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Learning Objectives 

l. General knowledge of insect structure (to enable you to use some simple keys to 
help identify insects). 

2. General understanding of insect life cycles, growth and development. 

3. Become familiar with the major groups of insects and arthropods that you will 
likely encounter in your work as master gardeners. 

4. Have a greater appreciation for insects as interesting creatures and their 
important place in nature. 

5. Have a basic understanding of the ways in which insect'i cause injury to plants. 



Introduction to Insects 

Entomology = The Study of Insects 
Insects are members of the Animal Kingdom. Kingdoms are divided into large distinct 
groups called phyla and insects are in the Phylum Anthropoda (jointed limbs and body) and 
the class Insecta. Insects are distinguished from other arthropods by the fact that they all 
have six legs in at least one developmental stage. They vary greatly in appearance and habit. 
Many have wings and are active fliers, others spend their lives under ground. 

Insects are the most successful group of animals in the world. They are extremely adaptable 
and inhabit a wide range of habitats from hot springs to the arctic. Approximately one 
million species of insects have been identified, but scientists estimate there are many more. 
possibly as many as 30 million species that exist on earth today. 100,000 species are . 
estimated to live in North America. The vast majority of insects are considered harmless or 
beneficial (pollinators, predators, parasites and decomposers). However. pests (those insects 
that affect man directly or indirectly) get the most publicity. Only about 1 % of the insects 
are pests. This small number can, however, cause serious crops losses, structural damage, 
or transmit diseases to humans and animals. 

Structure of an Insect: 

Pro thorax 
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An insect's body can be divided into three main parts: head, thorax and abdomen. An insect 
has an outer skeleton (=exoskeleton). for support as contrasted to the .internal skeleton of 
mammals. The tough covering of the. exoskeleton is referred to as the cuticle, and it contains 
a layer of wax which helps prevent desiccation. In immature insects, the cuticle is not as 
hardened as that of the adult. 

Insects are cold-blooded. That is, their body temperatures depend on ·the ambient 
temperature of the environment. This is why many insects are active during the warmer 
months and warmer parts of the day. 

The head: eyes, antennae and mouthparts 
Most" insects have very good eyesight for the activities essential to their existence; bees use 
polarized light to find flowers. Insects also have antennae which can sense odors. Antennae 
can be short, long, smooth, clubbed, serrated or feathery. 

InsectS have various types of mouthparts used for feeding. Some have mandibles that are 
much like teeth and are used for chewing. Mandibles are found in insects that eat leaves, 
grain or other insects. Others have mouthparts that are modified into a tube for sucking 
external fluids such as moths and butterflies. Still others have piercing-sucking mouthparts, 
such as mosquitoes, true bugs, and aphids, for sucking internal fluids from plant or animal 
tissues. · 

The thorax: legs and wings 
The thorax is made up of three segments; prothorax, mesothorax and metathorax. Many 
adult insects have wings. The wings are attached to the thorax and vary from the clear 
wings of a house fly to the beautiful and colorful wings of a swallowtail butterfly. 

Most adult and many immature insects have three pairs of jointed legs, one on each segment 
of the thorax. Sometimes these legs can be modified for jumping, grasping, or simply 
walking. Immat.ure insects such as caterpillars and sawfly larvae, may also have short 
abdominal prolegs (fleshy swellings) which aid in moving the long body around. 

The abdomen: organs of reproduction, cerci, "tails" 
Some female insects have an ovipositor, and. it has been modified into a sting in some wasps 
and bees, and males may have claspers. There may also be a pair of appendages on the tip 
of the abdomen - short in insects such as grasshoppers, termites and cockroaches,. .Jong in' .. 
mayflies, or curved in insects such as earwigs. 

Growth and Development 

Since most insects have a hard exoskeleton, they 
must shed the old cuticle periodically and develop 
a new one (molt) in order to grow. Most insects 
undergo a process called metamorphosis, or 
change in form in their lifetime. · Figure No. 2 

11ol-ting Insec-t 
exoskele~on splits at 
back of head and along 
-the mid-line down the 
back. Insect works I-ts 
way out head first. 

