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Lecture I: Introduction
Entomology is the study of insects. Economic (applied)
entomology is the practical importance of insects. Economic
entomology (applied ) is the manipulation of insects (both
harmful and beneficial ) to man’s advantage. Successful
manipulation of any organism depends on adequate biological
understanding and this applies as much to insects as it does to
cultivated crops. Thus, biology and ecology of insects are
necessary pre-requisite to their management. Insect affect the
welfare of human beings and their study involves potential
economic and social benefits to man.

Insects are the most successful organisms in the world:•
Over 80% of all organisms are insects. Individual species often occur
in vast numbers
•
About one million species of insects are known in the world. There
are more species of insects than all other animal species put together
•
As a group insects occur in a great variety of habitats and are found
almost everywhere that life can exist other than in the sea. As they are very
temperature dependent they flourish best (numerically and in variety) in the
tropics and thrive less well in the temperate climates. Terrestrial insects are
most adaptable to changing food and climatic conditions and to competition
with other animals
•
Insects are found n every conceivable habitat
•
Insects have a long geological history. They have existed on earth for
a very long period of time. Some scientists have even predicted that insects
will continue to exist long after man has rendered the earth uninhabitable

The reasons for insects success
Which are factors that contribute to insect biological success?
•
Ability to live and adapt to diverse habitats: -insects as a group
have adapted to all environments capable of supporting life (other
than marine) and can utilize almost any organic material as food
•
High reproductive capacity:- The ability of insects to multiply
rapidly (due to short life cycle and many offsprings per female) is
probably a key factor for their success. Food resources can be quickly
exploited as they become available, and furthermore there is capacity
for rapid evolutionary change as shown dramatically by the
development of insecticide resitant strains in many species
•
Ability to consume different kinds and quality of food
•
Ability to escape quickly from their enemies

•Small size: The advantage of being small is the low food
requirement per individual and ease of concealment
•Power of flight: Flight imparts great mobility to an organism and
enables it to colonize new sources of food as they became
available (eg annual crops). Also flight facilitates rapid escape
from unfavourable conditions
•Possession of an external skeleton: An external skeleton
provides a small animal with a valuable protective casing. The
physical property of the outermost layer (cuticle ) provides a
very effective barrier against water loss, which is a constant
problem for insects

The above reasons for insect success may also be the reasons that may give the
insects an ability adapt to climatic change and better struggle for existence under
hard climatic conditions
Why are insects important in the tropics?
Insects are more important in the tropics than other regions for the following
reasons:•Rapid multiplication in the tropics
•Many pests per crop
•High crop losses due to insects in the tropics eg armyworm, locusts, Africa
bollworm, times. Insects normally cause higher crop losses to crops than other
pests ie weeds or plant diseases. Tropical Africa has the most of major pests on
crops
•High economic damage caused by insects which act as vectors of debilitating
diseases of man in Africa eg tsetse fly, mosquitoes
•Vectors and pests account for a heavy financial and human and livestock
problems in Africa. The cost in terms of prevention, control, treatment, human
suffering and loss in productivity form these diseases are tremendous

Lecture2. Economic importance of insects
Many insects are of great importance and affect man positively or
negatively in his life. While many insects are harmful to man there is a
great many insects that are extremely valuable to humans, an society
could not exist in the present form without them. Thus insects are
importance to humans in the following:
i) Insect pests of plants: They affect plants as –
•
Field crop pests
•
Garden pests
•
Greenhouse pests
•
Seed and fruit pests
•
Plant vectors
•
Insect pest of stored food

ii)Natural enemies of pests: The main regulators of insect
populations are other insects which attack and feed on them as
parasites and predators. Natural enemies keep most pests in
check by attacking them and reducing their numbers in the field
and reducing their pest status
iii) By their pollinating activities they make possible the
production of many agricultural crops. Many cultivated plants
are dependent on insects for their pollination and effective crop
production
iv) Insects produce honey, bee wax, silk and other products of
commercial value.

) Human food: Insects are nutritious and could be utilized more widely to provide addition

nutrients to many diets. The high fat and protein content of insects make them an ideal food
additive for chiefly carbohydrate diets. They could be used as supplement or enliven otherwise
poor diets. Examples of insects used as livestock are species of selected giant caterpillars, locusts
and honey bees. There should a move to farm and domesticate a selected group of insects as
livestock. Such insect livestock would be professionally managed for fiber (especially silk, wax
and chitin ), for food (particularly nutritionally balanced fresh honey and other organic and amino
acid products, insects eggs and mushrooms tended by termites) and for industrial raw materials
v) Insects are useful in medicine and scientific research eg Studies of Drosophila has contributed
to the development of the first comprehensive studies on genetics, early ideas of speciation and
evolution, pylogeny, biogeography, physiology, biochemistry, endocrinology, behavior, ecology
and population dynamics. The reasons they are making significant contributions to science are:
•The tremendous numbers of know insect species, both fossil and living, and the remarkable
number of living species that have changed little form ancient ancestral forms and that are
essentially “living fossils”
•The short lifecycle and high reproductive potential of many insects compared with those of
ecologically comparable forms of life such as birds or mammals
•It is possible to perform intricate surgical operations and correlate biochemical data and
external behavior of test animals

vi)Recreational and aesthetic values: Ways in which insects are of recreational and aesthetic are :
•Almost all plants with showy flowers owe their existence to a great variety of insect pollinator
•Entire families of birds are completely dependent on insects for food, and many birds feed
chiefly on insects. Some other vertebrates feed on insects
•Insects themselves are aesthetic elements in their own right eg butterflies
•Most of the fish rely for much of their food either on insects or on smaller fish that in turn feed
on insects
vii)Decomposers and nutrient recycling: ways in which insects affect decomposition and nutrient
recycling:
•The nutrient recycling by insects often takes a more direct role. Many insects feed on the living
leaves, twigs or stems of plants, and their feaces returned to the ground , shredded plant
material that is ready to be worked over by the invertebrates or microorganisms that ingest such
materials
•Insects degrade and consume plant materials falling into headwater streams.
viii) Weed management : They are used in controlling water plants that clog streams, ponds,
lakes, thereby ruining boating, fishing and swimming. In Kenya an attempt has been made to
control the salvinia weed in Lake Naivasha using Salvinia beetle released into the lake from
Australia in 1991. However, each introduction of an insect species into a new country is preceded
by a great deal of study concerning it’s host plants and climatic adaptations prior to release

