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Chapter Outcomes
After studying this chapter, you will be able to:

• Describe the anatomical structures of insects and their functions.

• Summarize each step of an insect’s life cycle.

• List the ways pheromones and allomones infl uence insect behavior.

• Explain the taxonomic hierarchy of insects.

• Describe the methods for collecting and pinning insects.

• Describe careers related to entomology.
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Anatomy
Insects belong to the Animalia kingdom in the phylum Arthropoda and 

specifi cally fall within the class Insecta. Insects are characterized by having:

• An exoskeleton.

• A segmented body divided into three regions (head, thorax, and abdomen).

• One pair of antennae.

• Three pairs of legs.

• Wings (usually, but not always).

Exoskeleton
Insects, as well as other arthropods (spiders, mites, scorpions, and 

crustaceans), are supported by a hardened external skeleton called the exoskeleton.

The muscles and organs are on the inside of the skeleton. The exoskeleton serves

as armor, shielding the insect from harm. It protects against physical injury and 

provides a barrier against the environment, including predators, pathogens, and 

chemicals. The exoskeleton also provides a watertight layer against desiccation and 

a sensory interface with the environment. Many setae (hairs) cover some insects, e
sending signals to the insect to react in some way.

The exoskeleton consists of a noncellular covering called the cuticle. The 

epidermis, which is a single outer cell layer of the body, forms the cuticle. Small, 

rigid plates of the exoskeleton called sclerites are joined together by soft, fl exible 

membranes, allowing for movement and fl ight, Figure 30-1. Sclerites do not

grow. As the insect develops, it will molt to reveal a new cuticle underneath.

Female praying mantids that eat the heads of their male friends, assassin bugsFF
that pierce and suck the innards of their prey, and ants that harvest honeydew from 

aphids and in return offer plants protection, are just a few examples of fascinating 

insects and their interesting behaviors. Entomology is the branch of biology that isy
the study of insects. Entomology is important in horticulture because growers can

use their knowledge of insect biology and behavior to help manage insect pests,

and encourage pollinators and other benefi cial insects.

anat chant/Shutterstock.com

Figure 30-1. An insect’s exoskeleton provides protection, prevents desiccation, and allows 

for sensory interaction with the environment. The exoskeleton consists of small, rigid plates 

called sclerites. The ventral sclerites underneath the insect’s body are called sternites.
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The Head
An insect’s head contains many critical components,

including the mouth, eyes, and antennae, Figure 30-2.

Antennae
The antennae are a pair of sense organs located near

the front of an insect’s head. Antennae are primarily used 

to detect smell and are covered with tiny hairs that can

capture odor molecules. Insects also use their antennae to 

touch the environment to determine location, food, and 

predators. Some insects can perceive changes in humidity

and temperature through their antennae. Others use 

their antennae to identify sounds, and some can use their 

antennae to determine air speed during fl ight. There are a

number of antennae types, Figure 30-3.
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Figure 30-2. The basic components of an insect’s 

head.

L. Shyamal

Figure 30-3. Observe the differences between the antennae. Some specialized antennae can be used to help identify insects.

Appearance Examples

Aristate 

(pouch-like with 

lateral bristle)

House flies

Clavate

(gradually 

clubbed at the 

end)

Carrion beetles

Flabellate 

(fan-like)

Lined June 

beetle

Geniculate 

(hinged or bent 

like an elbow)

Weevils and 

ants

Lamellate 

(nested plates)

Scarab beetles

Name Appearance Examples

Moniliform 

(bead-like)

Termites

Pectinate 

(comb-like)

Male glowworms 

and fire-colored 

beetles

Plumose (brush- 

or feather-like)

Mosquitoes,

moths

Serrate

(sawtoothed)

Click beetles

Setaceous 

(bristle-like)

Dragonflies

Stylate (ending

in a long, 

slender point)

Horse and deer 

flies

Antennae Types
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Compound Eyes and Ocelli
Most insects have two compound eyes, which are made up 

of ommatidia, visual sensing facets that collectively make up the 

entire compound eye. The number of ommatidia varies considerably 

between species. For example, some worker ants have fewer than

6 while some dragonfl ies may have more than 25,000. Some insects 

have reduced or absent compound eyes. Examples include parasitic 

insects, many soil-dwelling insects, and those species that inhabit dark 

places such as caves. Compound eyes allow for a wide fi eld of vision. 

Dragonfl ies, for example, have incredibly large compound eyes and 

can see in nearly every direction, Figure 30-4. Most insects also have 

ocelli, modifi ed eye structures that can detect changes in light intensity.

Mouthparts
All insects have the same basic fi ve mouthparts: the 

labrum, the mandibles, maxillae, hypopharynx, and the 

labium, Figure 30-5. However, mouthparts vary by species. The 

mouthparts of each species have evolved depending on the 

feeding behavior and food in their diet. Insect feeding behaviors 

are divided into the following categories:

• Biting and chewing (grasshoppers, dragonfl ies).

• Sipping (nectar) and chewing (pollen) (honeybees).

• Probing and sipping (butterfl ies, moths).

• Sponging and lapping (fl ies).

• Piercing and sucking (mosquitoes, assassin bugs, aphids).

Mandibles

Grasshoppers have biting mouthparts that allow

them to crush and chew their food, Figure 30-6A. Their

mandibles (parts of the insect mouth that are often 

modifi ed for specialized feeding) are hinged to allow them

to eat grasses, leaves, or smaller insects. Some biting insects, 

such as ant lion larvae, have mandibles that are longer and

sharply pointed so they can impale their prey, Figure 30-6B.

NERYX.COM/Shutterstock.com

Figure 30-4. Dragonflies are effective 

predators because of their large

compound eyes that offer a nearly 

360° view.

Anatolich/Shutterstock.com

Mandible

Maxillary palp

Labial palp

Labrum

Geoffrey Budesa/Shutterstock.com

Figure 30-5. The basic structure of an insect 

mouthpart.

B Manfred Ruckszio/Shutterstock.com

Figure 30-6. A—The mandibles of a chewing insect are well defined and strong, allowing 

them to eat through leaves and even bark. B—Ant lion larva have pointed mandibles to 

impale their prey.

A kurt_G/Shutterstock.com
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Proboscis

Many insects eat liquid food, such as nectar, blood, sap, 

or cellular contents of plants. The honeybee has a modifi ed 

mouth part that folds together to form a proboscis. The 

proboscis is used to sip nectar, Figure 30-7. Additionally, it has 

functional mandibles that can manipulate wax and aid in pollen 

consumption. The proboscis is jointed and can be folded up when

not in use. Butterfl ies and moths have a proboscis (but without 

a functional mandible) that is long enough to reach the nectar 

deep in narrow tubular fl owers. Their proboscis can be coiled up 

toward their body. These are probing and sipping mouthparts. 