Only the most primitive insects such as springtails and silverfish, are ametabolous (having no 
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: metamorphosis). The visible development consists only of a change in size from egg to 
adult. Most other insects either undergo a gradual (simple) or complete metamoq)h'osis. 

· Insects with gradual or simple metamorphosis 

·:-· 

eggs nymph 

Gradual Metamorphosis-Fig. No. 3 

adult 

(paurametabolous) change in appearance only 
slightly during development. There are three 
stages: egg, nymph and adult. Nymphs and 
adults generally resemble each other. but the 
immatures lack functional wings. Lower 
groups. the most primitive insects have this 
type of metamorphosis. Some examples include 
true· bugs. aphids, r.ockroaches, grasshoppers, 
lice, termites and earwigs. 

Some aquatic insects are in between, having a development called hemimetabolous 
metamorphosis. These insects change greatly from the aquatic nymph or naiad to the adult 
stage. Naiads are aquatic, while adults are winged and terrestrial. Examples are mayflies 
and dragonflie'i. 

Complete metamorphosis (holometabolous 
development) is seen in the more highly 
developed insects such as beetles, moths 
and butterflies, fleas, flies. wasps, 
bees and ants. The insect passes through 
four distinct stages: egg, larva, pupa 
and adult. Adults and immatures look 
very different and are often found in 
different places and feed on different 
things. In pest insects it is usually 
the larval stage which is most destruc
tjve, although adults may also cause 
loss. The pupa, or resting stage, is 
a nonfeeding stage. 

Complete Metamorphosis 
Figure No.4 

eggs 

Classification/Identification of Insects: 

la.-va 

pupa 

Because insects are so variable in appearance and habits, they divided into major groups 
called orders. The orders are subdivided into families, then genera and species. The 
following is an example: 

Order: Hymenoptera 
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Species: mellifera Linnaeus 
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There are usually 27 orders of insects rec.ogni:r..ed. but the following pages only cover the 
orders you are most likely to encounter in your work as a master gardener. 

There are several methods of identifying insects. 
1. A taxonomist or professional entomologist often uses body parts for identification and 
observes the differences in these parte; with the use of a microscope. The taxonomist uses a 
written "key" to track down the insect. Distinguishing groups of insects may be quite 
difficult unless you have-closely studied examples of the various types. If you are keying·· 
insects, it is important to recognize the structural characteristics that will be used to separate 
one insect from another. 

2. Insects may also be classified by the type of damage or symptoms that they cause and/or 
by where they feed on the plant. For example, you might classify insects as root maggots, 
foliar feeders (skeletonizers. leaf folders), twig girdlers or crown borers. 

Information on some non-insect arthropods is also included. (See pages 18 to 19.) 

Major Insect Groups: Orders 

Lower Orders: Gradual Metamorphosis 

• Thysanura - Silverfish and Firebrats 
• Odonata- Dragonflies and Damselflies 
• Orthoptera - Grasshoppers, crickets, Cockroaches, Mantids, etc. 
• Dermaptera - Earwigs 
• Isoptera- Termites 
• Thysanoptera- Thrips 
• Hemiptera - True Bugs 
• Homoptera - Cicadas, Hoppers, Psyllids, Whiteflies, Aphids, Scales 

Higher Orders: Complete Metamorphosis 

• Neuroptera - Alderflies, Dobsonflies, Snakeflies, Lacewings, Antlions, etc. 
• Coleoptera - Beetles and: Weevils 
• Lepidoptera- Butterflies and Moths 
• Diptera - Flies 
• Siphonaptera - Fleas 
• Hymenoptera - Sawflies, Ants, Wasps, and Bees 

Lower Orders: Gradual Metamorphosis 
The order Thysanura includes the silverfish (Fig. 4) and firebrats both of which may be· 
common household pests. Adults are about 1/2 inch long. Silverfish are gray and 
firebrats are tan or bro.wn. They have chewing mouthparts and are wingless. They 
are elongate in shape,. with three tail-like projections or. appendages at the posterior. 
Both silverfish and firebrats feed on all sorts of starchy substances including flue, 
book bindings, starched clothing, curtains, linens, silks, and the starch paste in 
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wallpaper. They may also feed on paper, 
vegetables, and foods that contain starch. 
Silverfish are found in cool, damp situations, 
while firebrats prefer warm situations around 
furnaces, boilers, and steam pipes. Both are 
very active and can run rapidly. Both may 
also become pests in the home when· the humidity 
is high. Common examples are the common silverfish, 
firebrats, and jumping bristletails. 