Lecture 3: Insects and other major groups of
invertebrates of economic importance
In order to classify animals into groups and subgroups that can be
studied and understood more easily, a system of nomenclature has
been developed. The largest groups in the animal kingdom are the
phyla. Each phyla is divided into a number of classes, each class into a
number of orders, each order into a number of families and families
into genus and finally genus into species. The major phyla in the
invertebrates including a few examples of each are :•
Mollusca- snails, slugs, clams
•
Platyhelminthes- flatworms, flukes, tapeworms
•
Aschelminthes- roundworms, trichina
•
Annelida- segmented worms, earthworms, leeches
•
Arthropoda- insects, spiders, crayfish, millipes

Arthropoda is the largest group of animals, more than three fourths of the
total number of species belong to this phylum. Arthropods are quite variable
in structure. They include such diverse animals as millipedes, spiders, crayfish
and insects. Arthropods have the following characteristics in common:
•Series of ring like segments – each animal in this group has a body formed of
a number of segments
•Jointed appendages- they have legs and other appendages that are made up
of segments jointed together
•Exoskeleton- they possess an outer covering of a hardened horny material,
an external skeleton
•Bilateral symmetry- the arrangements of body parts is such that they can be
split down the middle so as to form two equal portions
•Ventral nerve cord- the nerve cord found in the lower part of the body
•Dorsal heart- the heart is a simple tube like structure found within the upper
part of the body

The major classes of the phylum arthropoda and their
characteristics are :
1..Crustacea (crayfish, crabs )
•
Two body regions (cephalothorax and abdomen)
•
Pair of 5 or more legs
•
Two pair of antennae
•
Gills as breathing organs
•
Compound eyes
•
They are minor agricultural importance

Arachnida (spiders, scorpions, mites, ticks)
•
Two body regions ( cephalothorax and abdomen)
•
Four pairs of legs
•
No pairs of antennae
•
Book lungs and trachea as breathing organs
•
Simple eyes
•
The mite and ticks group contain major pests of both animals
and plants and some beneficial predators
•
The mite and ticks group contain major pests of both animals
and plants and some beneficial predators.
•
Mites are pests of cultivated plants while others are
predatory on other mites (order Acarina) ; ticks ( order acarina) are
ectoparasites of higher animals; spiders (order Araneae) are predatory
on insects and other small animals

. Diplopoda (millipedes)
•Two body regions- head and body. They have flattened body form
•Pairs of legs – thirty or more (two per segment)
•One short pair of antennae
•Trachea as breathing organ
•Simple eyes
•A few are of minor agricultural importance by feeding on roots, tubers, especially on
vegetables crops
Chilopoda (centipedes)
•Two body regions (head and body). They have flattened body
•Fifteen or more legs (one pair per segment)
•One long pair of antennae
•Tracheae as breathing organ
•Usually small eyes
•They feed on insects but they are of minor agricultural importance

Insecta (bugs, beetles, butterflies, bees )

•Three body regions (head, thorax, abdomen )
•Three pairs of legs
•One pair of antennae
•Trachea as breathing organ
•Compound eyes and often posses simple eyes also
•Greatest number of major agricultural pests and also many beneficial species
Characteristics of insect orders of agricultural importance
There are 26 orders of insects. The basic characteristics of an insect order are type of mouthparts, type
of wings and type of metamorphosis. Each order has also a distinctive feature from any other order.
Orders of agricultural importanceare:
1. Orthoptera (Grasshoppers, crickets, cockroaches)
•Simple metamorphosis
•Tegmina and membranous hingwings
•Chewing mouthparts
•Distinctive features:- forewings leathery; hind wings membranous
•Agricultural importance as pests

Thysanoptera (Thrips)
•Simple metamorphosis
•Wings are 2 pairs which are slender, fringed with hair
•Rasping- sucking mouthparts
•Distinctive feature: - tarsi bladder like at the tip
•Agricultural importance
Hemiptera (Bugs)
•Simple metamorphosis
•Hemelytra and membranous hind wings or none
•Piercing- sucking mouthparts
•Distinctive feature: bean arises from front of head; mesothorax with
triangular scutellum
•Agricultural importance as pests and beneficial insects

Homoptera (aphids, scales, leafhoppers)
•Simple metamorphosis
•Two pairs of membranous wings or none
•Piercing –sucking mouthparts
•Distinctive feature: beak arises from back of head
•Agricultural importance as pests

Coleoptera ( Beetles, weevils )
•Complex metamorphosis
•Elytra and membranous hind wings
•Chewing mouthparts
•Distinctive feature: forewings hard and veinless; prothorax large
•Of agricultural importance as pests and beneficial insects