Housefl ies have a proboscis that is designed for lapping food.

Stylets

Many insects have specialized mouthparts that form stylets. 

Stylets allow an insect to pierce the epidermal layer of a plant 

or animal and withdraw liquids. Mosquitoes have stylets that

can pierce human skin and draw blood. Plant pests, such as 

aphids, thrips, stinkbugs, leafhoppers, and others, use a stylet to

puncture a plant’s epidermis and suck up the cellular contents, 

Figure 30-8. Many of these insects also transmit plant pathogens 

through their feeding behavior. The mouthparts of some insects 

may change, depending on the insect’s life cycle stage. Butterfl y 

larvae, for example, have a chewing mouthpart that is more or

less nonexistent in its adult form.

The Thorax
The thorax is the middle segment of an insect’s body. It holds the legs 

and wings that have been specialized for locomotion. The thorax is divided 

into three segments, with each segment housing a pair of legs, Figure 30-9.

Did You Know?
Flies predigest their 

food by spitting on it. 

The spit has enzymes 

that break down the 

food material to be 

lapped up by flies.

Dmitri Gomon/Shutterstock.com

Figure 30-7. Honeybees have a modified 

mouthpart called a proboscis that allows 

them to suck up nectar from flowers.

Nathanael Siders/Shutterstock.com

Figure 30-8. The stylet mouthpart enables

insects to pierce the epidermal layer of a plant 

and suck nutrients, proteins, carbohydrates, 

and water from the cells within.

“Happiness is a
butterfly, which,

when pursued, is
always just beyond

your grasp, but
which, if you will sit
down quietly, may
alight upon you.”

—Nathaniel 
Hawthorne

Mandibles

Head Thorax Abdomen

Antennae

Sting

Protibial
spur

Tarsal claw

Tarsus

Tibia

Femur
Compound eye

Mariana Ruiz (LadyofHats)

Figure 30-9. Basic worker ant anatomy.
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Insect Legs
Insect legs have evolved for specialized functions. 

For example, the digging legs of a mole cricket allow 

it to burrow through soil, and the grasping forelegs of 

a praying mantis permit it to capture and consume its 

prey. Many insects, such as grasshoppers, fl ea beetles,

and leafhoppers, have a jumping ability. This jumping 

ability is enabled through adaptations in the hind legs, 

Figure 30-10. Aquatic insects, such as the giant water 

bug, have hind legs that are fl attened like a paddle for 

swimming. Honeybees have special compartments on 

their hind legs called pollen baskets, Figure 30-11. Pollen 

is placed and stored in the pollen baskets during foraging. 

Some insects, especially larva with limited need for 

transportation, have no legs. The feet of insects are fl exible

and have claws that allow many to climb vertical surfaces.

The Wings
Insects are the only invertebrates to have wings. 

With the exception of mayfl ies, only adult insects

have functional wings. Wings have a network of 

veins that provide support and rigidity and enclose

transparent cuticles. Venation patterns are unique to

species, and can be used in identifi cation, Figure 30-12.

Tyler Fox/Shutterstock.com

Figure 30-10. The hind legs of jumping insects 

are enlarged to allow for great leaps.

Ikordela/Shutterstock.com

Figure 30-11. The pollen basket on a honeybee 

provides storage space to hold pollen while

foraging.

EtiAmmos/Shutterstock.com

Figure 30-12. Many venation patterns in the w ings are identifying clues for different species.
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Many insects have two pairs of wings. Others have one pair, and some have 

no wings. In a number of insects, the front wings serve as protection for the 

delicate hind wings. In beetles, the front wings are hardened and are called 

elytra. When a ladybird beetle fl ies, the front elytra wings open to reveal the 

soft fl ight wings, Figure 30-13A. In grasshoppers and cockroaches, the front 

wings are like leathery parchment and are called tegmina, Figure 30-13B.
Many true bugs (order Hemiptera) have thickened parts of their front wings 

called hemelytra. They are thick and leathery at the base, but become more 

membranous towards the tip of the wing.

Insects use muscle contractions to power their wings. As with insect 

antennae and legs, insect wings vary in design and function by species. 

Dragonfl ies can move each of their four wings independently, giving them 

precise control and mobility when capturing prey, laying eggs, or mating. 

Many other fl ying insects rely primarily on one pair of wings to drive fl ight. 

For example, insects such as fl ies, moths, butterfl ies, bees, and wasps have 

one pair of wings that are well developed. Their wings have hooks or hairs 

that link the forewings to the hind wings, functionally acting as one wing on 

each side.

Foorewings

Flight wingsFlight wings

A Mau Horng/Shutterstock.com

Forewings

B Aleksey Stemmer/Shutterstock.com

Figure 30-13. A—Beetles have hardened forewings that protect the delicate flight wings underneath. B—The forewings 

of a katydid are called tegmina and are thin like parchment.

STEMSTEM Connection Connection
Butterfl y Scales

TThhe word lepidoptera means scaled wings in Greek. This name is well 
sssuittedd tto the butterflies and moths that belong to this order because their
wwwwinngss aare covered with thousands of tiny scales overlapping in rows. The 
ssscaaless, arranged in designs and colors unique to each species, provide 
bbbeaautty to an observer and help the insect perform critical functions. Scales 
ppprovviddee insulation and thermoregulation, produce pheromones (in males),
aaaandd aaidd in guiding flight. The patterns also provide passive defense through 
cccammoufflage or mimicry.
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The Abdomen
The role of the abdomen is to store and process nutrients, circulate 

blood, pump oxygen, develop and deposit eggs, produce sperm, and play a 

role in mating functions. Unlike the rigid structures of the head and thorax, 

the abdomen is fl exible and can expand and contract. Most female insects

have an ovipositor on their abdomens, used to deposit eggs, r Figure 30-14.

Ovipositors differ by species. 

Some insects can use their 

ovipositor to make a hole in 

which to lay eggs. For example, 

grasshoppers dig holes in the 

soil, cicadas make holes in 

wood to lay eggs, and parasitic 

wasps may spear a larva of 

another insect species and 

insert their eggs inside. In 

stinging insects (bees, wasps, 

and ants), the ovipositor forms 

a stinging shaft.

The abdomens of immature insects are often 

very soft and allow for feeding and molting. These 

larvae also have prolegs that allow for locomotion 

and grasping of material. For example, the movement

of a caterpillar climbing a stem is aided by the

prolegs, Figure 30-15. Soft-bodied aquatic immature 

insects may have external gills, as found in mayfl ies 

(Ephemeroptera), damselfl ies (Odonata), and stonefl ies 

(Plecoptera).

Internal Systems
Insects have similar functions and needs as

other animals. Breathing in insects occurs through a 

waterproof cuticle called the spiracle, Figure 30-16. 

