even tion of power, or supporting sustainable agricul

though swarms of the Desert Locust came to the ture. Different donors also assessed the locust and 
grasshopper situation differently and proposedSouss Valley in 29 of the 55 years up to 1908 (79) 

without causing such damr,!e. A crisis mentality different control strategies-e.g., the highest 
and perception of imminent disaster can lead priority sites for treatment, whether ground or 
people to act hastily and may account for some of 	 aerial spraying should be done, what types of 
the carelessness in pesticide use and over-spraying aircraft should be used, whether or not to em
that occurred in the recent campaign (99). phasize training or environmental monitoring, etc. 

Also, donor agencies disagreed internally on many 

Emergency control programs are x)pular, like of these items. 
other disaster assistance efforts. Of all kinds of 
forcign aid programs, Americans support disaster Finally, coordinating P regional response is 

relic! the most; three quarters of Americans sur- made more complicated by political problems 

vcycd recently gave it top priority (23). Thus, vithin and between affected countries. Civil strife 

donors, !ike their African counterparts, come and wars in Ethiopia, Sudan, Chad, and 

under political pressure from legislatures and the Mauritania prevented survey and control cam

public to act during locust and grasshopper paigns from reaching locust breeding areas before 
swarms grew large and began migrating. For exupsurges. 
ample, in 1987 the Ethiopian Government did not 
allow the Desert Locust Control Organization forAlso, donors do not want to be left out or 
Eastern Africa and the Red Cross to conduct surappear unresponsive when African governments 
vey and control efforts in the Tigre, Eritrea, andrequest disaster assistance. USAID, like the na-

tional ciop protectica services, benefits from sup- Wolla provinces due to civil war. These are 

port garnered during a disaster. USAID officials seasonal Desert Locust breeding areas where the 
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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 efforts in Sahelian countries that
resulted in swarms invading the southern part of 
Morocco, proposed sending their survey and control teams into Mauritania in military-like riis
sions. 
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Chapter 3 

Strategies for the Future
 

OTA's analysis found that the 1986-89 locust 
and grasshopper control campaigns in Africa were 
based on questionable premises, with partially ef-
fcctive to ineffective implementation. Yet, some 
things worked well and U.S. efforts contributed to 
these successes. 

WHAT IJSAID DID WELL 

Finding:USAID made commendable attempts: 
I) to comrdinate its efforts with other U.S. agencies, 
.fireigndonors, and African officiaLv; 2) to provide 
trainingfor Africans and U.S. personnel; and 3) to 
higllight issues of sound insecticidechoice, storage,
application, and disposal. Overall, the international 
control campaignlacked these characteristics,how-
ever. USAID did prevail successfully againstthe use 
of dieldrin. 

Promoting Internal and External 

Coordination 


The U.S. Agency for International Develop-
mcnt (USAID) coordinatcd its work successfully 
within USAID and with other U.S. Government 
agencies involved 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
meetings to share information, assign rcspon-
sibility for implementing activities, and coordinate 
efforts. 

Also, OFDA brought together people repro-
scnting a variety of USAID departments and other 
organizations to review results from the revious 
year's efforts, to identify lessons learned, and to 
plan more effective future control. OFDA spon-
sorcd 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 
guidcxxk. 

This 1989 Locust/GrasshopperManagement
Operations Guidebook is well-prepared and 
thorough, for the most part. It provides a com
prehensive overview of USAID's policics regard
ing locust and grasshopper control, includes useful 
background information on the insects' biology 
and behavior, sets forth the ritionale and proce
dures for mounting a control operation, provides 
details on conducting insect surveys and selecting 
appropriate control techniques, and includes help
ful supplementary inlormation (c.g., pesticide-use 
guidelines, procurement procedures). 

OTA expects that the Guidebook will con
tribute to a more expert, consistent, and coor
dinated U.S. response to grasshopper and locust 
problems in the future. If 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 isthe 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 inscc
ticidcs constantly changes. For example, the U.N. 
World Health Organization's Hazard Classifica
tion, revised every 2 years, now has different 
ratings for approximately one-fourth of the pes
ticidcs included in the 1989 Guidebook. USAID is 
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 p!ans, could allow up
dated information on different chemical products 
to be incorporated in the supplemental assess
ments simultaneously. However, these sup
plemental assessments also will nced 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, rcp-
resentativesof USAID or the U.S. Department of
Agriculture's (USDA) Animal and Plant Health
Inspection Service attended perhaps a dozen
meetings sponsored by the U.N. Food and Agricul-
ture Organization to share(FAO) information 
and plan future strategy. USAID funded FAO's
Emcrgency Centre for Locust Operations
(ECLO), th e worldwide coordination site for
locust and grasshopper control operations, and
USAID staff provided ECLO with data on insect 
populations and U.S. control elforts. The Bureau 
for Science and Fechnology participated in theWorld Bank's Special Program for African 
Agricultural Research on locusts, 

USAID required that recipient countries have 
an operational Countr-y Coordinating Committce,
composed of' representatives from relevant 
governmnent and donor organizations, before U.S. 
emergency funds were released. 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 

USAID provided training for its own pcrsomncl
and African officials through workshops and the

provision of technical assistance. Additionally, the

United States funded training programs for 

Africans, conducted FAO and
by regional
organizations. For example, FAO trained Sahelian 
national crop protection personnel in locust
surveillance and another group, Application of 
Agrometeorology and Hydrology for the Sahel(AGRHYMET), conducted an annual short course 
for Aican officials on using "grccnness maps." Thistraining and technical assistance, together with the 
provision of equipment and supplies, undoubtably
strengthened the capacity of national institutions to 
mount future locust/grasshopper survey and control 
programs and to deal with other agricultural
problens. 

USAID conducted 10 training workshops
f'rom 1987 through late 1989 with a total of ap-
proximately 150 participants. One carly workshop 

on how to plan and manage acria! spraying opera
tions was attended by Africans Irom Senegal,
Gambia, Niger, and Sudan. From April through
June 1989, three regionalworkshops wcre held on:
1) aerial and ground ultra-low volume (UJLV) ap
plication, 2) training extension workers to use new
teaching materials on pesticide use, and 3) human
health impacts of pesticide application (121). A
February 1990 conference on pesticide disposal,
held in Niamc,. Niger, attracted 58 participants
from 15 West African countries and international 
organizations such as Farthwatch and Green
peace. Action plans were drawn up for each 
country. Other workshops planned fOr l99()arcon
identification of' inmmtturc Sahclian grasshoppers
and crop loss assessment. 

USAII) developed sonic useful materi als fOr
its training clorts. lr example, the Pesticide 
Users Guide, prepared in four languages f*orAfrican extension agents, details how to conduct 
pest surveys, plan insecticide applications, and 
apply, transport, store, and dispose of pesticid c s. 
In addition, USAID funded publication of a Field
manual for identif',ing immature grasshoppers
(51).
 

USAID attempted to increase its own technical capacity by )orrowing experts from other 
U.S. agencics and hiring consultants from universities and privat firms. An effort was made to pair
senior an d junior cntomologists on technical assistance 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-thc-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 1984-89 campaign and cn
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
inventorv of existing stocks of dieldrin, beginning 
a study of potential environmental risks of dicldrin 



use in areas where the Desert Locust is present, 
and intends to develop a plan or use or destruc-
tion of dicldrin based on these findings (104). 
USAID, too, has compiled some information on 
stocks of dieldrin (99) and sent EPA repre-
sentatives to advise Al'rican officials on storage 
and disposal of surpluses. 

tJSAID's efforts also increased awarcncss iii 
Africa of the potential dangers of the persistent 
organochlorines and helped reduce the useof ben-
zone hexachloride (BIIC) and lindane. UJSAII) 
encouraged the use of less toxic chemicals and, to 
a limited extent, tested new insecticides for locust 
and grasshopper control under African conditions. 

USAI1) promoted increased efficiency in 
some spray operations, for exam ple, by pre-
positioning insecticides in Africa to reduce high air 
freight costs. By supporting application of satellite 
renote sensing to locust surveillance and funding 
research on alternative control methods, USAID 
began to lay the groundwork for reduced reliance 
On spraying as the only availablc response to locust 
and grasshopper upsurges. 

USAID included safety concerns in its techni-
cal assistance and training programs, e.g., by 
providing protective clothing lor spray operators. 
USAID claims it was the first to introduce 
cholincsterase testing intolocust control programs 
in Africa. Moroccan applicators were tested 
before, during, and after spraying in 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 prepari ng 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 rcconmendations of 
the Programmatic Environmental Assessment 
(app. E). Technical assistance teams are assisting 
Atrican 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 dispxosal and is planning to 
take stronger measures in the future. Its opera-
tional Guidebook contains directions for storing, 

Ch. 3-Strategliesfor the Future * 71 

packaging, labeling and disposing of pesticidcs and 
empty containers. An annex contains a Copy of 
FAO s 1995 Guidelinesfor the DLvposal (4 Waste 
Pesticideand Pesticide('ontaierson the Fann that 
details physical, chemical, and biological disposal 
methods. Some other donors have similar inter
ests and a recent workshop (oindisposal of obsoletc 
pesticides and empty containers in Niamey 
demonstrated African concern iswell. 

In short, USAI D succeeded in almost 
eliminating the use of the most hazardous cheini
cal, dieldrin, and identified some lessons learned 
for improved strategies and tactics for future 
programs. The overall locust campaign, however, 
demonstrated the need for more coordinated ac
tion, far more training, better understanding of 
locust and grasshopper dynamics and effects on 
crop yields, and improved control methods. [or 
example, the new Locuist/GrasshopperManage
nlent Operations Guideb ok fails to discuss the 
debate over the relative roles of control in insect 
declines; USAII)'s 9M training sessions were 
sidelined when its resources were redirected to 
spraying activities; USAI D'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 important 
actor, having provided about one-fifth of donor 
funding for recent control campaigns. Thus, 
USAID hits limited responsibility for the failures 
of recent campaigns, as well as their successes. 

H1OW TO DO BETTER NEXT TIME 

Finding: Donors andAfrican governments can
not afford to fund expensive control campaigns 
without addressingfundamentalquestionsregarding 
goaL and implementation. Now 1v the time tofind 
metxhodv that contribute to long-term development, 
redoublepreventive efforts, and decide what actions 
will be most effective duringthe net upsurge. 

Doing better in the future, during recessions 
and upsurges of these insects, involves 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 insects should be 
included in programs (individual pests or groups 
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ofsimilar pests), where control should he 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 hest done (e.g.,aerial or ground spraying , four- or single-engine 
pae or rondpra , f- opreventionplanes or ielicopters). 

Control or larizations, host governments, and
do~nors have the rcsponsibilit to answer these 
questions. Here, OTA identiktcs some elements
of the discussion and notes that resolution of these 
issues should b attempted now that upsurges have
subsided for a time. The roles of various g oupswho should do what-also need to he clarified. This 

houshould do addres r
(ILtCStion is addressed in chapter 
need to 

4.
bhape Ts 

Further discussion and clarification are espc
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 crops, or
end famine? Different goals imply different 
strategies, action plans, and evaluation criteria, 

The Feasibility and Price of Prevention 
The FAO and USAID officials responsible for

grasshoppcrand locust control programs maintain 
that knowledge is available that, if properly ap-
plied, could prevent future plagues of locusts and
grasshoppers (12, 95, 121). Plague prevention has
consisted, since the 1900s, of making survcys in
seasonal brccding areas and co:itrolling any al-
reixdy-gregarious insects or populations becoming

grcgari.,us (70). the
Certainly, feasibility of 

pre, ention steadily increases as additional

coi4ntries agice to participate in such an approach
during recessions; 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
,:over; and as more effective, carefully aimed con-
trol operations are mountcd. 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 pi-
dictability of weather and disputes within andbe-
twccn 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 andaffected countries can prevent upsurges andplagues, although that goal is laudable and 
deserves to be foremost. 

FAO finds that: 
. . . although thcrc isa rational strategy for the 

of desert locust plagues, and tactics andtechniques have been evolved to implement tLat 
strategy, circumstances can still combine .-)lead tothe threat of the development ofa new major plague.

Furthermore such combinafions of circumstances,
 
and in particular sequences of widespread heavy

rain, cannot yet be forecast
 

and concluded that:
 
. . .~a utbreaJks of leading to major
Io_ catpable 
upsurges are likely to be arecurrent but intermittentfeature of l)cscrt locxust rpulation dynamics... 

The preventive strategy FAG and USAID ad
vocate thus requires a certain amount ofcontinu
ing monitoring an(d control. Usually, that has not
been done between upsurges. FAO and USAID
officials are requesting funds for applying this 
strategy now with the explicit objective of 
preventing future outbreaks from developing into
plagues. 

They, like others, assume that plague prcvcn
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,
principally against the Desert Locust and
Senegalcsc Grasshopper, were $275 million. In
1988, rcprcscntativcs 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 breeding 
 areas. This International 
Desert Locust Task Force, with 5 main units and
13 sub-units instrategic areas, carried a $77.4 mil
lion price tag. As the plague subsided, the estimate 
for Phase I in 1989 was revised down to $3.5 million
(1(0). Thus, the cost of maintaining these mobile
units is far less than the cost of the recent control
caimpaign in an equivalent period. However, the 
costs of 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 of' pesticide containers, disposal of surplus stocks, 
p rcvcntive Desert Locust control program for the testing operators for over-exposure to insec
8 countries of Maghrcb and the Sahcl. FAO as- ticidcs) as "relief and rehabilitation." Develop
serts that control measures in a generalized in- ment activities, in contrast, tend to deal with the 
vasionwould cost, in 1 year, what preventive underlying causes of problems rnd are necessarily 
control activities would cost in 15 to 20 years. longer term. For example, entomological research 
FAO anticipates that this preventive program to develop safer or more effective control methods 
would cost $6 million to $8 million per year and efforts to prevent locust or grasshoppe: up

I08,109) and result in less insecticide use over a surges would be development activities. 
smaller area, e.g., 50 X1) to I(X),(XX) ha per year 
sprayed compared to the 15 million ha treated in Individuals and organizations generally con
S,",7/-, (108). The availability of' funding for such centrate their e'forts on one approach or the other 

a broad international prograi has not yet been because of' the dif'ficulties of combining the two. 
determined. Even if' thlv. Some relief' el'f'orts incorporate development ohpre ,.ntivc approaches 
advocated by FAO, USAID, and olher offlicials jectives better than others: e.g., providing seeds 
wAerc fully funded, it seems likely that emergency rather than food aid, and training farmer brigades 
efforts would still be needed ,hen the insccts to conduct local survey and control programs 
cscapc strategic control eflorts. 	 rather than replacing local efforts with expatriate

run operations. Some relief*programs can hamper 
Shifting to a preventive approach first requires development efforts. For example, f'ood aid has 

a r oricntation of thinking by Af'rican and donor long been criticized as lessening incentives for 
Pslicymakers, ftollowed by corresponding changes small f'armcr producti n alt hough this is nt talways 
in programs and t'iuancing. Crises mobilize attcn- the case. 
lion nd resources: emergency locust and 
0'rsshopper programs garner far more policy in- The U.S. foreign assistance mandate cncom-
Ircst than long-term elorts, such as integrated passes both relief' and development piogranis. 
[l'st managenent (1PM). Africans favored faster- l-owcvcr, the recent grasshopper and locust con
,ct -in insecticides. Emergency spraying opera- trol programs seem overwei ,hted by short-term 

itons fit within what some find is a "cowboy" emergency responses despite the well-known 
mentality among U.S. officials: a tendency to weaknesses of crisis management. Nearly all U.S. 
pro)mote large interventions and quick solutions. f'unds f'or locust and grasshopper programs in fiscal 
l:t0r example, U.S. officials emp hasized use of years 1986 and 1987 were OFDA'funds (table 1-3) 
Iour-enginc planes while FAO -nd oilier donors and 58 percent of the Africa Emergency 
prelerred smaller planes. Thus, preventive ap- Locust/_Gra,;shoppcr Assistanc.. (AELGA) 
prtaches present psychological as well as technical project's budget t'Or fiscal years 1988 through 1990 
challenges and their implementation would re- was allocated to emergency assistance (chemicals, 

auire attitudinal shil'ts and technical training equipment, and short-term technical assistance) v. 
within USAID, among other donors, within 42 percent 'or development assistance (research, 
African countries, and in Congress. training, and institutional support) (99). Respon

dents to OTA's survey agreed that crisis manage-
Integrating Emergency Control Programs ment (e.g., spraying programs) was the major type 

Into loAng Term Development of activity undertaken in recent campaigns (table 
3-1). Most noted the need for a decrease in crisis 

Donor groups often classify their activities as management per se and an increase in both 
relief' or development focussed. Generally, relief' preventive measures and specific types of relief,
activities are short-term and address symptoms or 	 although they did not advocate decreasing the 

cnscquences of deeply rooted problems. They overall total amount of resources (10). Their 
can include actual control efforts and other ac- analysis agrees with that of others (e.g., 95). 
tivities to help cople recover f'rom losses, e.g., 
providing food to areas where locusts have The farmers and herders who are the intended 
destroyed crops, or providing seds for replanting. bcncliciarics of donors' programs do not distin-
Some also describe activities that help recipients guish between crisis management, subsequent 
recover from control programs (e.g., destruction relief activities, and long-term development assi;
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Table 3-1-OTA Survey Respondents: Percent of Current and Ideal LA)cust Efforts Focused 
on Crisis, Relief, and Prevention 

(N = 25) 
Current effort Ideal effort 

Median (Range) Median (Range) 
Crisis W0% (25 - ](X)%) 50% (0 - 80%) 

Relief 5% (0 -m%) 10% (0- 50%) 

Prevention 1% (0- 32%) 30% (5 - IX)%) 
SOJRC: Dale G. Bo trell,
"Locusts in Africa and the Middle Fast: Summary of Re.Sxpns to OTA Questionnaire," contractor rcprtprepared for the Oflice (ofTechnology Ascs.smenr, May 1989. 

