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ECOLOGICAL PROFILE OF A NIGERIAN SAHELIAN WETLAND: 

TOWARD INTEGRATED VERTEBRATE PEST DAMAGE MANAGEMENT. 

by 

Augustine U. Ezealor 

Dr. Robert H. Giles, Jr. (Chairman) 

Fisheries and Wildlife Sciences 

(ABSTRACT) 

Interactions among the components of a Sahelian 

wetland and the ecologic-economic significance of the 

wetland are described as they relate to vertebrate pest 

damage. Ongoing hydro-ecological changes, started by 

periodic meteorological droughts and sustained by the 

effects of large-scale hydro-agricultural schemes, are 

described along with their impacts on wildlife habitats and 

other valuable wetland resources. 

People in most communities in the wetland reported 

crop depredation by vertebrate wildlife. Traditional 

controls of pests are still practiced, but most are 

ineffective or time consuming. About 64% of the 

communities consider acoustic scaring techniques to be the 

most effective methods of vertebrate pest control. 

Depredation intensity is exacerbated by: 1) large-scale and 

year-round cultivation of cereal monocultures; 2) 

diminishing wetland habitats which concentrates wildlife 

and farms in a small area, thereby creating ideal 

conditions for wildlife-crop interactions; and 3) poor



husbandry. Yield loss estimates due to vertebrates for 

major wetland crops were appraised as follows: 15.6-19.9% 

for rice; 10.6-15.6% for millet; 7.6-14.9% for sorghum; and 

25.8-30.2% for cowpea. 

About 28 vertebrate species were considered to be 

contributing to the agriculture-wildlife conflict. Quelea 

guelea and rodents (mainly Avicanthis niloticus, and 

Mastomys natalensis) were the most important pests. 

Waterfowl depredation was uncommon, but locally severe 

wherever it occurred. Philomachus pugnax, perceived by 

many local farmers as a serious pest of rice, was observed 

not to be a significant pest in the wetland. 

Experimental investigations of the susceptibility of 

local rice varieties to granivorous passerines found 

yarkaushe to be the most resistant. Loss of grain cereals 

appeared to vary locally with places closest to avian 

haunts suffering higher losses. The nearness of farms to 

fallow plots and the flooding status (in the case of rice 

fields) were also important determinants of depredation 

intensity. I propose managing the agriculture-wildlife 

conflict by using the strategy of integrated vertebrate 

pest damage management (IVPDM), an approach which 

emphasizes shifting attention from controlling the pest 

species per se to cost effective changing of the damage 

they cause using several techniques simultaneously. The 

following techniques are recommended as potential



components of the proposed IVPDM system: 1) improving 

husbandry practices; 2) manipulating the environment; 3) 

using audile and visual scaring devices; and 4) using 

limited amounts of rodenticides.
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CHAPTER 1 

1.0 INTRODUCTION 

1.1 Nature of the Problem 

Destruction of ecosystems all over the world by both 

natural and human-induced factors is increasingly assuming 

alarming dimensions. As a result, governments, 

organizations, and people (e.g., CEQ and USDS 1980; WCED 

1987; Soulé 1986; Brown et al. 1993) have begun to show 

concern about the future of the world’s threatened and 

endangered ecosystems. Water-related ecosystems appear to 

be at a greater risk than others because human settlements 

and agricultural activities tend to be established near 

water for people to gain the many benefits usually 

associated with easy access to water. Wetlands have thus 

come to be among the most used and abused of the world’s 

ecosystems. According to Dugan (1993), over 50% of what 

used to be the world’s wetlands have been lost, and many of 

the existing ones are severely threatened. In the United 

States, for example, about 40.5 million hectares of prime 

wetland habitats were converted to farmland between 1900 

and 1944 (Day 1944). During that period, the country’s



population increased from 76,094,000 to 132,122,000 (USDC 

1975). Dahl (1990) further estimated that, by the end of 

the 1980’s, about 53% of the original wetland habits in the 

48 contiguous states of the U.S, had been lost. European 

wetlands of similar magnitude have also been lost. For 

example, much of what is now the Netherlands was once river 

floodplains, peats, and intertidal lands; in the United 

Kingdom, large portions of the wetlands in northwestern 

England and East Anglia have been turned into agricultural 

lands within the last 50 years (Gilman 1994). In Asia, 

Richards (1990) reported losses of wetlands to agriculture. 

For example, in Sandarbands (a region encompassing parts of 

India and Bangladesh), 15,000 km’ of wetlands fell by 52.6% 

to 7,180 km’, while areas under wet rice cultivation in the 

same region increased by 42.8% from 11,240 to 16,040 km’ 

between 1881 and 1980. Human population in the area 

increased from 5,500,00 to 25,100,000 during the same 

period. It is now apparent that the most direct cause of 

wetland losses in many parts of the world is drainage for 

agriculture, forestry, and controlling vectors of disease- 

causing organisms (Dugan 1990). The ultimate factor 

driving these losses appears to be an ever-growing need for 

more resources by an ever increasing human population. 

How people relate to and utilize the resources of



wetlands and other water-related ecosystems is often 

influenced by the prevalence of one of two diametrically 

different human social cultures which evolve there. They 

are the "hydraulic" and "aquatic" cultures (Dugan 1993). 

The hydraulic culture is believed to have evolved in those 

communities that sought to control the behavior and 

characteristics of water bodies through damming, 

channelizing, dredging, and other water-regulating 

mechanisms. These activities were and are still being 

sustained with the ill-conceived phrase "land reclamation", 

symbolizing a set of actions largely responsible for the 

loss of wetlands in North America, Europe, and other 

regions generally referred to as the industrialized world. 

The aquatic culture, on the other hand, emphasized adapting 

to conditions created by the presence of water. That 

culture thrived and still persists in some parts of the 

developing world. However, increased intergovernmental 

cooperation in "development" has caused the technology for 

hydraulic culture to be exported to various parts of the 

world. The result has been a worldwide increase in 

controlling and manipulating water bodies and water-related 

habitats, especially in the developing countries. The net 

effect of following the land reclamation paradigm has been 

the loss of several millions of hectares of wetland 

ecosystems. Wetlands are still being lost in various parts 

3



of the world despite increasing awareness of their many 

values and functions. 

1.2 The Wetland Concept 

The term "wetland" as used today is a relatively 

recent entry in the English vocabulary. Prior to its 

coinage by combining the words "wet" and “land", wetland 

habitats or other wet ecosystems found all over the globe 

were variously referred to as swamps, bottomland forests, 

marshes, shallow ponds, wet meadows, bogs, mires, fens, or 

peatlands. According to Mitsch and Gosselink (1993), the 

following characteristics are common to all wetlands: 1) 

surface or subsurface water usually occurs within the root 

zone of plants, 2) hydrophytes are usually present, and 3) 

the soil types are usually unique and different from those 

of surrounding uplands. 

People in many countries, particularly those among the 

industrialized nations, commonly regarded wetlands as waste 

lands because they harbored vectors of both human and 

livestock diseases. They were also difficult to use for 

crop or wood harvests. As a result, governments permitted 

and sometimes ordered wetlands to be drained or filled for 

other human uses. This trend continued with little 

abatement until 1971 when the International Waterfowl and



Wetlands Research Bureau (IWRB) organized an international 

conference in Ramsar, Iran, to foster intergovernmental 

cooperation for conserving wetland habitats of 

international importance, especially for migratory 

waterfowl. At that conference, now popularly referred to 

as the Ramsar Convention, a comprehensive definition of 

wetlands was adopted as follows: 

"Wetlands are areas of marsh, fen, peatland, or 
water, whether natural or artificial, permanent 
or temporary, with water that is static or 
flowing, fresh, brackish or salt, including areas 
of marine water the depth of which at low tide 
does not exceed six meters" (Navid 1989; 
Finlayson and Moser 1991). 

With over 52 countries ratifying and signing the treaty 

produced by the convention, the above definition has become 

widely adopted, with slight modifications in some 

countries. For example, in the United States, Section 404 

of the Clean Water Act Amendments of 1977 legally refers to 

"wetland" as 

"...areas that are inundated or saturated by 
surface or ground water at a frequency and 
duration sufficient to support, and that under 
normal circumstances do support, a prevalence of 
vegetation typically adapted for life in 
saturated soil conditions. Wetlands generally 
include swamps, marshes, bogs, and similar areas" 
(Mitsch and Gosselink 1993). 

In Canada, which shares similar conservation ethics to that 

in the U.S., wetland is defined differently. The Canadian 

Wetlands Directory defines a wetland as



",...land having water table at, near, or above 
the land surface or which is saturated for long 
enough period to promote wetland or aquatic 
processes as indicated by hydric soils, 
hydadrophytic vegetation, and various kinds of 
biological activity which are adapted to wetland 
environment" (Taruscai 1979). 

The definitions of wetland in these countries and many 

others are often the product of the interplay among the 

social, economic, and ecological facets of wetlands, and 

the politics they generate. Due to the different 

conceptions of wetland by various nations and communities, 

they have continued to be lost even though people now 

possess knowledge of how to assess their financial or use 

values as well as their and non-monetary values. 

1.3 Wetland Types and Their Values 

Detailed wetlands classification into different 

categories have been developed (Cowardin et al. 1979; Dugan 

1990). Generally, wetlands are of 2 broad types: salt 

water and freshwater wetlands. Salt water wetlands occur 

in marine or estuarine environments or in lagoons. They 

may also occur further inland as salt pans or soda lakes. 

Freshwater wetlands may occur in riverine environments as 

marshes or swamps, lakes, and ponds of floodplains. They 

may be large bodies of water of depth equal to or greater 

than 2 m and area equal to or greater than 8 ha, and are



largely devoid of vegetation (lacustrine); or are 

relatively shallow, small, and vegetated (palustrine). 

Wetlands perform a variety of ecological and economic 

functions. Many natural resource economists are of the 

opinion that no accurate monetary value can be placed ona 

wetland (e.g., Constanza et al. 1989) or other natural 

ecosystems (e.g., Brown 1984). This is because the 

intrinsic non-market values of natural ecosystems, such as 

their aesthetic, bequest, and existence values, are often 

not included in economic valuations of natural ecosystems, 

because of the difficulty of assigning appropriate monetary 

values to then. 

Wetlands are very productive ecosystems. The USDI 

(1993) estimated that about 66% of the world’s fishery 

harvest is linked to the health of wetlands. In the 

wetland where my study was conducted, an estimated 3,000- 

4,000 metric tons of fish are harvested annually (Matthes 

1990). The high productivity usually associated with 

wetlands results from their ability to trap and retain 

nutrients and to make them readily available to plants. 

Wetlands that form from rivers slow down the flow of rivers 

and act as sinks for large quantities of water, thus acting 

as flood and erosion control agents for down-stream 

communities. Other benefits usually associated with 

wetlands include wildlife, forage for livestock, forest



products, agricultural resources, and water supply for 

domestic and industrial uses. The groundwater of a wetland 

often flows beyond its borders to recharge adjoining areas 

in its region. For example, near the wetland which I 

studied are some desert oases which Adams and Hollis (1989) 

have inferred are recharged by groundwater from the 

wetland. Forested wetlands, such as mangrove swamps, may 

also play an important role in containing storms or storm 

waters in areas subject to hurricanes and tornadoes. In 

polluted environments, the ability of wetlands to trap and 

retain water enhances microbial biodetoxification, hence 

water purification. This function has earned wetlands the 

sobriquet "kidneys of the landscape" (Mitsch and Gosselink 

(1993). In recent times, the high level of biological 

diversity linked to wetland ecosystems has made them one of 

the most favored sites for ecotourism and other wildlife- 

based forms of recreation. Some wetlands also have very 

high heritage and cultural values, especially among 

communities where livelihoods are very dependent on the 

existence of that habitat type. For example, in the 

wetland that I studied, a fishing festival (the Dagona 

Fishing Festival) which draws participants from all over 

the region, is organized annually. Such events help to 

strengthen the socio-cultural bonds of the community in 

addition to their tourism values.



1.4 Problems Associated with Wetlands 

Diseases of livestock and humans have long been 

associated with wetlands. Vectors of pathogens and hosts 

for parasitic organisms (e.g., mosquitoes and snails) breed 

in wetland habitats. Furthermore, in the Afrotropical 

region, wetlands serve as refuges for some disease vectors 

(e.g., tse-tse flies, Glossina spp.) during adverse 

climatic periods. Many pests of agricultural lands live in 

or benefit from wetlands. In West Africa’s Chad basin 

(which includes my study area), crop depredation by some 

wetland-related vertebrate species has become a traditional 

source of conflict between agriculturists interested in 

increased food production and conservationists who would 

like the ecosystem protected. Assisting in finding a 

solution to this problem is one of the objectives of this 

study. 

1.5 Wetlands in Dry Environments 

In very ary environments, the importance of wetlands 

becomes accentuated. There is a compelling need for water, 

often the most limiting factor to productivity of resources 

for the livelihood of people in such environments. For 

example, in Africa, 3 major floodplain wetlands (the inland 

delta of the Niger, the Chad basin, and the Okavango delta)



occur in very ary environments. They are centers of intense 

economic activities in the countries where they are 

located. Unfortunately, many of these wetland ecosystems 

of xeric environments face both natural and human-induced 

threats that may destroy their natural resources. In some 

of them, a combination of drought and hydro-agricultural 

"development" projects have resulted in serious 

environmental degradation. This type of environmental 

crisis is very evident in the river floodplain wetlands of 

sub-Saharan Africa. A good example is the unsuccessful 

Sokoto-Rima basin hydro-agricultural project in 

northwestern Nigeria described by Adams (1987) as a 

failure. 

In the countries of sub-Saharan Africa, the common 

response of governments to the problem of rapidly 

increasing human population has often been to attempt 

boosting food production by expanding and intensifying 

agricultural activities. The Operation Feed the Nation 

(OFN) launched by the Obasanjo regime (1975-1979) in 

Nigeria was one such program. These programs have often 

required regulating and exploiting water resources 

including those in wetland areas. Subsequently prime 

wildlife habitats were converted into farmlands. Although 

such projects have often failed to meet their objectives 

(especially in developing countries), the "quick-fix" 
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approach to national food crises that they provide 

continues to be attractive to policy makers and 

politicians. Politically rewarding but environmentally 

destructive projects have, therefore, continued to be 

executed by these authorities, oblivious of their demerits. 

They also ignore the often-obvious ominous nature of 

imbalances in the population-food interface of the world. 

These imbalances are so great that they are unlikely to be 

solved by hydro-agricultural operations. The ecological 

costs have been high because developing countries have 

ineffective or, in many cases, no environmental laws for 

checking on or mitigating damages caused by such projects. 

A Man and Biosphere (MAB 1978) report observed that in 

countries of West Africa, environmental impact studies of 

development projects are not carried out despite the 

usefulness of such studies in making development policies 

achieve desired results. Many hydro-agricultural projects 

designed to increase food production often give rise to 

conflicts between the agricultural interests of people and 

the habitat requirements of the biota in the area. When 

not properly resolved, these conflicts can and do result in 

some wildlife and plant species becoming locally endangered 

or extinct. On the other hand, the wildlife of some 

habitats (such as birds in wetland ecosystems) do at times 

create problems for humans. For example, when cereal crops 
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are grown in or near wetlands, large numbers of birds and 

other wildlife that inhabit the wetlands or surrounding 

habitats feed on the crops and cause extensive losses. 

Crop depredation may become very serious in areas where the 

traditional feeding grounds of wild fauna have been 

replaced with crop fields. In such agro-habitats, the ease 

with which wild faunal species obtain food enhances the 

growth of their populations. This results in crop 

depredation. 

Although serious crop depredations are often 

associated with gregarious animals, not all animals that 

forage in groups are harmful to crops. In the sub-Saharan 

wetlands of Africa, wintering Palearctic avian migrants 

arrive and congregate in large numbers. Some of these 

migrant species have been implicated with damaging farm 

crops in some countries. For example, ducks and waders 

feed on rice in Senegal (Treca 1975, 1977, 1981) and Mali 

(Wilson 1988). However, they are sometimes blamed for crop 

damage (e.g., Adams et al. 1993) even though good evidence 

is largely unavailable. In some areas, resident birds and 

other vertebrates, in addition to migrants, may cause 

problems, but sufficient information is unavailable to 

allow conclusions the about amount of damage or causes. 

Crook and Ward (1968), Elliot (1979), Ward (1979), and 

Ntiamoa-Baidu (1987) identified queleas, Quelea spp., as 
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the most notorious agricultural bird pests in West Africa. 

Despite many years of control, these birds continue to 

exist in very large numbers. Ward (1979), therefore, 

advised that substantial biological research be done on 

other suspected avian pest species before agencies or 

enterprises attempt to develop strategies for their 

control. Ntiamoa-Baidu (1986, 1987) stressed the urgent 

need for vertebrate pest control research in West Africa in 

order to develop suitable pest management techniques for 

that region. 