Oxygen enters the insect’s body and travels very close

to cells for gas exchange. Blood travels through insects

in an open system. The blood travels through the 

dorsal blood vessel (the insect equivalence to a heart), 

through the body cavity, and through specialized

structures that circulate it through the wings, legs, 

antennae, and abdomen. Insects have a gut that serves 

as the digestive unit, absorbing nutrients for growth 

and development. Insects also have reproductive 

organs. The nervous and endocrine systems of 

an insect serve as the communication system,

coordinating actions and responding to stimuli and 

controlling development.

B Steve Heap/Shutterstock.com

Figure 30-14. Cicadas (A) use ovipositors to deposit insect eggs, sometimes 

inside twigs (B).

HoHoleles s crcreaeaatttedded byby cicadas

A Mary Terriberry/Shuttesrstock.com

Corner Question

How many descendants 

might one female aphid 

have over the course of

a growing season?

Bildagentur Zoonar GmbH/Shutterstock.com

Figure 30-15. Prolegs aid insect larva in 

locomotion and climbing to reach food sources.

fuyu liu/Shutterstock.com

Figure 30-16. Insects breathe through special 

organs on the side of their bodies called 

spiracles. This silkworm spiracle can be seen 

through high-powered magnification.
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Growth and Development
Insect development encompasses changes in form and growth in size. 

The development of every insect includes three primary stages: the embryo, 

the immature insect, and the adult.

The Egg and the Embryo
Life begins as an egg for most insects,

Figure 30-17. Each egg, or female gamete, is created

in the female’s reproductive system, and needs to

be fertilized by a male gamete to form an embryo. 

Through the act of mating, a female receives sperm

from her male partner. The female can store the sperm 

for long periods of time in a special structure called

the spermatheca. In fact, a honeybee queen will mate

with dozens of male drones to increase the genetic 

diversity among her brood. As a developing egg 

travels past the opening to the spermatheca, a few 

sperm are released onto its surface. The sperm swim

toward the micropyle, a small opening in the eggs, 

and fuse their nuclei into the eggs to form diploid 

zygotes. Honeybee queens lay unfertilized eggs that become drones, or 

fertilized eggs that become female. Most of the female eggs will develop

into worker bees and a few may be raised as a queen.

After the egg is fertilized, it progresses through a phase of rapid growth 

and development known as embryogenesis. During this stage, the embryo 

goes through cellular division and differentiation into body segments, 

appendages, and specialized structures. Once the immature insect emerges 

from the egg, it is considered a fi rst instar nymph (or larva). (Instar is the r
phase between two periods of molting.)

happykamill/Shutterstock.com

Figure 30-17. The eggs of a butterfly are laid on a 

host plant that the larvae can eat once hatched.

STEMSTEM Connection Connection
Viviparous Aphids

SSoome insects, such as aphids, will lay fertilized eggs as well as give 
bbbirth tto live young that have been asexually produced. The process of
aaaaseexuuaal reproduction in insects is called parthenogenesis. Aphids combine 
ppparrtheennogenesis with vivipary (giving birth to living offspring that develop in y
tthhe mmotther’s body) in which embryos can start development even before the
bbbirth oof the mother. In considering managing pests, this results in a shortening
oooof time between aphid generations, overlapping generations, increased 
rrreeprodduuctive potential, and a possibility of increased rate of development of 
rrreesiistaannce to insecticides.
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Metamorphosis
The newly hatched, immature insect will begin to feed, grow,

and mature, Figure 30-18. This stage is divided into instars. As 

the insect develops from one instar to the next, it makes a new 

cuticle and sheds the old in a process called molting. During 

the different instars, the insect is changing forms through a 

phenomenon termed metamorphosis. There are three kinds of 

metamorphoses:

• Ametabolous.

• Hemimetabolous (incomplete).

• Holometabolous (complete).

Ametabolous Metamorphosis
Only a few primitive insects, such as silverfi sh and 

bristletails, change very little as they molt from one instar to 

the next. Insects in the fi rst instar look very much like those

in the adult stage, except the adult has mature reproductive 

organs, Figure 30-19.

Hemimetabolous Metamorphosis
Insects such as mayfl ies (Ephemertoptera); dragonfl ies

and damselfl ies (Odonata); grasshoppers (Orthoptera); 

termites, roaches, and mantids (Dictyoptera); and true

bugs (Hemiptera) undergo an incomplete metamorphosis. 

Incomplete metamorphosis insects begin as an egg, 

transition into an immature larva (sometimes called a 

nymph), and change into an adult. Their appearance, 

feeding patterns, and habitat are similar throughout the 

larval and adult stages. For example, the immature form 

of the stinkbug is fairly comparable to that of the adult, 

Figure 30-20.

Holometabolous Metamorphosis
In holometabolous, or complete metamorphosis, an 

insect goes through four phases: egg, larva, pupa, and 

adult, Figure 30-21. The pupal stage seems inactive, as 

there is little outward movement. Physiologically, however, 

the tissues and organs are changing into adult organs. In 

some cases, an immature organ will shift to become the 

functional adult organ. Other organs and tissues may be

present but inactive in the larval stage. During the process 

of pupation, they differentiate into their fi nal structures. 

Many insect orders have complete metamorphosis,

including beetles (Coleoptera), fl ies (Diptera), butterfl ies 

and moths (Lepidoptera), and bees and wasps

(Hymenoptera).

yod67/Shutterstock.com

Figure 30-18. The grub of a beetle is in 

an immature phase and will molt several 

times before pupating into an adult.

Melinda Fawver/Shutterstock.com

Figure 30-19. Silverfish are ametabolous, 

meaning the immature and adult stages are

very similar in appearance and the reproductive 

organs are functional only in the adult.

Paul Looven/Shutterstock.com

Figure 30-20. The immature and adult form

of a stinkbug are rather similar.
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Some insects go through a resting period, similar 

to a plant’s dormant stage, called diapause. Diapause 

allows insects to enter a state of arrested development 

and survive unfavorable climactic conditions, such as cold 

temperatures. Depending on a species, diapause may occur 

in the egg, larva, pupa, or adult stage. For example, the 

mourning cloak butterfl y overwinters in northern regions 

as an adult, Figure 30-22. This behavior is fairly unique for 

butterfl ies.

Chemical Signals
Insects constantly receive chemical signals that verify 

the presence of food, enemies, suitable mates, and nesting 

sites. Many chemicals elicit a behavioral response, such 

as scurrying away in the face of a predator, or following a 

trail of food. The use of pheromones and allomones are two chemical signals 

important to insects. Pheromones act as chemical signals between individuals 

of the same species. Allomones act as chemical signals between different 

species to the benefi t of the originator.