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

In this context, plant protection needs to beviewed 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 inwhich their
losscs can be severe. Thus, short-term relief maybe needed locally, either to prevent crop damage
or to enable farmers to recover from that damage,
preferably in forns 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-

fcrcnt 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 cropprotection services and farmers. Generally 'his
approach could apply to most grasshoppers. )n
the other hand, species such as the Red Locust,
Brown Locust, and especially the Desert Locust,
breed in remote areas and migrate across boun
daries. They may be more effectively dealt with asindividual species based on interstate or regionalcooperation. Proposals are now being considered
for a regional 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. 

Howcvcr, addressing locust and grasshoppr
problems within the contxt of broader pest prob ems;

would have scweral advantages: costs would drop

relative to benefits because benefits would 
accrue 
each year rather than spo)radically; institutional continuity and expertise would be built; already-cxist
ing organizations could respond more quickly tooutbreaks and they could accommodate shifting
pest problems methodically; pesticides could beturned over and replenished more rapidly so less 
waste would occur (95). The constraints to adopt
ing a multipest strategy are often political and
institutionarrather than technical. If they can be 
overcome, economic savings and improved chan
ces of sustainability may be achieved. 



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 environme.tal 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, 
especially of hopper bands, is most efficient, and 
the cconomic, institutional, and environmental 
costs of control increase with waiting (99). For 
example, carbaryl and mahthion arc much more 
economically applied against U.S. rangeland 
grasshoppers early in their life cycle; opiimal con-
trol occurred at the fourth instar when grasshop-
pers were beginning to cause enough crop damage 
to justify control costs yet populations were still 
relatively small so control could be limited (66). 

On the other hand, some propose later 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 arc right, for 
example, gregarious swarms of the Desert Locust 
appear more or less simultaneously over a large 
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 ('1, 121). 

Others propo)se careful review of the lessons 
learned in controlling analogous pests, such as the 
Australian Plague Locust or quelca birds. Quelca 
bird populations can increase rapidly after rains, 
but the control strategy is to kill only those birds 
actually attacking crops. Likewise, methods 
developed elsewhere to make pest control more 
effective could be applied to locust programs. For 
example, general information is available on the 

Ch.3-Strategiesfor the Future * 75 

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 
sytem for monitoring gypsy moth populations to 
determine when and where to mount control and for 
assessing control operations to determine which were 
most eflective. This pnrram illustrates the type of 
work needed to improve locust and grasshopper Xn
trol. Special "forest pest management" groups lay 
out plots for gypsy-moth treatment and decide the 
appropriate tinme to do treatment, based on a 
threshold number of cggxxls and stage of develop
merit of the caterpillar. Aerial treatment is done 
during specified weather conditions. Then, the pest 
management groups revisit a numtberoftreated plots 
at 7, 14, and 21 days to check the number of insects 
killed. Usually the same team does pre-and post-ap
plication assessments. Data on application (e.g., for
mulation, characteristics of the equipment and 
plane, pilot's name) and, when possible, treatment 
results for each plot arc rccorded on standardized 
forms. From this data, the USFS learned 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 sprayed 
(59). These methods and lessons may be directly 
applicable to grasshopper and locust programs. 

Resolving issues of when and where to control 
locusts and grasshoppcrs 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 rega,:ling 
timing and target sites to reduce costs (inclading 
environmental costs) and maximize effectiveness. 

WHAT CONTROL TO USE: TIlE 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 w':jile others 
can hinder development. Often, suppor!. for in
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dividual types of technologies sets up cornplex
tradc-offis. 

The decision to support widespread pcs,.icidcuse f'or agriculture issuch a case. In elfect, donor-
supplied pesticides subsidize high pesticide use. 
Because of' these subsi'Iies, users paid from 85 
pcr-ent to only 10 percent of the real cost of
pesticides in one study of nine developingcountries. Users paid only II percent, f the real 
cost in Senegal and 33 percent in Ghana, the two
African countries included; these subsidie:; were 
worth $4 nillion and $21) million, rcspectively(8)).
As a result, farmers have decreased or abandone d 
altcrnative control methods-such ;as souLd 
iagrolnonlic practices ald varietal selection-in 
Iavor of pesticides. The social and cnvironmcntal 

side efIects of these changes are largely undonCU
tuinted but rav be significant. for example, in-
c ra!;cd pesticide use was amol]1ng the factors that 
acconiuan icd the increased cninimercializiat ion of 
ag1 icultLnrc. This process has increasc.d dcmands 

I1wrncrin farmiers' labitr, reduced the. amoUnt of
Id grown for local consumptii, and en-

couragCd planting higher valuc crops. 

lodtay, widespread pesticide spr;ing is the 
p edmninant technol gy used aigiaisi grassh ip-
pcrs and locusts. UJsually, effective pest mnanage-men t for crops includ.s a larger nutimber and widcr
varicty of options (table 3-2'. Implementing a 
Iong-term development approa,:h to locust and 
grasshopper ma nagemcnt requires brotadcning
he ctirrent range of technologies and idCntil'ingor dcveloping ones that can be used by varlious 

groups in environmentally, econonicaIlly, and in-
stitutionally sustainable wayS. IntegraitCd pest
managcmcnt, j oined with various forms of catrly
warning, are two types of technology that ho)ld 
pronmise. Both require additional research to befully operational. 

Integrated Pest Management 

Finding: Integrated pest management is 

USA ID's statedpolicy, but many elements ofsuch an
approachwere not adequatelyempha ized duringthe 
recent grasshopperand locust campaign•, partly be-
cause of lack of availabletechnolog and partly be-
cause of thepoor performance ofdonors andAfrican 
agencies. If LISAID intendtv to implement its policy
fully, the Ageny must support research to develop
alternatives to widespread spraying,collect data on 

economic injury levels ofcrops,assesstheeffectivenevs 
of various ntrol strategies,and revise its approadch 
based on these efforts. 

Integrated pest managcment is "the optirniza
tion of pest control in an cco..omically and ecologi
cally sound manner acco mplishcd by the 
coordinated use ofimultiple tactics to assure stable 
crop production ind to maintain pest damagebelow economic injury level while minimizing
hazards to humans, animals, plants, and the en
vironnt. In 'tsbroadeSt form an 1PM pro.rani 
encompasses all significant components of the 
agroecosystern-soil, crps, water, air, insects,
pathogens, weeds, ncmatodes, and olthcr or
ganisms--which interact among themcilves a;nd
with other collponcnts of the system." (125). 

Integrated pest imanagement cernibines a 
variety of control techniques to reduce ilnd keel) 
pes t Jopulations at acceit able levels, based 0n 
criteria of crop yield, profit, and safety. It scks 
llatXiinl nl usc o0'1bi ogia0cI cooltt, pcst-resistailT 
crop varieties, and cuIt ural )ractices. Pesticides 
are normally uSCd only alter the target p,:st 
reaches an infestation !cvel called economic
ihreshold or economic injury level, i.e., a pest dcn

sity at which the costs of' control just equal crop 
returns. Even if'insecticides are the only controloption available, an PNI approach stipulates that
the chemicals be used as CffcctivCly and efficiently 
as possible and their environecntal and hcaltfi 
impacts be monitored carefully. 

Furthcrmoirc, IPM cani be described as a way
of thinking, a process of dealing wii a problem
holisticaI ly. 1hs approach req iiires flcxibility and 
the iabilityto deal witii Multiple factors at one 1tille. 
Practitioners mtIst be discrimninatting, adapting the 
same princip es to different situiations, rather thanapplying a single solution to all cases in a narrow, 
black, or white way of' thinking. In this sense,mediating diplomatic solutions to border disputes 
could be considered part of an IPM strategy ftlocust control in Africa. 

Promotion of I'PM is ISAI D policy. 1Howevcr. 
it still is not used widely within USAID's agricul
tu,al and health projects. The Agency tends to 
support IPM in special projects rather than in
tcgrating it into overall development strategy and 
programs (22). Many feel that USAID should 
suppxort increased research on IPM and make in



Table 3-2-Control Tactics Now Employed Against Major Pests of Whe'lt in the U.S. Great Plains arid Sorghum in Texas 

__Biological. Host .ultural .ChcmI!. Other 
Pred.a plant Elimi- Crop Predic
and Micro- resist- Sanita- nating rota- Planting Clean Water Fertility Monitor- tive 

Major pests para. bial ance tion hosts tion date Seed mgnt. mgnt. Tillage Soil Seed Foliar ing models 

Wheat: 
b
Hessian flv 1 1 3 2 2 1 2 1 1 1 2 2 1 1 3 1 

Greenbugb 1 1 1 1 2 1 1 1 1 2 1 1 1 3 2 1 
Wheat stem sawflyc 1 1 2 1 2 1 1 1 1 1 2 1 1 1 2 1 
Army wormsc 1 1 1 1 1 1 1 1 1 1 1 1 1 3 2 2 
Cutwormsc 1 1 1 1 1 1 2 1 1 1 2 1 1 3 2 2 
Aphidsc 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1 
Grasshoppersc 1 1 1 1 1 1 2 1 1 1 1 2 1 3 2 1 

c
Wheat stem maggot 1 1 1 1 1 1 1 1 1 1 2 1 1 1 1 1
 
False wirewormz 1 1 1 1 1 2 1 1 1 1 2 2 1 1 2 1
 
lrue wirewormc 1 1 1 1 1 2 1 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 b 2 1 3 1 1 1 2 1 1 1 1 1 1 3 2 1
 
Fall army worm b 1 13 1 1 1 1 1 2 1 1
 

Beet army worm I I 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
 
Sugarcaneborer 1 1 1 3 1 2 3 1 1 1 1 1 1 1 1 1
 
Chinch bug 1 1 2 1 2 1 2 1 1 1 1 1 1 2 1 1
 
Sorghum midgeh 1 1 1 1 1 1 3 I 1 1 1 1 1 3 1 1
 
Sorghum webworm 1 1 1 1 1 1 3 1 1 1 1 1 1 3 1 1
 

NOTES:
bPredators and parasites
cintroduced pest
Cnative pest 

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

SOURCE: U.S. Congress, Office of Technology Assessment. PestManagement Strategiesin Crop Protecnon,vol. 1 - Summary (Springfield. VA_ National Technical Information Service, October 
1979, pp.22, 54). 
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creased efforts to integrate IPM in the majority of
its agricultural programs. Generally, the concept
of IPN is not well-understoo bv dccisionmakcrs. 
[or example, most USAID officials responsible
1lir the grasshopper and lc{.ust program maintain
that 1PM does not apply to grasshopper and locust 
control during upsurges (44). 

Ilowever, various elements of IPM nevcrthe-
less were clearly appropriate during the recent 
campaigns and poorly implemented: 

Optimization of control-This refers to effi-
cient and cffcctivc use ofresources, differing from
miximization of control. The Iirge numbers of 
hectares sprayed could have been treated far more
c1to:tively with available technologies. Pin point-
ing targets, improved considcration of win drift.gr(und temnperature, time of day, stage of insect
dCvclopment-among other things-would have 
greatly improved effilciency. 

MIiltiple control tactics-These were not used 
hccausc control methods against migratingswarms;irc liited. The lack of alternative methods, how-
ever, reflects the lack of resources and low priority
given to developing them. Donors could have sct
aside more resources for developing alternatives
rather than spending the overwhelming profx)r-
tion of their funds on emerge.icy spraying. 

Pest damage kept below the economic injury
level (ELIL) to maintain stable crop production-
Mlajo(r crop loss due to gras.hoppcrs and locusts 
did not seem to occur at the national level in 1986 
to 1989, although some individual farms sufferedsignificant losses (18). By and large, swarms did 
not affect croplands. In some cases, spraying
seemed to protect crops. The lack of damage can-
not be attributed automatically to contro l, how-
ever, because of the complex relationship aniong
increased rainfall, insect upsurges, and crop yield.
ligh rainfall in the mid-1980s increased crop

growth in many areas, making "stable crop produc-
ti()" difficult to calculate. Reliable data needed to 
sort out these various factors are lacking so it is 
also difficult to determine economic injury level
accurately. Even so, little, if any, effort was made 
to base decisions to spray particular areas on such 
a determination. 

Minimal hazards to people and the environ
ment-At best, this element of IPM was 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 IPM programs have been
developed for a range of pests and crops and are
be'ing used in some devc wopin, (103). Theareas 
cost-benefit analyses of those pograms evaluated
gencrally show a reduction in pesticide use and an
increase in profits (35). IPM has not been cm
phasized in locust and grasshopper control in 
Africa and the Middle East, however (95). Today,
biological contr(!, cultural practices, and other 
nonchemic ii components of IPM cannot providethe high level ofcontrol 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 infcs
tation (9). 

An effective IPM program would aim to 
prevent serious locust and grasshopper outbreaks. 
It could include activities at a variety of levels, but
regional aspects would! be necessary duc to the
cross-boundary migration of insects. New IPM ap
proaches would rel" on controlling locusts and 
grasshoppers at carlicr points than achieved in therecent cw-rnpaign, similar to the "strategic cntrol"
advocated by FAQ for the Desert L)cust, but
place a greater emphasis on using alt,,rnatives to
spraying as these become known or avaiioie. 