The northeastern part of Nigeria, including the Lake 

Chad basin and an area commonly referred to as the 

"Hadejia-Nguru Wetlands" (hereinafter HNW), is an important 

wintering ground for thousands of Palearctic water-birds. 

It also supports large populations of different species of 

Afrotropical birds. Stowe and Coulthard (1990) reported 

that a count of over 50,000 ducks has been made in that 

wetland. Over 33% of the 883 bird species recorded in 

Nigeria occur there. In this area, reports of crop 

depredation by birds, particularly the granivorous 

passerines, are common and depredation can very easily be 

observed. As reported for farmers along the migratory 

flyways of North America by Knittle and Porter (1987), many 

farmers in the HNW regard large flocks of birds of any kind 

as potential depredators of their crops. They wish to see 
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these threats removed. As a result, snaring (sometimes not 

for food) of agriculturally and culturally beneficial 

species (e.g., the Abdim’s stork, Ciconia abdomii, white 

stork, Ciconia ciconia, and barn owl, Tyto alba) is 

rampant. Most efforts of government and local farmers to 

solve depredations have been directed at controlling by 

lethal methods the number of pest birds. No attempt has 

been made by agencies of the government to employ a system- 

oriented ecological strategy to reduce losses in crop 

yield. The use of chemicals in aerial spray programs to 

control avian pests has been ineffective. The impact of 

chemical spray operations on non-target organisms including 

humans has not yet been studied in detail, but it is 

undoubtedly infringing on the ecological integrity of the 

area, and probably hindering the realization of optimal 

benefits from its wetland resources. 

The agricultural and ecological significance of the 

HNW has been recognized by Elgood et al. (1966), Ash and 

Sharland (1986), Benthem (1987), Hollis and Adams (1989), 

Barbier et al. (1991), Perennou (1991) Synge (1991), Garba- 

Boyi et al. (1992), Kimmage and Adams (1992), and Ezealor 

(1993a). About 506,000 cattle, 437,000 sheep and 529,000 

goats graze there during the dry season, a period of 

critical food supply (Jimoh 1992). Fishing is a year-round 
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�a�c�t�i�v�i�t�y� �(�T�h�o�m�a�s� �e�t� �a�l�.� �1�9�9�3�)�.� �S�h�a�d�o�o�f�!� �i�r�r�i�g�a�t�i�o�n� �a�n�d� �d�r�y� 

�s�e�a�s�o�n� �f�l�o�o�d� �r�e�c�e�s�s�i�o�n� �e�n�a�b�l�e� �c�r�o�p�s� �t�o� �b�e� �g�r�o�w�n� �t�h�e�r�e� �y�e�a�r�-� 

�r�o�u�n�d� �d�e�s�p�i�t�e� �a� �v�e�r�y� �s�h�o�r�t� �w�e�t� �s�e�a�s�o�n�.� �H�o�w�e�v�e�r�,� �1�)� 

�p�e�r�i�o�d�i�c� �d�r�o�u�g�h�t�,� �2�)� �t�h�e� �n�e�g�a�t�i�v�e� �i�m�p�a�c�t�s� �o�f� �u�p�s�t�r�e�a�m� �d�a�m�s� 

�a�n�d� �i�r�r�i�g�a�t�i�o�n� �s�c�h�e�m�e�s�,� �a�n�d� �3�)� �h�u�m�a�n� �p�r�e�s�s�u�r�e� �(�i�n� �t�h�e� �f�o�r�m� 

�o�f� �r�i�s�i�n�g� �d�e�m�a�n�d� �f�o�r� �f�o�r�e�s�t� �p�r�o�d�u�c�t�s�,� �w�a�t�e�r�,� �a�n�d� �a�r�a�b�l�e� 

�l�a�n�d�)� �f�r�o�m� �a� �r�a�p�i�d�l�y� �i�n�c�r�e�a�s�i�n�g� �p�o�p�u�l�a�t�i�o�n�,� �a�p�p�e�a�r� �t�o� �b�e� 

�c�u�m�u�l�a�t�i�v�e�l�y� �e�r�o�d�i�n�g� �t�h�e� �e�c�o�l�o�g�i�c�a�l� �s�t�a�b�i�l�i�t�y� �o�f� �t�h�e� 

�w�e�t�l�a�n�d� �a�n�d� �i�t�s� �s�u�i�t�a�b�i�l�i�t�y� �a�s� �h�a�b�i�t�a�t� �f�o�r� �w�i�l�d�l�i�f�e� �a�n�d� 

�p�e�o�p�l�e�.� �T�h�e� �n�e�e�d� �f�o�r� �a�n� �e�c�o�l�o�g�i�c�a�l� �s�t�u�d�y� �o�f� �t�h�e� �a�r�e�a� �t�o� 

�i�n�v�e�s�t�i�g�a�t�e� �t�h�e� �n�a�t�u�r�e� �a�n�d� �r�a�m�i�f�i�c�a�t�i�o�n�s� �o�f� �s�o�m�e� �o�f� �t�h�e�s�e� 

�t�h�r�e�a�t�s� �a�n�d� �t�o� �s�e�a�r�c�h� �f�o�r� �p�o�s�s�i�b�l�e� �s�o�l�u�t�i�o�n�s� �w�a�s� �o�n�e� �o�f� �t�h�e� 

�p�r�i�m�a�r�y� �s�t�i�m�u�l�a�t�i�o�n�s� �f�o�r� �u�n�d�e�r�t�a�k�i�n�g� �t�h�i�s� �s�t�u�d�y�.� 

�1�.�6� �O�b�j�e�c�t�i�v�e�s� �o�f� �T�h�i�s� �P�r�o�j�e�c�t� 

�T�h�e� �m�a�j�o�r� �g�e�n�e�r�a�l� �o�b�j�e�c�t�i�v�e� �o�f� �t�h�i�s� �p�r�o�j�e�c�t� �h�a�s� �b�e�e�n� 

�t�o� �d�i�s�c�o�v�e�r� �p�r�a�c�t�i�c�a�l� �w�a�y�s� �t�o� �h�e�l�p� �m�a�i�n�t�a�i�n� �t�h�e� �e�c�o�l�o�g�i�c�a�l� 

�i�n�t�e�g�r�i�t�y� �o�f� �w�e�t�l�a�n�d�s� �i�n� �t�h�e� �S�a�h�e�l�i�a�n� �r�e�g�i�o�n� �o�f� �s�u�b�-�S�a�h�a�r�a�n� 

�A�f�r�i�c�a�.� �I� �a�t�t�e�m�p�t�e�d� �t�o� �a�c�h�i�e�v�e� �o�n�e� �p�a�r�t� �o�f� �t�h�i�s� �t�a�s�k� �b�y� 

�e�x�p�l�o�r�i�n�g� �m�e�a�n�s� �o�f� �i�n�t�e�g�r�a�t�i�n�g� �v�e�r�t�e�b�r�a�t�e� �p�e�s�t� �d�a�m�a�g�e� 

�m�a�n�a�g�e�m�e�n�t� �(�h�e�r�e�i�n�a�f�t�e�r� �I�V�P�D�M�)� �i�n�t�o� �t�h�e� �a�g�r�i�c�u�l�t�u�r�a�l� 

� � 

�'�T�h�e� �s�h�a�d�o�o�f� �m�e�t�h�o�d� �o�f� �i�r�r�i�g�a�t�i�o�n� �o�r�i�g�i�n�a�t�e�d� �i�n� �t�h�e� �M�e�d�i�t�e�r�r�a�n�e�a�n� 
�r�e�g�i�o�n�.� �T�h�e� �d�e�v�i�c�e� �c�o�n�s�i�s�t�s� �o�f� �a� �l�o�n�g�,� �p�i�v�o�t�e�d� �p�o�l�e� �w�i�t�h� �a� �c�o�n�t�a�i�n�e�r� 
�(�e�.�g�.�,� �g�o�u�r�d� �o�r� �b�u�c�k�e�t�)� �a�t�t�a�c�h�e�d� �t�o� �o�n�e� �e�n�d� �w�i�t�h� �a� �l�o�n�g� �r�o�p�e� �a�n�d� �a� �w�e�i�g�h�t� 
�a�t� �t�h�e� �o�t�h�e�r�.� �I�t� �i�s� �u�s�e�d� �f�o�r� �l�i�f�t�i�n�g� �w�a�t�e�r� �f�r�o�m� �c�a�n�a�l�s�,� �p�o�n�d�s�,� �o�r� �l�a�k�e�s�,� 
�m�a�i�n�l�y� �f�o�r� �i�r�r�i�g�a�t�i�o�n�,� �b�u�t� �a�l�s�o� �f�o�r� �o�t�h�e�r� �p�u�r�p�o�s�e�s�.� 
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�s�y�s�t�e�m�s� �o�f� �t�h�e� �r�e�g�i�o�n�.� �T�h�i�s� �g�e�n�e�r�a�l� �o�b�j�e�c�t�i�v�e� �w�a�s� �p�u�r�s�u�e�d� 

�t�h�r�o�u�g�h� �t�h�e� �f�o�l�l�o�w�i�n�g� �s�p�e�c�i�f�i�c� �o�b�j�e�c�t�i�v�e�s�:� 

�(�1�)� 

�(�2�)� 

�(�3�)� 

�(�4�)� 

�(�5�)� 

�T�o� �d�e�s�c�r�i�b�e� �a�n�d� �a�s�s�e�s�s� �t�h�e� �i�m�p�a�c�t�s� �o�f� �w�a�t�e�r� 

�"�d�e�v�e�l�o�p�m�e�n�t�"� �p�r�o�j�e�c�t�s� �o�n� �t�h�e� �e�c�o�l�o�g�y� �o�f� �a� 

�S�a�h�e�l�i�a�n� �w�e�t�l�a�n�d�;� 

�T�o� �d�e�s�c�r�i�b�e� �t�h�e� �p�h�e�n�o�l�o�g�y� �o�f� �i�m�p�o�r�t�a�n�t� �c�r�o�p�s� �i�n� 

�t�h�e� �w�e�t�l�a�n�d� �a�r�e�a� �v�i�s�-�a�-�v�i�s� �t�h�e� �c�i�r�c�a�n�n�u�a�l� 

�r�h�y�t�h�m�(�s�)� �o�f� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �o�f� �k�n�o�w�n� �a�n�d� �p�o�t�e�n�t�i�a�l� 

�a�v�i�a�n� �p�e�s�t� �s�p�e�c�i�e�s�;� 

�T�o� �a�s�s�e�s�s� �t�h�e� �e�x�t�e�n�t� �o�f� �r�e�l�i�a�n�c�e� �o�f� �b�i�r�d�s� �a�n�d� 

�o�t�h�e�r� �v�e�r�t�e�b�r�a�t�e� �w�i�l�d�l�i�f�e� �o�n� �c�r�o�p�s� �o�f� �t�h�e� �w�e�t�l�a�n�d�;� 

�T�o� �d�e�s�c�r�i�b�e� �t�h�e� �a�t�t�i�t�u�d�e�s� �o�f� �l�o�c�a�l� �p�e�o�p�l�e� �o�f� �t�h�e� 

�w�e�t�l�a�n�d� �t�o� �t�h�e� �c�o�n�s�e�r�v�a�t�i�o�n� �o�f� �t�h�e� �r�e�s�o�u�r�c�e�s� �o�f� 

�t�h�e� �w�e�t�l�a�n�d�,� �p�a�r�t�i�c�u�l�a�r�l�y� �i�t�s� �a�v�i�f�a�u�n�a�;� �a�n�d� 

�T�o� �d�e�s�i�g�n� �a� �c�o�n�c�e�p�t�u�a�l� �e�c�o�l�o�g�i�c�a�l�l�y�-�b�a�s�e�d� �s�y�s�t�e�m� 

�m�o�d�e�l� �f�o�r� �m�a�n�a�g�i�n�g� �v�e�r�t�e�b�r�a�t�e� �d�a�m�a�g�e� �i�n� �t�h�e� 

�a�r�e�a�.� 

�T�h�i�s� �d�i�s�s�e�r�t�a�t�i�o�n� �i�s� �a� �c�o�m�p�e�n�d�i�u�m� �o�f� �i�n�f�o�r�m�a�t�i�o�n� �o�n� �t�h�e� 

�e�c�o�l�o�g�i�c�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s�,� �e�x�t�e�n�t�,� �a�n�d� �d�i�s�t�r�i�b�u�t�i�o�n� �o�f� 

�w�e�t�l�a�n�d� �h�a�b�i�t�a�t�s� �i�n� �t�h�e� �H�N�W� �a�r�e�a�.� �I�t� �a�l�s�o� �a�d�d�s� �n�e�w� 

�i�n�f�o�r�m�a�t�i�o�n� �t�o� �e�x�i�s�t�i�n�g� �k�n�o�w�l�e�d�g�e� �o�f� �t�h�e� �v�e�r�t�e�b�r�a�t�e� �p�e�s�t� 

�e�c�o�l�o�g�y� �o�f� �t�h�e� �a�r�e�a�,� �a�n�d� �d�i�s�c�u�s�s�e�s� �p�o�t�e�n�t�i�a�l� �m�e�a�n�s� �o�f� 

�m�a�n�a�g�i�n�g� �t�h�e� �p�e�s�t� �d�a�m�a�g�e� �p�r�o�b�l�e�m�.� �I�t� �i�s� �h�o�p�e�d� �t�h�a�t� �t�h�e� 

�d�i�s�s�e�r�t�a�t�i�o�n� �w�i�l�l� �s�e�r�v�e� �a�s� �a� �r�e�f�e�r�e�n�c�e� �f�o�r� �e�n�v�i�r�o�n�m�e�n�t�a�l� 

�s�c�i�e�n�t�i�s�t�s�,� �n�a�t�u�r�a�l� �r�e�s�o�u�r�c�e� �p�l�a�n�n�e�r�s� �a�n�d� �m�a�n�a�g�e�r�s�,� �p�o�l�i�c�y� 
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�m�a�k�e�r�s�,� �a�n�d� �o�t�h�e�r� �g�r�o�u�p�s� �i�n�t�e�r�e�s�t�e�d� �i�n� �t�h�e� �w�e�t�l�a�n�d� 

�r�e�s�o�u�r�c�e�s� �o�f� �N�i�g�e�r�i�a�,� �a�n�d� �o�t�h�e�r� �a�r�e�a�s� �o�f� �t�h�e� �S�a�h�e�l�.� 
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�C�H�A�P�T�E�R� �2�.� 

�2�.�0� �P�E�S�T� �D�A�M�A�G�E� �P�R�O�B�L�E�M�S� �I�N� �A�G�R�I�C�U�L�T�U�R�E� 

�2�.�1� �P�r�e�a�m�b�l�e� 

�I�n� �t�h�i�s� �r�e�v�i�e�w� �o�f� �p�e�s�t� �d�a�m�a�g�e� �p�r�o�b�l�e�m�s�,� �I� �s�h�a�l�l� 

�a�t�t�e�m�p�t� �t�o� �d�e�f�i�n�e� �a�n�d� �p�r�o�v�i�d�e� �s�o�m�e� �i�n�s�i�g�h�t� �i�n�t�o� �t�h�e� �s�c�o�p�e� 

�a�n�d� �d�i�m�e�n�s�i�o�n�s� �o�f� �t�h�e� �d�a�m�a�g�e� �c�a�u�s�e�d� �b�y� �v�e�r�t�e�b�r�a�t�e� �p�e�s�t�s�.� 

�T�h�e� �r�e�v�i�e�w� �m�a�y� �l�e�a�d� �t�o� �f�u�r�t�h�e�r� �j�u�s�t�i�f�i�c�a�t�i�o�n�s� �o�f� �m�y� �s�t�u�d�y� 

�a�n�d� �s�e�t� �t�h�e� �s�t�a�g�e� �f�o�r� �p�o�t�e�n�t�i�a�l� �s�o�l�u�t�i�o�n�s�.� �Q�u�e�s�t�i�o�n�s� �w�h�i�c�h� 

�r�e�a�d�i�l�y� �c�o�m�e� �t�o� �m�i�n�d� �a�r�e�:� �W�h�a�t� �i�s� �a� �p�e�s�t�?� �W�h�a�t� �i�s� �a� 

�v�e�r�t�e�b�r�a�t�e� �p�e�s�t�?� �O�f� �w�h�a�t� �s�i�g�n�i�f�i�c�a�n�c�e� �i�s� �t�h�e� �p�r�o�b�l�e�m� �o�f� 