Silverfish 
Figure No.4 

Dragonflies and damselflies are in the order Odonata. They are relatively large and are often 
beautifully colored. They are usually seen flying near bodies of water. The immature stages 
are aquatic. Adults and nymphs are predaceous and feed on various insects and other 
organisms. 

Adult dragonflies and damselflies (Fig. 5) are among our largest insects, with the largest 
dragonflies reaching 3 inches. Damselflies are most delicate in appearance than dragonflies. 
Colors include green, blue, red, orange, brown,. and black. They have simple chewing 
mouthparts. They have four wings that are elongate, many-veined, and membranous which 
may or may not be patterned. Dragontlies hold the wings horizontally at rest while 
damselflies fold them over the back. The eye~ are large, have many facets and occupy most 
of the head. The thorax is robust and the abdomen is long and slender The antennae are 
small and bristle-like. 

Dragonfly 

Damselfly Figure No.5 

The nymphs are aquatic and breathe by means of gills. Damselfly nymphs possess gills that 
are in the form of 3 leaf-like structures at the end of the abdomen. The gills of the 
dragonfly nymphs are inside the rectum. It can use this technique to propel itself around by 
forcefully expelling the water. 

Common examples of dragonflies are darners, clubtails, and skimmers. Examples of 
damselflies include broad-winged and narrow-winged damselflies. 

The Orthoptera is a large order that includes grasshoppers, crickets, walkingsticks, mantids, 
cockroaches, and katydids (Fig. 6). Most are plant feeders, some are very destructive w 
vegetation, such as locusts, a few are predaceous, and a few are omnivorous. They range in 
size from about 1/2 inch (pygmy grasshoppers) up to 6 inches for the walking sticks. 
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Cockroach Grasshopper Figure 6 
Praying Mantis 

Both immatures or nymphs, and adults have chewing mouthparts. Most of the Orthoptera 
are plant feeders. Some, such as the locusts can be very destructive to vegetation. Many 
people think locusts are cicadas, but they are really grasshoppers. A few are predaceous, 
such as the mantids, and a few are omnivorous, or have a variety of food habits, such as 
cockroaches, and others· are scavengers. 

Adults may be winged, such as grasshoppers. The winged forms have four wings. The 
front wings are generally long, narrow, and leathery. The hind wings are broad, many
veined, and usually are folded fanwise under the front wings when at rest. Some such as the 
band-wing grasshoppers have very colorful hind wings. Others, such as the female Oriental 
cockroach have greatly reduced wings. 

The body shape is generally elongate. It may be long and narrow, such as the walking stick, 
or flattened like the cockroach. 

Many Orthoptera have the rear legs modified for jumping such as the grasshoppers, katydids, 
and crickets. Other have legs used mostly for :walking or running such as the walking sticks 
and cockroaches. The mantids have their front legs modified for grasping prey. 

The habitats the Orthoptera occupy are as varied as they are. Tree crickets and katydids 
inhabit trees. Grasshoppers and crickets are primarily found in herbaceous vegetation, and 
camel or cave crickets are often found in damp basements. 

Some common examples: the lubber grasshoppers, band-wing grasshoppers, praying mantids, 
bush katydids, tree crickets, camel crickets, and the German cockroach. 

The earwigs (Fig. 7) are in the order 
Dermaptera. They are moderate! y sized 
insects, about 1/2 to 3/4 of an inch 
long, elongate, flattened, and brown in 
color. Both immatures and adults have 
chewing mouthparts. The adults have four 
wings. The front wings are short and 
leathery. The hind wings, when present, 
are membranous, and are folded up under 
the front wings when the insect is at rest. 

Earwigs 

Figure No.7 
Their most recognizable feature is the pair of forceps-like cerci at the rear. They are mainly 
scavengers, but will occasionally feed on plant material. They are nocturnal and hide during 
the day in leaf litter, mulch, under bark, and other such places. The most common earwig 
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in this area is the European earwig. 