Evi'mples of IPM strategies tor grasLshoppcrs

and lcxusts might include planting alternative crops

that are less susceptible to these insects; increasing
animal production; dc,'eloping cottage industries to 
prxlucc locust meal For fxxl or to produce extracts
irom neem trees for use as an antifeedant (126'., and
developing pesticide regulations to improve cAcmi
cal use. Sound land managcment-especially refores
tation, upgrading range quality, and avoidance cf
overgrazing and widespread burning-can suppress
grasshoppers and locusts and decrease suitable
breedingsites (95). This and other approaches might
be part of an IPM approach for some other ;pecies 
as well. 
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Certain aspects of an IPM app roach to cialization and such approval is difficult to obtain 

and kxust problems culd be imple- for genetically engineered microorganisms.grasshopper 
reassurancemented im mediately, e.g., imprCved use ofeX.sticidCs. 	 Similarly, African governments want 

In the short-term, improved regulaton, selection, that these biological control agents do not pose 

storage, application, and distxsal oipesticides may be hazards to human or animal health. 
the best stratek, especiilty for reas,,rting control 
after an upsurge (95). Mechanical and cultural Grasshoppers and locusts are susceptible to 

methooLs of' control are also currently available and infection by hacteria, viruses, fungi, and protozoa 
thuesc might be suitable fOr controlling small infSta- and several potential new microbial control 
tions in cro ;s. They are most likely to be useful for the methods are being tested. Noserna (x'ustae, the 
Variegated Grasshopper, especially if paired with ad- first protozoa registered by EPA fbr use against an 
ditional training for cAtcLsion agents. insect, is approved for control of U.S. raiigelaind 

grasshoppers. Developed at USDA's Agricultural 
Insect Control Rc-Research o2 microbial and botanical pes- Research Service's Range 

ticides, insect population modeling, forecasting, search Unit in Bozeman, Montana, it is sold con
developing resisti.nt crop varieties, and further merciallv as Nolobait. Used with awheal -bran bait, 

improvements in inseci-.ide application offer a it takes 3 to 4 weeks to kill 50 to N')pcrcent of the 
better outlook in the !:wdiumand long-term (95). insects and persists f'or two seasons because it is 
Distinct approaches will have to be dcvelopcd for passed lrom one generation to another. It is less 
each of the major loc,.., and grasshopper species, expensive than chemical insecticides and does not 
however. For example, since the Desert Locust adversely aftfect beneficial species cr other natural 
cats many types of'vegetation, developing resik:tant enemies (21, 98K). Field experiments in ('ape Verde 

to be a feasible a,, and Mauritania showcd that native grasshoppcrsplant varieties does not seem 
(39) but did not de"l'proach to controlling it. 	 were infected with Nouesat 

mine whether it could suppress grasshopper out-
Bioiogicad Control breaks (9). USAD supported Nousema research in 

Mali; it was stopped in 1988 cue to M.lian 

Normally, naturally occurring biological con- Government fears of' possisle hazards (99). 
trol is not sufficient to prevent outbreaks, of major USAID supports further work on Nosefa and 

locust and grasshopper species (93). But enhanced other microorganisms in Cape Verde by USDA 

biological control-the use or encouragement of' scientists and the national agricultural research 
natural ep.emies for ',he reduction of pests-is one service. Several recent studies suggest that further 
potential componcnt of* an improved HPM ap- research in Africa on various species of NOsenia 
proach. Locusts and grasshoppers have an array Of may pa, off for grasshopper andl()cust control (95, 
natural enemies. So tar, these have not been used 99). USDA and other researchers began examin
in control campaigns, nor has what is known about ing viruses as potential control agents because 
natural pest mortality been exploited to produce viruses are more deadly, kill faster, and could be 

used in combinathn with slowcr-acting microbials.predictable or consistent results (95). Sonic feel 
that biological conti ol offer, considerable potcn- For example, an cntomox)xvirus for the Scnegalcs 
tial, although additional research and field testing grasshoppcr show.s [x)tcntial as a microbial control 

agent (94). The fungal pathogen Entomophaga grylare requiired before their real value will be known. 
Because of the priority currently given to chemical li attacks some locusts and grasshoppers. It has not 
control, much of the research on alternative been studied in Africa or the Middle East (95), but 
methods is in its early stages. itsixotntial ins mi-arid areaswhere most grasshoppers 

occur seems small because fungal development 
Some biological control agents, when pack- depends on high humidity (94). It may be useful in 

aged, are called microbial pesticides. Most have Atca's humid areas, h:we.ver, for thse saimc reasons. 
the advantage of easy deployment; they could be 	 Some new straips of sx)re- or toxin-forming bacteria 

(like those used already for bklogical control for otherformulated and sprayed or used as baits in much 

the same way that chemical insecticides are now. insects)mightbeisolatedfromlXlustsandgra.;)hoppe
 
Some newer biotechnology may be helpful in (78). Rickettsia are virulent to Lrasshopprs, but their 
developing these alternatives. However, microbial use may be too hazardous to have much potential 
controIs require EPA registration for commer- because they also infcct ,ertebrates (94). 

http:resisti.nt
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OtherBiorationalControlsMateriaLv 

These include botanical pesticides and
pheromone traps-altermatives to synthetic chemical
insecticides. One botanical insecticide has received
attention, especially for its antifeedant effects. Ex-tracts from neem trees (Azadirachta indica) dis-
courage locusts, grasshoppers, and other insects
from feeding on plants to which it is applied (9). InIndia, neem spray and dust protected crops from 
Desert ILocusts and, in Togo, neem repelled $ras-
:;h8ppcrs. However, 1988 trials at InternationalCrops Research Institute for the Semi-Arid Tropics
(ICRISAT) in Niger were lss than succes.sful and
indicated that farmers might be unwilling to investthe labor or funds to use neem on grain crops, siice 
repeat applications are needed (99). A neem inscc-
ticide Margosan-O, is being distributed in the
United States by W.R. Grace and Co., but EPA has 
not approved its use for food crops. The autho)rs ofUSAIb's Programmatic Environmental Review
and the AELGA evaluation supported further re-
search on nccm as an antifecdan. 

The Egptian Government supports research 
on the anti eedant properties of a number of in-digenous plants, and the German Agency for
Technical Cooperation (GTZ) funds trials with 
necm, Nosema, and other nai'-ral agents as part of
its program of developing alternative methods oflocust and grasshopper control (107). 

The International Center on Insect Physiology
and Ecology (ICIPE) and othe.--s are attempting to

identify natural attractants. Recently, ICIPE 

achieved some succte..&s using pheroimones (naturalattractants) as bait to trap certain species of the 
tsetse fly (Washington Post, April 3, 1989). Like 
biological control agents, attractants are usuallynarrow-spectrum and thus less harmful to nontar-
get organisms and the environment than broad-
spectrum chemical insecticides. The potential for
using pheromones for grasshopper or locust con-
trol is not known and many tee that pheromonework is not justified for this reason (6). 

New Research on Alternative Controls 

Ihose enjaged in planning and conducting re-search on biological control agents, especially the
microbial ones, stress that it may be 8 to 10 years or 

longer before these wiji be ready for large-scale 
use (55, 65). First, the microorganisms have to bcidentified a,.di ,laled from locusts andgrasshopers
in Africa (40). Then various formulations must be fieldtested against target species and nontarget -)r.anisms
under various conditions and these rest, .s corroborated. Finally, ways to ma.s -prXh'- :..and apply
the agents must be developed and tested. Research
projects such as these require long-term institutional
supp)rtforan agencytoattrictqudifiedscientists and 
sustain their w~rl. 

The International Institutc for Tropical Agricul
ture (IITA) recently began a major research effort 
on biological :ontrol of grasshoppers and locusts.The $1.0 mil'ion USAID-funded project aims to
develop strains of two fungal pathogens recovered
from locusts and grasshoppers InAfrica as biological
pesticides and field test them in the Sahel. Work will
be led by scientists from the London-bascd Coinmonwealth Agricultural Bureau International's Institute for Biological Control at IITA's facility in 
Benin. 

ICIPE also proposes a major research initiative.
By late 1989, ICIPE had received $0.5 million fromthe World Bank and African Development Bank
toward the $14 million rcquested for the first 5-year
phase, 1989 to 1993. ICIPE's proposal encompasses
Five aeas of research on altemative control methods,
including biorational agents and improved chemical 
insecticides: 

9 	 population dynaniia' (to detect potentially
dangerous rx)pulations during recessions); 

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

e 	 endocrinology of locust phase-changes and
gregarious behavior (to pinpoint targets for
pmh regulators and broad-spectrum cbemical 
htCKiids); 

9 	 biological control (to augment role of 
pathogens and arasites, including enhancing
their virulence Wy genetic manipulation); and 

e 	 new approaches to the use of baits (sir x. they
tend not to affect natural enemies and 
nontarget organism.s). 



Monitoring Insects, Weather, and Vegetation 

Finding: Technologies for ground monitoring 
iILn'ect populations are adequate but sometimes are 
used ineffectively. Technologiesfor monitoringfrom 
the air tend to be imprecLve and their res,dls often 
delivered late. Therefore, technologicaland intstitu-
tional improvementsareneededforgroundandaeriod 
surveillanceandforecasting,necessarycomponets of 
a preventive strateky. 

Monitoring iscsential for anumber of purpxosk.es. 
A preventive approach .to locust and gras.shoppr 
control requires forecasting, ground monitoring, and 
early treatment to interrupt swarm formation. FIffec-
tire pest management strategies require monitoring, 
or tracking, insect [xpulation.s before cotrol to find, 
identit,, and delimit intstation.s and further monitor-
ing after control to asso-ks its effectivcncs.s. Famine 
early warning systems benefit from inlrmnation on 
fluctuating insect pxpulations. 

Technologies 

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

Today, most remote sensing and forecasting 
work isdone by expatriates at scientific centers in 
Europe, the United States, or regional centers 
without adequate, timely, and accurate field data. 
Consequently, African field programs remain 
largely untouched by the technological advances 
at remote sening centers; quickly exchanging in-
formation between the field and centers isdifficult 
(95); and often forecasts are wrong. 

An array ofdetctk)n strategie.s, each appropriate 
for specific times and l xatknrs, car improve lorecast
ing. Some information can be obtained only by ground 
survey teams (insect species, stage of development, 
pxpulation density). Other information can be ob-
tained best from aircralt and satellitus (current and 
likely future vegetation, wind and rainfall patterns), 
Combining remote sensing data with maps showing: 
1) txolitical xundaries, roads, ind landmarks, 2) 
historic breeding areas and migration patterns, and 
3) insecLs' ,viland vcgetatkn prcfercnces can be usa 
to help ground survey team.s select high priority arcas 
for monitoring. (George Popov prepared maps on the 
prcferred habitats of the De-sert Lxcust in the Sahcl 
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for FAO but these are not yet available to national 
crop protection services.) 

All aerial survey methods require .ground 
verification. Thus, they cannot substitute for cru
cial ground monitoring and improved integration 
of the two methods is critical. For example, infor
mation froin remote sensing could better guidc the 
work of ground teams just isins,_,t population 
data from ground teams could supplement the 
vegetative cover data pxov,, ded by remote sensing. 

The most critical component of' early deteC
tion of* pest populations is a network of trained 
ground observers (37) with adlua.Ltc eq.uipmcnt. 
Thus, training remains one of the most important 
needs 'r improved field appliations of forecast
ing. Training could encourage managers to make 
greater use of rcnote sensing and provide acadre 
of' ficld olliccrs for various early warning and sur
vey activities, including dtaYa interpretation (95). 
Certain aspects of' monito ring programs are un
rcsolved. For example, s'ime feel that a monitor
ing system designed for est complexes would be 
a more efficient usc of resources than ones 
designed for single insect pests. Any cflcctivc sys
tent, however, must include many levels of or
ganizations, working within the f'ramework of 
national and regional programs, to improve ac
curacy and sustainability. 

Types of Early Warningand ForecastingSyst_-tm 

Current early warning systems combine remote 
sensing data with other aerial, ground, and statistical 
inlbrmation for a variety of purpxses, such as agricul
tural and environmental a.scssment and resource 
management (45). AGRIHYMET data, for example, 
are used for crop and pasture r,.onitoring in the 
Sahel. 

Several groups monitor pest damage as one of 
several major 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 ARTEMIS (Africa Real-
Time Environmental Modeling Using Imaging Satcl
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lites) project, 2) the French research agency, PRIFAS
(Programmede RecherchLs Interdisciplinre Francais 
sur les A-ridiens au Sahel, reorganized now as
Acridologie OJcrationnelle-Ecoforccl Intemationale),
and 3) the Permanent Interstate Committee forDrought Control in the Sahel (CILSS) mcteorology
agcncy, AGRHYMET (99). These type of prograns
have significant potential. For exampc, a mxel 
predicting upsurges and locations ofthc AfricanMigratory Locust, developed by a joint FAO/U.N.
Development Programme project, reduced annualscouting efforts from 144 to 9() person-nonths (2). 

Current programs also have serious limita-
tions. Reports from PRIFAS and ELCO often are 
not quantified, detailed, or timely cnough to beusef'ul in the field. For example, Operation SAS
(Surveillance des Acridiens au Sahel) was estab-
lishcd within the French PRIFAS for rapid collcc-
tion of field observations from a Sahel-widc
network. However, data collection htis bcn slow,
sporadic, and incomplete, preventing reliable
prediction (99). Also, the biweekly SAS newslet-
ter has been distributed 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 AGRHYMETwcathcr data (often relying on 30 -ycar averages)
but not remote sensing data. In the past 3 years,
PRIFAS has been developing a similar model for
the Desert Locust and is working with
AGRHYMET to sc up a locust survey and warn-
ing service for the CILSS countries (75). 

The ECLO in FAO/Rome provides faster in-
f'ormation because its monthly "Desert Locust
Summary" issent by fax. FAO combines data from
field reports and remote sensing. Originally, FAO
used Landsat data, but now uses Mcteosat 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 onthe European Centre for Medium-Range Weather
Forecasting for forecasts of temperature, prcslrc,
wind, and rain for up to 5days inadvance (13). Like
the SAS Bulletin, however, FAO's "Desert Ixust 
Summa fil" lagud by gaps in coverage due tomissing ata (95). 


FAO's separate "Update" includes a encral
status report, a I-month forecast, descriptions ofweather and ecological conditions, specific country
information on pests sighted and assistance re
quested, andassistanceprovidcdbydonors. Recent
ly, ECLO entered historical data on locust plaguesin its computerized database and plans to use it in 
forecasting locust migration patterns. 

Remote Sensing and GreennessMaps 

Satellite-based weather, vegetation and land 
surveys, maps, etc., are all likely to be useful forbuilding scientific institutional capacity in African
countries. Such information can be used for govern
mcnt planning and regulation and for monitoring
desrtification, vegetation, surface featurcs, wind 
patterns, etc. Probably satellite-based remote sens
ing will be used less for locust and grasshopper
forecasting and control than for these purxoses. In
1988, the multidonor Club du Sahel commis.sioned a
study of 50 remote sensing projects in the Sahe!.Rcmote sensing semed very useful for climatologi
cal applications, less useful for crop monitoring (al
though vegetation indexes were of some use), and
least uscl'ul for f'orecasting yields because ol'dillicul
ties in measuring crop acreage and discriminating
between crops (67). 

USAID sponsored the development of green
ness maps, one particular type of vegetation index,
by the U.S. Geological Survey (USGS) in 1987.
Grccnness maps were f'urnishcd to five Sahclian
countries every 2 weeks between 1987 and 1989 bythe USGS EROS (Earth Resources Obscrvation 
Systems) data center in South Dakota, using datafrom NOAA satellites. These maps showed chan
ges invegetation over time. FAO's ARTEMIS pro
gram also monitors raihfall and changes invegetative
cover. These maps helped field teams identify
places where locusts might be found and areas
where ground surc,llancc was not needed (95),
especially in place where rainfall is irregular and 
ground cover inconsistent. 