�v�e�r�t�e�b�r�a�t�e� �d�a�m�a�g�e� �t�o� �c�r�o�p�s�?� �H�o�w� �d�o�e�s� �t�h�e� �p�r�o�b�l�e�m� �a�f�f�e�c�t� 

�t�h�e� �q�u�a�l�i�t�y� �o�f� �h�u�m�a�n� �l�i�f�e�,� �e�s�p�e�c�i�a�l�l�y� �i�n� �s�u�b�-�s�a�h�a�r�a�n� �A�f�r�i�c�a� 

�a�n�d� �o�t�h�e�r� �d�e�v�e�l�o�p�i�n�g� �p�a�r�t�s� �o�f� �t�h�e� �w�o�r�l�d�?� �H�o�w� �h�a�v�e� 

�a�g�r�i�c�u�l�t�u�r�i�s�t�s� �c�o�p�e�d� �w�i�t�h� �t�h�e� �p�r�o�b�l�e�m�s� �o�f� �c�r�o�p� �d�a�m�a�g�e� �b�y� 

�p�e�s�t�s�?� 

�T�h�e� �p�e�s�t� �p�r�o�b�l�e�m�,� �e�s�p�e�c�i�a�l�l�y� �i�n� �t�h�e� �a�g�r�i�c�u�l�t�u�r�a�l� 

�s�e�c�t�o�r�,� �i�s� �a�n� �o�f�f�s�h�o�o�t� �o�f� �c�o�m�p�e�t�i�t�i�v�e� �s�y�m�b�i�o�s�i�s�.� �A� 

�p�o�t�e�n�t�i�a�l� �p�e�s�t� �p�r�o�b�l�e�m� �e�x�i�s�t�s� �w�h�e�n�e�v�e�r� �t�h�e�r�e� �i�s� �c�o�m�p�e�t�i�t�i�o�n� 

�f�o�r� �r�e�s�o�u�r�c�e�s� �d�e�s�i�r�e�d� �b�y� �b�o�t�h� �h�u�m�a�n�s� �a�n�d� �o�t�h�e�r� �o�r�g�a�n�i�s�m�s�.� 

�P�e�s�t� �c�o�n�t�r�o�l� �a�n�d� �m�a�n�a�g�e�m�e�n�t�,� �t�h�e� �c�o�m�m�o�n� �h�u�m�a�n� �r�e�s�p�o�n�s�e�s� �t�o� 

�t�h�i�s� �p�r�o�b�l�e�m�,� �e�s�s�e�n�t�i�a�l�l�y� �i�n�v�o�l�v�e� �m�a�n�i�p�u�l�a�t�i�v�e� �a�c�t�i�o�n�s� �b�y� 
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�h�u�m�a�n�s� �a�g�a�i�n�s�t� �t�h�e� �u�n�w�a�n�t�e�d� �o�r�g�a�n�i�s�m�s�,� �t�o� �r�e�d�u�c�e� �t�h�e�i�r� 

�c�o�m�p�e�t�i�t�i�v�e� �a�b�i�l�i�t�y� �o�r� �i�m�p�a�c�t�s� �t�o� �t�o�l�e�r�a�b�l�e� �l�e�v�e�l�s�.� 

�A�l�t�h�o�u�g�h� �t�h�e� �p�e�s�t� �p�r�o�b�l�e�m� �i�s� �p�r�o�b�a�b�l�y� �a�s� �o�l�d� �a�s� �t�h�e� �h�i�s�t�o�r�y� 

�o�f� �h�u�m�a�n�k�i�n�d�,� �t�h�e� �s�e�a�r�c�h� �f�o�r� �u�r�g�e�n�t� �s�o�l�u�t�i�o�n�s�,� �e�s�p�e�c�i�a�l�l�y� 

�i�n� �t�h�e� �a�g�r�i�c�u�l�t�u�r�a�l� �s�e�c�t�o�r�,� �w�a�s� �t�r�i�g�g�e�r�e�d� �b�y� �r�e�l�a�t�i�v�e�l�y� 

�r�e�c�e�n�t� �e�v�e�n�t�s� �s�u�c�h� �a�s� �t�h�e� �p�o�t�a�t�o� �b�l�i�g�h�t�,� �P�h�y�t�o�p�h�t�o�r�a� 

�i�n�f�e�s�t�a�n�s�,� �e�p�i�d�e�m�i�c� �o�f� �t�h�e� �1�8�4�0�s� �w�h�i�c�h� �c�a�u�s�e�d� �m�a�n�y� �p�e�o�p�l�e� 

�t�o� �d�i�e� �o�f� �s�t�a�r�v�a�t�i�o�n� �(�S�m�i�t�h� �e�t� �a�l�.� �1�9�7�6�)�.� 

�A� �p�o�s�s�i�b�l�e� �s�c�e�n�a�r�i�o� �i�n� �d�e�v�e�l�o�p�i�n�g� �t�h�e� �r�e�l�a�t�i�o�n�s�h�i�p�s� 

�b�e�t�w�e�e�n� �h�u�m�a�n�s� �a�n�d� �n�o�x�i�o�u�s� �a�n�i�m�a�l�s� �o�f� �a�g�r�o�e�c�o�s�y�s�t�e�m�s� 

�p�r�o�b�a�b�l�y� �s�t�a�r�t�e�d� �w�i�t�h� �e�f�f�o�r�t�s� �b�y� �e�a�r�l�y� �a�g�r�i�c�u�l�t�u�r�a�l� �p�e�o�p�l�e� 

�t�o� �p�r�o�t�e�c�t� �t�h�e�i�r� �g�a�r�d�e�n�s� �f�r�o�m� �d�e�p�r�e�d�a�t�i�o�n� �b�y� �v�e�r�t�e�b�r�a�t�e�s�.� 

�T�h�e�i�r� �s�o�l�u�t�i�o�n�s� �t�o� �t�h�e� �p�r�o�b�l�e�m� �m�i�g�h�t� �l�i�k�e�l�y� �h�a�v�e� �b�e�e�n� 

�m�a�i�n�l�y� �i�n� �t�h�e� �f�o�r�m� �o�f� �p�h�y�s�i�c�a�l� �b�a�r�r�i�e�r�s� �b�u�i�l�t� �t�o� �e�x�c�l�u�d�e� 

�p�e�s�k�y� �a�n�i�m�a�l�s� �(�m�o�s�t� �l�i�k�e�l�y� �m�a�m�m�a�l�s�)� �f�r�o�m� �g�a�r�d�e�n�s�.� �I�n� 

�c�o�m�b�i�n�a�t�i�o�n� �w�i�t�h� �t�r�a�p�p�i�n�g� �a�n�d� �h�u�n�t�i�n�g�,� �b�a�r�r�i�e�r�s� �o�r� 

�e�x�c�l�u�s�i�o�n� �d�e�v�i�c�e�s� �p�r�o�v�i�d�e�d� �r�e�a�s�o�n�a�b�l�e� �p�r�o�t�e�c�t�i�o�n� �t�o� �t�h�e� 

�a�g�r�i�c�u�l�t�u�r�a�l� �i�n�t�e�r�e�s�t�s� �o�f� �e�a�r�l�y� �f�a�r�m�e�r�s�.� �T�h�e� �p�e�s�t� 

�m�a�n�a�g�e�m�e�n�t� �s�t�r�a�t�e�g�y� �o�f� �t�h�e� �e�a�r�l�y� �f�a�r�m�e�r�s� �w�a�s� �t�h�e�r�e�f�o�r�e� 

�m�a�i�n�l�y� �o�f� �t�h�e� �p�h�y�s�i�c�a�l� �e�x�c�l�u�s�i�o�n� �t�y�p�e�.� �T�h�e�y� �a�l�s�o� 

�i�n�a�d�v�e�r�t�e�n�t�l�y� �c�h�e�c�k�e�d� �p�e�s�t� �p�o�p�u�l�a�t�i�o�n� �e�r�u�p�t�i�o�n�s� �t�h�r�o�u�g�h� 

�t�h�e�i�r� �h�u�s�b�a�n�d�r�y� �p�r�a�c�t�i�c�e� �o�f� �m�i�x�e�d�-� �o�r� �i�n�t�e�r�-�c�r�o�p�p�i�n�g� �i�n� 

�w�h�i�c�h� �s�e�v�e�r�a�l� �c�r�o�p�s� �w�e�r�e� �g�r�o�w�n� �t�o�g�e�t�h�e�r� �i�n� �o�n�e� �p�l�o�t�.� �T�h�i�s� 

�p�r�a�c�t�i�c�e� �i�s� �n�o�w� �k�n�o�w�n� �t�o� �h�a�m�p�e�r� �p�o�p�u�l�a�t�i�o�n� �e�r�u�p�t�i�o�n�s� �o�f� 

�n�u�i�s�a�n�c�e� �a�n�i�m�a�l�s� �i�n� �a�g�r�o�e�c�o�s�y�s�t�e�m�s� �(�G�r�o�s�s�m�a�n� �a�n�d� �Q�u�a�r�l�e�s� 
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�1�9�9�3�)�.� �T�h�e� �s�u�c�c�e�s�s� �a�c�h�i�e�v�e�d� �b�y� �t�h�e� �e�a�r�l�y� �f�a�r�m�e�r�s� �i�n� 

�s�o�l�v�i�n�g� �t�h�e�i�r� �a�g�r�i�c�u�l�t�u�r�a�l� �p�e�s�t� �p�r�o�b�l�e�m�s� �i�n� �p�a�r�t� �w�a�s� �d�u�e� �t�o� 

�w�i�d�e�s�p�r�e�a�d� �e�q�u�i�l�i�b�r�i�a� �t�h�a�t� �e�x�i�s�t�e�d� �i�n� �t�h�e� �c�o�m�m�u�n�i�t�y� 

�s�t�r�u�c�t�u�r�e�s� �o�f� �m�a�n�y� �o�f� �t�h�e� �w�o�r�l�d ��s� �e�c�o�s�y�s�t�e�m�s�.� �S�p�o�n�t�a�n�e�o�u�s� 

�i�n�c�r�e�a�s�e�s� �i�n� �t�h�e� �p�o�p�u�l�a�t�i�o�n� �s�i�z�e�s� �o�f� �p�e�s�t� �s�p�e�c�i�e�s� �w�e�r�e� 

�u�n�c�o�m�m�o�n� �b�e�c�a�u�s�e� �t�h�e�y� �w�e�r�e� �h�e�l�d� �i�n� �c�h�e�c�k� �b�y� �t�h�e�i�r� �n�a�t�u�r�a�l� 

�e�n�e�m�i�e�s�.� �T�h�e� �p�h�e�n�o�m�e�n�o�n� �o�f� �n�a�t�u�r�a�l� �e�n�e�m�i�e�s� �c�o�n�t�r�o�l�l�i�n�g� �t�h�e� 

�a�c�t�i�v�i�t�i�e�s� �o�f� �n�o�x�i�o�u�s� �o�r�g�a�n�i�s�m�s� �i�s� �p�r�o�b�a�b�l�y� �t�h�e� �o�l�d�e�s�t� 

�c�o�m�p�o�n�e�n�t� �o�f� �t�h�e� �p�e�s�t� �m�a�n�a�g�e�m�e�n�t� �s�y�s�t�e�m� �(�C�o�o�k� �1�9�9�3�)�.� 

�H�o�w�e�v�e�r�,� �a�c�c�o�r�d�i�n�g� �t�o� �G�l�a�s�s� �(�1�9�7�6�)� �a� �m�a�j�o�r� �t�h�r�e�a�t� �t�o� �t�h�i�s� 

�b�a�l�a�n�c�e� �w�a�s� �u�s�h�e�r�e�d� �i�n� �b�y� �t�h�e� �w�a�v�e� �o�f� �i�n�t�e�r�c�o�n�t�i�n�e�n�t�a�l� 

�e�x�p�l�o�r�a�t�i�o�n�s� �o�f� �t�h�e� �1�5�"� �c�e�n�t�u�r�y�,� �w�h�i�c�h� �c�a�u�s�e�d� �c�r�o�p�s� �a�n�d� 

�t�h�e�i�r� �a�s�s�o�c�i�a�t�e�d� �p�e�s�t�s� �t�o� �b�e� �m�o�v�e�d� �a�c�r�o�s�s� �c�o�n�t�i�n�e�n�t�a�l� �l�a�n�d� 

�m�a�s�s�e�s�.� �P�e�s�t� �o�r�g�a�n�i�s�m�s� �w�e�r�e� �t�h�u�s� �t�r�a�n�s�p�l�a�n�t�e�d� �t�o� �l�o�c�a�t�i�o�n�s� 

�w�h�e�r�e� �t�h�e�i�r� �n�a�t�u�r�a�l� �e�n�e�m�i�e�s� �d�i�d� �n�o�t� �e�x�i�s�t�.� �F�u�r�t�h�e�r�m�o�r�e�,� 

�t�h�e� �n�e�e�d� �f�o�r� �r�a�w� �m�a�t�e�r�i�a�l�s� �t�o� �s�u�s�t�a�i�n� �t�h�e� �p�o�s�t�-�W�o�r�l�d� �W�a�r� �I� 

�i�n�d�u�s�t�r�i�a�l�i�z�a�t�i�o�n� �m�a�y� �h�a�v�e� �s�t�i�m�u�l�a�t�e�d� �t�h�e� �c�u�l�t�u�r�a�l� 

�e�v�o�l�u�t�i�o�n� �o�f� �a�g�r�i�c�u�l�t�u�r�e� �f�r�o�m� �a� �l�a�r�g�e�l�y� �s�u�b�s�i�s�t�e�n�c�e� 

�a�c�t�i�v�i�t�y� �t�o� �c�o�m�m�e�r�c�i�a�l� �e�n�d�e�a�v�o�r�s�,� �a�n�d� �w�i�t�h� �t�h�a�t� �c�h�a�n�g�e�,� �t�h�e� 

�t�r�a�n�s�f�o�r�m�a�t�i�o�n� �o�f� �f�a�r�m�s� �f�r�o�m� �p�o�l�y�-� �t�o� �m�o�n�o�c�u�l�t�u�r�e�s�.� �T�h�i�s� 

�c�u�l�t�u�r�a�l� �c�h�a�n�g�e� �w�a�s� �o�n�e� �o�f� �t�h�e� �m�o�s�t� �i�m�p�o�r�t�a�n�t� �f�a�c�t�o�r�s� �t�h�a�t� 

�i�n�c�r�e�a�s�e�d� �t�h�e� �s�c�o�p�e� �a�n�d� �d�i�m�e�n�s�i�o�n�s� �o�f� �t�h�e� �w�o�r�l�d ��s� 

�a�g�r�i�c�u�l�t�u�r�a�l� �p�e�s�t� �p�r�o�b�l�e�m� �(�C�o�r�b�e�t� �1�9�7�6�)�,� �a�n�d� �i�s� �b�e�l�i�e�v�e�d� �t�o� 

�h�a�v�e� �i�n�t�e�n�s�i�f�i�e�d� �i�n� �t�h�e� �1�9�4�0�s� �(�A�p�p�l�e� �a�n�d� �S�m�i�t�h� �1�9�7�6�)�.� 
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�2�.�2� �W�h�a�t� �i�s� �a� �P�e�s�t�?� 

�T�h�e� �t�e�r�m� �"�p�e�s�t�"� �i�s� �g�e�n�e�r�a�l�l�y� �u�s�e�d� �t�o� �r�e�f�e�r� �t�o� �n�o�x�i�o�u�s� 

�a�n�i�m�a�l�s� �o�r� �p�l�a�n�t�s�.� �I�n� �t�h�e� �s�i�m�p�l�e�s�t� �s�e�n�s�e�,� �a� �p�e�s�t� �c�a�n� �b�e� 

�d�e�f�i�n�e�d� �a�s� �a� �d�a�m�a�g�e�-�c�a�u�s�i�n�g� �o�r� �n�u�i�s�a�n�c�e�-�c�a�u�s�i�n�g� �s�p�e�c�i�e�s� 

�(�S�c�a�n�l�o�n� �p�e�r�s�.� �c�o�m�m�u�n�.�)�.� �M�a�n�y� �a�t�t�e�m�p�t�s� �a�t� �d�e�f�i�n�i�n�g� �t�h�e� 

�t�e�r�m� �h�a�v�e� �e�x�p�r�e�s�s�e�d� �t�h�i�s� �v�i�e�w�p�o�i�n�t�.� �F�o�r� �e�x�a�m�p�l�e�,� �C�o�n�w�a�y� 