The termites belong to the order Isoptera. 
They are often called white ants because 
workers are whitish in color and resemble 
ants in shape. Termites are fairly small 
insects, the subterranean termites in this 
area are about 1/4 of an inch long. The 
color varies from whitish in the workers, 
to dark brown in "swarmers". Reproductives, 
or swarmers, are winged (Fig. 8). They have 
four nearly identical wings that are longer 
than the body. The wings are usually shed 
after mating. Termites have chewing mouthparts 
and feed on wood. The cellulose in the wood is 
digested by protozoa in the gut of the termite. 

Winged Tennite 

Figure No.8 

Termites can be distinguished from ants by their thick waists, since ants have very narrow 
waists. Termites have straight antennae, whereas ants have elbowed antennae. 

Termites have a highly developed social structure with many castes. The colony occurs in 
the soil. When termites infest a structure in search of food they must maintain soil contact 
for a source of moisture and to take food to the colony. They do this by means of mud. tubes 
whi<;h extend from the soil to the wood. The most common and destructive termite in this 
area is the eastern subterranean termite, so called because the queen always stays in the soil. 
There are also drywood termites across the southern United States which do not live in the 
soil. 

The thrips (Fig. 9) are placed in the order 
Thysanoptera. Thrips are minute, slender
bodied insects, approximately 3/16 of an inch 
or less in length. The color ranges from 
yellow to black. They have sucking mouthparts. 
They may be winged or wingless. If the wings are 
present and fully developed the.y are four in 
number, very long and narrow, and fringed with 
long hairs. They have short antennae. A 1arge 
number of thrips are plant feeders, attacking Thrips 
flowers, leaves. fruit, twigs, or buds. Some 
are gall formers. They destroy plant cells by Figure No. 9 
their feeding, some vector plant diseases, some 
are pests of ornamental plants. A few species 
feed on fungal spores, and a few are predaceous. Common examples include the 
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western flower thrips, gladiolus thrips, and the redbanded thrips. 

The order Hemiptera contains the tru~ 
bugs (Fig. 10). These are the only 
groups of insects that are really bug~. 
They vary in size from the minute pirate 
bug which is less than 1/8 of an inch 
to the giant water bug which is over two Wheel Bug 
inches long. The body shape varies from 
oval such as the bed bug to the very long Figure No. 10 

and narrow body of the water measurer. 
Bugs have piercing-sucking mouthparts which are in the form of a slender 
segmented beak that arises from the base of the head and extends back along the body on the 
ventral side when not in use. The order is characterized by the structure of the front wings. 
The basal portion is· thick and leathery and the apical portion is membranous. The hind 
wings are membranous and shorter than the front wings. Most Hemiptera have wings as 
adults. but some are wingless or have short wings. The antennae arc fairly long and the eyes 
are well developed. 

Figure 
No. 11 

Squash Bug Lygus Bug 

I 

-~· ~ 

. . .. j ..... . 

Bed Bug Leaf-Footed Bug 

The Hemiptera are a large and widely distributed group. Most species of bugs are 
terrestrial. but some are aquatic. Examples of aquatic bugs include the giant water bug or 
"toe biter", water striders and backswimmers. There are many plant feeders such as lace 
bugs, plant bugs, squash bugs and leaf-footed bugs (Fig. 11). Some are predaceous and 
beneficial, these include the assassin bugs., and ambush bugs. Others attack man and 
animals, such as the bed bugs and bat bugs. A few of the tropical blood sucking bugs such 
as the kissing bugs transmit disease. 

The order Homop~ra is a large and diverse group that is closely related to the Hemiptera. 
Some taxonomists group these two orders together. Included in the Hornoptera are the 
cicadas, leaf and plant hoppers, psyllids, whiteflies. aphids, and scales. Some Homopterans 
have complex life cycles that. may involve parthenogenesis (asexual reproduction), winged 
and wingless individuals andge~erations, and sometimes regular alternation of food plants. 
All Homoptera are plant feeders; some are serious pests, and some transmit diseases. 
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The Homoptera are generally small, less r.han l/4 of an inch and soft-bodied. However, 
some such as the Cicadas are hard-bodied and large. The mouthparts are sucking and similar 
to the bugs. 