Thc USGS greenness maps were valucd highly
by those interviewed during the AELGA cvalua
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).result, maps were sent by fax to Mauritania 
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Niger by late 1989 (121). Both USGS and the staff and key personnel of the Sahelian national 
ARTEMIS maps have another weakness that is crop protection services to use greennes maps.
less easily corrected. Areas with very low amounts Also, USGS technicians are raining
of vegetative cover may not show up on existing AGRHYMET staff to produce and distribute 
satellite imagery yet be areas where potentially their own greenness maps (99). AGRYHMET is 
damaging Desert Locust populations develop expected to provide this service to its nine member 
(13). states in 1990, according to some sources (45, 62), 

or within the next 3 years, according to others (99).
Imagery for grasshopper and locust control is Similarly, USGS is transferring greenness map

or can be provided by several types of satellites: making capability to Tunisia for Northwest African 
and planning to develop it in Djibouti for the six 

* 	 Meteosat, operated by the European Space East African nations (62). USAID is funding in-
Agency; stallation of a satellite dish in Niger so 

AGRHYMET will b ab!e to rceive data directly
" weather satellites operated by NOAA (part from the NOAA weather satellites. 

of the U.S. Commerce Department); 
Currently, remote sensing for early warning of

" 	 Landsat, developed by the National grasshopper and locust upsurges is not considered 
Aeronauti.s and Space Administration but fully operational nor does rapid transmission from 
owned since 1984 by the private U.S. Earth satellite to Earth ensure that all stages of data 
Observation Satellite Co.; and 	 gathering, analysis, and use are coordinatcd and 

rapid (95). One perceived danger is that, as these
* 	 the French Svstcmc Probatoire d'Obs-iervation programs develop, remote sensing will dominate 

de la Terre (SPOT) (figure 3-1 ). other types ofinformation-gathering, thereby red uc
ing the resources available for field scouting. For 

The first two are used by those monitoring example, observers are concerned that FAO's inter
insects now; the second two provide more detailed cst in avery expensive, centralized program based in 
information on land cover. Landsat has greater Rome may preclude other, less glamorous, ap
resolution than NOAA's polar orbiting satellites proaches. On the more promising sid, plans exist to 
but NOAA provides daily covcrage while Landsat extend satellite-based monitoring to other impor
passes over the same areas only once every 16 diys. tant migratory pe,ts such as the grain-eating quclca
Landsat has not proven capable of monitoring bird, the African Migratory Locust, the Senegalese 
crop production (26) and obtaining Landsat data Grasshoppcr, armyworms, and the Red Locu.st (95). 
is more expensive than from NOAA satellites so 
FEWS and USGS rely on NOAA's system. In The various groups conducting early warning
general. a confusing array of Earth-monitoring and remote sensing activities do not necessarily
satellites exist, and the U.S. Government has been duplicate efforts because they operate with dif
criticized by scientists and others for having spent fcrcnt mandates for research, applications, infor
too much on satellite hardware that produces too mation dissemination, and training. Nevertheless, 
much inaccessible and unanalyzed data (56). clear dup'cation of effort exists and improved 

coo rdination and cooperation is needed (95). In-
USAID plans to transfer significant aspects of' tcrnational organizations are mcst suited to provide

U.S. remote sensing application to locust forecast- support for remote sensing, due to the high cost of 
ing to African countries or regional organizations equipment and the complexityofsupportservics, but 
(62). USGS,which has supported AGRHYM ETfor r.:gionaI groups might be rcsporsible for establishing 
a number of years, recently trained AGRHYMET uniform reporting systems. 
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Figure 3-1-Principal Satellites Used in Early Warning and Forecasting 
-,, Meteosat (geosynchronous) 

35,800 km. altitude 
Images hemisphere every
30 minutes 

Landsat 
705 km. altitude 
16 day repeat cycle 

NOAA 9 and 10 

~ 
~. j~.

0Q 
833-870 km. altitude 
Daily coverage 

SPOT alItude AN832 km. altitude 
26 day repeat cycle 
(more frequent imaging of 
selected areas upon command) 

Data reception station 
for each satellite 

185 km.- . 
i : ." 60 k in.
 

Swath width 2700 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 mullispectral scanner (MSS)Landsat
 

Advanced very high resolution radiometer (AVHRR)
NOAA 9 and 10 satellites 
1 1 kilometers 123 h: local area coverage (LAC)
4 0 kilometers. 400 ha global area coverage (GAC)

SOURCE: TAMS Consultants, Inc. and Consortium for International Crop Protcction, Iivcut and Grasshopper Conrol in A,,fcalsia: AProgrammatic EnvironmentalAssessnen4 Main Report. contractor report prepared for ihe 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, Is the 

Goal
 

OTA's work suggests that no major new U.S. 
authorizing legislation is needed to improve locust 
and grasshopper control at this lime. Supportive 
elements couId beadded 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 legislation could appropriately 
include statements regarding U.S. adherence to 
economically, institutionally, and environmentally 
sustainable pest management as one element of 
successful agricultural and inicrnational develop-
ment. 

A great deal ofunccrtainty exists regarding the 
nature of grasshopper and locust problems, the 
costs, benefits, and imp acts of control, and the 
desirability of various future approaches. OTA 
cannot confidently suggest specihc areas in which 
funding might be adjusted with numerical 
benchmarks given this high degree of uncertainty, 
The international control efforts of 1986 and 1989 
did little to resolve important questions. Instead, 
the U.S. Agency for International Development
(USAID) seems unabie to: 

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

" 	 take advantage of recession peixls to put 
into place preventive programs; or 

* research alternative controls effectively, 

In these circumstances, congressional action 
might best be directed toward helping U.S. offi-
ciaIs decrease the uncertainty surrounding locust 
and grasshopper programs by requesting that 
USAID carefully review what is known and not 
known, assign priorities for gathering information, 
and improve strategies to deal with future pest
problems. Congress oversight role iskey 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' micromanagemcnt of USAID isnot 
the goal. USAID's failure to answer these strategic
questions, however, has left 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 thai the United States will 
respond to the- next pc.st upsurges in the same 
costly way as bcforc, with strategies based on quCs
tionablc premises. Public support oldisastcr a,;sis
tance increases this probability. Danger also exists 
that special interest groups will exert undue policy 
influence and that decisions will be ill-informcd. 
For example, tied aid rcq uircnmcnts for the use of 
American-made commoditics mean that U.S. pes
ticide manufacturers have a, vested interest in 
maintaining a control strategy based almost cx
elusively on insecticide use. They can be expected 
to over-stress benefits, overlook'difficulties of f(
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'environmcntal laws and regulations are 
not met. They can be expected to emphasize the 
hazards of insecticide use, to over-stress the potcn
tial of alternative 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 -nd 
economic ix)wer to influence, if not determine, the 
shape of grasshopper and locust management
worldwide. U.S. financial contributions to control 
are sizable and USAID has placed effective con
ditions on the use of' these funds. The United 
States isperceived by many to have the technical 
resources for pest management generally. 

On the whole, USAID has assumed a reactive,
rather than aproactive, posture toward Congress 
as well as other pressure groups. So far, USAID's 
grasshoppcr and locust work has escaped the kind 
of scrutiny that it deserves. Generally, Congress' 
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rex)rting requirements have ben countcrprxluc-
tive, deflecting attention from more fundamental is-
sues and glaring missteps: 

Nena Vreeland of ('I)IfIJ[tSAIl)'s ('enter for 
l)cvclopmcnt Information and Fvalualionl foundout from iniervics that [USAII)] field professionals
spend about 6 perce.nt .)ftheir time on rcfx)rting
requirements to('ongresandanother 20vprcent on
reporting to [JSAI1)/Washington. As oneItSAIDII slaff merntxr fi-incd out, "lDvlopmcniissomthing ihaemSAIb do.tns t lursdalyatsrmen." (98) 


Thus, OTA does not intend that the inprovc 1 
oversight discussed here he 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 cntzagc in 

a thoughtfu] dialo gue with cllectivC l1'10\k,-

through. Perhaps it is time 
to involve additional
outsiders in thts 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 changcs within USAII)

and options f)r 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 

otc or more of the reports (app. F). Each report

fullillcd congressional requirements; each wits

contracted externally but conducted with the assis-

tance ol' USAID staff. 


USAID contracted Opportunities to Assist 
DereLfligCountries iii the PW)wr Use ofAgrircul-
tural and Idustrial Cheinicals (22) to comply with 
a 1987 Foreign Assistance Act amendment by
Rep. David Obey's Appropriations Subcommittee on Foreign Operations, Export Financing, and 
Trade. It was prepared by the Committee on
H1calth and the Environment (which included rep-
rescntatives of' environmental groups, industry,
labor organizations, and universities) with help
from the Conservation Foundation. Its scope in-
,"luded chemical use for industry as well as agricul-
turc and industry; that distinguished it from the 
following two reports. 

A Programmatic Environmental Assessment
for Africanand Asian locust and grassho pper con
trol programs (95) wits prepared by TAMS Con
sullants and rthe Consortium fo€ InternationalCrop Protection. This fulfilled USAI D's statutory 
requirement to assess the environmental impact of 
overseas operations and the Agency's internal environmental regulations. On the whole, this isconsidered acomprehensive and balanced prescn
tation, and OTA's analysis relies heavily on it.Also, this report has had a significant impact on 

USAID: a task faOrce has met regularly since mid
1989 toconsider ways(kif implementing the report's
recommendations. 

The third study', a mid-termi evaluation of
USAID's Africa Fiticrgency Locust/Grasshoppcr
Avssistance (AELGA) project, was conducted by
Tropical Research and Development (99). This,
unlike the others, wits no(t a completely indc 
pendent external review because an USAID en
tomologist served on the three-pcrson analytical
team. It assesses the progress of' itnumber of 
USAID projects through mid-19,I989 with the ema
phasis on locust and grasshopper contro l programs 
in five Sahclian countries. 

The recommendations 
from these three 

studies have some similarities and differences: 

Integrated Pest Management (IPM): The 
Conservation Foundation re rt and the 
Programmatic Environmentai Asscssmcnt 
emphasize that USAID should increase use 
of IPM, with the goal of making IPM its 
primary pest management approach as well 
as its stated policy. But the AELGA 
evaluation omits IPM from its 
major

recommendations, conf'ining the 1PM 
discussion to an annex on research. 

Improved Use of Pesticides: Ali three 
reports rccommcnd improved ofuse 
pesticides as consistent with an IPM 
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 bxdies of water or in 
areas containing endangered species), 
minimizing the area sprayed, and using 
economic thresholds for deciding if and 
whcn to spray. 

" 	Cumulative Impacts of Control: The 
Programmatic Environmental Assessmcnt 
and the AELGA evaluation address the 
problem of cumulative impacts of p sticides 
used in health and agricultural programs. 

Training: All emphasize providing training 

and technical assistance to various grouns, 
such as crop protection personnel, USA ID 
staff, and African farmers, on various topics, 
e.g., safe and sound p(sticidc use, storage, 
and disposal. 

* 	 Control Alternatives: All endorse increased 
research on alternative technologies. The 
Programmatic Environmental Asses.;ment 
and the AELGA evaluatior advocate 
field-based economic research as well. The 
Conservation Foundation strcsses linking 
research with the perspc:tives of' project 
benefic iaries. The Programmatic 
Enironmental Assessment recommends 
field testing Nosema and other biological 
agents such as ncem 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 involving international, regional, 
national, and local 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 les;on. The minutes of USAID 
meetings in I-larper's Ferry, WV, and Dakar, 
Senegai provide some insights from the field. 
Also, USAID mission staff have access to inforrna-
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 forrm 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 ii an s to play a 
leadership role in developing sustainable pest 
management strategiesfor Africa: giving higher 
priority to IPM; building inhousescientific capacity
to 	inprove its ability to use pestiidesjudiciously; 

improving internal, interagency, and international 
coordinationas wellas improvingsupportfor various 
other organizations involved in pest management. 

The changcs needed to improve USAID's ap
proach to pest nanacment are substantial 
enough to require a shif't in the way the agency 
views the goals of pest management and the wavs 
in which those 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
ticidcs and improved cost/hcnefit methods), to im
prove forecasts, and to improve environmental 
monitoring of insecticide .Lse. Generally, the U.S. 
strategy should lay out a long-term, multipcst ap
proach (where possible) to pest management, one 
that would support preparedness and prevention 
while minimizing pesticide use and incrc;.ising cn
vironmentaland health safeguards. Also, this plan 
should carelfully defiie complementary uses of dis
aster and development assistance. C'ongrcss could 
providc USAID with overall direction, set time 
limits 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 wEl/as its episodic and chronic 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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Box 4-A-Potential Congressional Oversight Questions and Congressional Policy Options:
Revising USAID's Strategy 

Accountability for the Past: 
* How did USAID select widespread pesticide spraying for its campaigns against locusts andgrasshoppers? What field-based, economic evidence justified this involvement? 
" What amounts and percentages of total USAID funding to Northwest and sub-Saharan Africafrom 1984 through 1990 were for pest management of all pests, compared with that forgrasshoppers andlocusts? How does this compare to estimates of crop losses from difftrentgroups of pests? 

Preparing for the Future: 
• Flow are USAID's plans being revised based on recent locust/grasshopper campaigns in Africa?What will be done diflerently the next time? 
" What alternatives to spraying might effectively .icrease African fo)d security during locust andgrasshopper upsur Yes, e.g., cutting other agricultural losses, providing f(xud aid or supplies forreplanting'? How does spraying compare to these other tactics in terms of: 1)effects on farmersand 2) costs and beneits at the national level? 
* What arc the benctits and costs of implementing a preventive appro.ach during locust andgrasshopper rcccssions? How do thcsc compare to wiLespread spraying? 
* What management changes would help to intc~rate pest prevention, research, and control withinUSAID and(ot her Executive Branch agencies?
 
* 
 What progress has been made to implement the high priority recommendations of USAID'sProgrammatic Environmental Assessment? Wgat measurable indicators, milestones,time-frames, and estimated costs have becn developed for these? 

Congressional Options: 

Option 1: Congress could direct USAID to revise its Locust/Grasshopper Strategy ,aperfor Africa that would:apply IPM during recessions and upmuq,'es; integrate research, development, and prevention with disasterassistance; address the context in which migratorypests occur and assign priorities among activities duringrecessions and upsurges. 

Option 2: Congress could review USAID spest tnanagement planning to ensure that earlier problems are notrepeated. Congresscould requestshort (1page)progressreports with quantitative data and anticipatednodifications.,.sui asabreakdown ofAELGA sp.ecijic activities and costs forfiscalyears 1990and 1991. 
.)ption 3: Congresscould invite USA ID to discuss differences between its actiual priorities and those recommended by it,Programmatic EnvironmentalA.sesst'it. USA ID could be ask, d to lis.t objecives, milestones,
timneframnes, a'df:unding of activities to implement the assessmnent's recommendations.
 
Opt!4n 4: 
 Congress could ask USAID's Cetterfo~r Development Infornation and Evaluation to do aprogamn
assessi ent of USAID's disaster work.
 

SOURCE: Office of Tcchnolog Asses.mcnt, IMO. 
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USAID should revise the 1989 Locust/Grasshop-
pe" V.anarenent Operations Guidebook to con-
fkorm with its updatcd strategy. The revised locust 
and grasshopper strategy paper might be incor-
porated in, or later appended to, a USAID policy 
document on pest management. 

A number of the Programmatic Fnvironmen-
tal Assessment's recommendations directly relate 
to strategic consideral ions and policy changes. 
Many of these should be incorporated into the 
rc\iscd USAID Strategy Paper and the u)htcd 
)perations Guidebook because this is the most 

conim ichcnsive analysis availableon many otthese 
Issues. USAI1) seems to be moving to implenent 
many of these reconmendtatios. I lowever, cer-
tain differences are apparent between the two sets 
of pri rities. For example, USAID isgiving higher
priority to pesticide disposal and less to surveys of 
cnvironmentally critical habitats. 