Lepidoptera (Butterflies, moths)
•complex metamorphosis
•two pairs of membranous wings with scales
•siphoning mouthparts in adults, chewing in larvae
•distinctive features: proboscis long and coiled, extensible
•Of agricultural importance as pests
Hymenoptera (ants, wasps, bees )
•Complex metamorphosis
•Two pairs of membranous wings or none
•Chewing or chewing-lapping mouthparts
•Distinctive features: membranous wings with few veins; base of abdomen
usually constricted
•Of major importance as beneficial insects and moderate importance as pests

Diptera ( flies)
•Complex metamorphosis
•Membranous wings and halteres or none
•Piercing-sucking or sponging mouthparts; chewing in larvae
•Distinctive features: forewings usually present; hind wings
reduced to halteres
•Of major importance as pests and moderate importance as
beneficial insects

Immature stages of agriculturally important
insect orders
Characteristics of immature stages of agriculturally important
insect orders
Orthoptera
•Nymph type of young
•Usually 5 or 6 instars
•Wings pads usually in late instars
•Chewing mouthparts
•Well developed thoracic legs
•No abdominal prolegs
•Compound and simple eyes

Hemiptera
•Nymph type of young
•Usually 5 instars
•Piercing-sucking mouthparts
•Well developed prolegs
•Wings pads usually present
•Compound, sometimes simple eyes
Homptera
•Nymph type of young
•3-5 instars
•wings pads often present
•Piercing-sucking mouthparts
•Well developed thoracic legs
•No abdominal prolegs

Coleoptera
•Larva (grub, wireworm ) type of young
•Usually 5 instars
•No wings pads
•Chewing mouthparts
•None to well developed thoracic legs
•No abdominal prolegs
•1-6 pairs of simple eyes
Lepidoptera
•Larvae (caterpillar) type of young
•Usually 5-6 instars
•No wings pads
•None to well developed thoracic legs
•5 pairs of abdominal prolegs with crockets (also 2-4)

Hymnoptera
•larvae
•usually 4-5 instars
•chewing mouthparts
•None to well developed thoracic prolegs
•None or 8 pairs without crockets ( also 6-7)
•No wing pads
•One pair of simple eyes or none
Diptera
•Larvae type of young ( maggot)
•Usually 4-6 instars
•No wing pads
•Chewing mouthparts. Maggots have mouth hooks
•No thoracic legs
•No abdominal prolegs
•Several have false legs
•None, sometimes simple eye spots

Lecture 3. Insects and plants
1. Phytophagous insects
Many insects utilize plants as a source of food. Such plant feeding
insects are referred as phytophagous insects. Three categories of
phytophagous Insects are :i.Monophagous insects are those that are confined to a single species
of plant. There are few insects species in this category. Most
monophagous insects usually feed on a group of closely related plants
eg silkworm
ii.Oligophagous insects characteristically feed on a group of botanically
related plants usually within a single plant family. This is common
among plant pests eg potato tubermoth which attacks only plants in
the solanaceae family and diamond back moth which attacks
cruciferae family
iii.Polyphagous insects consume many plants of diverse range of plant
families. eg locust, African bollworm

It is important to define the plant host range for an insect
species for the following reasons:•It indicates what other cultivated plants may be at risk in an
area, when an infestation develops on one kind of plant.
Differences in plant susceptibility to a particular pest may extend
to differences between cultivars as well as species
•Where crop rotation is practiced in pest management,
information on the plant host ranges of pests is essential
•Insects do not always confine themselves to cultivated plants.
Suitable weed species may also be attacked as reservoirs of
infestation

It is important to define the plant host range for an insect
species for the following reasons:•It indicates what other cultivated plants may be at risk in an
area, when an infestation develops on one kind of plant.
Differences in plant susceptibility to a particular pest may extend
to differences between cultivars as well as species
•Where crop rotation is practiced in pest management,
information on the plant host ranges of pests is essential
•Insects do not always confine themselves to cultivated plants.
Suitable weed species may also be attacked as reservoirs of
infestation

Types of insect injury to plants:
The nature of plant injury is determined primarily by the
mouthparts structures and by the feeding behavior. Insects with
biting and chewing mouthparts removes solid portions of plant
tissue. Insects with piercing/sucking mouthparts feed on plant
sap and inject toxic saliva, which may result to stunting,
distortion or death of plants. Larvae of most Diptera posses
rasping mouthparts and tunnel (mine) the parts of the plants
attacked. It is important to note that plant damage symptoms
are highly characteristic for the insect concerned.

Relationship of pest injury to yield and quality
of produce
Factors which influence crop yield in relation to pest injury are:i)Nature of the injury
Insect injury to plants depends almost entirely by their feeding activity.

ii)Part of the plant attacked in relation to that which gives rise to
yield
Part of the plant attacked varies with the pest concerned. The effect of any injury depends
on the part of plant harvest eg leaves, tubers, stems ,fruits, seeds. Effects on pests on yield
depends on part of the plant that is harvestable. Injury may be direct on yield forming
organs or indirect to non-yielding organs. Generally, plants can withstand more injury to
non-yielding forming parts (indirect injury) than they can to yield forming organs (direct
injury). However, the concept of yield and non-yield forming organs have little application
when dealing with ornamental plants and vegetables whose quality is normally considered.
Some pests do not significantly reduce the weight of produce harvested but quality may
seriously be downgraded so that value of the produce is severely affected. Eg French beans
attacked by thrips, mites and whiteflies; cabbage damaged by diamond backmoth

iii)Intensity of the injury
The degree of injury to a plant is related to the density of the pest
population ie the more the insect pests per plant the greater the
degree of injury. The greater the degree of injury to a plant the lower
the yield will be if it affects the yield forming parts of the plant. Low
levels of indirect injury to plants have no effect on final yield.
However, with higher levels of inury, the point is reached where the
plant no longer withstand the effect and yield starts to decrease.
Below the damage thresholds, the pest populations are of no
significance whereas above increasing depression of yield occurs.
However, 100% loss does not usually occur even with high populations
When injury occurs to yield forming organs (direct) the yield
decreases in linear fashion until, with high pest populations, it reaches
zero eg false condling moth, diamond backmoth, potato tubermoth.