Winged Homoptera usually have four wings. The front wings are either membranous or 
slightly thickened. The hind wings are membranous. The wings are held roof-like over the 
body at rest. In some groups one or both sexes may be wingless, or both winged and 
wingless individuals may occur in the same sex. 

Cicadas (Fig. 12) are the largest 
members of the order and can reach 
2 inches in length. They are unique . 
in their ability to produce sound. 
Common examples are the dog-day and 
periodical cicadas. 

Hoppers (Fig. 13) are fairly small 
insects, usually less than Ii2 of an 
inch long. They are very colorful. 
Treehoppers can resemble parts of the 
plants such as thorns Leafhoppers 
occur on almost all types of plants, 
some are very colorful. and some, 
such~ t~e potato leafhopper, can 
transmit diseases. Spittlebugs are 
also members· of this group and are 
characterized by masses of frothy 
spittle that cover the nymphs. 

Psyllids (Fig. 13) are also 
called plant lice and resemble 
miniature cicadas. The pear psylla 
is a pest of fruit trees. Certain 
species of psyllids are pit and gall 
formers. 

Figure No. 12 

Treehopper 

Spittlebug 

Pear Psylla 

Figure No. 13 

Whiteflies are minute, about 3/16 of an inch long and resemble tiny moths. The first instats 
are active, but subsequent are sessile and resemble scales. 

Examples in this area include the 
greenhouse whitefly (Fig. 14A), 
whose nymphs are oval in shape and 
nearly translucent. Mulberry 
whitefly nymphs on the other hand 
are black with a fringe of white wax. 
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Aphids (fig. 14B) are small soft"· 
bodied insects. They are frequently 
seen in large numbers on the young 
shoots, or leaves ofplants. They 
are characterized by their pear-like 
shape, and a pair of cornicles at 
the rear of the abdomen. Common 
examples are the green peach aphid 
and rose aphid. The wooly apple 
aphid is covered with wax. The giant 
bark aphid which is about a 114 of an 
inch long, feeds on sycamore and 
other trees . 

. ·Adelgids are related to aphids. 
Most pr.oduce galls such as the 
eastern spruce gall adelgid and the 
cooley spruce gall adelgid (fig. l4B). 
The hemlock woolly gall adelgid however, 
does not produce a gall, but is covered 
with a white woolly wax. 

Scale insects (fig. 14C) are very 
diverse, generally minute, and special
ized. The females are wingless and are 
usually sessile. The males have only 
one pair of wings. Armored scales may 
be circular, elongate, smooth, rough, 
or variously colored. Examples include 
San Jose scale and Oystershell scale. 
Another group of scales includes the 
soft scales .. Examples of. soft scales. 
include hemispherical scale, a common 
pest of houseplants, and wax scales, 
such as cottony maple scale. Mealybugs 
(Fig. 13) are also considered a type of 
scale. They are oval, segmented, and covered with wax. 
houseplant pests. 

Higher Order: ·Complete Metamorphosis 

Aphids 

Eastern Spruce Gall 

Figure No. 14B 

San Jose 
Scale 

Figure No. 14C 

They are common greenhouse and 

The following orders of insects have complete metamorphosis. There are four stages: egg, 
larva, pupa, and adult. 

The order Neuroptera include the Lacewings, Antlions, Dobsonflies, 
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and others. They are soft-bodied 
insects, medium to large in size, 
and vary in color from brown to 
green. The larvae and adults have 
chewing mouthparts. The adults 
have four membranous wings with 
many veins. The antennae are 
generally long. Most adults are 
predaceous. Most larvae are 
predaceous with sickle-like mouth
parts. Neuroptera are found in a 
variety of stituations, some larvae 
are aquatic. 

Examples of lacewings (Fig. 15) are 
the common green lacewing and the 
brown lacewing. Adults are fragile 
in appearance. with small heads and 
large eyes. The wings are longer than 
the body, transparent. with a very 
fine network of veins. The larvae are 
spindle-shaped, yellow to brown in color. 
with spines along the sides, and large, 
curved mandibles. The larvae are 
predators of aphids. The eggs are laid on 
thread-like stalks and are often seen 
attached to leaves and twigs. 