7TheAELGA4 Project 

The major USAID fI ndin ofl locust iald 
grasshopper programs currently is through the 3-
year AI:LGA project slated to end September 30, 
1990. While the AELGA project's goals encom-
passed emergency and long-term development, 
the individualcomponents had not been ca, efully 
thought through and many specific activities sul'-
fered f'rom poor planing. Project assumptions 
were not identified; constriints were not deaIt with 
in advance: measurable objectives and realistic 
milestones to measure progress were not set: 
feasible management systems were not put in 
place hel'ore funding began, etc. As a result, often 
emergency and long-term elements did not rein-
1ouce 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 impacts of spray programs-
reflects the absence of budgeting time, personnel, 
and resources for these activities during the 
project planning and contracting processes. 
These problems should be avoided in the next 
phase. 

A Rolefor Tavk Forces 

OFDA forms task forces in response to 
specific disasters with the goal of improving inter-

agency coordination. When a given disaster is 
perccivcd to have run its course, OFDA disbands 
;ts task f'orce and other groups within USAID are 
expected to carry on. OTA found that the OFDA 
Desert Lucust Ta:;k IForce, with 1ts weekly meet
ings and annual evaluation and planning con
ferences, wits generally effective in coordinaling 
thc U.S. emergency response. For the locust prob
lem, however, the task Ifrcc's tx)sition in OFDA 
and its narrow mandate to coordinate the emer
gcncy response had serious negative consequcn
ces. OFI)A disbanded the Desert Locust Task 
Force in June, 1989, and the people who built up 
knowledge during this elf'fk rt moved on to new 
responsibilitics within 1JSAII) and other U.S. 
agencies. The datacollected during the task ftorce's 
life was put into stonage. 

A similarly orzanized USAII) task thrce with 
a broader mandate to examine long-term pest 
management might initially fcormulate an im
proved USAII) strategy and plan and oversee its 
implementation. The broader mandate would 
imply at wider membership oii the Pest Manage
ment Task Force and grcatcr responsibilities 1')r 
eval uation. For example, persons with solid tech
nical expertise a:,!- those representing research, in 
ildditi'n to coir,' should bc included. So should 
representativ,-s of I)ril\te voluntary organizations 
working with local larmer groups. Data gathered 
during the coursc of an upsurge should be mined 
rather than stored. The Pest Management Task 
Force might also oversee implencntation of 
recommendations from tile Programmatic En
vironmental Asscssment and coordinate the U.S. 
response to various worldwide plant protection 
initiatives. 

loitially. this Pest Management Task Force 
could conalission an independent, external group 
to c':amine the 1980 to 1989 locust and grasshop
per control programs in Af'rica 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 mount,.( most effectively and how 
they could be minimized. Also, the group could 
provide recommendat ions for future U.S. 
programs. While this group should collaborate 
woihl U.S. agencies, it should be 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
bot., 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 
Emcrgency Management Adminis'ration's cx-
perience with domcstic natural hazard research 
and planning may be relevant. 

Implementing Integrated Pest Management 

Finding: More fully using IPM will require a 
substantial investment in research, training of 
Africans, and improved technical capacity among
USA ID staff. Since IPM is a multipronged systems
approach,it will require renewedefforts at coordina-
tionanddrawingtogetherinformationfrom a variety
of sources: U.S. universities,government agencies,
andother donors. 

The United States has important capabilities
to contribute to improved pest management via 
IPM. Certain U.S. organizations and individuals
have substantial experience in using this systems
approach. Likewise, USAID has staff who 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 IPM (box 4-B). 

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

spread to those working with small-scale ag,'icul
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 IPM. 

It seems, that USAID policy regarding IPM 
was not well understood nor fully implemented by
those who led the recent emergency grasshopper
and locust campaigns. USAID stopped funding
several regional longer term IPM efforts in Africa.
Termination of funding seems justified for these 
specific projects but no alternatives weredeveloped and funded. The agency has supported
imaginative and effective pest control approaches,
such as an IPM program in Honduras, however. A 
new USAID policy statement on IPM, the Pest 
Management Sector Review, was planned (29) for 
Spring 1990 but has been delayed until at least 
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 IPM. 

Research 

Shifting from the current emergency focus to 
a preparedness and prevention approach will re
ciuire that USAID tackle several types of research. 
Oeveloping 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), Environmental Protec
tion Agency (EPA), Department 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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Box 4-B-Potential Congressional Oversight Questions and Congressional Policy Options: 
Implementing Integrated Pest Management 

Accountability for the Past: 

0 	 Given that USAID's departure from its stated policy of IPM in the recent locust/grasshopper
campaign was not fuliy justified, how might the agency have responded differently? Draw up
several scenarios, including one without any pesticide use on the part of the U.S. Government. 

Preparing for the Future: 

* 	 What research isUSAID funding or planning in relation to alternative locust and grasshopp-r

.ontrol methods, including projects on biological control, crop loss and economic injury levels,

insect and weather forecasts, pesticide tests, etc.?
 

• 	How is USAID implementing IPM generally and in regard to locusts and grasshoppers
specifically? how might USAID rely more on IPM during the next upsurge? What managemcnt
changes might be necessary for this to occur? 

* How does USAID set research priorities for programs related to Africa? What percentage of all 
USAID agricultural research funding directly relates to IPM? How do USAID's various bureaus
coordinate research funding among themselves ar.d with other donors? 

* 	 What efforts is USAID making to increase its technical capacity, generally, and in pest

management, specifically? What staff hiring and training programs are underway at the missions
 
and in Washington? What are their results?
 

* 	 How, and at what costs, does USAID support agricultural extension and trainin in Africa; to

what degree is IPM included in these programs? To what degree is IPN included in
 
USAID-funded training of Africans in U.S. universities? 

* What are USAID's plans regarding estaiblishing policies and/or regulations for development and 
use 	of biological control agents andor genetically engineered organisms in USAID-funded 
programs? 

Congressional Options: 

Option 1: Congresscould ask that USAID complete its delayed Pest ManagementSector Review by an agreed 
on deadline. 

Option 2: Congress could establish a Pest Management Task Force to determine and implement a revised
 
USAID strategy. Also, this Task Forcecould: 1)commission an independentevaluation,perhapsby the National
 
Research Council,of the recent locust and gasshopper campaignsand 2) form a standingResearchAdvisory

Comnittee on grasshopperand locusts to backstop the U.S. Government's integratedpest management efforts.
 

Option 3: Congress could ask USAID to prepare a policy (e.g., a Strategy Statement, Policy Paper,Policy

Determination,orotherform, as appropriate)for using bioengineeredorganisms in U.S.-supportedprogramus
 
overseas.
 
SOURCE: Office of Technology Assessment, 1990. 
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leges and universities) and developing country 
groups to conduct applied IPM 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 campaign. Still, the 
part of U.S. contributions currently designated for 
development of biological control for locust and 
grasshopper problems may be unwarranted he-
cause of biological control's unproven potential.
So, important questions remain, especially regard-
ing future priorities of U.S. research. 

USAID needs improved inhouse technical cx-
pertise and this is especially important if USAID 
supports IPM 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 programs suff'cr in quality, 
become unduly influecp zd by political considcra
tions, and lack centi,-u.y. While USAID has al-
ways relied on contracted cxpcrtisc, many find 
current trends disturbing. USA!I) is known to 
have minimal technical capability in pest manage-
ment (22). It seems that (JSMD has increasingly
fewer career professionals with technical expertise
and that the agL icy has prolems retaining those 
it does have (1B2). Some experts contend that 
other donors, such as the Dutcl,, West Germans,
ancl French, did a better job tapping their 
countries' technical expertise )rgrasshopper and 
locust problems. 

Overall, U.S. Government agencies pay cx-
perienced scientists less than the private sector. In 
addition, USAID incentives reward those who 
plan-raither than carry out-programs. USAID 
field staff with general administrative experience
and degrees ia political science and economics are 
i a poor position to monitor the scientific merit 

of'ongoing work rlated to scientific and technical 
issues (129). As a result, many layers of review by
otilside experts and other USAID staff in 
Washington are required, adding to the cost andtime required to complete a given activity. 

Rcsearcn programs should take place in Africa 
as much as possible, include gender and family
systems analysis, focus on the neediest farmers and 
herders, and tap indigencem.L knowledge as well as 
"frontier"technology. For example, efforts to im-

plement an IPM 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 benefihs. 

Applying IPM to African realities will be chal
lenging for American and European scientists. 
African scientists familiar with their environment,
and able to speak the small farmers' languagc(s) 
may be better positioned to conduct this research
than others. A small competitive grants program 
to support IPM-related research by Africans might 
encourage this type of work while bypassing the 
financial and management problems that were
typical of the failed Permanent Interstate Corm
mittcc for Drought Control in the Sahel (CILSS)
IPM project (136). 

The Pest Management Task Force discussed 
above might designate a standing Research Ad
visory Committee, comprised of experts in IPM, to 
assist USAID in decidingwhich research topics arc 
most inrportant to support. Members of the com
mittee might assist USAID in designing realistic 
requests for proposals and selecting the re
searchers to carry them out. The committee, 
therefore, must bc informed of. 1) the U.N. Food 
and Agriculture Organization (FAO) progress on 
research priorities regarding African grasshoppers
and locusts, 2) African and European researchers' 
work on African insects, and 3) rclevant re!search
in Canada, Australia, and the United States 
regarding other types ofgrasshoppers and locusts. 
USAID could tap the modeling work of other 
Federal agencie,. "and university scientists to im
prove forecasting. New or improved pest popila
tion and migrat:-'n models are potentially very
useful, especially for the African Migratory
Locust, the Desert Lo.:ust, and Senegalese
Grasshopper. 

Training 
Generally, training is cost-effective, helps

strengthen institutions, and increases programs'
sustainability. A clear need exists for training
farmers in currently available IPM methods, such 
;'s early identification of pests, safe pesticide use,
and planting se :urity 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 
IPM is included. 

BioengineeredOrganisms 

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, USAdD was forced by a 
lawsuit to develop appropriate guidelines for its 
development and us- of pesticides. Today, 
USAID's policy response to the use of bioen-
ginecred 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 alleviate 
African, as well as American, 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 

to examine carefully itsFinding: USAID rxed 
pesticide research,evaluations, and technical assis-
tance and then incorporaieresult- so thatpesticides 
are used more selectively. Trainingin safe andeffec-
tive pesticideaseshouldbe a key component ofdonor 
crop protection efforts. Donor,coordination will be 
essentialif U.S. policbes areto have the greatestin-
pact. 

Past locust and grasshopper control programs
have left Africa with a le'ay of unsolved 
problems. USAID's response to date 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 arA water, and the 
environment. An essential dimension is better 
balancina the costs and benefits of control. 
Another is 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 and program planning. Also, USAID's 
proprams probably wouldbe more cost-effective if 
decisionmakers were more explicit regarding
trade-offs and their consequences regarding insec
ticide use. For example, sampling 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 andclean-up. 

Training 

Training in safe and effective pesticide selec
tion and use is needed on all levels, from 
policymakers to individual farmers. Training 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. Advantages might exist to making
training part of broad-based efforts, e.g., USAID 
could develop training programs for all pesticide 
applicators, whether spraying for malaria, 
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Box 4-C-Potential Congressional Oversight Questions and Congressional Policy Options: 
Using Pesticides Judiciously 

Accountability for the Past: 
* What has been the U.S. role in poor pesticide use (including site selection, storage, application,

and disposal) in developing countries? 
" What obligations-legal, ethical, and political-does the U.S. have to help correct such problers?How muci might those efforts cost and how -sUSAID preparing, with other donors and African

governments, to meet them? 
* How is USAID addressing insecticide storage and disposal problems resulting from previouslocust/grasshopper controf efforts? What monitoring is underway for longer term health andenvironmental effects? 

* 	 Which U.S. procurement requirements increased costs, caused delays, or led to duplicate effortsin the recent campaigns? How much did these requirements add to U.S. costs? 

Preparing for the Future: 

* How will USAID use pesticides more selectively and efficiently the next time gras.shopper andlocust upsurges occur in Africa? How will USAID encourage other donors and Africans to do
the same? 

* What research isUSAID supporting to develop safe and effective insecticides? 
o What isthe combined impact of pesticides used in agriculture and health programs on long term 

sustainable development? How isUSAID addressing these concerns? 

Congressional Options: 

Option 1: Congress could ask USAID to specify how it will use pesticides more selectively andefficiently andamelioratenegative health and environmentalimpacts. 

Option 2: Congress coulddirect USAID to document in its environmentalassessments howpesticide selectionand targeting comply with EPA and U.S. Fish and Wildlife Senice regulations and the Convention onInternationalTradein EndangeredSpecies (CITES) regardingprotectionofcriticalhabitatsand threatenedand
endangeredspecies. 

Option 3: Congress couldwaive tied aidandselectedprocurementrequirementsforpest managementinAfricato improve the speed, effectiveness, and efficiency with which insecticidesare used. However, a new USAIDstrategyfor more carefulandselective pesticideuse shouldbe in placebefore grantingsuch a waiver. 
SOURCE: Office of Technology Assessment, 1990. 

grasshoppers, or other agricultural pests. This is Preparedness
ikely to save monc; in the long-term and ensure 
a more integrated apprcach to pesticide use and Preparedness can save time and expense in thedocumentation. long run. Information on insecticides in the 
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Programmatic Environmental Assessment (e.g., 
about which insecticides are more or less toxic to 
various habitats) and the Operations Guidebook 
is a good first step. USAID could take additional 
steps to alleviate confusion in the field regarding 
various insecticides and help its missions prepare 
for the next pest upsurges. Making one-person in 
USAID/Washington responsible for maintainin, 
up-to-date files on each imsecticide 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 o- updaie countr supplemental en-
vironmental assessments to fu ill Regulation 16. 

IUSAID can implement sown staffs' sugges-
tions to prepare for upsurges. For cxample, estab
lishing mnore broadly-based rosters (I highly 
qualificd technical experts and experienced con-
tractors who conduct aerial spraying (114) and 
maintaining up-to-date rosters could reuuce 
delays in providing miss,)iis with assistance. 

The concerted joint ,-fforts of donors islikel 
to hiwc: greater impacts than single-handed U.. 
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 major supporter of health-related spraying 
and FAO,for agricultural spraying. The U.N. En-
vironment Programme would have an important 
role as well. The United States could contribute 
to this globa! effort in various ways. Either an 
external review panel or an interagency IPM task 
force could analyze pesticide :.e in all USAID-
sup;-iorted work. Donor coordination also is im-
portant ii,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-
grcssional action. U.S. procurement requirements 
regarding U.S. development assistance sometimes 
add to program costs, increase administrative bur-
dens or Africans, and result in the use of inap-
propriate technologies (128). OFDA funds have 
built-in waivers from certain of these require-

ments, but pest problems rarely fit within OFDA's 
limit of providing assistance for 60 to 9) days. The 
reccit campaign showed that prepositioning in
secticides and equipment in Africa or Europc is 
cost-effective because it reduces air freight and 
enables a more timely response. Granting,wavers 
to competitive bidd'ng requirements or non-
OFDA funds may help bring about a more effi
cient control program and he!p maintain such 
pre-positioncd "pesticide banks" during upsurges. 
However, prepositioning insecticides might also 
facilitate even more widespread spraying. Pcs
ticide banks would need careful maintenance to 
assure proper storage and this has not been done 
in the past. 