�(�1�9�8�1�)� �d�e�f�i�n�e�d� �a� �p�e�s�t� �a�s� 

�"�.�.�.�.�a� �l�i�v�i�n�g� �o�r�g�a�n�i�s�m� �w�h�i�c�h� �c�a�u�s�e�s� �d�a�m�a�g�e� �o�r� 
�i�l�l�n�e�s�s� �t�o� �M�a�n� �o�r� �h�i�s� �p�o�s�s�e�s�s�i�o�n�s�,� �o�r� �i�s� 
�o�t�h�e�r�w�i�s�e�,� �i�n� �s�o�m�e� �s�e�n�s�e� �u�n�w�a�n�t�e�d�.�"� 

�M�a�n�y� �b�i�o�l�o�g�i�s�t�s�,� �e�s�p�e�c�i�a�l�l�y� �a�g�r�i�c�u�l�t�u�r�i�s�t�s�,� �m�a�y� �f�i�n�d� �t�h�e� 

�a�b�o�v�e� �d�e�f�i�n�i�t�i�o�n� �i�n�s�u�f�f�i�c�i�e�n�t� �b�e�c�a�u�s�e� �i�t� �d�o�e�s� �n�o�t� �m�a�k�e� 

�e�x�p�l�i�c�i�t� �r�e�f�e�r�e�n�c�e� �t�o� �t�h�e� �e�c�o�n�o�m�i�c� �i�m�p�o�r�t�a�n�c�e� �o�f� �t�h�e� 

�o�u�t�c�o�m�e� �o�f� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �o�f� �a� �p�e�s�t�.� �T�h�u�s�,� �W�o�o�d�s� �(�1�9�7�4�)� 

�d�e�f�i�n�e�d� �a� �p�e�s�t� �a�s� 

�"�,�.�.�.�.�a�n� �o�r�g�a�n�i�s�m� �w�h�i�c�h� �h�a�r�m�s� �M�a�n� �o�r� �h�i�s� �p�r�o�p�e�r�t�y� 
�o�r� �i�s� �l�i�k�e�l�y� �t�o� �d�o� �s�o�.� �T�h�e� �h�a�r�m� �m�u�s�t� �b�e� 
�S�i�g�n�i�f�i�c�a�n�t�,� �t�h�e� �d�a�m�a�g�e� �o�f� �e�c�o�n�o�m�i�c� �i�m�p�o�r�t�a�n�c�e�.�"� 

�T�h�e� �a�b�o�v�e� �d�e�f�i�n�i�t�i�o�n� �i�s� �l�i�k�e�l�y� �t�o� �b�e� �s�e�e�n� �a�s� �c�l�a�r�i�f�y�i�n�g� �t�h�e� 

�w�o�r�d� �p�e�s�t� �m�o�r�e� �s�a�t�i�s�f�a�c�t�o�r�i�l�y� �t�h�a�n� �t�h�e� �p�r�e�c�e�d�i�n�g� �a�t�t�e�m�p�t�s� 

�b�e�c�a�u�s�e� �i�t� �i�n�c�o�r�p�o�r�a�t�e�s� �t�h�e� �i�s�s�u�e� �o�f� �t�h�e� �e�c�o�n�o�m�i�c� 

�S�i�g�n�i�f�i�c�a�n�c�e� �o�f� �p�e�s�t�i�l�e�n�c�e�.� �B�y� �s�u�b�s�t�i�t�u�t�i�n�g� �"�v�e�r�t�e�b�r�a�t�e�"� 

�o�r� �o�t�h�e�r� �t�a�x�a� �f�o�r� �"�o�r�g�a�n�i�s�m�"� �i�n� �t�h�e� �a�b�o�v�e� �d�e�f�i�n�i�t�i�o�n� �a�n�d� 

�r�e�m�o�v�i�n�g� �t�h�e� �g�e�n�d�e�r� �d�e�n�o�t�a�t�i�o�n�,� �a� �d�e�f�i�n�i�t�i�o�n� �o�f� �a� �p�e�s�t� 

�a�p�p�r�o�p�r�i�a�t�e� �f�o�r� �a� �t�a�x�o�n�o�m�i�c� �g�r�o�u�p� �m�a�y� �b�e� �w�r�i�t�t�e�n�.� �H�o�w�e�v�e�r�,� 

�t�h�e� �d�e�f�i�n�i�t�i�o�n� �l�e�a�v�e�s� �u�n�a�n�s�w�e�r�e�d� �t�h�e� �a�g�e�l�o�n�g� �q�u�e�s�t�i�o�n� �o�f� 
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�t�h�e� �t�y�p�e� �p�o�s�e�d� �b�y� �P�i�e�r�c�e� �(�1�9�3�4�)�.� �A�t� �w�h�a�t� �p�o�i�n�t� �d�o�e�s� �t�h�e� 

�a�c�t�i�o�n� �o�f� �a� �p�e�s�t� �b�e�c�o�m�e� �d�a�m�a�g�e�?� �P�u�t� �i�n� �a�n�o�t�h�e�r� �w�a�y�,� �w�h�e�n� 

�d�o�e�s� �a�n� �o�r�g�a�n�i�s�m� �o�r� �a� �g�r�o�u�p� �o�f� �o�r�g�a�n�i�s�m�s� �b�e�c�o�m�e� �d�e�s�i�g�n�a�t�e�d� 

�o�r� �n�a�m�e�d� �a� �p�e�s�t�?� �T�h�i�s� �q�u�e�s�t�i�o�n� �s�u�g�g�e�s�t�s� �t�h�a�t� �b�e�i�n�g� �a� �p�e�s�t� 

�h�a�s� �b�o�t�h� �t�e�m�p�o�r�a�l� �a�n�d� �s�p�a�t�i�a�l� �i�m�p�l�i�c�a�t�i�o�n�s�.� �A�n� �a�n�i�m�a�l� �o�r� 

�p�o�p�u�l�a�t�i�o�n� �m�a�y� �c�h�a�n�g�e� �o�v�e�r�-�n�i�g�h�t� �f�r�o�m� �n�o�t� �b�e�i�n�g� �a� �p�e�s�t� �t�o� 

�b�e�i�n�g� �o�n�e� �d�u�e� �t�o� �a� �b�e�h�a�v�i�o�r� �c�h�a�n�g�e�,� �a� �c�h�a�n�g�e� �i�n� �t�h�e� 

�a�b�u�n�d�a�n�c�e� �o�f� �t�h�e� �o�r�g�a�n�i�s�m�,� �o�r� �d�u�e� �t�o� �a� �r�a�p�i�d� �c�h�a�n�g�e� �i�n� �t�h�e� 

�v�a�l�u�e� �o�f� �t�h�e� �c�o�m�m�o�d�i�t�y� �b�e�i�n�g� �c�o�n�s�u�m�e�d� �o�r� �d�e�s�t�r�o�y�e�d�.� 

�S�p�a�t�i�a�l�l�y�,� �a�n� �i�n�d�i�v�i�d�u�a�l� �t�h�a�t� �i�s� �a� �p�e�s�t� �i�n� �o�n�e� �a�r�e�a� �i�s� �n�o�t� 

�n�e�c�e�s�s�a�r�i�l�y� �a� �p�e�s�t� �i�n� �a�n�o�t�h�e�r�.� �A� �p�e�s�t� �m�a�y� �b�e� �a�n� 

�i�n�d�i�v�i�d�u�a�l�,� �b�u�t� �i�t� �i�s� �u�s�u�a�l�l�y� �a� �p�o�p�u�l�a�t�i�o�n� �(�e�.�g�.�,� �a� �s�k�e�i�n� 

�o�f� �w�a�t�e�r�f�o�w�l� �f�e�e�d�i�n�g� �o�n� �r�i�c�e� �o�n� �a� �f�a�r�m�)�.� �T�h�e� �p�e�r�n�i�c�i�o�u�s� 

�b�e�h�a�v�i�o�r� �o�f� �p�e�s�t�s� �m�a�y� �b�e� �l�e�a�r�n�e�d� �(�a�s� �i�n� �t�h�e� �p�r�i�m�a�t�e�s� �a�n�d� 

�u�r�s�i�d�s�)� �o�r� �p�e�r�h�a�p�s� �h�a�v�e� �a� �g�e�n�e�t�i�c� �b�a�s�e�.� �U�n�i�f�y�i�n�g� �t�h�e�s�e� 

�a�t�t�r�i�b�u�t�e�s� �i�n� �a� �d�e�f�i�n�i�t�i�o�n� �i�s� �d�i�f�f�i�c�u�l�t�,� �b�u�t� �i�t� �c�a�n� �b�e� 

�a�t�t�e�m�p�t�e�d� �a�s� �p�a�r�t� �o�f� �t�h�e� �c�o�n�t�i�n�u�i�n�g� �h�e�u�r�i�s�t�i�c� �e�x�p�o�s�i�t�i�o�n� �o�f� 

�t�h�e� �p�e�s�t� �p�h�e�n�o�m�e�n�o�n�.� 

�T�h�e� �s�t�u�d�y� �r�e�p�o�r�t�e�d� �h�e�r�e� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �i�n� �a�n� �a�r�e�a� 

�w�h�e�r�e� �c�r�o�p�s� �a�r�e� �g�r�o�w�n� �l�a�r�g�e�l�y� �f�o�r� �h�o�m�e� �c�o�n�s�u�m�p�t�i�o�n� �a�n�d� �s�o�m�e� 

�l�o�c�a�l� �s�a�l�e�.� �T�h�e� �l�o�s�s� �o�f� �a� �s�m�a�l�l� �q�u�a�n�t�i�t�y� �o�f� �g�r�a�i�n�s� �c�a�n� 

�h�a�v�e� �a�n� �a�p�p�r�e�c�i�a�b�l�e� �i�m�p�a�c�t� �o�n� �t�h�e� �w�e�l�l�-�b�e�i�n�g� �o�f� �t�h�e� 

�a�f�f�e�c�t�e�d� �f�a�r�m�e�r� �a�n�d� �h�i�s� �o�r� �h�e�r� �d�e�p�e�n�d�e�n�t�s�.� �F�o�o�d� �s�e�c�u�r�i�t�y� 

�i�s� �v�e�r�y� �l�o�w� �d�u�e� �t�o� �l�e�a�n� �h�a�r�v�e�s�t�s�.� �T�h�e�r�e�f�o�r�e�,� �i�n� 

�d�e�t�e�r�m�i�n�i�n�g� �w�h�a�t� �s�h�o�u�l�d� �a�n�d� �w�h�a�t� �s�h�o�u�l�d� �n�o�t� �b�e� �r�e�f�e�r�r�e�d� �t�o� 
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�a�s� �a� �p�e�s�t� �i�n� �s�u�c�h� �a�n� �a�r�e�a�,� �t�h�e�r�e� �i�s� �a� �n�e�e�d� �t�o� �u�s�e� �a� 

�y�a�r�d�s�t�i�c�k� �t�h�a�t� �i�s� �c�o�m�m�e�n�s�u�r�a�t�e� �w�i�t�h� �a�n�d� �f�a�i�r�l�y� �r�e�f�l�e�c�t�s� �t�h�e� 

�s�o�c�i�a�l� �i�m�p�a�c�t� �o�f� �t�h�e� �c�r�o�p� �l�o�s�s�.� �W�h�e�n� �t�h�e� �s�o�c�i�a�l� �c�o�s�t�s� �a�r�e� 

�h�i�g�h�,� �t�h�e� �t�h�r�e�s�h�o�l�d� �f�o�r� �j�u�d�g�i�n�g� �w�h�e�t�h�e�r� �o�r� �n�o�t� �t�o� �c�l�a�s�s�i�f�y� 

�a�n� �o�r�g�a�n�i�s�m� �o�r� �a� �g�r�o�u�p� �o�f� �o�r�g�a�n�i�s�m�s� �a�s� �a� �p�e�s�t� �s�h�o�u�l�d� �b�e� 

�l�o�w�,� �s�o� �a�s� �t�o� �s�t�i�m�u�l�a�t�e� �t�i�m�e�l�y� �r�e�s�p�o�n�s�e�s� �t�o� �p�e�s�t� �o�u�t�b�r�e�a�k�s�.� 

�T�h�e�r�e�f�o�r�e�,� �a� �w�o�r�k�i�n�g� �d�e�f�i�n�i�t�i�o�n� �o�f� �p�e�s�t� �f�o�r� �t�h�i�s� �p�r�o�j�e�c�t� 

�i�s�:� �a�n� �o�r�g�a�n�i�s�m� �o�r� �g�r�o�u�p� �o�f� �o�r�g�a�n�i�s�m�s� �o�f� �t�h�e� �s�a�m�e� �o�r� 

�d�i�f�f�e�r�e�n�t� �s�p�e�c�i�e�s� �(�a�s� �i�n� �m�i�x�e�d� �f�l�o�c�k� �o�f� �b�i�r�d�s�)� �w�h�i�c�h� 

�a�c�t�u�a�l�l�y� �o�r� �p�o�t�e�n�t�i�a�l�l�y� �c�a�u�s�e�s� �s�i�g�n�i�f�i�c�a�n�t� �d�a�m�a�g�e �� �t�o� �t�h�e� 

�g�o�o�d�s�,� �s�e�r�v�i�c�e�s�,� �o�r� �o�t�h�e�r� �e�c�o�n�o�m�i�c� �i�n�t�e�r�e�s�t�s� �o�f� �p�e�o�p�l�e� �i�n�a� 

�g�i�v�e�n� �a�r�e�a� �a�n�d� �t�i�m�e� �p�e�r�i�o�d�.� �P�e�s�t�s� �m�a�y� �a�l�s�o� �p�o�s�s�e�s�s� 

�b�e�n�e�f�i�c�i�a�l� �c�h�a�r�a�c�t�e�r�i�s�t�i�c�s� �w�i�t�h�i�n� �o�r� �o�u�t�s�i�d�e� �t�h�e� �s�p�a�t�i�o�-� 

�t�e�m�p�o�r�a�l� �r�e�a�l�m� �i�n� �w�h�i�c�h� �t�h�e�y� �a�r�e� �d�e�s�i�g�n�a�t�e�d� �p�e�s�t�.� 

�2�.�3� �L�e�v�e�l�s� �o�f� �P�e�s�t�i�l�e�n�c�e� 

�T�h�e� �p�r�o�b�l�e�m�s� �c�a�u�s�e�d� �b�y� �n�u�i�s�a�n�c�e� �o�r�g�a�n�i�s�m�s� �m�a�y� �v�a�r�y� �i�n� 

�d�e�g�r�e�e� �a�n�d� �f�o�r�m�.� �T�h�e�y� �m�a�y� �b�e� �c�o�n�s�i�d�e�r�a�b�l�e�,� �m�o�d�e�r�a�t�e�,� �o�r� 

�n�e�g�l�i�g�i�b�l�e� �i�n� �e�x�t�e�n�t�,� �a�n�d� �m�a�y� �b�e� �p�o�t�e�n�t�i�a�l�,� �r�e�a�l�,� �o�r� 

�i�m�a�g�i�n�e�d� �i�n� �n�a�t�u�r�e� �(�O�w�e�n� �1�9�9�0�)�.� �D�u�e� �t�o� �t�h�e� �l�a�c�k� �o�f� �p�r�e�c�i�s�e� 

�d�e�f�i�n�i�t�i�o�n�s� �o�r� �m�e�a�s�u�r�e�s� �o�f� �w�h�a�t� �c�o�n�s�t�i�t�u�t�e�s� �a� �d�a�m�a�g�e�,� �t�h�e� 

�d�e�s�i�g�n�a�t�i�o�n� �o�f� �a�n� �o�r�g�a�n�i�s�m� �a�s� �a� �p�e�s�t� �i�n� �a�n�y� �g�i�v�e�n� �s�i�t�u�a�t�i�o�n� 

�i�s� �a� �v�a�l�u�e� �j�u�d�g�e�m�e�n�t�.� �I� �d�o� �n�o�t� �w�i�s�h� �t�o� �o�v�e�r�e�m�p�h�a�s�i�z�e� �t�h�i�s� 

� � 

�*�T�o� �b�e� �e�x�p�l�a�i�n�e�d� �l�a�t�e�r�.� 
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�i�d�e�a�.� �I�t� �h�a�s� �b�e�e�n� �e�x�p�r�e�s�s�e�d� �i�n� �s�e�v�e�r�a�l� �w�a�y�s� �b�y� �o�t�h�e�r�s�,� �b�u�t� 

�i�t� �h�a�s� �n�o�t� �y�e�t� �b�e�e�n� �i�n�t�e�r�n�a�l�i�z�e�d� �b�y� �c�e�n�t�e�r�s� �o�f� �h�i�g�h�e�r� 

�e�d�u�c�a�t�i�o�n�,� �r�e�s�e�a�r�c�h�,� �n�a�t�u�r�a�l� �r�e�s�o�u�r�c�e�s� �a�g�e�n�c�i�e�s�,� �p�e�s�t� 