Adult Antlions (Fig. 15) resemble 
damselflies. but are soft-bodied and 
have long, clubbed antennae. The 
larvae are commonly known as doodlebugs 
and have long sickle-like jaws. Some 
species construct conical pits in dry 
sandy or dusty soil, feed on insects 
that fall into the pit. 

Lacewing Adult 

Lacewing I..arvae 

Ant Lion Dobsonfly 

Figure No. 15 

Dobsonflies (Fig. 15) adults are large. soft-bodies insects with a ~ingspread of 5 inches, and 
have long mandibles. They have a fluttery flight habit and are generally found near streams. 
The larvae occur in streams, generally under stones, and are called hellgrammites. They :are 
often used as bait by fishermen. 

The Coleoptera includes the Beetles and Weevils. This is by far the largest order of insects 
encompassing 40% of all insect species. There is considerable variability in body size, from 
less than 1/32 of an inch to over 7 inch.e~ .. The body is hard, and the shape can be round to 
elongate. Color is highly variable from black to metallic blue. They may be spotted, 
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striped, shiny or dull. 

The most distinctive features of the beetles are the wings. Most beetles have four wings. 
The front pair, called elytra, are thickened, leathery or hard, and usually meet in a straight 
line down the middle of the back. The hind wings are membranous, and are folded up under 
the front wings. The wings may also be greatly reduced in some beetles, such as the rove 
beetles. · 

The mouthparts are of the chewing type both for larvae and adults~ Beetle antennae length 
may range anywhere from very short to very long. Antennae may be clubbed, serrated, 
feathery, beadlike, or threadlike. Beetle -larvae are soft-bodied, most have legs, some are "c
shaped" grubs, others are elongate and very active, others, such as the borers are legless. 
Weevils are just beetles with long snouts and the larvae are .legless. 

Food habits are extremely variable. Some are plant feeders, some are predaceous, some are 
scavengers, and a few are parasitic. They occupy almost every habitat in which an insect is 
found. 

There are several types of aquatic 
beetles, one example is the 
predaceous diving beetle. 
The predaceous diving beetle 
has an oval, streamlined body. 
The hind legs are flattened and 
fringed with hairs to aid in 
swimming and diving for prey. The 
larva is also predaceous and has 
long curved mandibles for sucking 
the blood of prey. Many species are 
found in fresh water habitats throughout 
North America. 

adult pupa larva 

Ladybird Beetle 

Figure No. 16 

Many other types of beetles are also predaceous. A very common predator in the garden is 
the ladybird beetle (Fig. 16). There are several fairly common species. One is the familiar 
convergent ladybird beetle which is reddish orange with black spots. Another is the twice
stabbed ladybird beetle, which is black with a red spot on each elytra. Th~larva are 
alligator-like, segmented, and usually have short spines on the body. They· prey on aphids, 
mealybugs, spider mites, or soft scales Other predaceous beetles include the ground beetles. 
The adults are large, long-legged, blue-black or dark brown, and are usually iridescent. 
They move quickly which is true of many predators. The larvae are elongated, dark brown 
or black, with a large head and six short legs. Ground beetles prey on a variety of insects, 
slugs, and snails. There are many other predatory beetles include tiger beetles and the 
lightning bugs. 
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Many beetles are classified as borers. There 
are borers of trees, herbaceous plants, wood 
in homes, and even kernels of grain. The 
long-horned beetles are a large family of 
beetles that are all plant feeders. Nearly 
all are tree borers. The antennae are always 
at least half as long as the body, and are 
often as long or longer than the body .. The 
body shape is elongate. The adults are 
strong fliers and many feed on pollen. The 
common Jocustborer (Fig. 16) can often be 
found feeding on goldenrod in the late summer. 
The larvae of long-horned beetles are often 
called round-headed borers. They are usually 
found under the bark of a host tree. The 
larvae have no distinct head, but do have 
mouthparts that are visible. Other type of 

Locust Borer 

Figure No. 17 

wood boring beetles include the metallic wood borers, whose larvae are often called flat
headed borers, and the many species of bark beetles. 