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

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

Within this context, a variety of organizations 
receive donor support, ranging from the national 
crop protection services to FAO and the regional 
African research and control organizations. A 
more coordinated approach to supporting these 
groups, as well as to supporting work in USAID 
and among U.S. agencies and other donors islikely 
to stretch scarce resources (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 Structureof U.S. Aid 
Administrative responsibility for coordinating 

locust and grasshopper efforts within USAID 
shifted four times during the 4 years of the recent 
campaign (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 inresponding to requests from USAID 
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Box 4-D-Potential Congressional Oversight Questions and Congressional Policy Options:Coordination and Support for African, U.N., and Regional Organizations 

Accountability for the Past:
 

I
How does USAID support African national institutions in implementing sustainable pestmanagement? How much 1986-89 funding went to national crop protcction services in Africa?How much money went to U.S. firms and universities? What part of total U.S. assistance werethese amounts? 
" How have U.S. x)licy reform efforts affected African institutions and U.S. support for them?What impact did thishave on locust and grasshopper control? 
* On what basis has the disproportionate reduction of U.S. repayments of assessments to FAG v.other U.N. organizations been justified by the U.S. Stateepartment? Howv does the StateDepartment respond to FAQ's contention that this hampered their locust and grasshopperprograms?!
 
* 
 What bencfits have been provided by USAID's "greenness maps" and at what cost? When willthe capabilit to produce them be transferred to Africa? What will be the recurrent costs of sucha program?) W does this work relate to that of other groups doing similar work? 

Preparing for the Future: 
* How isUSAID coordinating its grasshopper/locust efforts with FAO, other donors, and Africancountries regarding research, monitoring and surveillance, training, and insect control? 

iWhat regional research and control organizations isUSAID funding? What activities regardingintegrated pest management and grasshopper and locust control are being supported and why. 

Congressional Options: 

Option 1: Congress could ask that USAID set priorities regarding the nature, level, and timingof support forthe various groups involved in locust and grasshopper research, monitoring and control. As Congress overseesUSAID's planning it could ask USAID to identify related activities being conducted by others and describe howUSAID-supported efforts complement, rather than duplicate, them. 
Option 2: USAID could be encouraged to identify instances where congressional action constrains cost-effectiveness or subverts long-temi work in favor of crisis management. 
Option 3: Congress could examine the impact of the State Department's distribution ofpayments on FAO'slocust andgrasshopperprograms, consider whether Congress'gidelinesforpayments to U.N. organizations areadequate, and detemfine whether the guidelines were applied satisfactorily by the State Department regardingU.S. payments to FAQ. 

SOURCE: Office of Technology Assment, 1990. 

missions in Africa. Such administrative changescompounded Iong-standing problems of coordina-
Now that the insects are in recession, donorsand others will be tempted to turn attention totion within USAfD and other U.S. agencies. other issues rather than carefully reassessing past 
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programs and planning more sustainable, preven-
tive approaches. Congress should ensure that this 
doesn't happen, although this may be the time for 
leadership of the U.S. effort to shift with new 
objectives. A!PHIS represents the United States 
on the FAO's Desert Locust Control Committee; 
S&T/USAID has a leadership role in the World 
Bank Special Program for African Agricultural
Research (SPAAR) research task force and par- 
ticipates in a multidonor effort to prepare a global 
crop protection initiative (31). These agencies can 
play a larger 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 to parallel efforts by the 
Dutch, French, and FAO. Negotiations could 
eliminate the more costly overlaps and cnsure that 
various components are integrated. An increased 
proportion of'U.S. assistance might be allocated to 
multilateral organizations because the tied aid re-
quiremcnts of bilateral assistance contributes to
duplication of donors' efforts. At a minimum, 
USAID should track the progress of others' 
planned or current projects before designing or 
funding similar ones. And, USAID should share 
its plans with other donors. 

The Role of NationalCrop ProtectionServices 

Finding:Many African nationalcropprotection 
servicesarepoorly equippedto take over a largepart
oflocust and grasshoppermonitoringand control or 
to develop integrated pest management strategies. 
Better-coordinatedregional approachesare needed, 
but supportfor building individualcrop protection 
servicesmust be asigniflcantpartofdonorassistance. 

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 in sub-Saharan Africa should 
gradually assume a greater role in leading the IPM 
and locust and grasshopper control. In Northwest 
Africa, however, the national crop protection ser-
vices already carry out this role. 

Numerous avenues can increase the ability of 
African nationd crop protection services and other 
agencies within the Ministiies of Agriculture to do 
this, e.g., training, technicalassistance, and institution
al develkpment. Currently, many crop protection ser
vices in the Sahel are handicapped by institutional 
constraints, jurisdictional problers, and/or the lack of 
infrastructure, trained personnel, and working equip
ment. They also lack information on alternative 
controls for insect pests. Donors can support ap
plied research by Africans to identify andtest 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 al
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. 
Generally, the four Maghreb countries have well
organized crop protection services (sometimes
with specialized locust control groups) and they 

n respond quickly to insect upsurges. They
rtpidly established locust control operations with 
a central headquarters, regional 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 Agricul
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 outbreaks 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 equipment), and improving pesticide 
storage facilities. The estimated budget was 
$720,(X)0 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 wouldnot enter the Maghreb region.
Also, Algeria and 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, IPM
requires, among other things, the cooperative ef-
fort of crop protection services with agricultural
research and extension services, forest services, 
ctc., to identify and use new pest management
technologies. 

The Role ofAfrican Regional Organizations,FAO,
InternationalAgriculturalResearch Organizations,

and Local Groups 

Finding: Regional groups have a distinct ad-
vantage in dealing with regionalproblems such as
grasshopperand locust upsurges. African regional
organizations must continue improving their 
management andfinancialsupport to reach their 
potential.FAC can lead in compilingdata,forecast-
ing insect upsurges, and sponsoring meetings; the 
internationalagriculturalresearchorganizationsin 
Africa can develop alternativecontrol methods. 

Finding: Local groups'participationin locust 
and grasshoppermonitoring and control has sig-
nificantadvantages.Participationcanbe encouraged
via the involvement of African nongovernmentalor-
ganizationsand donors'supportfor certaintypes of 
training,technicalassistance,andpilot projects. 

The recent locust and grasshopper upsurges
demonstrated the importance of a variety of African 
groups and international organizations and highlighted
their limitations. The resulting lessons learned have
implicationsforimprovingU.S.developmentassistance 
to Africa. 

The sub-Saharan regional control groups- Joint 
Locust and Bird Control Organization (OCLALAV),
Desert Locust Control Organization for Eastern Africa,
and International Red Locust Control Organisation for 
Central and Southern Afiica--traditionily conducted 
control inareas beyond the reach offinanciallystrapped
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 

where they will do it. For example, OCLALAV's 
members recently shifted responsibility for locust 
and grasshopper control from OCLALAV 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 sustainability re that African member nations 
take the iadin 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 be flexible
and consider the whole 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 Agrometeorology and 
Hydrology for the Sahel (AGRHYMET) green
ness maps has implications for similar programs
funded by FAO as well as for relationships among
African regional organizations. Also, decisions regaid
ing OCLALAV's new responsibilities, Africans and 
donors must consider OCLALAV's work in relation to that of the other regional organizations
associated with CILSS, especially AGRHYMET 
in Niame)Y, Niger and the Sahel Institute in Bamako,
Mali. AGRHYMET has been steadily increasing
its technical forecasting capacity but, like FAO,
Programme de Recherche Interdisciplinaire Fran
cais sur les Acridiens (PRIFAS), and USGS, has
problems obtaining field data and disseminating
information rapidly throughout the Sahel. The 
Sahel Institute, with trained scientists and up-to
date equipment, h,s the potential to conduct re
search and help implement some components of 
regional IPM programs. CILSS' crop protection 
training department in Niger may be able to inple
ment other components. Also, CILSS may be able 
to help mediate disputes between members that 
jeopardize survey and control efforts. However,
CILSS' track record in IPM 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 adaptive research; information ex-
changes; fellowships, training, and personnel 
swaps; institutional "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 internal 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 may be a model for joint ventures in other 
arc:ms. 

FAO-The questions surrounding the recent 
locust and grasshopper campaign will remain 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. This islikely 
to demand more resources, especially to develoX 
a public database on pest levels, pesticides use, 
value of crops, etc. 

Also, more coordinated responses are needed 
during upsurges and recessions. FAO has a long 
history coordinating these programs and is the only 
organization with the U.N. mandate and credibility to 
bring together the large number of donors and af-
fectcd nations. For example, FAO isapplying remote 
sensing and modeling to the locust problem with more 
continuity, cohesiveness, and scop. than any other 
organization. So FAO is in a position to assist other 
donors divide responsibility among competing early 
warning and remote sensing programs and comple- 
ment each others' efforts. FAO-sponsored regional 
conferences can continue to promote donor and 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 "strategiccon
trol" with multinational teams are examples, and 
the organization's intention to fund these efforts 
during recessions deserves U.S. support. FAO 
must actively educate African, U.S., and donor 
policymakers on the necesity for laying groundwork 
during recessions fc.: 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. FAOand the U.N. Development Programme 
(UNDP) established ajoint Scientific Advisory Com
mittee in late 1989 to review research pro posed for 
UNDP and donor funding. Also, FAO/ECLO 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, highlighting the inadequacy of regional and 
national African groups. In the short term, FAO's 
direct participation in control probably will be 
needed but its goal should be to increase African 
capacity-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 ways to 
monitor the effcctiveness of spraying and its impacts 
on health and the environment. 

Several broader problems exist in providing U.S. 
support to regional and U.N. organizations. Pursu
ing foreign policy objectives sometimes has resulted 
in termination of USAID 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, 
by causingsevcre cut-backs ingovernment employees 
(24). 

The U.S. Department of State allocates funds 
to pay assessments and arrears due U.N. agencies, 
within general congressional guidelines. Vo some, 
itappears that theState Department srecent 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 nearly 70 percent of FAO's 1990 
annual operating budget. In several instances,
lack of funds affected FAO's locust work adversely, e.g., field control staff were iecalled when itappeared that FAO could not meet its payroll (91).
In January 1990, the Bush administration re-quested nearly full funding of U.S. assessments
and 100 percent payment for arrears, scheduled over 5 years. 

Congress' guidelines for State's decisions arebroad, emphasize political and financial considcra-tions, and provide the State Department with wide 
latitude (see 124). Authorization for USAID and
the State Dep ar,.aini is done in different legislation by the House Foreign Affairs and SenateForeign Relations Committees. The Senate andHouse A propriations Committees set USAID 
and the Etate Department's budgets. In eachchamber, however, two different subcommittees 
are involved. These variou- congressional actors
differ in philosophy, reporting requirements, andthe latitude they a2llow Executive Agencies. Thisconstrains U.S. development efforts in Africa.
Therefore, the various congressional subcommit-tees have a responsibility for coordinating their
activities. For example, the two relevant SenateAppropriations Committee's Subcommittees: 1)Foreign Operations and 2) Commerce, Justice;
and State; the Judiciar); and Related Agencies)
could together examine the general congressionalguidelines for funding U.N. agencies, their ap-plication to FAO, and their substantive adequacy. 

International s.nd Regioral Agricultural Re-
search Orgapizations-ICIPE 
 and 1ITA are cur-

rentlyex loring biological and biorational controls

for the Eesert Locust and certain grassho pper

species. ICIPE and DLCO-EA 
are among thosetesting the effectiveness of improved chemical in-
secticides. 

These organizations should train the staffs ofMinistries of Agriculture and conduct joint re-search with national agencies as part of their re-search. These international organizations arelikely to increase their research's chance of suc-cess, build support for their organizations, and
increase national capacity in this way. Donors andmember 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 andthose in Europe, the United States, and elsewhere 
in Africa. 

Participation oLor l Groups-Certain groundsurvey and control efforts in the recent campaigns
were highly successfulbecauseoftheparticipaticn
of local groups of farmers and herders. Generally,
farmers' groups helped conduct survey and controlefforts near their croplands and herders scouted in 
more remote areas. Local groups' abilit ics to supply indigenous knowledge about pests and providedonors and others with specific informationregarding local needs was less adequately tapped,
however. 

In the Sahel, farmer brigades were organized bynational crop protection services assisted by USAIDand UNDPfunding. Forexarnplc,ftarmercommittces 
inSenegal and Gambia were trained to rccognize thebuildup of the Scnegalcse grasshopper and take action in or near their fields (19). Similar training wasconducted in Mali, Burkina Faso, and Niger (71).Crop protection teams in Mali, aided by PRIFAS
refxprts, identified areas of heaviest infestation, set upinsecticide stores, and trained farmers to use manualdusters or sprayers to kill Scnegalcse grasshoppers as
they hatched. Similarly, Malicm farmers, trained byplant protection and extension officers, monitoredegg-laying and controlled Desert Locusts at the time 
of hatching (71). 

In countries where roads are poor or nonex
istent, nomads on camels and farmers on donkeys 
can reach areas that the crop protection servicescannot. In the Sudan, for example, crop protection services hired hundreds of herders on camels
 
as local scouts to monitor insect buildup in inac
cessible areas (121). 

The more that locad people a d their organizations
take part indecisionmakin aut pest management, the 
less uncertainty exists regarding needs, objectives, andmcthoxls that are accuptable and sust~inable, and the more likelyprojectsre tocapturimpomnt information(see box 4-E). Effective pest management that benefitslow-resource farmerswould build on,rather than disrupt,
local means of achieving fcxxl security. Farmers' amproaches to crop protection have developed historically
in wa highly integrated with their social goal andtechnical capabilities. For Lxample, villages in the LakeVictoria region cooperate in protecting crops from birdsby planting the same color and varietyofcrop at thesame 
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Box 4-B-Integrating Farmers' and Scientists' Knowledge for Variegated Grasshopper Control 

The Variegated Grasshopper is distributed throughout West and West-Central Africa. Oc
casionally explosive outbreaks occur, usually when eggs or adults escape control by natural enemies 
and when spring rainfall is higher than usual. Damage is especially significant because these 
grasshoppers eat cassava, maize, and beans-crops that farmers rely on to relieve food shortages. 

In the early 1970s, parallel studies were undertaken in southern Nigeria after several, frequent, 
major outbreaks. Paul Richards and others examined local knowledge regarding this pest while 
the Centre for Overseas Pest Research in London undertook more conventional technical studies. 
Initially, experts suggested that highly organized control efforts, like those used for the Desert 
Locust, would be needed for this species. But the pest proved to be a more localized problem, 
with its life cycle completed within the space of a single farm, and amenable to less centralized 
control. 

Richards found that farmers were well aware of the insect's ecology and, in a few cases, their 
suggestions regarding effective control anticipated the findings of the London researchers: to mark 
and dig tip egg-laying sites on each farm. Other findings of the research team were beyond the 
scope of farmers, e.g., ones requiring laboratory facilities. 

Also, Richards found that research conducted by outside scientists would have been more 
useful and cost-effective if farmers' knowledge regarding grasshopper ecology had been con
sidered from the outset. Instead, the scientists apparently reconstructed information that was 
already available and missed other data that farmers could have provided, e.g., on the relative 
significance of damage to minor but locally significant crops and oral history regarding the timing 
and severity of previous grasshopper plagues. 

The knowledge possessed by farmers and by London scientists and others was complementary. 
Scientists provided certain biological details but farmers knew the social context of the problem. 
Farmers were able to destroy egg-laying sites on individual farms and had already attempted to 
use this method with limited success. Others, however, such as extension agents, were needed to 
coordinate community efforts for the program to succeed. Once egg-laying sites were destroyed 
on blocks of farms, grasshopper numbers were reduced by 70 to 80 percent. a 

aW. Page and P. Ricbards, "AgriculturalPest Control by Community Actions: The Case of the Variegated Grasshopper in Southern 

Nigeria,"African Environmen, 1977, vols 2 & 3, pp. 127-141. 