�c�o�n�t�r�o�l� �p�r�o�f�e�s�s�i�o�n�a�l�s�,� �o�r� �a�n�t�i�-�c�o�n�t�r�o�l� �a�d�v�o�c�a�t�e�s�.� �T�h�e� 

�c�o�n�c�e�p�t� �o�f� �a� �p�e�s�t� �a�n�d� �t�h�e� �p�r�a�c�t�i�c�e� �o�f� �p�e�s�t� �c�o�n�t�r�o�l� �a�r�e� �n�o�t� 

�e�x�c�l�u�s�i�v�e�l�y� �i�n� �t�h�e� �p�u�r�v�i�e�w� �o�f� �s�c�i�e�n�c�e�.� �F�o�r� �e�x�a�m�p�l�e�,� �C�a�n�b�y� 

�(�1�9�7�7�)� �a�n�d� �J�a�c�k�s�o�n� �(�1�9�8�1�)� �h�a�v�e� �r�e�p�o�r�t�e�d� �t�h�a�t� �c�e�r�t�a�i�n� 

�c�u�l�t�u�r�e�s� �r�e�v�e�r�e� �r�o�d�e�n�t�s� �b�y� �c�h�a�r�a�c�t�e�r�i�z�i�n�g� �t�h�e�m� �a�s� 

�p�o�s�s�e�s�s�i�n�g� �s�o�u�l�s� �o�r� �s�o�m�e� �o�t�h�e�r� �a�t�t�r�i�b�u�t�e�s� �p�r�e�v�i�o�u�s�l�y� 

�a�s�c�r�i�b�e�d� �t�o� �h�u�m�a�n�s� �a�l�o�n�e�.� �I�n�c�r�e�a�s�i�n�g� �r�e�c�o�g�n�i�t�i�o�n� �o�f� �t�h�e� 

�S�i�m�i�l�a�r�i�t�i�e�s� �b�e�t�w�e�e�n� �h�u�m�a�n�s� �a�n�d� �o�t�h�e�r� �o�r�g�a�n�i�s�m�s� �a�p�p�e�a�r�s� �t�o� 

�b�e� �r�e�s�h�a�p�i�n�g� �t�h�e� �m�o�r�a�l� �a�n�d� �e�t�h�i�c�a�l� �d�i�m�e�n�s�i�o�n�s� �o�f� �t�h�e� 

�t�r�a�d�i�t�i�o�n�a�l� �d�o�m�i�n�i�o�n�i�s�t�i�c� �a�t�t�i�t�u�d�e�s� �o�f� �h�u�m�a�n�s� �t�o�w�a�r�d�s� �o�t�h�e�r� 

�o�r�g�a�n�i�s�m�s�.� �I�n� �h�i�s� �b�o�o�k� �"�T�h�e� �D�e�s�c�e�n�t� �o�f� �M�a�n�"�,� �C�h�a�r�l�e�s� 

�D�a�r�w�i�n� �(�c�i�t�e�d� �b�y� �D�u�n�l�a�p� �1�9�9�1�)� �w�r�o�t�e�:� 

�T�h�e�r�e� �i�s� �n�o� �f�u�n�d�a�m�e�n�t�a�l� �d�i�f�f�e�r�e�n�c�e� �b�e�t�w�e�e�n� �m�a�n� 
�a�n�d� �t�h�e� �h�i�g�h�e�r� �m�a�m�m�a�l�s� �i�n� �t�h�e�i�r� �m�e�n�t�a�l� �f�a�c�u�l�t�i�e�s� 
�.�.�.�.�-�E�v�e�n� �t�h�e� �l�o�w�e�r� �a�n�i�m�a�l�s� �.�.�.�.�.� �m�a�n�i�f�e�s�t�l�y� �f�e�e�l� 
�p�l�e�a�s�u�r�e� �a�n�d� �p�a�i�n�,� �h�a�p�p�i�n�e�s�s� �a�n�d� �m�i�s�e�r�y� �.�.�.�.�.�.�.�.�.� 
�O�n�l�y� �a� �f�e�w� �p�e�r�s�o�n�s� �n�o�w� �d�i�s�p�u�t�e� �t�h�a�t� �a�n�i�m�a�l�s� 
�p�o�s�s�e�s�s� �s�o�m�e� �p�o�w�e�r� �o�f� �r�e�a�s�o�n�i�n�g�.� 

�T�h�u�s� �m�a�n�y� �p�e�o�p�l�e� �i�n� �m�o�d�e�r�n� �h�u�m�a�n� �s�o�c�i�e�t�i�e�s� �m�a�y� �r�e�g�a�r�d� �a�n�y� 

�f�o�r�m� �o�f� �k�i�l�l�i�n�g� �o�f� �a�n�i�m�a�l�s� �(�i�n�c�l�u�d�i�n�g� �l�e�t�h�a�l�l�y� �c�o�n�t�r�o�l�l�i�n�g� 

�n�u�i�s�a�n�c�e� �a�n�i�m�a�l�s� �t�h�r�o�u�g�h� �c�h�e�m�i�c�a�l� �m�e�a�n�s�)� �a�s� �u�n�e�t�h�i�c�a�l� 

�a�c�t�i�o�n�s� �t�h�a�t� �i�m�p�i�n�g�e� �o�n� �t�h�e�i�r� �s�o�c�i�o�-�c�u�l�t�u�r�a�l� �o�r� �r�e�l�i�g�i�o�u�s� 

�b�e�l�i�e�f�s�.� �T�h�i�s� �k�i�n�d� �o�f� �p�e�r�c�e�p�t�i�o�n� �o�f� �a�n�i�m�a�l�s� �a�d�d�s� �t�o� �t�h�e� 

�d�i�f�f�i�c�u�l�t�y� �o�f� �f�o�r�m�u�l�a�t�i�n�g� �a� �u�n�i�f�i�e�d� �c�o�n�c�e�p�t� �o�f� �t�h�e� 
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�p�h�e�n�o�m�e�n�o�n� �o�f� �p�e�s�t�s� �a�n�d� �t�h�e� �p�r�o�b�l�e�m�s� �t�h�e�y� �c�a�u�s�e�.� 

�B�i�o�l�o�g�i�s�t�s� �s�o�m�e�t�i�m�e�s� �u�s�e� �t�h�e� �t�e�r�m�s� �"�i�n�j�u�r�y�"� �a�n�d� 

�"�d�a�m�a�g�e�"� �t�o� �q�u�a�l�i�t�a�t�i�v�e�l�y� �a�s�s�e�s�s� �t�h�e� �h�a�r�m� �d�o�n�e� �b�y� �n�u�i�s�a�n�c�e� 

�a�n�i�m�a�l�s�.� �F�o�r� �e�x�a�m�p�l�e�,� �G�i�l�e�s� �(�p�e�r�s�.� �c�o�m�m�u�n�.�)� �d�e�s�c�r�i�b�e�s� 

�"�i�n�j�u�r�y�"� �a�s� �t�h�e� �p�h�y�s�i�c�a�l� �h�a�r�m� �i�n�f�l�i�c�t�e�d� �o�n� �a� �v�a�l�u�a�b�l�e� 

�r�e�s�o�u�r�c�e�,� �w�h�i�l�e� �"�d�a�m�a�g�e�"� �i�s� �t�h�e� �p�h�y�s�i�c�a�l� �h�a�r�m� �p�l�u�s� �t�h�e� 

�m�o�n�e�t�a�r�y� �l�o�s�s� �(�o�r� �o�t�h�e�r� �s�i�g�n�i�f�i�c�a�n�t� �l�o�s�s� �i�n� �v�a�l�u�e�)� �t�h�a�t� 

�o�c�c�u�r�s� �a�s� �a� �r�e�s�u�l�t� �o�f� �t�h�e� �i�n�j�u�r�y� �t�o� �t�h�a�t� �r�e�s�o�u�r�c�e�.� �I�n� �t�h�i�s� 

�s�e�n�s�e�,� �a� �r�e�s�o�u�r�c�e� �m�a�y� �b�e� �i�n�j�u�r�e�d� �w�i�t�h�o�u�t� �b�e�i�n�g� �d�a�m�a�g�e�d�.� 

�H�o�w�e�v�e�r�,� �i�n� �m�a�n�y� �r�e�s�o�u�r�c�e�-�p�o�o�r� �r�e�g�i�o�n�s� �o�f� �t�h�e� �w�o�r�l�d� �w�h�e�r�e� 

�s�u�b�s�i�s�t�e�n�c�e� �l�i�v�i�n�g� �i�s� �c�o�m�m�o�n�,� �i�n�j�u�r�y� �a�n�d� �d�a�m�a�g�e� �b�e�c�o�m�e� 

�e�q�u�i�v�a�l�e�n�t� �b�e�c�a�u�s�e� �a�n�y� �a�m�o�u�n�t� �o�f� �l�o�s�s� �i�n� �y�i�e�l�d�,� �n�o� �m�a�t�t�e�r� 

�h�o�w� �l�i�t�t�l�e�,� �c�a�n� �h�a�v�e� �f�a�r�-�r�e�a�c�h�i�n�g� �c�o�n�s�e�q�u�e�n�c�e�s� �o�n� �t�h�e� �w�e�l�l�-� 

�b�e�i�n�g� �o�f� �t�h�e� �a�f�f�e�c�t�e�d� �f�a�r�m�e�r�.� �B�e�c�a�u�s�e� �t�h�e� �H�N�W� �i�s� �i�n�h�a�b�i�t�e�d� 

�l�a�r�g�e�l�y� �b�y� �p�e�a�s�a�n�t� �f�a�r�m�e�r�s�,� �t�h�e� �t�e�r�m�s� �i�n�j�u�r�y�,� �d�a�m�a�g�e�,� �a�n�d� 

�y�i�e�l�d� �l�o�s�s� �w�i�l�l� �b�e� �u�s�e�d� �s�y�n�o�n�y�m�o�u�s�l�y� �i�n� �t�h�i�s� �r�e�p�o�r�t�.� 

�A�t�t�e�m�p�t�s� �a�t� �q�u�a�n�t�i�t�a�t�i�v�e�l�y� �c�a�t�e�g�o�r�i�z�i�n�g� �t�h�e� �l�e�v�e�l�s� �o�f� 

�h�a�r�m� �c�a�u�s�e�d� �b�y� �p�e�s�t� �s�p�e�c�i�e�s� �h�a�v�e� �l�a�r�g�e�l�y� �b�e�e�n� �a�n� 

�i�n�t�e�r�d�i�s�c�i�p�l�i�n�a�r�y� �e�f�f�o�r�t� �o�f� �e�c�o�n�o�m�i�s�t�s� �a�n�d� �b�i�o�l�o�g�i�s�t�s� 

�(�e�.�g�.�,� �H�e�a�d�l�e�y� �1�9�7�2�a�,�b�;� �S�t�e�r�n� �1�9�7�3�;� �N�o�r�g�a�a�r�d� �1�9�7�6�;� 

�F�a�r�r�i�n�g�t�o�n� �1�9�7�7�;� �P�o�s�t�o�n� �e�t� �a�l�.� �1�9�8�3�;� �P�e�d�i�g�o� �e�t� �a�l�.� �1�9�8�6�;� 

�W�a�l�k�e�r� �1�9�8�7�;� �a�n�d� �Z�a�d�o�k�s� �1�9�8�5�,� �1�9�8�7�)�.� �T�h�e� �m�e�t�h�o�d� �o�f�t�e�n� 

�a�d�o�p�t�e�d� �u�n�i�t�e�s� �t�h�e� �b�i�o�l�o�g�i�c�a�l� �c�o�n�c�e�p�t� �o�f� �p�o�p�u�l�a�t�i�o�n� 

�d�y�n�a�m�i�c�s� �a�n�d� �t�h�e� �e�c�o�n�o�m�i�c� �c�o�n�c�e�p�t� �o�f� �b�e�n�e�f�i�t�-�c�o�s�t� �r�a�t�i�o�.� 

�O�n� �t�h�e� �b�a�s�i�s� �o�f� �t�h�e�s�e� �c�o�n�c�e�p�t�s�,� �t�h�r�e�e� �l�e�v�e�l�s� �o�f� �p�e�s�t� 
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�a�c�t�i�v�i�t�y� �a�r�e� �w�i�d�e�l�y� �r�e�c�o�g�n�i�z�e�d� �i�n� �c�r�o�p� �p�r�o�t�e�c�t�i�o�n� 

�l�i�t�e�r�a�t�u�r�e�.�  ��I�n�j�u�r�y� �t�h�r�e�s�h�o�l�d�"� �i�s� �c�o�m�m�o�n�l�y� �u�s�e�d� �t�o� �r�e�f�e�r� 

�t�o� �t�h�e� �l�e�v�e�l� �o�f� �p�e�s�t� �i�n�f�e�s�t�a�t�i�o�n� �a�t� �w�h�i�c�h� �v�i�s�i�b�l�e� �o�r� 

�q�u�a�n�t�i�f�i�a�b�l�e� �s�i�g�n�s� �o�f� �p�h�y�s�i�c�a�l� �i�n�j�u�r�y� �c�a�u�s�e�d� �b�y� �a� �p�e�s�t� 

�b�e�g�i�n� �t�o� �b�e� �o�b�s�e�r�v�a�b�l�e�.� �I�t� �i�s� �a�l�s�o� �c�a�l�l�e�d� �t�h�e� �"�w�a�r�n�i�n�g� 

�t�h�r�e�s�h�o�l�d�"� �(�W�a�l�k�e�r� �1�9�8�7�)�.� �I�f� �i�n�f�e�s�t�a�t�i�o�n� �r�e�m�a�i�n�s� �a�t� �o�r� 

�b�e�l�o�w� �t�h�e� �i�n�j�u�r�y� �t�h�r�e�s�h�o�l�d�,� �y�i�e�l�d� �l�o�s�s� �i�s� �m�i�n�i�m�a�l�,� 

�n�e�g�l�i�g�i�b�l�e�,� �o�r� �s�t�a�t�i�s�t�i�c�a�l�l�y� �i�n�s�i�g�n�i�f�i�c�a�n�t�.� �H�o�w�e�v�e�r�,� �i�f� 

�t�h�e� �d�e�g�r�e�e� �o�f� �p�e�s�t� �i�n�f�e�s�t�a�t�i�o�n� �o�r� �a�c�t�i�v�i�t�y� �c�o�n�t�i�n�u�e�s� �t�o� 

�i�n�c�r�e�a�s�e� �u�n�a�b�a�t�e�d�,� �t�h�e� �u�p�p�e�r� �l�i�m�i�t� �o�f� �t�h�e� �i�n�j�u�r�y� �t�h�r�e�s�h�o�l�d� 

�m�a�y� �b�e� �r�e�a�c�h�e�d�.� �B�e�y�o�n�d� �t�h�a�t� �l�e�v�e�l� �a� �n�e�w� �t�h�r�e�s�h�o�l�d� �i�s� 

�a�t�t�a�i�n�e�d� �t�h�a�t� �c�o�r�r�e�s�p�o�n�d�s� �t�o� �t�h�e� �m�i�n�i�m�u�m� �l�e�v�e�l� �o�f� �p�e�s�t� 

�d�e�n�s�i�t�y� �a�t� �w�h�i�c�h� �t�h�e� �c�o�s�t� �o�f� �c�o�n�t�r�o�l�l�i�n�g� �t�h�e� �p�e�s�t� �i�s� 

�e�c�o�n�o�m�i�c�a�l�l�y� �b�e�n�e�f�i�c�i�a�l� �(�S�t�e�r�n� �1�9�6�6�)�.� �T�h�i�s� �l�e�v�e�l� �i�s� �c�a�l�l�e�d� 

�t�h�e� �"�e�c�o�n�o�m�i�c� �t�h�r�e�s�h�o�l�d�"�.� �I�t� �i�s� �t�h�e� �"�m�a�r�g�i�n�"� �o�f� �m�a�r�g�i�n�a�l� 

�a�n�a�l�y�s�i�s� �i�n� �b�a�s�i�c� �e�c�o�n�o�m�i�c�s�.� �C�o�n�s�i�d�e�r�a�b�l�y� �l�a�r�g�e� �a�m�o�u�n�t�s� �o�f� 

�y�i�e�l�d� �l�o�s�s� �c�a�n� �r�e�s�u�l�t� �f�r�o�m� �i�n�f�e�s�t�a�t�i�o�n�s� �b�e�y�o�n�d� �t�h�e� �u�p�p�e�r� 

�l�i�m�i�t�s� �o�f� �t�h�e� �e�c�o�n�o�m�i�c� �t�h�r�e�s�h�o�l�d�,� �s�o�m�e�t�i�m�e�s� �c�a�l�l�e�d� �t�h�e� 