iv)

The time when injury occurs in relation to growth of the plant

The effect of pest injury varies according to the stage of the growth. There are four main
stages of plant growth cycle that be recognized which differ in susceptibility to injury :•Seedling stage: young, newly emerged seedlings are usually very susceptible to injury.
However, plant loss at higher plant density may have little or no effect on final yield if the
remainder of the plant population may be able to compensate by harvest time
v)Young plants:- The young plants are quite tolerant of pest injury provided this is not to
vital plant parts that cannot be replaced. Eg maize stalkborer attacks vital parts
•Stage of formation of yield forming organs:- If plants are attacked during formation of
yield forming organs, the organs cannot be formed and therefore they have an effect on
the final yield. However, in some cases more fruits may be set than the plant can
withstand, so that if they are thinned as a result of pest attack there may be reduction on
final yield eg thrips on flowers of French beans
•Mature plants close to harvest:- The effects of pest injury on mature plants close to
harvest becomes less important unless the part of the plant to be harvested is directly
attacked. This applies to most part of plants with an annual cycle and perennial plants may
not fit the pattern.

vi)Effect of environmental conditions on the ability of the
plants to withstand injury
Effect of environmental conditions:- Plants which are nutrient
deficient or under moisture stress have less ability to withstand
pest injury and to make compensatory growth. Therefore, it is
important to ensure that cultivated plants are well watered and
fertilized to obtained maximum yields and to minimize the
effects of pest injury

Lecture 4: Concept of a pest and pest
management
Outline:
1. Concept of a pest and insect pest
2. Categories of agricultural insect pests
3. Flowchart of pest management
4. Basic elements of pest management

Pest management implies the continued existence of the pest within a
balanced system that itself imposes control. Pest management is
usually intensive in terms of the knowledge about pest(s) and natural
enemies( predators, parasites, pathogens) population dynamics, and
the diversity of options considered as a means of reducing the size of
the population. Since 1950’s entomologists defined concepts and
developed new terms, leading to what is now called Integrated Insect
Pest Management (IPM). Various names have described pest
management . In 1950’s term integrated control was used due to the
failure of insecticides to control insect pests and other negative side
effects due to sole reliance on insecticides to control pests. Integrated
control meant the use of insecticides in combination with biological
control agents.

By middle 1960’s the term pest management was used to
embrace the use of all suitable pest control methods in a
compatible manner to control pest populations so that economic
damage is avoided and adverse side effects on the environment
is minimized. The term emphasized on cultural control and deemphasizes on use of pesticides. In early 1970’s term Integrated
Pest Management (IPM) started to be used and it emphasizes on
environmental, hazards and economical considerations on pest
control. The term Integrated Pest Management is synonymous
to Integrated Control and Pest Management. Integrated Pest
Management approach is based on sound biological, ecological,
cultural and environmental principles.

The concept of pest management emphasizes the following:
i)Understanding the agricultural ecosystem eg monocropping, intercropping,
agronomic practices, pest and natural enemies populations
ii)Planning the agroecosytem eg stressing the importance of integrating crop
production and crop protection systems.
iii)Cost/benefit and ris/benefit analysis :•Cost/benefit analysis eg improving capabilities for predicting pest problems
and defining economic thresholds; crop life tables provide a solid foundation
for the analysis of pest damage
•Risk/benefit analysis provides a means for the relevant means for assessing
the relevant economic benefits verses the risks in pest control. The risks for
pesticide use in pest control include environmental pollution. Pesticide
residues in food and feedstuffs, biomagnification of pesticides, pesticide
residues in soils and water pollution

iv)Tolerance pest damage:- pests are controlled when they cause
economic damage
v)Leaving a pest residue in the field ensures that pest are
suppressed and not completely eliminated from the field
vi)Timing treatments ensures there is proper timing of pesticide
treatment
vii)Public understanding and acceptance
Educate growers and the public in the methodologies of pest
management and the reasons for using them. Effective
communication is the key to successive public understanding and
acceptance of use of pest management

Basic procedural components of Insect Pest
management
Insect Pest management follows a sequence of procedures that
are indicated in a flowchart (Figure 2)
Figure 2. Flowchart of procedural components of Insect pest
management

Scouting

Proper identification of a pest
Pest assessment
Crop loss assessment
Economic damage assessment
monitoring
Pest management

forecasting

Proper identification of a pest is a basic requirement for
management of a pest. A pest should be classified into phylum,
class, order, family, genus and species level. Common names are
also used for important pests. Pest, crop loss and economic
damage assessment must be for effective and sustainable
management of pests. Scouting, monitoring and forecasting of
pests must be done before any pest management strategy is
undertaken.

Lecture 5. PEST POPULATION DYNAMICS
1.
2.
3.
4.

Definition of pest population dynamics
Factors causing insect population dynamics
Definition of terms used in population dynamics
Pest populations and economic damage

Population dynamics is the study of population growth and its causes.
Population growth may be positive or negative; this results,
respectively, in an increase or a decrease in the number of
individuals(Figure 3). In order to follow the changes, it is necessary
first to determine the number of individuals in a population
The number of individuals of a particular species can alter within its
distribution area, often to a considerable extent from generation to
generation and from year to year. Population dynamics studies and
interprets changes in a population due to the various causes behind
reproduction and mortality. The way the number of an insect species
change represents the balance of births and death over a given time
period. Factors of population regulation affect fecundity and mortality
as well as migration and emigration of the population. Any successful
system of pest management is based on studies of population
dynamics of insect pests.