SOURCE: Paul Richards, JndigcnousAgriculturalRevolution (London: Hutchinson & Co., 1985), pp. 146-149. 

time, thus spreading risk among all the farmers. ment networks do not exist, people have little 
Government and donor planners would benefit access to appropriate literatu, 2, they are not 
from studying such approaches. Highly central- literate, etc. Crop protection services and others 
ized research and management tends to exclude can increase their ability to reach larger numbers 
participation lk, locaI groups. And most grass- of farmers and herders by working with existing 
hoppe and locust control efforts are highly village or farmer organizations or other non
centralized, governmental organizations in the area. The 

African Development Foundation (ADF) and 
The rfiost, erious limitation to increased farmerand others have demonstrated that local intermediary 

herder participation is lack of information about im- groups can play an important role in development 
proved pest management. Generally, pest manage- programs (130). Many such groups exist within 

: QL 320-954 0 - 90 - 5 
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African countries, including local church groups, thathave the ability to mobilize or communicate with 
people in an area. Information disseminated throughthese types of groups may be quite effective. Forexaunple, one ADF-funded project decreaced use of 
lindane after dancers and a l healer warned peopleof its dangers. 

Funding Implications 

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

" 	 reapportionment within current appropriations
lveK 

* changes to fiancial structures, such as USAID's 
Development Fund for Africa, created in 1988,and 

" 	appropriations of additional funds, 

ReapporrioningCurrentAppropriations 

Some monies needed to support improvements
in USAID's grasshoppcer and locust work may 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,
may incorporate IPM or im roved insecticide usewithout requiring additiona/funds, 

Congress may want to encourage USAID to allo-cate additional existing agricultural funds to pest
management generally and IPM specifically. Pestmanagement received adecliningshareofthe Bureaufor Science and Technology's agricultural budget in 
recent years. From fiscal years 1977 to 1988, pestmanagement received an overall average of 5.8 per-centofS&T/agriculture funds, butin 1986 this sectoronly received 1.0 percent; in 1987, 3.2 percent; and,in 1988, 1.8 percent (116). The amounts of fundsallocated worldwide were small: $340,000 in 1986;$900,000 in 1987; and $520,000 in 1988. This trend,coupled with reduced USAID funding to agriculture in 

general, means that few U.S. development assistancefundsaebeingspentonlongtermpestmgent 

Changes to FinancialStructures 

Congress replaced USAID's functional accounts 
with the Development Fund for Africa in 1988 toprovide USAiDwith increased flexibility and to make 
funding more efficient. Congress could evaluate theimpact of the Development Fund. Early indications are that agricultural funding decreased relative to
other sectors as a result, as did pressure to fundactivities with quick, visible results. lfso, the Develop
ment Fund for Africa may neither be achieving itsgoals, nor be able to serve as a model for other 
programs. 

AppropriationsofAdditionalFund" 

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

Implcmcnting IPM for locusts and grasshoppers
and other pests would require funds for planning,training, research, and cordination. Also, fundingwould be required for preventive work, e.g., monitor
ing pest populations (as advocated by USAID, FAO,
other donors, and affected countries) and improving
forecasting systems. For example, establishing theproposed International Task Force for ground
monitoring and control of the Desert Locust inremote 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, butUSAID will need to estimate some of these costs
while planning the AELGA follow-on project. Congress may want to ensure that all components ofUSAID's follow-on work are considered together. 

Providingequipment and suppliescan be animpor
tant part of efforts to strengthen local, national, andregional African institutions. Some relatively inexpen
sive items may increase the capacity of national cropprotection institutions to monitor insect populations,
e.g., fax machines, radios, and spare parts. Other items
such as satellite receMng stations and major research 
proposals-are far more costly. 



Appendixes
 

/
 



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 Locust/Grass-
hopper Assistance (USAID project) 

-Africa Bureau (USAID) 
-centerforApplicationofAgrometeorol-

ogy and Hydrology for the Sahel (Niamey, 
Niger, affiliated with CIL-SS) 

-AsialNear 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 

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

-Dichloro diphcnyl trichloroethane, a 
persistent chlorinated hydrocarbon 
pesticide 

-Desert Locust 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 1969 

-U.S. Environmental Protection Agency 
-Earth Resources Observation Systems 

(USGS) 
-Food and Agriculture Organization 

of the United Nations 
- Famine Early WarningSystem (USAID) 
-Global Information and Early Warn-

ing System (FAO) 
-German acronym for the German 

Agency for Technical Cooperation 
-International Centre for Insect Physiol-

ogy and Ecology (Nairobi, Kenya) 

ICRISAT 

IITA 

IPM 
IRLCO-CSA 

NOAA 

NSF 
OCLALAV 

OFDA 

OICD 

OTA 

PRIFAS 

S&T 

SAS 

SPAAR 

SWA 

ULV 

UNDP 

USAID 

USDA 
USFS 
USG 
I JSGS 

-International Crops Research Institute 
for the Semi-Arid fopics 

-International Institute for Tropical 
Agriculture (Ibadan, Nigeria) 

-Integrated Pest Management 
-International Red Locust Control Or

ganisation for Central and Southern 
Africa (Ndola, Zambia) 

-National Oceanic and Atmospheric 
Administration (U.S. Department of 
Commerce) 

-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 bchnology Assessment, U.S. 
Congress 

-Programnic de Recherches Inter
diciplinaire Francais sur les Acridiens du 
Sahel (unit of the French research 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) 

-Special Program for African Agricul
tural Research (World Bank) 

-Office of Sahel/West Africa 
(USAID,AFR) 

-Ultra-low 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. Geological Survey (U.S. Depart

ment of the Interior) 
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Glossary 

Band: Cohesive group of gregarious hoppers that Molt: Process by which hoppers shedmarch together in daytime and roost at night 
their skin 

periodically, usually occurring five times during theFax: Also, telefax, facsimile; method for electronic second stage ofthe insects' life cycktransmission ofdocuments Outbnml&k Marked increases in locustFledgling: or grasslopperA sexually immature adult locust or populations leading to the appearance of gregariousgrasshopper that isable to fly, developmental stage after groups; occurs frequently and may mark the beginning ofthe last molt an upsurgeGrasshoppers: Insects with powerful legs adapted for Outbreak Areas: Permanent breeding andjumping, belonging to the scientific order Orthoptera; in gregarization areas that have been identified forthis report refers to a small number of species of major locust species except Desert Locusts; veryaggregating grasshoppers that can form gregarious bands much smaller than invasion areas of these speciesand swarms Plague: Occurrence of many bands and swarms over aGregarious Phase: Period when locust population fnrm large area in different regions at the same timelarge, dense groups resulting from crowding; involves Recession: Period when gregarious bands and swarmsbehavior, color, then shape and physiological changes of locusts and gi asshoppers are rare, solitary insectsinthe insects predominateHopper: Second stage of locusts' life cycle (between Rr.ecession Area: Area that solitary Desert Locustsegg and adult) comprised of several instars and occupy at low density; the vast ce.tral, drier area ofcharacterized by insects' inability to fly Desert Locust distribution, within its invasion areaInstar: Growth period between times that grasshoppers Sahel: Geographically, the semiarid areas of theand locusts molt 
Invasion Areas: 

Sahara Desert's southern edge. Politically, the nineAreas, larger than outbreak areas, in West African countries that are CILSS members.which locust and grasshopper bands and swarms Solitary Phase: Period when locusts and aggregatingcan be found after gregarization grasshoppers live as individuals, when populationsLocusts: Insects within the scientific order Orthoptera, are low-density and scatteredsuperfamily Acridoidea; distinguished from most
grasshoppers primarily by ability to form gregarious 

Swarm: Cohesive group of gregarious adult locusts or
grasshoppers that fly together, usually during thebands and swarms 

Maglireo: day, and rest at nightArea north of the Sahara desert and east of Upsurge: Buildup of bands and swarms, especiallyEgypt; countries of Algeria, Morocco, Libya, and outside of outbreak areas; infrequently marks theTunisia start of a plague 
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Appendix C-OTA Survey Form 

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

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

1950-59 Very Serious Serious Insignificant Not Present1960-69 Very Serious Serious Insignificant Not Present1970-79 Very Serious Serious Insignificant Not Present1980-88 Very Serious Serious Insignificant Not Present 

2. If you detect a serious or very serious locust problem now, please identify, with numbers 1-3, the first, second,and third most important locust species involved. 

Desert locust (Schistocerca gregaria)

African migratory locust (Locusta migratoria)

Red locust (Nornadacisseptemfasciata)
Other 

3. How would you judge the geographic distribution of the locust infestations in the areas with which you are familiarover the last several decades? Please circle one response for each time period. 
1950-59 Not Significant Local Widespread Large/Regional1960-69 Not Significant
1970-79 	

Local Widespread Large/RegionalNot Significant Local Widespread Large/Regional1980-88 Not Significant Local Widespread Large/Regional 

4. 	 Please comment on any trends in locust problems that you see. 
5. 	 Is desertification or local weather patterns intensifying locust problems in this area? Why/Why not? 
6. 	 Do people in the region with which you are familiar eat locusts? 

Yes No 
7. Please add anythin&else that you feel U.S. policymakers, donor groups, or researchers should know regarding

the locust situation in the area with which you are familiar. 
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PART B. EFIECTS OF THE LOCUST INFESTATION 

1. 	 Please list the crops (export and/or subsistence crops) that are principally affected by locusts, the stage/s at which 
locusts attack them, and your estimate of the percentage of the country or region's crop seriously enough affected 

by the current locust infestation to c use a significant drop in normal crop yields. 

t aeof_ern 

Please estimate, if you can, the average national per bectare yield ofthese crops, with and without locu~st infestation2. 
in the country or region with which you are familiar. (Include units) 

Average Yield Without A'erage Yield With 
Crop Locust Infestation Locust Infestation 

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 percentage of the 
locust infestation to cause a significant threat to livestockarea 	seriously enough affected by the current 

production, tourism, soil conservation, or other important uses of non-croplands.
 

Lan ePercentage of

Area Affected 

Grazing lands
 
Parks and protected areas
 
Other:
 

5. 	 Please add anything that you feel U.S. policymakers, donor goups, or researchers should know regarding the 

effects of locusts in the country or region with which you are familiar. 

PART C. CONTROL EFFORTS 

Please list the national agencies that conduct locust control programs in your country or region and the1. 

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 metho'J (e.g., ground spraying). 

Pesticides Used Currently Application Method/s 

Pesticides Usedin the Pat Application Method/s 

3. 	 On what basis are decisions made to 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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5. 	 How are excess pesticides disposed of? 

6. 	 Have ride effects from these pesticides been detected? If so, please list them. 

7. How are safety issues addressed? 
8. Please list the principle locust controls used by subsistence farmers in this area. Indicate whether these are usedpredomin~antly by men, women, or both. 
9. Are village level groups taking part in locust control efforts in this area? If so, how? 
10. 	 What rcnpesticide locust control methods are known, available, and/or encouraged in the area with which youare familiar? Please list these. 
11. What promising new technologies are available now or might be available in the future for controll;ng locusts inthis area? 

12. 	 Bow effcctie.' do you consider various locust control(SE), Ineffective (I), Don't Know (DK) 
rforts to be? Very effective (VE), Somewhat EffectivePlease circle one response.
 

lnternatiozial efforts 
 VE SENational Efforts 	 I DKVE SE ILocal efforts 	 DKVE SE I DK 
13. Please add anything that you feel U.S. policymakers, donors, or researchers should know regarding locust controlefforts in the area with which you are familiar. 

PART D. PLANNING FOR THE FUTURE 
1. What are the most crucial needs for dealing more effectively with potential future locust infestations in the regionwith which you are familiar? Please circle all that apply and feel freef to add others. 

Personnel: 

laborers, trained technicians, scientific researchers, 

Infrastructure: 

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

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. 	 How important would locusts rate if you listed the 10 most serious pests in the country or region with which you 
are familiar? Please circle one rating (1-most serious; 10-least serious). 

1 2 3 4 5 6 7 8 9 10 lower than10 

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

4. 	 Please list the three most serious needs this area faces in all types of agricultural research. 

5. 	 Please list the three most serious agricultural research needs related 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. 

% of Current Effort % of Ideal Effort 
Crisis Management 

(e.g., spraying locusts) 

Relief Activities
 
e.g., providing food
 
or affected areas)
 

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

(other)
 
Total 100% 100%
 

8. 	 Please add anything that you feel U.S. policymakers, donors, or researchers need to know regarding planning for 

future locust control programs in the area with which you are familiar. 

PART E. METHODS 

1. 	 What degree of certainty do you have in the information for the country or region with which you ar. familiar? 
DK = don't know; VU = very uncertain; U = uncertain; C = certain; VC = very certain. Please circle 1response. 

Part A. Data on Current Locust Infestation 
a. 	 Measures of the intensity and distribution of locust outbreaks.
 

DK VU U C VC
 

b. 	Measures of the effects of desc rtification 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 VU U 
 C VC 

b. 	Percentage of noncroplands affected.
 

DK VU 
 U C VC
 
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 VU 
 U C VC 
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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Clifford Ashall 
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Nafssa F..aulty oOfficial 
Professor, Faculty of Agriculture 
University of Alexandria 
Alexandria, Egypt 
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Chief Technical Advisor 
Plant Protection Project 
U.N. Food and Agriculture Organization 
Gaborone, Botswana 

Lukas Brader 

Director, Plant Production 


and Protection Division 

U.N. Food and Agriculture Organization 
Rome, italy 

H.D. Brown 

Red Locust Control Service 

Pretoria, South Africa 

Did re aDirectorfor 

CAB International, Institute of 


Biological Control 

Ascot, Berks, United Kingdom 


Inseron IU.N.International Institute 

for Tropical Agriculture
 

Cotonou, Republique Populaire 

du Benin 


Tecwyn Jones
 

Deputy Director 

Overseas Development Natural 


Resources Institute 

Chatham, Kent, United Kingdom 


H.Y. Kayumbo 

Director General 

Desert Locust Control Organization 


for Eastern Africa 

Addis Ababa, Ethiopia 


Michel Launois 
CIRAD-PRIFAS 

CI erFa n 
Montpellier, France 

Nezil Mahjoub 
for Acridid Control in Africa 

Regional Anti-Acridid Commission in 
Northwest Africa 

U.N. Food and Agriculture Organization 

Algiers, Algeria 

G.A. Matthews 
Entomologist 
Siwood 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 

Saul M. Moobola l 

Director, International Red
 
Locust Control Organization
Central and Southern Africa

Ndola 
Co lt 
Copperbelt Province, Republic of Zambia 

Alioune Ndiaye
 
Food and Agriculture Organization
Dakar, S6n6gai 

M'Baye N'Doye 
Entomologist
Dakar, S6n6gal 

M.O.M. Nurein 
Director 
Scientific Research Division 
Desert Locust Control Organization for Eastern Africa 
Addis Ababa, Ethiopia 

Owen Olfert 
Research Laboratory 
Agriculture Canada 
Saskatoon, Saskatchewan, Canada 

1Deceascd. 
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Yassin M. Osman 
Under-Sec.-dary of Agriculture (Pest Control) 
Ministry of Agriculture and Land ReclamationDokki, 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
 

Scnior 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 

Calledou Tahara 
Chef, Service National 

Protection des V6g6taux

Nouakchott, Mauritania 

AID Respondents 
Carl Castleton 
U.S. Department of AgricultureA idjan, Ivory CoastWil 

Mamadou Fofana 
U.S. Agency for International Development 
Bamako, Mali 

Deceased. 