�"�d�a�m�a�g�e� �t�h�r�e�s�h�o�l�d�"� �(�W�a�l�k�e�r� �1�9�8�7�)�.� �B�e�t�w�e�e�n� �t�h�e� �e�c�o�n�o�m�i�c� �a�n�d� 

�t�h�e� �d�a�m�a�g�e� �t�h�r�e�s�h�o�l�d�s� �i�s� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n� �z�o�n�e� �w�i�t�h�i�n� �w�h�i�c�h� 

�e�f�f�o�r�t� �a�t� �c�o�n�t�r�o�l�l�i�n�g� �t�h�e� �p�e�s�t� �m�u�s�t� �b�e� �m�a�d�e� �t�o� �a�v�o�i�d� 

�i�n�f�e�s�t�a�t�i�o�n�s� �g�r�o�w�i�n�g� �b�e�y�o�n�d� �t�h�e� �d�a�m�a�g�e� �t�h�r�e�s�h�o�l�d�.� �W�a�l�k�e�r� 

�(�1�9�8�7�)� �p�r�o�p�o�s�e�d� �t�h�e� �t�e�r�m� �"�a�c�t�i�o�n� �t�h�r�e�s�h�o�l�d�"� �f�o�r� �t�h�e� �d�y�n�a�m�i�c� 

�t�h�r�e�s�h�o�l�d� �w�i�t�h�i�n� �t�h�e� �i�n�t�e�r�v�e�n�t�i�o�n� �z�o�n�e�.� �F�i�g�u�r�e� �1� 

�i�l�l�u�s�t�r�a�t�e�s� �t�h�i�s� �c�o�n�c�e�p�t�.� 
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�F�i�g�u�r�e� �1�.� �H�y�p�o�t�h�e�t�i�c�a�l� �t�h�r�e�s�h�o�l�d�s� �o�f� �p�e�s�t� �i�n�f�e�s�t�a�t�i�o�n� 
�a�n�d� �y�i�e�l�d�s� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �t�h�e�m� �(�b�a�s�e�d� �o�n� �S�t�e�r�n� �1�9�6�6�,� 
�a�n�d� �W�a�l�k�e�r� �1�9�8�7�)�.� �G� �=� �g�r�o�w�t�h�c�u�r�v�e� �o�f� �p�e�s�t� �i�f� �n�o� �p�e�s�t� �m�a�n�a�g�e�m�e�n�t� �i�n�t�e�r�v�e�n�t�i�o�n� 
�i�s� �c�a�r�r�i�e�d� �o�u�t�;� �G�y� �=� �g�r�o�w�t�h� �c�u�r�v�e� �o�f� �p�e�s�t� �i�f� �i�n�t�e�r�v�e�n�t�i�o�n� �i�s� �c�a�r�r�i�e�d� �o�u�t� �a�t� �t�h�e� �u�p�p�e�r� �l�i�m�i�t� �o�f� 
�t�h�e� �e�c�o�n�o�m�i�c� �t�h�r�e�s�h�o�l�d�;� �G�,� �=� �g�r�o�w�t�h� �c�u�r�v�e� �o�f� �p�e�s�t� �i�f� �i�n�t�e�r�v�e�n�t�i�o�n� �i�s� �c�a�r�r�i�e�d� �o�u�t� �a�t� �t�h�e� �l�o�w�e�r� 
�l�i�m�i�t� �o�f� �e�c�o�n�o�m�i�c� �t�h�r�e�s�h�o�l�d�;� �Y� �=� �y�i�e�l�d� �c�u�r�v�e� �o�f� �c�r�o�p�;� �E�,�,� �=� �d�a�m�a�g�e� �t�h�r�e�s�h�o�l�d� �o�r� �u�p�p�e�r� �l�i�m�i�t� 
�o�f� �e�c�o�n�o�m�i�c� �t�h�r�e�s�h�o�l�d� �a�b�o�v�e� �w�h�i�c�h� �p�e�s�t� �c�o�n�t�r�o�l� �i�n�t�e�r�v�e�n�t�i�o�n� �m�a�y� �n�o�t� �b�e� �e�c�o�n�o�m�i�c�a�l�l�y� 
�b�e�n�e�f�i�c�i�a�l�;� �E�,� �=� �l�o�w�e�r� �l�i�m�i�t� �o�f� �e�c�o�n�o�m�i�c� �t�h�r�e�s�h�o�l�d� �a�t� �w�h�i�c�h� �l�e�v�e�l� �i�n�t�e�r�v�e�n�t�i�o�n� �b�e�c�o�m�e�s� 
�e�c�o�n�o�m�i�c�a�l�l�y� �b�e�n�e�f�i�c�i�a�l�,� �A� �=� �a�c�t�i�o�n� �o�r� �i�n�t�e�r�v�e�n�t�i�o�n� �z�o�n�e� �w�i�t�h�i�n� �w�h�i�c�h� �i�n�t�e�r�v�e�n�t�i�o�n� �m�u�s�t� 
�o�c�c�u�r� �t�o� �r�e�d�u�c�e� �d�a�m�a�g�e� �s�i�g�n�i�f�i�c�a�n�t�l�y�;� �W�y� �=� �u�p�p�e�r� �l�i�m�i�t� �o�f� �w�a�r�n�i�n�g� �o�r� �i�n�j�u�r�y� �t�h�r�e�s�h�o�l�d� �b�e�l�o�w� 
�w�h�i�c�h� �i�n�t�e�r�v�e�n�t�i�o�n� �i�s� �n�o�t� �n�e�c�e�s�s�a�r�y� �b�u�t� �p�e�s�t� �n�e�e�d�s� �t�o� �b�e� �m�o�n�i�t�o�r�e�d� �i�n�t�e�n�s�e�l�y�.� 
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�A� �m�a�j�o�r� �s�h�o�r�t�c�o�m�i�n�g� �o�f� �t�h�e� �t�h�r�e�s�h�o�l�d� �c�o�n�c�e�p�t� �i�s� �i�t�s� 

�f�o�c�u�s� �o�n� �p�e�s�t� �n�u�m�b�e�r�s� �w�h�i�l�e� �i�g�n�o�r�i�n�g� �t�h�e� �e�c�o�l�o�g�i�c�a�l� 

�c�o�m�m�u�n�i�t�y� �o�f� �t�h�e� �p�e�s�t�.� �T�h�i�s� �c�o�m�m�o�n� �h�a�b�i�t� �o�f� �f�i�x�i�n�g� 

�a�t�t�e�n�t�i�o�n� �o�n�l�y� �o�n� �t�h�e� �p�e�s�t� �h�a�s� �b�e�e�n� �i�d�e�n�t�i�f�i�e�d� �b�y� �D�y�e�r� �a�n�d� 

�W�a�r�d� �(�1�9�7�7�)� �a�s� �a� �c�o�m�m�o�n� �w�e�a�k�n�e�s�s� �o�f� �t�h�r�e�s�h�o�l�d�-�b�a�s�e�d� �p�e�s�t� 

�m�a�n�a�g�e�m�e�n�t� �e�f�f�o�r�t�s�.� �A�t�t�e�n�t�i�o�n� �t�o� �t�h�e� �p�e�s�t� �i�s� �t�h�e� �p�r�i�n�c�i�p�a�l� 

�r�e�a�s�o�n� �f�o�r� �t�h�e� �o�v�e�r�w�h�e�l�m�i�n�g� �r�e�l�i�a�n�c�e� �o�n� �l�e�t�h�a�l� �m�e�t�h�o�d�s� �i�n� 

�m�o�s�t� �p�e�s�t� �c�o�n�t�r�o�l� �p�r�o�g�r�a�m�s�.� �D�u�e� �t�o� �t�h�e� �e�n�v�i�r�o�n�m�e�n�t�a�l� 

�h�a�z�a�r�d�s� �a�n�d� �e�t�h�i�c�a�l� �q�u�e�s�t�i�o�n�s� �o�f�t�e�n� �a�s�s�o�c�i�a�t�e�d� �w�i�t�h� �l�e�t�h�a�l� 

�m�e�t�h�o�d�s� �o�f� �c�o�n�t�r�o�l�,� �i�t�s� �c�o�n�t�i�n�u�e�d� �d�o�m�i�n�a�n�c�e� �i�n� �p�e�s�t� 

�m�a�n�a�g�e�m�e�n�t� �o�p�e�r�a�t�i�o�n�s� �b�e�c�a�m�e� �q�u�e�s�t�i�o�n�e�d�.� 

�2�.�4� �E�v�o�l�u�t�i�o�n� �o�f� �t�h�e� �I�n�t�e�g�r�a�t�e�d� �A�p�p�r�o�a�c�h� �t�o� �P�e�s�t� �M�a�n�a�g�e�m�e�n�t� 

�I�n� �t�h�e� �p�e�r�i�o�d� �f�o�l�l�o�w�i�n�g� �W�o�r�l�d� �W�a�r� �I�I�,� �c�h�e�m�i�c�a�l� �c�o�n�t�r�o�l� 

�o�f� �p�e�s�t�s� �w�a�s� �e�n�s�c�o�n�c�e�d� �b�y� �t�h�e� �d�i�s�c�o�v�e�r�i�e�s� �o�f� �t�h�e� 

�i�n�s�e�c�t�i�c�i�d�e� �D�D�T �� �a�n�d� �t�h�e� �h�e�r�b�i�c�i�d�e� �2�,�4�-�D�*�.� �C�h�e�m�i�c�a�l� 

�c�o�n�t�r�o�l� �b�e�c�a�m�e� �t�h�e� �a�p�p�r�o�a�c�h� �f�a�v�o�r�e�d� �b�y� �m�a�n�y� �i�n�d�u�s�t�r�i�a�l�i�z�e�d� 

�c�o�u�n�t�r�i�e�s�.� �T�h�e� �u�s�e� �o�f� �p�e�s�t�i�c�i�d�e�s� �w�a�s� �v�e�r�y� �w�i�d�e�s�p�r�e�a�d� 

�d�u�r�i�n�g� �t�h�i�s� �p�e�r�i�o�d�,� �p�r�o�m�p�t�i�n�g� �r�e�f�e�r�e�n�c�e�s� �t�o� �i�t� �a�s� �t�h�e� 

�p�e�s�t�i�c�i�d�e� �e�r�a� �(�S�c�h�a�f�e�r� �1�9�8�1�)�.� �I�t� �i�s� �s�t�i�l�l� �a� �c�o�m�m�o�n� �b�e�l�i�e�f� 

�a�m�o�n�g� �p�e�s�t� �m�a�n�a�g�e�m�e�n�t� �s�p�e�c�i�a�l�i�s�t�s� �(�e�.�g�.�,� �H�a�r�d�y� �1�9�9�3�)� �t�h�a�t� 

�t�h�e� �m�a�n�a�g�e�m�e�n�t� �o�f� �p�e�s�t�s� �w�i�t�h� �(�s�y�n�t�h�e�t�i�c�)� �c�h�e�m�i�c�a�l�s� �i�s� 

� � 

�S�P�i�c�h�l�o�r�o�D�i�p�h�e�n�y�l�T�r�i�c�h�l�o�r�o�e�t�h�a�n�e� �=� �(�C�1�C�,�H�,�)�,�C�H�C�C�l�,� 

�4�2�,�4�-�D�i�c�h�l�o�r�o�p�h�e�n�o�x�y�a�c�e�t�i�c� �a�c�i�d� �=� �C�,�H�,�C�1�,�0�C�H�,�C�O�O�H� 
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�l�i�k�e�l�y� �t�o� �p�r�e�v�a�i�l� �f�o�r� �t�h�e� �r�e�s�t� �o�f� �t�h�e� �2�0�"� �c�e�n�t�u�r�y�.� 

�I�t� �w�a�s� �n�o�t� �l�o�n�g� �a�f�t�e�r� �t�h�e� �i�n�t�r�o�d�u�c�t�i�o�n� �o�f� �s�y�n�t�h�e�t�i�c�-� 

�c�h�e�m�i�c�a�l� �p�e�s�t�i�c�i�d�e�s� �b�e�f�o�r�e� �t�h�e� �m�a�j�o�r� �l�i�m�i�t�a�t�i�o�n�s� �o�f� �u�s�i�n�g� 

�t�h�e�m� �b�e�c�a�m�e� �a�p�p�a�r�e�n�t�.� �S�o�m�e� �o�f� �t�h�e� �p�e�s�t� �s�p�e�c�i�e�s� �w�e�r�e� 

�b�e�c�o�m�i�n�g� �r�e�s�i�s�t�a�n�t� �t�o� �t�h�e� �p�e�s�t�i�c�i�d�e�s�.� �A�l�s�o� �s�o�m�e� �n�o�x�i�o�u�s� 

�s�p�e�c�i�e�s� �w�h�o�s�e� �p�o�p�u�l�a�t�i�o�n�s� �w�e�r�e� �h�e�l�d� �d�o�w�n� �b�y� �i�n�t�e�r�s�p�e�c�i�f�i�c� 

�c�o�m�p�e�t�i�t�i�o�n� �w�i�t�h� �t�h�e� �t�a�r�g�e�t�e�d� �p�e�s�t�s� �m�u�l�t�i�p�l�i�e�d� �r�a�p�i�d�l�y� �a�n�d� 

�f�i�l�l�e�d� �i�n� �t�h�e� �v�a�c�a�n�t� �n�i�c�h�e�s� �c�r�e�a�t�e�d� �b�y� �t�h�e� �o�r�i�g�i�n�a�l�l�y� 

�r�e�c�o�g�n�i�z�e�d� �p�e�s�t�s� �b�e�i�n�g� �a�n�n�i�h�i�l�a�t�e�d�.� �T�h�e� �g�r�e�a�t�e�s�t� �c�o�n�c�e�r�n�,� 

�h�o�w�e�v�e�r�,� �w�a�S� �o�v�e�r� �n�o�n�-�t�a�r�g�e�t� �b�e�n�e�f�i�c�i�a�l� �s�p�e�c�i�e�s� �s�u�c�h� �a�s� 

�n�a�t�u�r�a�l� �e�n�e�m�i�e�s� �o�f� �p�e�s�t�s� �b�e�i�n�g� �e�x�t�e�r�m�i�n�a�t�e�d� �d�u�r�i�n�g� �t�h�e� 

�p�e�s�t�i�c�i�d�e� �t�r�e�a�t�m�e�n�t�s�.� �R�e�p�o�r�t�s� �o�f� �t�h�i�s� �d�a�n�g�e�r�o�u�s� �t�r�e�n�d� �a�r�e� 

�s�t�i�l�l� �c�o�m�m�o�n� �i�n� �p�e�s�t� �m�a�n�a�g�e�m�e�n�t� �l�i�t�e�r�a�t�u�r�e� �(�e�.�g�.�,� �E�l�l�i�o�t� 

�1�9�5�6�;� �R�i�p�p�e�r� �1�9�5�6�;� �K�e�i�t�h� �1�9�7�0�;� �M�c�M�u�r�t�y� �e�t� �a�l�.� �1�9�7�0�;� �K�l�a�s�s� 

�1�9�8�2�;� �G�r�e�g�-�S�m�i�t�h� �1�9�8�8�;� �a�n�d� �C�i�l�g�i� �e�t� �a�l�.� �1�9�9�3�)�.� �T�h�e� �g�r�o�w�i�n�g� 

�a�w�a�r�e�n�e�s�s� �o�f� �t�h�e� �n�e�g�a�t�i�v�e� �i�m�p�a�c�t�s� �o�f� �t�h�e� �s�y�n�t�h�e�t�i�c� �c�h�e�m�i�c�a�l� 

�p�e�s�t�i�c�i�d�e�s�,� �p�r�o�m�p�t�e�d� �i�n� �p�a�r�t� �b�y� �w�i�d�e�s�p�r�e�a�d� �a�n�t�i�-�p�e�s�t�i�c�i�d�e� 

�r�e�p�o�r�t�s� �(�e�.�g�.�,� �C�h�a�n�t� �1�9�7�0�;� �M�e�t�c�a�l�f� �1�9�7�0�;� �a�n�d� �P�i�m�e�n�t�a�l� �e�t� 

�a�l�.� �1�9�8�0�)�,� �a�n�d� �n�e�g�a�t�i�v�e� �v�i�e�w�s� �a�b�o�u�t� �p�e�s�t�i�c�i�d�e�s� �s�u�c�h� �a�s� 

�C�a�r�s�o�n ��s� �(�1�9�6�2�)� �w�a�r�n�i�n�g� �o�f� �t�h�e� �i�m�p�e�n�d�i�n�g� �c�h�e�m�i�c�a�l� 

�d�e�s�t�r�u�c�t�i�o�n� �o�f� �l�i�f�e� �o�n� �E�a�r�t�h�,� �s�t�i�m�u�l�a�t�e�d� �p�e�o�p�l�e� �t�o� �t�h�i�n�k� 