Did You Know?
Caterpillars have 

developed interesting 

defense characteristics. 

Many caterpillars

resemble plant parts

or bird droppings.

Others may just look 

frightening to scare 

off predators. Some

swallowtail caterpillars 

have huge “eye spots” 

on their thorax regions 

and are able to inflate

their body so that they

appear snake-like.

Pupa in chrysalis

Adult

Eggs

Larva

Nicolas Primola/Shutterstock.com

Figure 30-21. Butterflies have holometabolous metamorphosis and go through four 

distinct life stages: egg, larva, pupa, and adult.

MarkMirror/Shutterstock.com

Figure 30-22. The mourning cloak butterfly

spends its winters as an adult in diapause to 

survive cold conditions.
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AgEd ConnectionAgEd Connection
Common Pests and Disorders 

AAs ppart of the Nursery/Landscape CDE, students must identify certain common pests and/or the 
ssyymmppttomms and damage they cause. The pest may be presented as an intact specimen, with a photograaphh,
oor aass a ppreserved specimen (insect mount). Some of the common greenhouse and nursery pests that mmaayyy 
be innccludded on the identification list include aphids, bagworms, borers, leafhoppers, leaf miners, scale,
sspiddeer mites, snails, slugs, whiteflies, and white grubs. Use the e-flashcards on your textbook’s student 
ccoommpppanioon website at www.g-wlearning.com/agriculture to help you study and identify these common ppessttss.

Nursery/Landscape CDE

SShiphher Wu (photograph) and Gee-way Lin 
((aaphidd provision), National Taiwan University

Aphid

Steve Heap/Shutterstock.com

Bagworm Case

Henrik Larsson/Shuttersttockk.ccoomm

Borer and wood damagge

YapAhock/Shutterstock.com

Leafhopper

topimages/Shutterstock.com

Leaf miner

Decha Thapanya/Shuttersttockk.ccoomm

Scale

DDD.Kucharski K. Kucharska/Shutterstock.com

SSpider mite damage

Alexander Raths/Shutterstock.com

Snail

Lisa S./Shuttersttockk.ccoomm

Slug

DDD.Kucharski K. Kucharska/Shutterstock.com

Whitefly

fotosav/Shuttestock.com

White grub
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Sex Pheromones
Pheromones are used primarily to attract male and female insects 

of the same species. A female may release a pheromone to signal she 

is ready to mate, or a male may release a pheromone to announce his

presence. Sex pheromones are used to attract insects to pheromone 

traps, which are used to monitor and control pest populations.

Aggregation Pheromones
Many insects cluster together for feeding, mating, shelter, attack, 

or other reasons, Figure 30-23. Aggregation pheromones encourage 

insects to come together for a common purpose. For example,

bark beetles will produce an aggregation pheromone to increase

their population levels at a tree to overcome the tree’s defenses.

Aggregation pheromones are commonly placed in insect traps being 

used to monitor the presence and concentration of pest populations.

Alarm Pheromones
Alarm pheromones are triggered as a predator approaches and

may prompt an attack, as in the case of many social insects. Fire ants, 

for example, are social insects that will quickly swarm and attack

a perceived threat, Figure 30-24. Honeybees will also send out an 

alarm pheromone in the presence of an enemy. The bees may gather

into a swarm and sting the aggressor. Insect pests such as aphids also

use alarm pheromones to warn each other of a perceived threat. If a 

predator, such as a ladybug, draws near, they secrete a fl uid indicating

the aphids should drop, leap, or fl y to safety.

Territorial Pheromones
Territorial pheromones communicate to other insects that a particular area 

is inhabited or occupied. A female may lay her eggs in a location and mark it 

with a pheromone to warn other insects away. These same pheromones may be 

used to map out a pathway to a food source or habitat. For example, ants may 

mark the way home, or the pathway to food.

Allomones
Allomones play two primary roles in the insect world:

• Defense.

• Benefi cial associations between insect species.

Defensive Allomones
Defensive allomones produce an objectionable taste that 

allows some insects to avoid being eaten. Monarch butterfl ies have

a blood-borne allomone that causes a predatory bird to vomit after 

ingestion. Predatory birds associate the objectionable taste (and 

vomiting) with the monarch’s bright wing coloration, Figure 30-25. 

pan demin/Shutterstock.com

Figure 30-23. Pheromones drive 

aphids to aggregate together for a 

common purpose of feeding.

SweetCrisis/Shutterstock.com

Figure 30-24. Fire ants release an 

alarm pheromone when attacked.

James Laurie/Shutterstock.com

Figure 30-25. Monarch butterflies 

have a defensive toxin that is a 

blood-borne allomone that makes it 

unpalatable to predators.
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Some insects will spit or regurgitate an unpleasant chemical that is highly 

offensive to many potential predators. For example, bombardier beetles will 

discharge a hot secretion that is followed by an audible popping when they 

are disturbed.

Beneficial Allomones
Some insects use allomones to encourage benefi cial relationships with

other species. For example, some leaf-cutter ants, certain termites, and bark 

beetles form associations with fungal species. The insects will farm the fungi, 

clearing any contamination that may compete with the fungi. In return, 

insects harvest the fungi, presumably to aid in digestion.

There is still much to be learned about the chemical ecology of insects, 

particularly about its use in managing pests and potentially promoting 

benefi cial insect populations.

Taxonomy
Organizing the diversity of insect species is the science of taxonomy. 

As with plants, insects are classifi ed into a hierarchical structure. The fi rst 

(and broadest) group is the domain Eukaryota. Other categories in the 

structure include kingdom, phylum, subphylum, class, order, family, genus, 

and species (the narrowest grouping). For example, the classifi cation of the

Monarch butterfl y is as follows:

Domain: Eukaryota

Kingdom: Animalia

Phylum: Arthropoda

Subphylum: Hexapoda

Class: Insecta

Order: Lepidoptera

Family: Nymphalidae

Genus: Danaus
Species: D. plexippus
Common Name: Monarch butterfl y

Insect taxonomy uses binomial nomenclature similar to

that used for plants, with the species consisting of the genus 

and a specific epithet, such as the honeybee, Apis mellifera, 

Figure 30-26. Characteristics that are used to classify 

insects include morphological data (such as structure of 

mouthparts), body shape and size, antennae, and wing

venation as well as genetic information that can isolate an

insect’s DNA.

The sheer volume of species in entomology is 

overwhelming. It is important that students be familiar with the 

major groups of insects, especially the insect orders and, in many 

cases, insect families.

Agricultural Pests and Benefi cials
Phytophagus insects (those that eat plants) eat plant tissues 

to acquire sugars, proteins, fats, vitamins, salts, and water.

Depending on the species, insects will feed on every plant

part, including roots, stems, leaves, fruits, seeds, and fl owers.