Gladys Gilbert2 

Special Projects Officer 
U.S. Agency for International DevelopmentAddis Ababa, Ethiopia 

Robert Hellyer
Agricultural Development Officer 
U.S. Agency for International Development 
Rabat, Morocco 

Charles J. Kelly 
Disaster Relief Unit 
U.S. Agency for International DevelopmentNiamey, Niger 

Khoi Nguyen Le
Agronomist
U.S. Agency for International Development
Dacca, Bangladesh 

Salah Mahjoub 
Locust Project OfficerU.S. Agency for International DevelopmentTuais, Tunisia 

John Mullenax 
U.S. Agency for International DevelopmentKhartoum, Sudan 

Paul F. Novick 
Agriculture Development Officer 
Asia/Neareast BureauU.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. Thomasa B.T o sGrasshopper/Locust 

Program Coordinator 
U.S. Agency for International Development
Nouakchott, Mauritania 
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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- 
mcnt generally and locust and grasshopper programs 
spccifically. The recommendations from three of these are 
included below because Congress can find a number of 
important options among the recommendations: 

I. 	Programmatic Environ tal
Assesment of L cust 

and Grasshopper Control inAfrica/Asia (1989)


11. 	 Africa Emcrl7,ncy L~Axaust,;Grasshopper Assistance 
(A!
fLricA) M.nid-Tcrm Evaluation (1e)) 

I1l. 	 Rcp)rt of the Committee on Health and Environment 
(1988) 

SECT'ION I 


RECOMMENDATIONS FROM TilE 

PROGRAMMATIC ENVIRONMENTAL 


ASSESSMENT OF LOCUST AND GRA.SIOPPER
 
CONTROL IN AFRICA/ASIA 


Required Precondition 


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

1. 	 USAID continue its involvement inLocu.st and Gras-
shopper Control. Opcrationally, the approach to be 
adopted should evolve toward one of Integrated Pest 
Management (IPM). 

Top Priority, for Immediate Implementation 

2. 	 An inventory and mapping program be started to 
determine the extent and boundaries of cnvironmen-
tally fragile areas. 

3. 	 A syst-em for dynamic inventory of pesticide 
cnem;cal stocks be developed. 

4. 	 USAID take an active role in assisting host 
countries in identifying alternate use or disposal of 
pesticide stecks. Refer to Recommendation 14. 

5. 	 FAO,as lead agency for migratory pest control, be 
requested to establish a system for the inventory of 
manpower, procedures, and equipment. 

6. 	 There be no pesticide application in environmentally 
fragile areas and human 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 techniques 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 acrial 
treatment is indicated, it should only be when very 
accurate spraying is necessary, such as clse to en
vironmentally fragile areas or for localized treatment. 

11. 	 Whenever rsoible, smiall planes be favored over
 
medium to large two-or four-engine transport types. 
Inall ase,s, experienced contractors will be used. 

12. 	 Any U.S Govcrnment-fundcd locust/grasshopper
control actions, which provide pesticides and other 
commodities, or aerial or ground application 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. 

lligh Priority, For Implementation When 
Resources Are Available 

14. 	 USAID provide assistance to host governments in 
disposing of empty pesticide containers and pes
ticides that are obsolete 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, ecology, pest management of 
locusts and grasshoppers, and the hazards of pes
ticides. The goal would be to help policymakers and 
local populations recon.ze potential health 
problems related to pesticide applications. 

IIIAMS Consultants, Inc. and the Consortium for International Crop Protection, "Locustand Grashopper Control inAfricalAsia:A 
ProgratnaticEnvironmncntalAsssszten, Fixccutive Summary and Recommendations (Wastiington, DC:IJSAII)) contractor report prepared 
for the U.S.Agency for International Development, March 1989, pp. EXSI.M-34-53. 
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16. 	 Trainingcoursesbedcsigncdanddcvclopcd for health 
)crsonnel in all areas where pesticides arc usedrcqucntly. 

17. 	 Each health center and dispensary located in an area 
where pesticide poisonings are expected to occur be 
supplied with large wall rosters in which the diagnosis and treatment of specific poisonings ar 
depicted. The centers and dispens aries should also 
be provided, prior to spraying, with those medicines 
and antidotes required for treatment of poisoning 
cat.ses. 

18. 	 Presently available tests for monitoring human cx-
posure to pcsticides be evaluated in the field.include~s measuremecnt of cholinete rase Thislews in.small 
samples of bkxasma sfceening tcest. 

19. 	 The specifications declop.d for USAID purchase of
hcu.st/gra.shoppcr insecticdes be adapted for all in-sictiedds, 

20). 	 Pesticide container spcifications be developed. 

21. 	 Nosema and other bioloical agents such as Nccm 
be field tested under African and Asian conditions 
in priority countries. 

22. 	 A comprehensive training programibe 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 tosave resources. 

23. 	 Local programs of training be instituted for pes-

ticide storage m anagem ent, environm ental 

monitoring and public hcalth (see Recommenda-

tion 16). 


24. 	 When technical assistance teants are provided, they be 
Iven short term intensiw technical training (including
anguage, if necessary) and some background in the 

use and availability of training aids. 

25. 	 Field research be carried out to generate badly
needed economic data on a country-by-country
basis. 

26. 	 No pesticide be applied unless the provisional
economic threshold of locusts or grasshoppers s 
exceeded. 

27. 	 USAID provide assistance to host countries indrawing up reulations on the registration and 
drawngmpe olticdson ther ratin oend
management op sticides and the drafting of en-vironmental pohcy. 

28. 	 A pesticide use inventory covering all treatments in 
both agricultural and health programs be developed,
on a country-by-country basLs. 

29. 	 USAID producc a reularly updatcd pcsticide hand
bx)k for use by its starf. 

30..	 That technical assistance, educiation and training,
and equipment be provided crop protection services 
of host countries with a view to making the services 
eventually self sustaining. 

)esirable, But Less Urgent 

31. 	 More pesticide storage flicilities built.be: Until that 
occurs, emergency supplies be pre-positioned in theUnited 

States. 

32. USAID make a decision as to whether to continuefunding forecasting and remote sensing or utilive theFA()'s early warning progran. 
33. 	 A series of cpidcmiologic case-control studies, 

within the countries involved in locust and gras.shop
per control, be implemented in arcas ofheavy human 
exposure to pesticides. 

34. 	 Applied research be carried out on the cft1icacy of' 
various pesticides and growth retardants and tficir 
application. 

35. 	 Applied research bc carried out on the use of
 
Neem 	as an antifccdant. 

3 
" sig the.-k-uincofx 2fttlXX.S ue slo 

for as s i e imac ("nOuhlx, hales used for 
k and grasshopper contro"in relation" to the use 
of these and other chemicals for other pest control 
programs. 

Procedures To Accelerate Implementation Of
 
All Recommendations
 

37. 	 USAID, on the basis of the previous Recommen
dations, develop a plan of action with practical
procedures to provide guidance in locust/grass

hopper control to missions in the field. 
38. 	 Detailed guidelines be developed for USAID to 

nromote common approaches to locust and grass
hopper control and safe pesticide use among UNAgencies and donor nations. Coordination of cf
forts is becoming increasingly important because ofthe increasing number and magnitude of multilateralagreements and follow up efforts in subsequent years 

by various donors. 
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SECTION 11 


RECOMMENDATIONS FROM THE AFRICA
 
EMERGENCY LOCUST/GRASSHOPPER


ASSISTANCE (AELGA) \ID-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 Sup port Agreement (RSSA), short-term 
(6-7 months) technical assistance inentomology to 
the missions that still lack this expertise. 

1). 	 Expand the pesticidebank toinclude other acceptable 
chemical and biological agents besides the zarbaryl 
and malathion that are presently avail:,ble. 

c. 	 Maintain a current file of fums that provide aerial 
spraying services and pesticide transport, with aircraft 
type, availability and cot 

d. 	 Continue the present RSSA with USDA for the 
provision of greenness maps and for the provision
of short-term technical assistance in mpoisntrpretationm 

e. 	 Continue the present RSSA with USDA for the 
provision of long- and short-term technical assis-
tance for locust surveys and control operations. 

f. 	 Work with the appropriate African regional or-
Workwit th eginalchargedappoprateAfrianganizations, such as OCLALAV and CILSS, for the 

conclusion of interstate agreements on flyer rights for 
the movement of survey aircraft, fly over rights for 
cross-border locust control operations, the transportof pesticides and other agents among member 
states, and other such regional issues that have 

impeded locust control from time to time. 

Set 2: Development Actio.,s for the Short-term 

AELGA should provide whatever assistance that 
USAID mission require in ther locust control programs. 
Training courses are more traditional institution-building 
activities. The topics for these training courses, which must 
emphasize field-level concerns are (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. 

c. Strengthening of farmer brigades and of the crop 

protection services tel-estrial teams. 

d. 'Techniques for proper storage of pesticides and their 
containers. 

e. Cumulative effects of pesticide ue on the environ
ment, a regional conference for senior government
personnel. 

Set 3: Long-term Actions for Locust Control 
Forecasting, Institution-bii.liling and Research 

The [AELGA] project should focus its efforts during itsremaining life on those longer-term development aims that 
have the potential of assisting future locust control efforts 
and that complement on-going activities. 

a. 	 Work with the international organizaions, in par
ticular the FAO, that are developing a locustforecasting capability. 

b. 	 Work through USAID/AFR/SWVA 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 a:e 

with locust survey and control); the coordhatiod of locs srationsr(sucheacfyr 
dovasion of meeootgcal infor 
rights), and, the provision of m oogical infor
mation.... While it may be necessary to continue 
to fund these activities through the FAO in the 
short-term, that organization mtust be rcquirc'd to 
collaborate closely with the regional organizations 
and a portion of the FAO grant moneys could be 
earmarked for this purpose. 

c. 	 Coordinate the work being done by bilateral USAID 
missions in locust control and crop protcction 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 analysis 
based on crop loss assessment for deciding when 
spraying operations are necessary. 

Iropical Research and Development, Inc. "Africa Emergency locust/Grasshopper Assistance (AELGA) Mid -Term Evaluation," con
trctor report prepared for U.S. Agency for International I)evelopment (Washington, DC: USAID), July 15, 1989. 
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C. 	 Institute an environmental monitoring (perhaps incon-
junction with other monitoring efforts) and health 
safety program (eg., application procedures, drumdispl-i methods). 

Set 4: Considerations in (AELGA) Project 

Management 


a. 	 Retain AFR/Office of Technical Resources as the 
project location within AID. 

b. 	 Take immediate steps to put in place the im-
plementation mechanisms suggested in 	Recom
mendation Set I above. 

c. 	 Design a longer-term development program along 
the lines of Recommendation Sets 2 and 3. 

d. 	 Review the use of agreements with USG and the 
international agencies for emergency operational ac
tivities such as the procurement of services and com-
modities for the control of locust outbreaks. 

c. 	 Computerize the project monitoring system to 
track project activities, 

f. 	 Exert closer control of all research activities to 
ensure that the activities are relevant to AELGA 
needs, responsive to mission concerns, and in-
tegrated with host country agency activities. 

g. 	 An additional 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 
Controi Programs 

Locust control is a long-term problem that requires
international cooperation. 

The recent 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. 

d..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 .ime, building national and regional 
response capabilities. 

While the mission buy-in mechanism can Work 

successfully for normaldevelopment actities, it 
is ill-adapted for continued emergenLy disaster 
planning and implementation. 

Set 6: The Need for a Follow-on Project 

a. 	 Develop a follow-on umbrella pest management,
crop protection, or food security project that will 
continue the on-going activities of locust control and, 
at the same time, strengthen the crop protection
agencies in the concerned countries so that they are 
better able to assist small producers in achieving the 
benefits from improved agriculture that are now 
accruing. 

SEC ON III 

RECOMMENDATIONS FROM THE
 
REPORT OF TIE COMMITTEE ON
 

IEALTll AND ENVIRONMENT3
 

The Foreign Assistance Appropriations Act of 1987 
charged USAID with forming a Committee on Health 
and Enviro'p-ent to examine opportunities to assist
developing countries in 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 oher donors should wk to sti engthzn and 
inreaserthenwn 	 oorstiauisinmukiplesectrsand 

'wlsoaxdeywhichay s rtiv eand 

deyloping copttries.
 

3Conservation Foundation, Opportunities to Assist Developing Countries in the Proper Use ofAgriculturaland Industrial Chemicals, vol. 1,Final Report (Washington, DC: The Conservation Foundation), Feb. 18,1988. 
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2. 	 USAID should enhance the effectiveness of its 5. USAID should report to Congress every two years, 
agricultural and health programs that affect or beginning in 1989, on its progress toward im
involve pesticide or chemical use. plementing the recommendations in this repor 

and on future opportunities to address pesticide 
3. 	 USAID should increase its use of Integrated Pest and chemical issues in developing countries. 

Management (IPM) significantly, with the goal of 
making IPM its primary pest management approach. 6. Congress should provide clear policy guidance to 
Achieving this goal will require improved implemen- U.S. Government agencies regarding the provision 
tation and more support for research and training, to, and use of, agricultural and industrial chemicals 
and would have a catalytic effect on other donors. in developing countries. The Executive Branch 

should then implement that policy in a consistent 
4. 	 In cooperation with other U.S. agencies and the fashion. 

private sector, USAID should prepare a long
term plan for its role in preventing and mitigating 
problems associated with activities involving in
dustrial chemicals in developing countries. 
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Table 1-6-Insecticides Used Presently and in the Past Against Locusts and Grasshopper: in 
Africa and the Near East 

Insecticide Present use 
Commercial FAO OTAc OTA CLmB 

Name namea 

Aldrin 
xAlphacypcrmethrin x 

Fastac 
Alphamcthrin x 

x xArsenic compounds 
xBendiocarb Ficam x 


BHC, Benzene 
x
 

Hexachloride 

Carbaryl x x
Sevin 

xChlorpyrifos x 
Dursban x xDarslcan xDDT 


Dichlorvos x
DDVP x
Deltamethrin Decis x xDiazinon Basudine x x xDieldrin Ensodil 

xDNOC 
x xEsfcnvalerate 

xFenitrothion Sumithion x x x 
FolithionFenvalerate 

XHcptachlor 

Isobenzan x
 
Lambdacyhalothrin x
Karate x xLindane 

x xMalathion x xPara-oxon x 
Parathion xPencap 
Propoxur/Phoxim x

Undine x x 

NOTES: 
amusraiv amplms since many omaecia] brands am.s
 
CPesii lFOaist
of pesticides ame the used on a substatial scale for Desert Locus coauoLlisted amthose that OTA's sirvey respondents indicated as arrntly used for joa/gatUhopper control, reanils of the scale 

Insecticides no longer used for either locust or grasshopper control. 

SOURCES:FAL U nd uu Cr.au, _Em :cncr for Loas Operaions, -Pa ,idesUpdate,Afrc Loa Z 
for Desen Loam ConroL June1989c tO.14,d9, June 20, 19p9, .6-7.
O 'Re sponescoOTAsurwt 
 198.LIB: Steedman, A, TheLocutw,Handbook tecnn2dn:• Overes D Natural Resources Instute) 1988, p. 119.N.mjonmeraa names USAID,L4X=/U M-ppn .udbo•*L Up-- (Was. ngton, D January 1989), pp. V114-5,and PRIFAS, US Nr.deta,No. 8, Aug. 7,189,p.37. 
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ERP.ATA A Plague of Locusts
 
GPO stock # 052-003-01199-9
 

July 1990
 

Addition to inside ftont cover. 

Desert Locust image adapted from PRIFAS, Montpellier, France. 

Corrected pp. 7 and 33. 

Note c should read "includes only assistance from Action Aid to Gambia." 
T13e 1988 figure for UNICEF should not be followed by footnote c. 

Corrected p. 35. 

In Figure 1-5, Ethiopia is misspeLled and arrows indicating locatious of a uumber of 
countries were omitted. 

Corrected p. 42. 

Column headings on Table 1-6 are mislabelled. See corrected table (over). 

Corrected p. 108. 

In the Glossary, the Maghreb is the area north of the Sahara Desert and west 
[not east] of Egypt. 