�a�b�o�u�t� �a�l�t�e�r�n�a�t�i�v�e�s� �t�o� �t�h�e� �p�e�s�t�i�c�i�d�e� �a�p�p�r�o�a�c�h� �t�o� �t�h�e� �w�o�r�l�d ��s� 

�a�g�r�i�c�u�l�t�u�r�a�l� �p�e�s�t� �p�r�o�b�l�e�m�s�.� �T�h�e� �r�e�s�u�l�t� �w�a�s� �t�h�e� �r�e�-� 

�e�m�e�r�g�e�n�c�e� �a�n�d� �f�o�r�m�a�l� �c�o�n�c�e�p�t�u�a�l�i�z�a�t�i�o�n� �o�f� �t�h�e� �p�r�a�c�t�i�c�e� �o�f� 

�2�9



�i�n�t�e�g�r�a�t�e�d� �p�e�s�t� �m�a�n�a�g�e�m�e�n�t� �(�h�e�r�e�i�n�a�f�t�e�r� �I�P�M�)�.� �T�h�e� �I�P�M� 

�c�o�n�c�e�p�t� �a�d�v�o�c�a�t�e�d� �a� �s�t�r�a�t�e�g�y� �o�f� �a� �m�u�l�t�i�f�a�c�e�t�e�d� �a�p�p�r�o�a�c�h� 

�t�h�a�t� �i�n�v�o�l�v�e�d� �s�i�m�u�l�t�a�n�e�o�u�s� �a�p�p�l�i�c�a�t�i�o�n�s� �o�f� �t�w�o� �o�r� �m�o�r�e� �o�f� 

�t�h�e� �c�o�n�v�e�n�t�i�o�n�a�l� �c�h�e�m�i�c�a�l�,� �b�i�o�l�o�g�i�c�a�l�,� �c�u�l�t�u�r�a�l�,� �a�n�d� 

�p�h�y�s�i�c�a�l� �c�o�n�t�r�o�l� �s�t�r�a�t�e�g�i�e�s� �(�S�m�i�t�h� �a�n�d� �A�l�l�e�n� �1�9�5�4�;� �S�t�e�r�n� �e�t� 

�a�l�.� �1�9�5�9�)�.� �H�o�w�e�v�e�r�,� �t�h�e� �n�e�w� �s�t�r�a�t�e�g�y� �d�i�d� �n�o�t� �b�r�e�a�k� �a�w�a�y� 

�f�r�o�m� �t�h�e� �t�r�a�d�i�t�i�o�n�a�l� �p�r�a�c�t�i�c�e� �o�f� �r�e�d�u�c�i�n�g� �p�e�s�t� �n�u�m�b�e�r�s� �a�s� �a� 

�p�r�i�m�a�r�y� �m�a�n�a�g�e�m�e�n�t� �o�b�j�e�c�t�i�v�e�.� �I�t� �t�h�e�r�e�f�o�r�e� �b�e�c�a�m�e� 

�c�r�i�t�i�c�i�z�e�d� �f�o�r� �t�h�e� �s�a�m�e� �r�e�a�s�o�n� �a�s� �i�t�s� �p�r�e�d�e�c�e�s�s�o�r�,� �d�e�s�p�i�t�e� 

�i�t�s� �w�i�d�e� �p�u�b�l�i�c� �a�c�c�l�a�m�a�t�i�o�n�.� �A�s� �a� �r�e�s�u�l�t�,� �p�e�s�t� �m�a�n�a�g�e�m�e�n�t� 

�s�p�e�c�i�a�l�i�s�t�s� �a�r�e� �s�t�i�l�l� �e�x�p�l�o�r�i�n�g� �a�l�t�e�r�n�a�t�i�v�e� �m�o�r�e� 

�e�n�v�i�r�o�n�m�e�n�t�a�l�l�y�-�f�r�i�e�n�d�l�y� �w�a�y�s� �o�f� �h�a�n�d�l�i�n�g� �t�h�e� �p�r�o�b�l�e�m� �o�f� 

�a�g�r�i�c�u�l�t�u�r�a�l� �p�e�s�t�s�.� �O�n�e� �e�m�e�r�g�i�n�g� �s�t�r�a�t�e�g�y� �i�s� �i�n�t�e�g�r�a�t�e�d� 

�p�e�s�t� �d�a�m�a�g�e� �m�a�n�a�g�e�m�e�n�t� �(�I�P�D�M�)�,� �w�h�i�c�h� �a�d�v�o�c�a�t�e�s� �a� �s�h�i�f�t� �o�f� 

�e�m�p�h�a�s�i�s� �f�r�o�m� �c�o�n�t�r�o�l�l�i�n�g� �t�h�e� �p�e�s�t�s� �t�o� �m�a�n�a�g�i�n�g� �t�h�e� �d�a�m�a�g�e� 

�t�h�e�y� �c�a�u�s�e�.� �I�P�D�M� �d�o�e�s� �n�o�t� �s�u�b�s�c�r�i�b�e� �t�o� �t�h�e� �e�m�p�h�a�s�i�s� �o�n� 

�l�e�t�h�a�l� �c�o�n�t�r�o�l� �s�t�r�a�t�e�g�i�e�s�,� �b�u�t� �w�h�i�l�e� �i�t� �m�a�y� �u�s�e� �l�e�t�h�a�l� 

�c�o�n�t�r�o�l�,� �i�t� �a�i�m�s� �t�o� �a�c�h�i�e�v�e� �e�c�o�n�o�m�i�c�a�l�l�y� �i�n�s�i�g�n�i�f�i�c�a�n�t� �t�o� 

�t�o�l�e�r�a�b�l�e� �d�a�m�a�g�e� �l�e�v�e�l�s� �b�y� �m�a�n�i�p�u�l�a�t�i�n�g� �t�h�e� �p�e�s�t� �a�n�d� �i�t�s� 

�e�n�v�i�r�o�n�m�e�n�t� �a�n�d� �e�c�o�n�o�m�i�c� �a�n�d� �l�e�g�a�l� �c�o�n�d�i�t�i�o�n�s� �s�o� �a�s� �t�o� 

�a�l�t�e�r� �s�i�g�n�i�f�i�c�a�n�t�l�y� �e�x�i�s�t�i�n�g� �r�e�l�a�t�i�o�n�s�h�i�p�s� �b�e�t�w�e�e�n� �t�h�e� 

�p�e�s�t�,� �t�h�e� �a�g�r�i�c�u�l�t�u�r�a�l� �r�e�s�o�u�r�c�e�,� �a�n�d� �l�i�t�e�r�a�l�l�y� �t�h�e� �e�n�t�i�r�e� 

�p�r�o�d�u�c�t�i�o�n� �s�y�s�t�e�m�.� 

�T�h�e� �s�t�u�d�y� �r�e�p�o�r�t�e�d� �h�e�r�e�i�n� �i�n�c�l�u�d�e�s� �i�n�v�e�s�t�i�g�a�t�i�v�e� 

�e�x�p�e�r�i�m�e�n�t�s� �o�n� �t�h�e� �p�e�s�t� �r�e�s�i�s�t�a�n�t� �c�a�p�a�b�i�l�i�t�i�e�s� �o�f� �l�o�c�a�l� 
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�r�i�c�e� �v�a�r�i�e�t�i�e�s� �o�f� �t�h�e� �s�t�u�d�y� �a�r�e�a�,� �i�n�t�e�r�v�i�e�w�s� �o�f� �r�e�s�i�d�e�n�t�s� 

�t�o� �a�p�p�r�a�i�s�e� �e�x�i�s�t�i�n�g� �p�e�s�t� �m�a�n�a�g�e�m�e�n�t� �s�t�r�a�t�e�g�i�e�s�,� �a�n�d� �f�i�e�l�d� 

�o�b�s�e�r�v�a�t�i�o�n�s� �o�f� �t�h�e� �a�c�t�i�v�i�t�i�e�s� �o�f� �v�e�r�t�e�b�r�a�t�e�s� �k�n�o�w�n� �o�r� 

�p�e�r�c�e�i�v�e�d� �t�o� �b�e� �a�g�r�i�c�u�l�t�u�r�a�l� �p�e�s�t�s�.� �B�y� �a�d�o�p�t�i�n�g� �t�h�i�s� 

�a�p�p�r�o�a�c�h� �a�n�d� �u�s�i�n�g� �i�t� �a�l�o�n�g� �w�i�t�h� �e�l�e�m�e�n�t�a�r�y� �c�o�n�c�e�p�t�u�a�l� 

�m�o�d�e�l�i�n�g� �I� �h�a�v�e� �a�t�t�e�m�p�t�e�d� �t�o� �c�o�n�t�r�i�b�u�t�e� �t�o� �t�h�e� �c�o�n�c�e�p�t� �o�f� 

�a�n�d� �g�r�o�w�i�n�g� �k�n�o�w�l�e�d�g�e� �o�n� �h�o�w� �t�o� �i�m�p�l�e�m�e�n�t� �I�V�P�D�M�.� 

�2�.�5� �T�h�e� �S�i�g�n�i�f�i�c�a�n�c�e� �o�f� �V�e�r�t�e�b�r�a�t�e� �P�e�s�t�s� �i�n� �A�g�r�i�c�u�l�t�u�r�e� 

�A�l�t�h�o�u�g�h� �m�o�s�t� �o�f� �t�h�e� �r�e�s�p�o�n�s�e� �o�f� �m�o�d�e�r�n� �a�g�r�i�c�u�l�t�u�r�e� �t�o� 

�t�h�e� �p�e�s�t� �p�r�o�b�l�e�m� �h�a�s� �b�e�e�n� �l�a�r�g�e�l�y� �f�o�c�u�s�e�d� �o�n� �i�n�s�e�c�t� �p�e�s�t�s� 

�a�n�d� �d�i�s�e�a�s�e�s� �c�a�u�s�e�d� �b�y� �m�i�c�r�o�-�o�r�g�a�n�i�s�m�s�,� �v�e�r�t�e�b�r�a�t�e� �p�e�s�t�s� 

�a�r�e� �a� �s�e�r�i�o�u�s� �p�r�o�b�l�e�m� �a�l�l� �o�v�e�r� �t�h�e� �w�o�r�l�d�.� �F�o�r� �e�x�a�m�p�l�e� �i�n� 

�t�h�e� �U�n�i�t�e�d� �S�t�a�t�e�s�,� �r�e�d�-�w�i�n�g�e�d� �b�l�a�c�k� �b�i�r�d�s�,� �A�g�e�l�a�i�u�s� 

�p�h�o�e�n�i�c�e�u�s� �c�a�u�s�e�d� �e�s�t�i�m�a�t�e�d� �l�o�s�s�e�s� �o�f� �$�1�5�,� �$�2�0�,� �a�n�d� �$�3�5� 

�m�i�l�l�i�o�n� �t�o� �c�o�r�n�,� �Z�e�a� �m�a�y�s�,� �f�a�r�m�e�r�s� �i�n� �1�9�7�0�,� �1�9�7�1�,� �a�n�d� �1�9�8�1�,� 

�r�e�s�p�e�c�t�i�v�e�l�y� �(�D�e� �G�r�a�z�i�o� �1�9�8�9�)�.� �I�n� �p�a�r�t�s� �o�f� �N�i�g�e�r�i�a ��s� �C�h�a�d� 

�b�a�s�i�n� �(�i�n�c�l�u�d�i�n�g� �t�h�e� �s�t�u�d�y� �s�i�t�e� �f�o�r� �t�h�e� �r�e�s�e�a�r�c�h� �r�e�p�o�r�t�e�d� 

�h�e�r�e�)�,� �a� �l�o�s�s� �t�o� �v�e�r�t�e�b�r�a�t�e� �p�e�s�t�s� �o�f� �a�b�o�u�t� �$�2�.�8� �m�i�l�l�i�o�n� �i�n� 

�g�r�a�i�n�s� �w�a�s� �r�e�p�o�r�t�e�d� �b�y� �B�e�r�r�y�m�a�n� �(�1�9�6�6�)�.� �B�i�r�d� �d�a�m�a�g�e� �t�o� 

�c�e�r�e�a�l�s� �i�n� �o�t�h�e�r� �p�a�r�t�s� �o�f� �N�i�g�e�r�i�a� �h�a�s� �a�l�s�o� �b�e�e�n� �r�e�p�o�r�t�e�d� �b�y� 

�A�d�e�s�i�y�u�n� �(�1�9�7�3�)�,� �F�u�n�m�i�l�a�y�o� �a�n�d� �A�k�a�n�d�e� �(�1�9�7�7�)�,� �a�n�d� �B�r�i�g�h�t� 

�(�1�9�8�8�)�.� �E�l�s�e�w�h�e�r�e� �i�n� �A�f�r�i�c�a�,� �r�e�p�o�r�t�s� �o�f� �s�i�g�n�i�f�i�c�a�n�t� �g�r�a�i�n� 

�y�i�e�l�d� �l�o�s�s�e�s� �t�o� �d�e�p�r�e�d�a�t�i�o�n� �b�y� �b�i�r�d�s� �h�a�v�e� �b�e�e�n� �m�a�d�e�.� �F�o�r� 
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�e�x�a�m�p�l�e�,� �T�r�e�c�a� �(�1�9�7�5�,� �1�9�7�7�,� �1�9�8�1�)� �f�o�u�n�d� �r�u�f�f�,� �P�h�i�l�o�m�a�c�h�u�s� 

�p�u�g�n�a�x�,� �a�n�d� �w�a�t�e�r�f�o�w�l� �(�A�n�a�t�i�d�a�e�)� �t�o� �c�a�u�s�e� �c�o�n�s�i�d�e�r�a�b�l�e� 

�d�a�m�a�g�e� �t�o� �r�i�c�e� �i�n� �t�h�e� �S�e�n�e�g�a�l� �d�e�l�t�a�,� �a�n�d� �N�t�i�a�m�o�a�-�B�a�i�d�u� 

�(�1�9�8�7�)� �e�s�t�i�m�a�t�e�d� �9�0�-�1�0�0�%� �d�a�m�a�g�e� �t�o� �r�i�c�e� �i�n� �p�a�r�t�s� �o�f� �G�h�a�n�a� 

�w�h�e�r�e� �t�r�a�d�i�t�i�o�n�a�l� �c�r�o�p� �p�r�o�d�u�c�t�i�o�n� �w�a�s� �l�i�m�i�t�e�d� �o�r� 

�n�o�n�e�x�i�s�t�e�n�t�.� �J�a�e�g�e�r� �e�t� �a�l�.� �(�1�9�8�9�)�,� �J�o�n�e�s� �(�1�9�8�9�)�,� �a�n�d� �A�n�o�n�.� 

�(�1�9�9�1�a�)� �h�a�v�e� �a�l�s�o� �r�e�p�o�r�t�e�d� �c�o�n�s�i�d�e�r�a�b�l�e� �d�a�m�a�g�e� �t�o� �c�r�o�p�s� �b�y� 

�g�r�a�n�i�v�o�r�o�u�s� �p�a�s�s�e�r�i�n�e�s� �i�n� �s�o�u�t�h�e�r�n� �a�n�d� �e�a�s�t�e�r�n� �A�f�r�i�c�a�.� 

�G�l�o�b�a�l�l�y�,� �t�h�e�r�e� �a�r�e� �a�l�s�o� �n�u�m�e�r�o�u�s� �r�e�p�o�r�t�s� �o�f� �w�a�t�e�r�f�o�w�l� 

�d�e�p�r�e�d�a�t�i�o�n� �o�f� �c�r�o�p�s� �i�n� �l�o�c�a�t�i�o�n�s� �w�h�e�r�e� �t�h�e�y� �w�i�n�t�e�r� �o�r� 

�t�h�r�o�u�g�h� �w�h�i�c�h� �t�h�e�y� �p�a�s�s� �d�u�r�i�n�g� �t�h�e�i�r� �S�p�r�i�n�g� �a�n�d� �F�a�l�l� 

�m�i�g�r�a�t�i�o�n�s�;� �f�o�r� �e�x�a�m�p�l�e�,� �g�r�e�y�l�a�g�,� �A�n�s�e�r� �a�n�s�e�r�,� �a�n�d� �p�i�n�k�-� 

�f�o�o�t�e�d�,� �A�.� �b�r�a�c�h�y�r�h�y�n�c�h�u�s�,� �g�e�e�s�e� �o�n� �w�i�n�t�e�r� �c�e�r�e�a�l�s� �i�n� 

�S�c�o�t�l�a�n�d� �(�P�a�t�t�e�r�s�o�n� �e�t� �a�l�.� �1�9�8�9�)�,� �B�a�i�k�a�l� �t�e�a�l�,� �A�n�a�s� 