Factors affecting insect population dynamics:Population dynamics studies and interprets changes in a population
due to the various causes behind reproduction and mortality.. An
insect population increases by reproduction and immigration and a
population increase by mortality and emigration.In population
dynamics the causes for changes of population sizes are studied in
relation to external factors, like biotic and abiotic ones on mortality.
We could study the factors affecting mortality during the life cycle of
an insect by its various stages ie eggs, larvae, pupae and adults. Key
factors that be both dependent and independent on the population
density. Their determination and correlation with measurable variable
eg temperature can be useful for population models to predict the
mortality caused by these factors and their variables.
The factors causing population dynamics are classified broadly as
shown in Fig 4

The most important of the factors are:
1. Climate and weather
Influence of temperature, humidity, sunshine, sunshine duration and temperature
influence the population fluctuations in an area. Seasonal temperatures and
rainfall patterns constitute the major factors that determine the distribution of
organisms in space. Insects and plants become adapted to combinations of these
factors through natural selection .
2. Habitat
i)Site:- resource availability and variation in the carrying capacity of the habitat
are often the most important determinants of year to year fluctuations in the
populations of insects.
ii)Hosts:- the geographic range, size, growth form and varieties of resources
offered by a host influences the number and species of insects feed upon it
iii)Shelter:- many insect species utilize kinds of protective shelter to avoid
exposure either to unfavourable weather conditions or to natural enemies. The
possibility of overcrowding and the need for individuals to find most favourable
living space brings us to the question of movement of populations

3. Food supply:
Starvation can be induced in a population by increase in its numbers or
biomass. Starvation also occurs if environmental influences reduces
food supply below the level at which there is enough for all individuals.
Cannibalism occurs at times of overcrowding or when food is in short
supply
4.. Natural enemies
i)Predators:- vertebrate and invertebrate predators have been
implicated in the control f numerous temperate and tropical insects.
Because their rate of reproduction is limited, predators do not usually
compensate quickly enough to suppress the dramatic insect of high
reproductive pests . Predators consume the insect pest in a brief
encounter and the target insect is the prey of the predator.

ii)Parasites:- Insect parasites which are normally referred
as parasitoids debilitate or kills the insect through a
prolonged feeding . The parasitoid feeds either through
the external or internal body parts of an insect pest.
Nematodes are parasites of insect pests also
iii)Insect diseases:- Pathogens cause target pests to die
due to diseases. The action of insect diseases is most
obvious at high population densities where more contact
occurs among individuals and the unfavorable
overcrowding is evident. Horizontal transmission of viral ,
bacterial, protozoan and fungal infections usually requires
high host densities or host aggregating behavior.
`

5. Heritable (genetic traits)
Genes are considered to be most stable in a population or to undergo
minor unimportant shifts. However, genetic response to environmental
variables may be a key factor in endemic and epidemic insect
population dynamics. Changes in the shape of a population curve over
a length of time depends only on the changing relation between births
and deaths.
Birth rate is affected by:•The average fecundity of the females;
This is the potential number of young that could produce in the time.
The potential reproductive ability of a species is of primary importance
in the study of population dynamics

•The average fertility of the females
This is the realized production of offspring resulting from the
modification of fecundity either by physiological factors or by
fertilization success where that is necessary. Environmental influences
such as weather and the available food supply may limit the number of
offspring left per female not only by their effect on longevity, but also
by restricting egg production and oviposition in other ways. The
quality and quantity of the food supply may exert a marked effect on
the number of eggs laid per female in both plant plant-feeding and
other insects. There is usually a clear relationship between the size of
a female insect and the number of a eggs which it can develop. This
size fecundity relationship probably operates through the size of the
food store accumulated during development and converted later to
egg york. Shortage of food supply therefore decrease fecundity

•Sex ratio
This is the proportion of females in the population . In most species,
approximately half of the individuals born are females. The sex ration,
and therefore the birth rate, vary within the conditions that affect
mating or fertilization ie population and the prevailing weather
•Other influences
The birth rate of a population is affected by the presence of nonreproducing females. In the determination of the relative numbers of
reproducing and non-reproducing females, a multiplicity of influences
and processes become involved in variations of the birth rate. In most
species the mortality of females increases sharply after completion of
oviposition. The proportion of reproducig females in a population
depends on four factors:-

i)The length of the oviposition period compared with the rest of the life cycle. The longer
the oviposition period, the higher will be the proportion of reproducing females.
ii)The birth rate itself will affect the proportion, for where the rate is high the proportion of
immature individuals will tend to be higher compared with the number of reproducing
females, and the number of post-reproductives will tend to be lower

iii)Any influence that shift forward the modal point of oviposition in a generation cause an
increase in the birth rate. Thus, shortening of the developing period, or of the reproductive
period (if there is no decrease in fertility) increase the fertility rate. On the other hand
facultative occurrence of a stage of arrested development in the life cycle has the effect of
reducing the birth rate of a population. Many environmental influences may be involved in
determining the length of developmental and oviposition period of female insects.
Weather and food are probably the most important. Environmental influences can affect
the proportion of reproducing females directly by causing age-specific mortality
immediately before oviposition begins

The death rate is the amount by which initial numbers would be
reduced during a short interval of time in the absence of birth and of
movements to and from an area. The causes of insect mortality are:•Ageing : the percentage of individuals in a natural population which
die form “old” age is usually small but varies form one species to
another. In populations where the reproductive rate is low( for any
reason) the numbers in older age groups will be relatively high, and
senility may become an important component of total mortality.
•Low vitality: Many environmental agencies which cause mortality
first weakens an insect and later kills it. Some may weaken an insect
and therefore render it more liable to destruction by other agencies.
In such cases, it is often useful to ascribe the death of an insect to low
vitality