“I do believe that 
an intimacy with the 

world of crickets 
and their kind can 
be salutary—not 
for what they are 
likely to teach us 
about ourselves 

but because they 
remind us, if we will
let them, that there 
are other voices, 
other rhythms, 

other strivings and 
fulfillments than 

our own.”
—Howard E. Evans

Protasov AN/Shutterstock.com

Figure 30-26. The European honeybee 

has a scientific name of Apis mellifera,

meaning “bee” and “honey-bearing” 

in Latin.
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Some insects will feed on multiple plant parts; others specialize the location 

of their feeding. Insects may be categorized by their 

choice of food and its location.

• Insects that feed only on a specifi c host plant 

for all of their nutritional needs are called 

monophagus. For example, the grape phylloxera 

is a tiny aphid-like insect that causes stunting or 

death to wine grapes (Vitis vinifera) by feeding 

on their roots.

• Insects that feed on a broader range of plant

material are considered polyphagus.

• Insects that will feed on closely related plant 

species are referred to as oligophagus. For 

example, the Colorado potato beetle does not 

just eat the leaves of a potato; it will also dine 

on many solanaceous crops, including eggplant, 

pepper, and tomato, Figure 30-27. Most insects 

fall into this category.

Feeding Behaviors and Plant Damage
Agricultural insect pests are insects that damage or disrupt the 

development of plants or crops. Pest insects affect crops in different ways 

and at different stages of plant growth. The insects’ feeding behavior

(biting, crushing, boring, chewing, piercing, sucking) determines what 

type of damage will be caused to the plant. This behavior also determines

whether the damage will be merely aesthetic, or if it will reduce yields or 

kill the plants.

Biting and Chewing
Insects with strong mandibles will bite, crush, or chew the plant 

materials. Infestations of biting and chewing insects can be devastating to a 

crop, often resulting in plant death.

Boring
Boring insects also chew through plant materials 

with powerful mandibles. Some boring insects bore 

into tree bark, whereas others prefer the soft tissue in 

fruits, nuts, or seeds, Figure 30-28.

Piercing and Sucking
Insects use stylets to penetrate plant material and 

extract fl uids containing nutrients and water. Some 

stylets are strong enough to penetrate tree bark. Plant 

pests with stylets often transmit plant pathogens 

through their feeding behavior, further traumatizing 

the plant.

“You will catch
more flies with a

spoonful of honey
than with a gallon

of vinegar.”
—Romanian 

Proverb

Anton Vakulenko/Shutterstock.com

Figure 30-27. The Colorado potato beetle will feed 

indiscriminately on many solanaceous crops, such 

as potatoes, tomatoes, peppers, and eggplants.

Henrik Larsson/Shutterstock.com

Figure 30-28. Bark beetles, such as the European 

oak bark beetle, can use their mandibles to bore

through wood.
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Gall-Producing Insects
Gall-producing insects deposit their eggs into plant tissue, and the 

plant responds by abnormally swelling into a gall, Figure 30-29. Galls can 

also occur when insects are feeding. Damage caused to the plant can be 

insignifi cant or serious.

Pathogen Transmission
Damage by insects can go beyond the actual eating of plant tissues. 

Transmission of plant pathogens, as well as toxicity to the plant, can cause 

irreparable harm. Sucking insects may transmit a toxin that causes leaf 

spotting, streaking and browning on leaf blades, leaf curling, yellowing, 

wilting, growth reduction, and even plant death. Leafhoppers, for example, 

can cause “hopperburn,” or a browning and curling of leaf edges.

Vectors

Insects are also vectors for bacterial, viral, and fungal diseases of plants. 

(A vector is an organism that transmits diseases or parasites from one plant

or animal to another.) As the mouthpart is inserted into the plant tissue, 

microbes from the surface of the stylet are transferred directly into the plant. 

For example, fi re blight is a bacterial disease that seriously impacts certain

species in the rose family (Rosaceae) and is especially destructive to apples 

(Malus spp.), pears (Pyrus spp.), and crabapples (Malus spp.). Fire blight is 

caused by the bacterium Erwinia amylovora, which overwinters in diseased 

branches and rapidly multiplies in the spring. Large numbers of bacteria will 

ooze to the surface of the plant and form a sweet, sticky substance. Insects 

such as aphids, ants, bees, beetles, and fl ies are attracted to this ooze, pick

up the bacteria on their bodies, inadvertently carry the bacteria to opening 

blossoms, and transmit the disease to healthy plants.

Reproduction Rate
Some agricultural pests can produce multiple generations within a 

growing season. This rapid reproduction ability makes it challenging to

manage populations. With high reproductive rates, 

insects are also constantly diversifying their genetics. 

In turn, this allows for the increased development of 

pesticide resistance.

Benefi cial Insects
Not every insect is a plant pest, and many insects 

play a critical role in the reproduction and perpetuation of 

many fl owering plant species. Others may serve as natural

predators of insect pests. Many fl owering plants have 

coevolved with a benefi cial insect to have a specialized

association with that insect. These fl owering plants have

special shapes, structures, colors, nectars, and odors that

attract the insect. The benefi cial insect may be the preferred,

or the only, pollinator for the plant, Figure 30-30.

Did You Know?
Insects are among 

the most abundant 

organisms in the world. 

It is estimated that less 

than 3% are pests of 

agriculture, humans, and

animals.

Martin Fowler/Shutterstock.com

Figure 30-29. Marble oak 

galls are formed due to an 

insect laying eggs inside 

the plant tissue.

LorraineHudgins/Shutterstock.com

Figure 30-30. This hummingbird moth has a 

long proboscis that can reach the nectar at the 

bottom of the narrow tubular lantana flower.
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Commercial Pollination
Many fruit crops require an insect pollinator for pollination to occur. 

Apples, beans, blueberries, blackberries, cherries, cranberries, cucumbers, 

pears, plums, raspberries, strawberries, and tomatoes are a few major crop

examples. Having enough pollinators during bloom is essential to produce 

a harvestable crop. Proper pollination 

quickens maturity, increases fruit size at 

yield, and produces a more desirable fruit 

shape. To ensure proper pollination occurs, 

growers may rent beehives from commercial 

beekeepers. These beehives are placed in and 

around crop fi elds or orchards during critical

bloom periods, Figure 30-31.

It is estimated that honeybees are worth 

$14.6 billion to the agricultural industry, and 

contribute to one-third of the food we eat. 

Native bees are also important pollinators. 

In some cases, they are more effi cient than 

honeybees at the individual level.