�f�o�r�m�o�s�a�,� �o�n� �r�i�c�e� �i�n� �t�h�e� �R�e�p�u�b�l�i�c� �o�f� �K�o�r�e�a� �(�A�l�l�p�o�r�t� �e�t� �a�l�.� 

�1�9�9�1�)�,� �a�n�d� �D�e�n�d�r�o�c�y�n�i�d�s� �o�n� �r�i�c�e� �i�n� �V�e�n�e�z�u�e�l�a� �(�C�a�s�l�e�r� �a�n�d� 

�R�i�v�e�r�o� �1�9�8�0�)�.� �I�n� �N�o�r�t�h� �A�m�e�r�i�c�a�,� �w�h�e�r�e� �d�e�p�r�e�d�a�t�i�o�n� �b�y� �b�i�r�d�s� 

�h�a�s� �b�e�e�n� �e�x�t�e�n�s�i�v�e�l�y� �i�n�v�e�s�t�i�g�a�t�e�d�,� �t�h�e�r�e� �a�r�e� �m�a�n�y� �r�e�p�o�r�t�s� 

�o�f� �b�i�r�d� �d�a�m�a�g�e� �t�o� �f�a�r�m� �c�r�o�p�s� �(�e�.�g�.�,� �H�o�r�n�e� �1�9�4�9�;� �C�o�l�l�s� �1�9�5�1�;� 

�S�c�o�u�l�e�r� �1�9�5�2�;� �J�o�r�d�a�n� �1�9�5�3�;� �T�y�l�e�r� �a�n�d� �K�a�n�n�e�n�b�e�r�g� �1�9�8�0�;� 

�D�o�l�b�e�e�r� �1�9�9�0�)�.� 

�O�f� �t�h�e� �r�e�m�a�i�n�i�n�g� �v�e�r�t�e�b�r�a�t�e� �g�r�o�u�p�s�,� �a�m�p�h�i�b�i�a�n�s� �a�n�d� 

�r�e�p�t�i�l�e�s� �h�a�r�d�l�y� �e�x�e�r�t� �a�n�y� �i�n�f�l�u�e�n�c�e�s� �t�h�a�t� �r�e�s�u�l�t� �i�n� 

�e�c�o�n�o�m�i�c� �l�o�s�s�e�s� �i�n� �c�r�o�p�-�b�a�s�e�d� �a�g�r�i�c�u�l�t�u�r�a�l� �e�c�o�s�y�s�t�e�m�s�.� �A� 

�s�e�a�r�c�h� �o�f� �t�h�e� �1�9�7�1�-�1�9�9�4� �A�G�R�I�C�O�L�A� �d�a�t�a�b�a�s�e� �f�o�r� �a�m�p�h�i�b�i�a�n� �a�n�d� 
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�r�e�p�t�i�l�i�a�n� �a�g�r�i�c�u�l�t�u�r�a�l� �p�e�s�t�s� �s�h�o�w�e�d� �n�o� �e�n�t�r�i�e�s� �u�n�d�e�r� �t�h�o�s�e� 

�h�e�a�d�i�n�g�s�.� �H�o�w�e�v�e�r�,� �a�m�p�h�i�b�i�a�n�s� �a�n�d� �r�e�p�t�i�l�e�s� �c�a�n� �s�o�m�e�t�i�m�e�s� 

�c�a�u�s�e� �p�r�o�b�l�e�m�s� �i�n� �a�q�u�a�c�u�l�t�u�r�e� �f�a�r�m�s� �(�P�a�r�k�h�u�r�s�t� �p�e�r�s�.� 

�c�o�m�m�u�n�.�)�.� 

�F�i�s�h�e�s� �a�n�d� �m�a�m�m�a�l�s� �h�a�v�e�,� �h�o�w�e�v�e�r�,� �b�e�e�n� �i�m�p�l�i�c�a�t�e�d� �i�n� 

�s�o�m�e� �d�a�m�a�g�e�s� �i�n� �a�g�r�i�c�u�l�t�u�r�a�l� �e�c�o�s�y�s�t�e�m�s�.� �H�e�r�b�i�v�o�r�o�u�s� 

�f�i�s�h�e�s� �h�a�v�e� �b�e�e�n� �r�e�p�o�r�t�e�d� �t�o� �d�a�m�a�g�e� �r�i�c�e� �s�e�e�d�l�i�n�g�s� �i�n� �t�h�e� 

�H�N�W� �i�n� �N�i�g�e�r�i�a� �(�T�h�o�m�a�s� �1�9�9�2�)�.� �P�r�e�d�a�c�e�o�u�s� �f�i�s�h�e�s� �c�a�n� �a�l�s�o� 

�b�e� �s�e�r�i�o�u�s� �p�r�o�b�l�e�m�s� �i�n� �m�i�x�e�d�-�s�p�e�c�i�e�s� �a�q�u�a�c�u�l�t�u�r�e� �p�o�n�d�s� �o�r� 

�a�s� �i�n�t�r�o�d�u�c�e�d� �s�p�e�c�i�e�s� �i�n� �a�n� �a�q�u�a�t�i�c� �e�c�o�s�y�s�t�e�m�.� �F�o�r� 

�e�x�a�m�p�l�e�,� �t�h�e� �N�i�l�e� �p�e�r�c�h�,� �L�a�t�e�s� �n�i�l�o�t�i�c�u�s�,� �i�n�t�r�o�d�u�c�e�d� �t�o� 

�L�a�k�e� �V�i�c�t�o�r�i�a� �i�n� �E�a�s�t� �A�f�r�i�c�a� �h�a�s� �e�l�i�m�i�n�a�t�e�d� �m�a�n�y� �o�f� �t�h�e� 

�n�a�t�i�v�e� �f�i�s�h� �s�p�e�c�i�e�s� �i�n� �t�h�a�t� �l�a�k�e� �(�W�a�l�t�e�r�s� �1�9�9�4�)�.� 

�A�m�o�n�g� �m�a�m�m�a�l�s�,� �r�o�d�e�n�t�s� �a�r�e� �p�r�o�b�a�b�l�y� �t�h�e� �m�o�s�t� 

�s�i�g�n�i�f�i�c�a�n�t� �a�g�r�i�c�u�l�t�u�r�a�l� �p�e�s�t�s� �i�n� �m�a�n�y� �o�f� �t�h�e� �w�o�r�l�d ��s� 

�c�e�r�e�a�l�-�g�r�o�w�i�n�g� �a�r�e�a�s�.� �D�e�t�a�i�l�e�d� �a�c�c�o�u�n�t�s� �o�f� �t�h�e�i�r� 

�d�e�p�r�e�d�a�t�o�r�y� �a�c�t�i�v�i�t�i�e�s� �h�a�v�e� �b�e�e�n� �g�i�v�e�n� �b�y� �M�a�r�s�h� �(�1�9�8�8�)� �f�o�r� 

�t�h�e� �N�e�a�r�c�t�i�c�,� �E�l�i�a�s� �a�n�d� �F�a�l�l� �(�1�9�8�8�)� �f�o�r� �t�h�e� �N�e�o�t�r�o�p�i�c�a�l�,� 

�L�u�n�d� �(�1�9�8�8�)� �f�o�r� �t�h�e� �P�a�l�e�a�r�c�t�i�c�,� �F�i�e�d�l�e�r� �(�1�9�8�8�)� �f�o�r� �t�h�e� 

�A�f�r�o�t�r�o�p�i�c�a�l�,� �a�n�d� �P�r�a�s�k�a�s�h� �a�n�d� �M�a�t�h�u�r� �(�1�9�8�8�)� �f�o�r� �t�h�e� 

�O�r�i�e�n�t�a�l� �z�o�o�g�e�o�g�r�a�p�h�i�c�a�l� �r�e�g�i�o�n�s�.� �I�n� �a�l�l� �o�f� �t�h�e�s�e� �r�e�g�i�o�n�a�l� 

�r�e�p�o�r�t�s�,� �r�o�d�e�n�t�s� �w�e�r�e� �i�m�p�l�i�c�a�t�e�d� �w�i�t�h� �2� �m�a�j�o�r� �p�r�o�b�l�e�m�s�:� �1�)� 

�d�e�s�t�r�u�c�t�i�o�n� �o�f� �v�a�l�u�a�b�l�e� �a�g�r�i�c�u�l�t�u�r�a�l� �a�n�d� �o�t�h�e�r� �m�a�t�e�r�i�a�l� 

�r�e�s�o�u�r�c�e�s�,� �a�n�d� �2�)� �t�r�a�n�s�m�i�s�s�i�o�n� �o�f� �d�i�s�e�a�s�e�s�.� �D�a�m�a�g�e� 

�e�s�t�i�m�a�t�e�s� �o�f� �>�6�0�%� �r�e�d�u�c�t�i�o�n� �i�n� �y�i�e�l�d� �a�t�t�r�i�b�u�t�a�b�l�e� �t�o� �t�h�e� 
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�p�r�e�s�e�n�c�e� �o�f� �r�o�d�e�n�t�s� �i�n� �r�i�c�e� �f�i�e�l�d�s� �w�a�s� �d�e�m�o�n�s�t�r�a�t�e�d� �b�y� �W�o�o�d� 

�(�1�9�7�1�)�.� �S�u�c�h� �f�i�n�d�i�n�g�s� �p�r�o�m�p�t� �s�p�e�c�u�l�a�t�i�o�n�s� �(�e�.�g�.�,� �E�l�i�a�s� 

�1�9�8�8�)� �t�h�a�t� �p�r�e�v�e�n�t�i�n�g� �t�h�e� �f�o�o�d� �l�o�s�s�e�s� �c�a�u�s�e�d� �b�y� �r�o�d�e�n�t�s� 

�c�o�u�l�d� �b�e� �a� �m�a�j�o�r� �s�t�e�p� �t�o�w�a�r�d�s� �s�o�l�v�i�n�g� �t�h�e� �w�o�r�l�d ��s� �h�u�n�g�e�r� 

�p�r�o�b�l�e�m�,� �e�s�p�e�c�i�a�l�l�y� �i�n� �d�e�v�e�l�o�p�i�n�g� �p�a�r�t�s� �o�f� �t�h�e� �w�o�r�l�d�.� 

�M�e�d�i�u�m�-� �a�n�d� �l�a�r�g�e�-�s�i�z�e�d� �m�a�m�m�a�l�s� �d�o� �c�a�u�s�e� �s�o�m�e� �h�a�v�o�c� �a�l�s�o�.� 

�F�o�r� �e�x�a�m�p�l�e�,� �d�e�e�r�,� �O�d�o�c�o�i�l�e�u�s� �s�p�p�.�,� �a�r�e� �p�e�s�t�s� �i�n� �N�o�r�t�h� 

�A�m�e�r�i�c�a�n� �f�a�r�m�l�a�n�d�s� �(�H�a�m�m�e�r� �1�9�8�9�;� �M�o�w�e�r� �e�t� �a�l�.� �1�9�8�9�)�;� �t�h�e� 

�A�f�r�i�c�a�n� �e�l�e�p�h�a�n�t�,� �L�o�x�o�d�o�n�t�a� �a�f�r�i�c�a�n�a�,� �i�s� �k�n�o�w�n� �t�o� 

�f�r�e�q�u�e�n�t�l�y� �r�a�i�d� �f�a�r�m�s� �i�n� �A�f�r�i�c�a� �(�B�a�l�a�k�r�i�s�h�n�a�n� �a�n�d� �N�d�h�l�o�v�u� 

�1�9�9�2�)�,� �a�s� �i�s� �t�h�e� �A�s�i�a�n� �e�l�e�p�h�a�n�t�,� �E�l�e�p�h�a�s� �m�a�x�i�m�u�s�,� �i�n� �I�n�d�i�a� 

�(�A�l�i� �e�t� �a�l�.� �1�9�8�5�;� �D�a�n�i�e�l� �e�t� �a�l�.� �1�9�8�7�)�.� �T�h�e� �v�a�l�u�e� �o�f� �t�h�e� 

�d�a�m�a�g�e� �c�a�u�s�e�d� �b�y� �v�e�r�t�e�b�r�a�t�e�s� �a�l�l� �o�v�e�r� �t�h�e� �w�o�r�l�d� �i�s� �l�i�k�e�l�y� 

�t�o� �r�u�n� �i�n�t�o� �b�i�l�l�i�o�n�s� �o�f� �d�o�l�l�a�r�s� �a�n�n�u�a�l�l�y� �i�f� �a�s�s�e�s�s�e�d� 

�t�o�g�e�t�h�e�r�.� 
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�C�H�A�P�T�E�R� �3�.� 

�3�.�0� �T�H�E� �S�T�U�D�Y� �A�R�E�A� 

�3�.�1� �L�o�c�a�t�i�o�n� �a�n�d� �E�x�t�e�n�t� 

�T�h�e� �s�t�u�d�y� �w�a�s� �c�a�r�r�i�e�d� �o�u�t� �i�n� �t�h�e� �H�a�d�e�j�i�a�-�N�g�u�r�u� 

�w�e�t�l�a�n�d�.� �I�t� �l�i�e�s� �w�i�t�h�i�n� �l�a�t�i�t�u�d�e�s� �1�0�°�0�3 ��E� �a�n�d� �1�1�°�0�3 ��E�,� �a�n�d� 

�l�o�n�g�i�t�u�d�e�s� �1�2�°�1�8 ��N� �a�n�d� �1�3�°�0�0 ��N�,� �i�n� �t�h�e� �s�o�u�t�h�e�r�n� �e�d�g�e� �o�f� �t�h�e� 

�S�a�h�e�l� �s�a�v�a�n�n�a� �i�n� �n�o�r�t�h�e�a�s�t�e�r�n� �N�i�g�e�r�i�a� �(�F�i�g�u�r�e� �2�)�.� �T�h�e� �a�r�e�a� 

�i�s� �a� �f�l�o�o�d�p�l�a�i�n� �c�o�m�p�l�e�x�,� �c�o�m�p�r�i�s�e�d� �o�f� �a� �m�i�x�t�u�r�e� �o�f� 

�s�e�a�s�o�n�a�l�l�y� �f�l�o�o�d�e�d� �l�a�n�d�s� �j�u�x�t�a�p�o�s�e�d� �w�i�t�h� �d�r�y� �u�p�l�a�n�d�s� 

�(�F�i�g�u�r�e� �3�)�.� �I�t� �h�i�s�t�o�r�i�c�a�l�l�y� �c�o�v�e�r�e�d� �a�n� �a�r�e�a� �o�f� �a�b�o�u�t� �4�,�1�2�5� 

�k�m �� �p�r�i�o�r� �t�o� �t�h�e� �p�e�r�i�o�d�i�c� �d�r�o�u�g�h�t�s� �o�f� �t�h�e� �1�9�7�0�s� �a�n�d� �1�9�8�0�s�,� 

�w�h�e�n� �i�n�t�e�n�s�i�v�e� �w�a�t�e�r� �i�m�p�o�u�n�d�m�e�n�t� �b�e�g�a�n� �i�n� �t�h�e� �u�p�s�t�r�e�a�m� 

�c�a�t�c�h�m�e�n�t� �b�a�s�i�n� �o�f� �t�h�e� �w�e�t�l�a�n�d�.� 

�3�.�2� �D�e�m�o�g�r�a�p�h�y� 

�T�h�e� �5� �m�a�j�o�r� �h�u�m�a�n� �p�o�p�u�l�a�t�i�o�n� �c�o�n�c�e�n�t�r�a�t�i�o�n�s� �i�n� �t�h�e� 

�w�e�t�l�a�n�d� �a�r�e�a� �a�r�e� �G�a�s�h�u�a�,� �H�a�d�e�j�i�a�,� �K�a�t�a�g�u�m�,� �K�a�t�m�a� �a�n�d� �N�g�u�r�u�.� 

�T�h�e�s�e� �t�o�w�n�s� �l�i�e� �o�n� �t�h�e� �o�u�t�s�k�i�r�t�s� �o�f� �t�h�e� �w�e�t�l�a�n�d�,� �b�u�t� 

�p�r�o�v�i�d�e� �t�h�e� �b�u�l�k� �o�f� �t�h�e� �d�e�m�a�n�d� �f�o�r� �t�h�e� �l�a�n�d�,� �f�o�r�e�s�t�,� �a�n�d� 

�w�a�t�e�r� �r�e�s�o�u�r�c�e�s� �o�f� �t�h�e� �w�e�t�l�a�n�d�.� �T�o�g�e�t�h�e�r� �w�i�t�h� �t�h�e� �v�i�l�l�a�g�e�s� 

�a�n�d� �s�e�t�t�l�e�m�e�n�t�s� �l�o�c�a�t�e�d� �w�i�t�h�i�n� �t�h�e� �w�e�t�l�a�n�d�,� �t�h�e�y� �a�r�e� �h�o�m�e� 
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