•Accidents: Accidental deaths is quite common among insects
especially death caused by malfunctions of the moulting process.
Similarly, failure to expand fully the imaginal wings usually has fatal
consequences. Death often comes to a predator or parasite through
the mechanical effects of the defense mechanism of its prey or host.
The mechanism involve the ejection of a sticky fluid by the prey
species, which often causes gluing together of the wings or
mouthparts of predators.
•Physiological- chemical conditions: extreme of temperature are
usually fatal to insects. The mortalities caused are often selective
because one or more of the developmental stages of many insect
species have a much higher tolerance than the others. Pollution is
quite common causes of death in populations of aquatic insects,
especially in species which respire through gills.

6. Movement of insects into (immigration) and out an area
(Emigration)
Though movement into and out of an area may cause a high rate
of insect population turnover the numbers of individuals present
may not cause change greatly. Most insect species appear to
have evolved some form of dispersal or migration which serves
either to increase the chances of survival, or to make survival
possible. In some instances, these forms of displacement
minimize the possibility or the effect of crowding and
consequent overexploitation of environmental resources; in
other instances they enable populations to escape from annual
occurrence of intolerable climatic conditions ( as so serve the
same purpose as diapause in many other species)

In summary, the way the numbers of an insect species changes
represents the balance of birth and death over a given time period.
Birth rate is influenced by:
•Weather
•Food quality received by adults during development
•Degree of “crowding” of individuals ie stimulating restlessness of
individuals
Death rate is influenced by:•Climate
•Natural enemies or diseases
•Crowding that may lead to cannibalism or starvation
•Emigration

Lecture 6. Pest population levels and
population dynamics
A pest is only an economic pest at or above a certain population
density; and that usually the control measures employed against
it are designed only to lower the population below the density at
which the insect is considered to be an economic pest. It is only
rarely is complete eradication of the pest is aimed at. A
generalized
Diagram of fluctuations of pest populations in plants is shown in
Figure 6

Fig 6

•Economic Injury Level (EIL) is the population that produces
incremental damage equal to the cost of preventing damage. ie
the lowest pest population which will cause economic damage.
•Economic threshold (ET) or Action Threshold (AT) is the
population density at which control measures should be
determined to prevent an increasing pest population from
reaching the Economic Injury Level. The Economic Threshold is
lower than the EIL so as to give sufficient time to put control
measures into operational and have them to take effect.

To improve on control strategies of pests a thorough knowledge
of pest populations levels and population dynamics is required.
Terms used for population levels for typical insect pest
populations are :•General Equilibrium Position (GEF) is the average population
density of a pest population over a long period of time,
unaffected by temporary interventions of pest control. The pest
population will fluctuate about this equilibrium according to the
influence of density-dependent factors such as parasitoids,
predators and diseases.

Lecture 8. Sampling of insect pest populations
Outline:
•
Why is it necessary to assess pests for pest management?
•
Crop inspection (scouting)
•
Bait sprays
•
Sweet net trap
•
Malaise trap
•
Impaction (sticky ) trap
•
Water trap
•
Suction trap
•
Light trap
•
Pheromone trap
•
Soil sampling traps

Since it is impractible to count all the insects present in the field,
the pest population must be estimated from samples. A sample
is a set or portion of an aggregate of material which has been
selected in the belief that it will be representative of the whole
aggregate or population. A sample consists of a small (observed)
collection drawn from a larger population about which
information is desired. This can either be farms, fields or part of
them, or entire host plants, or a particular organ of the host
plant Pests are usually sampled for the following reasons:

•So that their abundance can be predicted
•Losses attributed to them measured
•Their damage prevented
•Use in forecasting outbreaks
•To know when and where pests occur
•As a basis of pest management decisions
•To study biology of pests ie life cycles, ecology, migrations
•To relate crop losses and in the development of economic
threshold or injury levels

Before making insect counts, it is important to consider the
following:1. Pest dispersion: Initial information should be obtained on the
distribution of the pest ie whether it tends to aggregate or is
restricted to certain parts of the field, or if it is regularly
distributed. Considerable variations of different areas of the
same field are common; sometimes the edges of a field may be
more heavily infested. The density of a crop is also known to
affect the distribution of the pest. Field boundaries where
insects can find shelter also affect their distribution. Pest
distribution can also be affected by any marked heterogeneity of
the crop. The time of attack can also greatly affect the
distribution of insects on the plant.

2. Number of samples:- Generally, the larger the number of
samples the more accurate the population estimate. But the
number of samples required and their size should be determined
prior to sampling. Usually for larger populations, few samples
are required and for small, densely distributed pests , many
small samples are best. However, there is no prior way of
determining the number of samples and sample size. For each
crop-pest combination, initial sampling must be done arbitrarily
and the results statistically analyzed for variation. Then the
number of samples required to obtain an acceptable degree of
variation can be estimated

3. Sample bias:- Reliable estimates of pest incidence should be based
on representative samples. As far as possible the sampling method
should be free from bias. Not only sites but fields, units etc should be
chosen using a table of random numbers and as far as possible average
sampling conditions should be the same. Sometimes, however, it may
b e unrealistic to insist on a sampling method completely free from
bias particularly if it adds greatly to the survey costs.
4. Sampling frequency:- Samples should be taken at regular intervals,
eg once a week, fortnight, or month at fixed timings. Sometimes one
sampling is all that is needed. In other cases regular sampling is
required eg the boll weevil on cotton. With some pests, it is
sometimes possible to obtain the required data by sampling for a
particular stage only a few times a year

5. Duplicate sampling:- It is desirable to use more than one sampling
techniques in assessing pest numbers if only to determine the relative
efficiency of the methods employed. It is desirable initially to try various
sampling techniques and even to use different techniques at various stages of
plant growth

6. Perennial sampling:- Neither the pest population nor the yield losses are
stationary; they change form year to year in a given locality. Experiments
need to be conducted over a period of at least three years and the
information should be up-to-date. This is particularly important when the
cultural practices which affect crop yield change form time to time. In
developed countries assessment of pest importance is done by observations
made all over the country, for several years. Routine estimates of the pest
densities and losses due to them are made at fixes sites throughout the
country. Such studies help to provide valuable information on regional
distribution of the pest as well as their pest status.