Natural Predators
Many insects are natural enemies of 

insect pests and their presence can be essential 

to a successful IPM system. Some predator 

insects prey on organisms by attacking or 

killing them. The green lacewing is a predator insect, Figure 30-32. Green 

lacewings are generalists, feeding on a wide variety of small insects such 

as thrips, mites, whitefl ies, aphids, leafhoppers, and mealybugs. All green 

lacewing larvae are predaceous, and some species have predaceous adults. 

Green lacewings are commercially available and may be introduced in 

greenhouse and nursery settings. Ladybugs, or rather ladybird beetles, are 

another example of a natural predators whose presence is encouraged, and 

often introduced to crop fi elds, nurseries, and greenhouses.

branislavpudar/Shutterstock.com

Figure 30-31. Honeybee hives may be rented by fruit tree 

growers and placed in orchards to optimize pollination and

fruit set.

Corner Question

How many trips would a

honeybee have to make

to collect enough nectar 

for a pound of honey?

B Evgeniy Ayupov/Shutterstock.com

Figure 30-32. Green lacewings are predaceous as larva (A) and adults (B) and are a 

natural enemy of many insect pests.

A Henrik Larsson/Shutterstock.com
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Parasitic Predators
Other insects are parasites that feed on, and kill, their host insect. Most of 

these insects are parasites as larvae. Tachinid fl y larvae are internal parasites 

of immature beetles, butterfl ies, moths, sawfl ies, earwigs, grasshoppers, or 

true bugs. Insects lay eggs on foliage near the host insect, and the maggots

are ingested during feeding by the host after they hatch. In other species, the 

adult fl y adheres eggs to the body of the host, and the maggots burrow into

the host’s body after the eggs hatch. Some species can pierce the host’s body 

with an ovipositor and deposit eggs inside. For example, the braconid wasp 

lays eggs inside the tobacco hornworm. The eggs hatch inside the body of the 

hornworm (the larva of a moth) and begin to feed. They eventually pupate 

outside the body of their host, ultimately killing it.

Growers and gardeners can incorporate natural insect predators as 

part of a pest management program. Some natural insect predators may 

be purchased commercially. Others may need to be cultivated by creating 

benefi cial habitats that encourage their presence.

Collecting Insects
Insects can be collected from almost anywhere: school grounds, parks, 

gardens, and along sidewalks. When collecting insects, observe plants in the 

garden, especially fl owers and leaves, and closely examine tree branches,

bark, and stems. Many decomposing insects can be found under rocks and 

logs. A walk around the edges of ponds, lakes, streams, rivers, and bogs may 

reveal an abundance of aquatic insects. Use bait, a sweep net, pitfall traps, 

light traps, or killing jars to collect insects.

lkordela/Shutterstockk.ccomm

STEMSTEM Connection Connection
The Yucca Moth

AAll species of yucca east of the Rocky Mountains are pollinated 
bbbby oonee species of moth, Tegeticula yuccasella. After mating, the 
fffeemmalee moth prepares to lay her eggs. The preparation process begins 
wwwwithh thhee female removing pollen from a yucca plant’s flower anthers.
SSSShee trraansports the pollen to another flower on a different yucca plant 
uuusinng specialized structures (curved tentacles in her mouth). She
dddeppossitts the pollen on the flower’s stigma, effectively fertilizing it. She 
tthhen uusses her ovipositor to pierce the flower ovary and lays her eggs. 
WWWWhhenn the eggs hatch, the fertilized ovaries will have produced seeds 
fffoor thee llarvae to eat. The larvae crawl to the soil and overwinter as 
ppppuppa. TThe female only lays a few eggs, ensuring that the plant will 
hhhavve eennough seeds and not abort the fruit. This relationship provides 
pppprotecctiion and food for developing larvae, as well as plant pollination 
aaaandd seeeed production.
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Bait
Bait, such as a piece of fruit or other food, can be used to

lure insects. Different baits attract different insects. Traps may 

also be baited with synthetic pheromones or allomones.

Sweep Nets
Sweeping is done by moving a net back and forth through 

tall plants to collect small insects, Figure 30-33. Similarly, using 

an aerial net allows for the capture of fl ying insects. The net 

can be swung through the air, or around plant material.

Pitfall Traps
Another common collecting method is using pitfall traps. 

Pitfall traps are made by fi rst digging a hole deep enough 

to keep the container lip level with the soil surface. Fill the 

container with a preservation agent such as soapy water or ethyl alcohol. 

Walking or crawling insects, many of which are active at night, fall into the trap.

Light Traps
A light trap uses a light source (usually a black light) to attract nocturnal

insects. Light traps vary in design and may have a funnel or net with a 

container from which the insects cannot escape.

Killing Jars
Once insects are collected, they can be placed in killing jars. Killing jars 

may simply be a mason jar with plaster of Paris at the bottom to hold a small 

amount of ethyl acetate. The gases from the ethyl acetate kill the insects 

after several hours. Insects may also be 

put in the freezer for one day (or longer) 

to kill them. Separate jars should be used 

for specimens with delicate wings, such 

as moths and butterfl ies, to avoid wing

damage.

Preserving Insects
Preserving insects allows for an

intimate observation and study of an 

organism that can be elusive in natural 

environments. Collecting and pinning

insects preserves specimens for learning

and identifi cation, Figure 30-34. Insects can 

be stored and displayed in special collection 

boxes or in simple plastic containers. When

handled carefully, a collection can be a 

learning tool for many years.

Kirsanov Valeriy Vladimirovich/Shutterstock.com

Figure 30-33. Insect nets allow for the 

capture of numerous insects to be collected 

and identified.

Safety Note
EtEthyhyll AAc tet tate Hazardrd

DoDoDo nn totot iiingngesestt or ii hnhale 

tethhyl acetate as it maayy y bebe 

hahazazardrdrdououousss tototo yyyououourrr hehehealalalththth.

AlAlsoso aavovoidid skikin ananddd eyeyee

contact to avoid irritation. 

Refresh used kill jars in a 

well-ventilated area.

Nathan B. Dappen/Shutterstock.com

Figure 30-34. Insect collections are important for identifying 

insects and learning more about how their structures help the 

insect function.
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Pinning
When examining a pinned specimen, you should be able to view the 

insect’s structures without interference from the pins. Use the following steps 

to practice pinning insects.

 1. Rest the insect specimen on a pinning block (foam or cardboard).

 2. Secure the insect by holding it in place with your fi ngers or a pair of 

forceps.

 3. Insert the insect pin at the proper location, Figure 30-35. Entomologists use

specialized insect pins that do not damage the insect body or rust. The pins 

are available in sizes that relate to the thickness of the pin, and are used 

based on insect characteristics such as thickness, hardness, and size.

 4. The pin must go through the insect. Keep approximately 3/8″ (.95 cm) of ″
the pin showing above the insect body. This will enable you to hold the 

pin without touching or damaging the insect.