The basic concepts of sampling for pest management are:
1. It is important to consider data collection carefully so that
bias does not influence the sample outcome
2. A trustworthy sample satisfies four criteria: it should be
representative, reliable, relevant and practically feasible
3. The precision of an estimated population parameter increases
as the sample size increases. This is because the variance of an
estimated parameter decreases with increasing sample size
4. The distribution of sample means is described by a normal
distribution function provided that a minimum sample size is
used. Often, N greater 25 is sufficient for normal approximation
to be acceptable

Sampling methods
Pre-requisites that have to be observed in the choice of sampling
methods are:•variability of pests eg the range of intensity occurring at date(s) of
sampling, for instance, at the critical stage or any time of assessment
•pattern of pest distribution in the field at a given stage of host growth
or state of pest progress
•degree of precision of pest estimate desired or required (in terms of
coefficient of variability) and accuracy in estimation
•Cost and time involved in sampling (efficiency of sampling methods).
Usually pilot surveys are required for testing and verifying a sampling
method before it is adapted. It has, amongst others, to be checked
whether the method is straight forward, allows the precision to be
measured, and secures maximum reliability per unit cost

The following sampling methods are distinguished :-

1.
2.
3.
4.
5.
6.
7.
8.

Random sampling
stratified sampling
systemic sampling
multistage sampling
multiphase sampling
line sampling
sampling on successive occasions
balanced sampling

1. Random sampling
Random sampling involves selecting a number of samples from a
population such that every sample has an equal chance of
selection . Samples are selected at random using random
numbers. Randomization requires beforehand knowledge of
numbers of plants per unit area and their spacing pattern.
Because of their usually not uniform distribution of pests,
random sampling is rarely desirable at all levels of sampling
(sample, sample units)

2. Stratified sampling
In stratified sampling the population is divided into different strata
from which random numbers are then taken. The strata are
subdivisions of samples. The groups or strata are of similar characters
to minimize variability and increase accuracy of otherwise too
heterogenic material. Stratification permits only estimates of sampling
errors within the strata. Provided that sampling units have been
classified in the required strata, the selection of a stratified sample
follows the same procedures as random or systemic sampling.
Stratified sampling differs from random sampling only in the division of
the population into different strata from which random samples are
then taken. The strata are subdivisions of the samples based on
knowledge of the distribution of the population eg insects may exhibit
different preferences for particular parts

3. Systemic sampling
Systemic sampling involves taking samples at fixed intervals. The size
of the fixed interval and the reference on starting point for the interval
are chosen, within defined limits, from random numbers. The first
sample is taken at the reference point and subsequent samples at
successive intervals beyond that
Systemic sampling is easier in practice, likely to yield sufficiently
accurate and precise results, and is usually less cumbersome than
random sampling.
Systemic sampling is commonly used in crop protection. It is done by
adopting a most appropriate sampling path eg diagonol, double
diagonol , V, W, Z or stair shaped. Appropriateness is checked by
comparisons of precision and accuracy of estimates obtained by
various paths from pilot sampling.

4. Mutistage sampling
For multistage sampling the population is divided into first,
second, etc stage sampling units and sampling carried out in
stages (eg tree, branches, leaves). The sampling method may be
same or different in each stage. Mutistage sampling introduces
flexibility, allows for the selection of natural subdivisions as
sampling units and the optimization of sample size.

5. Mutiphase sampling
For multiphase sampling certain items are collected from all the units
of a sample and other data only form some of these units, chosen as
to constitute a subsample of the units of the original sample. This
incomplete use of all units make mutiphase sampling different from
multistage sampling. Its advantage are obvious in the case of required
accuracy or variability. Very often the first phase yields the
information needed to determine the size of the subsequent phase
5. Line sampling
Line sampling may be employed for rapid and extensive surveys
conducted along roads if no estimates or sampling error is required

6. Sampling on successive occasions
Sampling on successive occasions is required if variability
of sampling units as well as the variability of changes in these
units etc is to be measured. Very often changes in all the units
are similar inspite of the variability of the units. This is suitable
for fixed samples, provided that proper provision for new
accessories and extra units from population are made.