Some insects can be pinned by spreading their wings. This creates a specimen 

that looks realistic and natural. Lepidopteran species wings are always spread. For

others, such as Orthoptera (grasshoppers), it is not necessary but can be interesting 

to observe. Using a spreading board, pin the insect in the proper location on the

thorax and gently spread the wings until they are level with the top of the board. 

Grasshoppers and Crickets Butterflies and Moths Flies and Bees

Beetles and Weevils Dragonflies Bugs

Zakharchenko Anna/Shutterstock.com

Figure 30-35. Each type of insect is pinned in such a way as to cause the least amount of damage and allow the best 

view of the insect’s anatomy.
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Position the wings and use strips of paper to anchor 

the wings down, Figure 30-36. The paper strips are 

held in place by insect pins.

Gluing
Insects that are too small to be pinned are glued 

on a small paper triangle called a paper point. Using 

stiff paper, such as an index card or cardstock, cut a 

triangle. Using alcohol-soluble glue, attach the point 

fi rmly to the insect’s right side on the middle of the

thorax. Place an insect pin through the point on the 

wide end. The insect may have to be held in place 

with forceps until the glue dries.

Labeling
Two labels should be placed on the pin below each insect specimen. Both 

labels should be the same size and lined up parallel to the length of the body of 

the insect. The top label should have the county and state in which the insect 

was collected, the collection date, and the name of the collector. The bottom label

should show the order of the insect, family, scientifi c name, and common name.

Careers Related to Insects
Entomologists are people who study insects. Entomologists may be 

employed in the area of agricultural research, or by zoos, botanical gardens, 

or other organizations that have an interest in studying or controlling insects.

Agricultural Research Entomologist
Many research entomologists fi nd employment in the agricultural 

industry. They may evaluate new lines of agricultural and horticultural crops 

for susceptibility to major insect pests (both fi eld and laboratory research). 

Other entomologists may develop control strategies for managing insect 

pests in the fi eld. An expertise in insect rearing is often needed to supply the 

insect pests for research. Many entomologists work for agricultural chemical 

companies, cooperative extensions, state departments of agriculture, or the 

United States Department of Agriculture. Educational requirements for a 

research entomologist may include a bachelor’s, master’s, or doctorate degree 

in entomology or a related fi eld.

Education Entomologist
Many entomologists are dedicated to educating the public about insects. 

These entomologists may work for organizations such as zoos, botanical 

gardens, and butterfl y houses. The popularity of live insect exhibits (such as

butterfl y or bug houses) has created a need for entomologists trained in insect

husbandry. These entomologists may design and prepare insect exhibits for 

public viewing. A college degree and experience in education is necessary for

this type of position.

grafvision/Shutterstock.com

Figure 30-36. Strips of paper can be used to anchor 

the wings until the insect is pinned in place.



24   Horticulture Today

Copyright Goodheart-Willcox Co., Inc.

Kristie Reddick and Jessica Honaker

KKristie Reddick and Jessica Honaker are
two qquirky scientists with master’s degrees in 
eentommology from Texas A&M University who share 
aa lovee of bugs. Reddick and Honaker describe
their bbusiness, The Bug Chicks, as a fun, accurate 
sscience media designed for parents, teachers, 
aand bbugdorks. Reddick and Honaker use their
bbusinness to share interesting stories of insects, 
sspideers, and other arthropods, as well as advocate 
foor poositive role models of women in science. The 
two eentomologists are also determined to increase 
sscience literacy in youth and adults alike.

RReddick began her studies in acting and 
ddanciing, and became hooked on entomology after 
bbeingg introduced to blood-curdling arachnids and 
ppoop--scouring dung beetles in Kenya. Honaker 
bbegann her college years with the intent of becoming
aa phyysical therapist, only to discover that, while 
ddissecting mosquito larva, invertebrates had stolen 
hher heart too. While pursuing their master’s degrees
aat Texxas A&M, they filmed videos that captured their 
mmutuaal excitement and passion for communicating
aaboutt insects with others. Their work inspired the 
ccreatiion of “The Bug Chicks.”

Career ConnectionCareer Connection

Photography by The Bug Chicks Kristie Reddick and 
Jessica Honaker of The Bug Chhicks

The Bug Chicks

The Bug Chicks is Kristie and Jessica’s 
business that artfully weaves together their 
desire to inspire young people into science 
through different media formats. They blog, give 
presentations, hold workshops, and produce funnny 
and educational videos. Most recently, they have 
taken their ideas across the country, traveling withh 
a green couch to explore backyard wildlife and 
sending a message that science is cool, relevant,,
and anyone can do it. They both suggest if you finnd 
something that you really love and want to do, go
for it with everything you have!
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Review and Assessment

CHAPTER 

30
Chapter Summary
• Entomology is a branch of biology that is the study of insects. 

Entomology is important in horticulture because it helps people to 

understand how to manage insect pests and encourage pollinators and 

other benefi cial insects.

• Insects can be characterized by having an exoskeleton, a segmented body,

three pairs of legs, one pair of antennae, and usually (but not always) 

wings.

• Insects may have one of three kinds of metamorphosis: ametabolous, 

hemimetabolous (incomplete), or holometabolous (complete). All insects 

have stages as an egg, immature insect, and an adult.

• Pheromones are chemical signals and may be used to attract a mate, call 

insects to aggregate, give an alarm, or mark a territory or trail.y o t a

• Allomones are chemical signals that act between different species. different species

Allomones may be used to allow insects to take food and shelter from ake food and shelter fr

social insects, or as a defensive mechanism to warn predators.m toto warn p

• Insects are classifi ed into a hierarchical structure. Characteristics that are ructure. CC aracteristics th

used to classify insects include morphological data, such as structure of ogical data, suc  struct

mouthparts, body shape and size, antennae, wing venation, and genetic nae, wing venation, ndd

information.

• Insect pests can be monophagus, oligophagus, or polyphagus, and may agus, or 

eat the plant and/or vector plant pathogens.ens.

• Not every insect is a plant pest, and many insects play a critical role in y iinsnsecects p

the reproduction of many fl owering plant species. Others may serve as t species. O

natural predators of insect pests.ators of in

• Preserving insects allows for an intimate observation and study of these insects allows for an intimate observatio

organisms. Pinning or gluing insects preserves specimens for studyings.s. P g or gluing insects preserves spec

and as an identifi cation tool.onon

• Entomologists study insects for various reasons. Entomologists may be dy ininss various reasons. Entomologists may be

employed in agricultural research, or by zoos, botanical gardens, or other ultural res  zoos, botanical gardens, or

organizations that have an interest in studying or controlling insects.have an interest uudydyining g or controlling ins
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Words to Know 
Match the key terms from the chapter to the correct defi nition.

 A. allomone

 B. complete metamorphosis

 C. diapause

 D. elytra

 E. embryogenesis

 F. entomology

 G. exoskeleton

 H. hemelytra

 I. incomplete 

metamorphosis

 1. A rapid stage of growth and development after the egg is fertilized during which the

embryo goes through cellular division and differentiation.

 2. A process in which insects pass through the life cycle stages of egg, larva or nymph, and

adult.

 3. A process in which an insect goes through four phases: egg, larva, pupa, and adult.

 4. A structure on the abdomen of a female insect that deposits eggs.

 5. The insect development phase between two periods of molting.

 6. A chemical signal that acts between different species to the benefi t of the originator.

 7. A special reproductive structure found in female insects that stores sperm.

 8. Parchment-like forewings found in grasshoppers and cockroaches.

 9. The process of asexual reproduction in insects.

 10. A modifi ed mouth part that allows insects to suck up a liquid.

 11. Modifi ed eye structures that detect changes in light intensity.

 12. A branch of biology that is the study of insects.

 13. A small opening in the egg by which sperm enters.

 14. Visual sensory facets that make up an insect’s compound eyes.

 15. A modifi ed mouthpart that allows insects to pierce the epidermal layer of a plant or 

animal and draw liquids into the mouth.

 16. The hairs that cover some insects; used to send signals to the insect to react in some way.

 17. A type of insect that eats plants.

 18. A small, rigid plate that is part of the exoskeleton of an insect.

 19. A type of insect that feeds on multiple plant species that are somewhat closely related.

 20. A type of insect that feeds on a wide range of plants.

 21. One of the forewings of Hemiptera (true bugs) that is slightly thickened at the base.

 22. A type of insect that feeds on only one plant species.

 J. instar

 K. mandible

 L. micropyle

 M. monophagus

 N. ocelli

 O. oligophagus

 P. ommatidia

 Q. ovipositor

 R. parthenogenesis

 S. phytophagus

 T. polyphagus

 U. proboscis

 V. sclerite

 W. setae

 X. spermatheca

 Y. stylet

 Z. tegmina
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 23. A state of arrested development (similar to plant’s dormancy) that allows an insect to 

survive unfavorable conditions.

 24. A hardened external skeleton found in all insects.

 25. The hardened forewings of beetles.

 26. A part of the insect mouth that is often modifi ed for specialized feeding.

Know and Understand 
Answer the following questions using the information provided in this chapter.

 1. What is entomology and why is it important for horticulture?

 2. List the key characteristics that defi ne an insect.

 3. Describe the insect exoskeleton.

 4. What purpose do antennae serve?

 5. Describe the mouthparts of a honeybee.

 6. What are some examples of plant pests that have stylets used to feed on plants?

 7. What are some specialized functions insect legs may have?

 8. List three different kinds of forewings that may be found in some insects.

 9. Describe the role of the abdomen in insects.

 10. What structure allows insects to “breathe”?

 11. How does a honeybee queen create genetic diversity within her brood?

 12. Summarize the key steps of holometabolous metamorphosis.

 13. Why is understanding pheromones important for pest management?

 14. Explain the taxonomy (classifi cation system) for insects.

 15. How do insects cause harm as agricultural pests?

 16. What are some plants affected by fi re blight and how is this disease spread?

 17. Summarize the behavior of insect predators.

 18. How can growers incorporate natural insect predators as part of a pest management program?

 19. What are some methods that can be used to collect insects?

 20.  What are some job activities for a research entomologists in the agricultural sector and 

what education is required for this job?

Thinking Critically
 1. Biomimicry is a fi eld that draws from examples in nature to solve real-world problems. 

For example, the refl ective scales of the blue morpho butterfl y have inspired designs in 

iridescent fabrics and cosmetics as well as in digital displays. Examine the insects around 

you and try to determine how you might solve a problem or create a technology based 

on your observations of insect structure and function.

 2. Why is it important for growers to understand the anatomy and physiology of the insects 

they are trying to control or encourage?
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STEM and Academic Activities
1. Science. Investigate the science behind the insect pheromones. Write a three-page report 

explaining the chemical reasons for the insect behavior and why different species use 

different pheromones.

2. Science. Investigate current research programs in entomology. Choose a research 

program that interests you. Prepare a report on the scientifi c methods used in this 

program and how the results affect the horticultural industry.

3. Technology. Agricultural pests are a critical problem for the productivity of a farm.

What technologies are available today that allow growers to effi ciently manage pest 

populations? How are these technologies different from those that were available 20 

years ago?

4. Social Science. Insects have played a signifi cant role in history, from uses in fabric dyes 

and foods to roles in human disease epidemics. Research how insects have infl uenced

events throughout history and share your fi ndings with your peers.

5. Language Arts. Write a short chapter for a book that will be used to teach entomology 

to third-grade students. The chapter should contain basic information about insects. 

Keeping the audience in mind, develop the topic thoroughly. Use concrete details and 

extended defi nitions to help the students understand the concepts.

Communicating about Horticulture
1. Reading and Speaking. Working in groups of three students, create fl ash cards for the 

key terms in this chapter. On the front of the card, write the term. On the back of the card, 

write the pronunciation and a brief defi nition. Use your textbook and a dictionary for 

guidance. Then take turns quizzing one another on the pronunciations and defi nitions of 

the key terms.

2. Reading. Plan an insect collection route. Work with two or three peers on this activity. 

Each member of the group should choose fi ve local addresses and various kinds of 

insects to be collected. Determine the amount of allotted time to spend in each area. 

Using a map of the local area, plan the most effi cient and fastest route.

3. Writing and Speaking. Use line drawings on poster board to detail the basic structures 

of an insect. In the margins, create a diagram that shows the different types of 

metamorphosis of insects. Display the drawings as reference tools for the class. Be 

prepared to explain to the class how and why each type of body part contributes to the

function of the insect.
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SAE Opportunities
 1. Exploratory. Job shadow an entomologist. What are 

the daily responsibilities for this job? What do you 

like or not like about this position? What education 

and experience are required to have this position?

 2. Exploratory. Inventory the number of different 

pollinator species on your school campus and 

their populations. What is an optimal number of 

pollinators? What could you do to increase the 

numbers and diversity of pollinating insects on your 

school grounds?

 3. Exploratory. Research what parasitic insects could be used in your school greenhouse. 

Are they easily available? How effective are they? What are the benefi ts and costs of 

using this method to control pests?

 4. Exploratory. Visit a local butterfl y house. What butterfl y species are present? How

are the insects reared and managed? What kinds of foods and plants are available for 

feeding and mating?

 5. Exploratory. Create an insect collection for your agriculture teacher. Collect and pin 

as many insect orders and families as you can fi nd. How will this be a useful tool in 

learning about horticulture?
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