Lecture 8. Methods of assessing pest populations
The methods used in assessing pest populations are:
1.
Pest scouting
2.
shaking and beating
3.
“knock down” sampling
4.
bait sprays
5.
mite sampling
6.
sweep net trap
7.
malaise trap

8.
9.
10.
•
•
11.
12.
13.
14.
15.
16.

impaction (sticky) trap
water traps
suction traps
mobile traps
fixed traps
light traps
pheromone traps
pitfall traps
mark, release and recapture method
x-ray method
soil samplers

1. pest scouting
Regular inspections of crops to monitor pests levels and crop developments is essential.
Scouting is particularly important in areas where the severity of pest attack may vary
considerably form one year to another or where the period of infestation varies from year
to year. In most crops, sampling of eggs or early larval instars is recommended where pest
populations can build up before serious damage occurs. Scouting individual fields is
economic when pest infestations occur over a prolonged period. However for many crop
pest situations, pest scouting of fields requires too much skilled or semi-skilled labor.
Accuracy of egg counts will depend on eyesight and colour vision of the scout. Larvae may
be generally difficult to detect, especially if they are inside buds or stems. The time
involved in searching for the egg or larvae may be a lot especially if eggs and larvae are very
small. In such a case use of sequential sampling is advocated. Counting of large numbers of
a pest such as mites is difficult and time consuming, but rapid assessments can be made in
the field with a scoring method which grades infestation
Assessment of the crop itself is important in order to relate pest numbers to the growth
stage of the crop, particularly where further plant development will compensate for
expected damage caused. In some cases the numbers of beneficial species can also be
estimated

2. Shaking and beating
Some insects may be dislodged from plants by shaking. A sheet
cloth or polythene is normally laid out under the plants, parts of
which are then vigorously shaken or beaten with a wooden stick.
The insects need to be collected quickly before they escape, so a
small device for sucking insects into a tube is useful. Cards with
sticky surfaces have also been used, especially where there is
sufficient space around the plants (ie with small bushes and row
crops). However, the numbers collected may not be correlated
with those from other sampling techniques, since the amounts
of foliage and intensity will affect the proportions of insects
dislodged.

3. “Knock down sampling
An irritant spray of pesticide such as natural pyrethrin is applied with a
knapsack mistblower to project the spray as high as possible into a tree
canopy. A large area under the sample tree needs to be covered as
some insects knocked down by the spray may b e brown downwind.
Sufficient time must be allowed for all the insects affected by the spray
to fall. “Knock down´ samples have used on coffee in East Africa for
many years to determine when to control Antesia bug with insecticides
4. Bait sprays
Baits made of a granular or dust insecticide and molasses or sugars is
used for cutworms, millipedes. The baits are placed along the rows
and the catch needs to be collected early the following day before ants
remove the bodies

5. Mite sampling
Mites are sampled by placing the leaf on a clean piece of absorbent paper (blotting
paper) and squash the mites with a roller. The stains on the paper are then counted
and the paper can be kept for checking. Mites can also be brushed off leaves into a
glass plate for counting. Small mite brushing equipment have been developed
6. Sweep net traps
The sweep nets is swung horizontally backwards and forwards through an arc of 180
degree centigrade with the open end perpendicular to the ground. The mouth of the
net must be closed as soon as sweeping is completed. The efficiency of sweeping
does vary with the methods adopted by different individuals, the stage of the crop,
and particularly its height, weather conditions including wind speed, temperature and
intensity of solar radiation, and the diurnal rhtym of the insect. Care must be taken to
avoid the escape of fast-flying insects as soon as the net is opened to examine the
catch. Sweeping is suitable for pests normally found near the base of plants, since
populations are thus liable to underestimation

7. Malaise trap
Malaise traps are best used for certain highly active adult Diptera
and hymenoptera, and so are useful in assessing the abundance
of certain parasites within crops. The traps consists of a netting
tent with one open side into which is placed a small container at
the highest Insects which fly or crawl through the opening
normally move up the netting and are collected in the container.
Traps for tsetse flies distributed in Kajiado and tsetse fly infested
areas in Western Kenya are a form of Malaise traps which are
used for tsetse fly assessment and control

8. Impaction or sticky traps
Insects are trapped on a surface which is coated with a
substance that remains sticky over a long period eg sticky traps
for sampling aphids, American leaf miner. One disadvantage of
sticky traps is that they will collect other insects which you are
not interest in
9. Water traps
Containers are used to hold water plus a detergent and a
preservative such as formalin. Water traps can catch insects at
low populations and therefore can be used to monitor low
populations of vectors e.g aphids

10. Suction traps
They are two types:
i) Mobile suction traps
These are machines with a engine-driven fans to suck insects
into a fine mesh net. They have a collection bag which is
positioned at the opening of a long horse so damp foliage can be
sampled without insects being trapped in a water film in the
hose. Sampling with these traps is very useful in assessing the
effects of pesticide on the population of parasites and predators

ii) Fixed suction traps
They are small fixed suction traps and large fixed suction traps.
These traps are used for routine sampling of airborne insects eg
aphids. They are used to provide early warning of migrant pests
They obtain a sufficiently sample of air and estimate the aerial
density of insects. They assist insect population estimation of
migrant pests at national and international level and enable
control operations

11. Light traps
Light traps have a light which is usually surrounded by baffles above a
funnel down which insects fall into a container. Rapid kill of the catch
with insecticide is essential to have a good specimen for identification.
There are various designs of traps. Light traps are more useful for
studying aerial density of insects where rapid identification is less
important. Light traps have used to improve timing of spray
applications. Eg Armyworm
12. Pheromone traps
• Pheromones are small quantities of highly specific compounds that
are released by insect into the environment and are detected by
insects of the same species.

Pheromone traps only attract the target species and does not
require a trained entomologist to identify the specimen. Most
pheromone traps are cheap, convenient in handling, packing
and checking catches and their durability in the field.
Pheromone traps such as sex pheromone traps have are useful
to detect early infestation, monitor populations and therefore
assist in the timing of pesticide applications. Timing of sprays
with pheromone traps has been successful e. g army worm and
Larger Grain Borer

13. Soil samplers
These soil washing apparatus to extract
organisms. Then there is a process of sieving
flotation and soil washings to extract the
organisms. The data is helpful to the farmer in
deciding whether to plant a particular crop and
whether control measures are needed

Lecture 9. Sampling of insects