There are also many types of leaf feeding beetles. 
Leaf beetles are a very diverse family of beetles. 
and are not easily characterized. Most are around 
a 114 of an inch in length, and many are brightly 
colored. The larvae are generally found feeding 
in the same place as the adults. They have distinct 
heads, six legs, and stout, segmented bodies. 
Common examples include the Mexican bean beetle, 
the spotted or striped cucumber beetles, asparagus 
beetles and the elm leaf beetle (Fig. 18). 

Another family of beetles that contains many familiar 
plant pests are the Scarab beetles. The adults are 

Elm Leaf Beetle 

figure No. 18 

generally stout and heavy bodied. Scarabs always have lamellate antennae which have 
projections on one side of the outer segments that can be brought together. The adults of 
many plant pests feed on foliage and flowers. The larvae are C-shaped grubs with distinct 
heads and six legs. They live in the soil and feed on the roots of plants. Common examples 
of pests in the family include Japanese beetles, (Fig. 19) green June beetles, and rose 
chaffers. 

Figure No. 19 Flaure No. 20 

Japanese Beetle 
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Weev.ils are beetles with long snouts. Some have broad, short snouts; others have long, 
narrow snouts. Some have clubbed, .elbowed antennae, while others have long straight 
antennae. The larvae of weevils are legless. The white pine weevil is a common pest of 
eastern white pine. The adult is about a 1/4 of an inch l~ng, and mottled brownish grey. 
The larvae bore through shoots, killing them. The black vine weevil (Fig. 20) is another 
common weevil found in the landscape. , The adult is about 3/8 of an inch long., It notches 
the leaves of yew, rhododendron and other shrubs. The larvae feed on the roots ~f plants. 
The rice weevil is a common stored product pest. It is very small, less than a 1/4 of an 
inch, reddish brown, with a long snout. 

There are many thousands of species of beetles. We have covered only a few examples 
here. 

The Butterflies and Moths are in the order Lepidoptera. They are common and well known 
to almost everyone. Adults vary in size .from about 1/4 of an inch to several inches. They 
are soft-bodied and elongate in shape. The colors range from tan moths to brightly colored 
butterflies. The adults have four well-developed wings that are covered with small scales .. 
The larvae are caterpillars with three pairs of thoracic legs and sometimes prolegs on .the 
abdomen which help in the movement of the long body. Color of the larvae varies from . 
white to green. Some have stripes, spots, or spines. Adults have sucking mouthparts in the 
form of a long coiled tube for nectar feeding, some do not feed. 

Larvae have chewing mouthparts. Most are plant feeders. Small larvae skeletonize leaves or 
eat small· holes. Large larvae feed at the edge of the leaf and remove tissue, while 
leafminers feed inside of the leaf. A few are gall makers, and some such as the clear wit_1g 
moths are borers in the caterpillar stage. Others feed on stored grain and meal. 

Swallow Tail Butterfly & Caterpillar Codling Moth 
Figure No. 21 

Many serious economic pests occur in this group. Common examples include the gypsy 
moth, eastern tent caterpillar, cutworms, loopers. codling moth, (Fig. 21) peach twig borer. 
Some are just known for their beauty such as the black swallowtail (Fig. 21) and monarch .. 
butterflies and the large, colorful Cecropia and royal walnut moths. In general, butterflies 
fly in the daytime and moths fly at night. 
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The order Diptera includes all of the true Flies. The term fly is widely used. Remember, if 
it is printed as one word (dragonfly) is not a true fly; horse fly, two words, is a true fly in 
the order Diptera. This is one of the largest orders. Flies occur nearly everywhere. Most 
are relatively small, soft-bodied insects. They range in size from a less than 1/8 of an inch, 
such as fungus gnats, to the black horse fly which is over one inch long. Color of adult flies 
is quite variable from black to shiny blue. Adults have only one pair of membraneous 
wings. The hind wings are reduced to small knobs called halteres. The mouthparts of adults 
are sucking. These may be modified to sponging or piercing. 

Larvae are legless and wormlike and called maggots. Head capsules may be well developed 
in the primative flies and essentially non-existent in the higher flies, with the only mouthparts 
visible as mouth hooks. 

Adults feed on plant nectar or sap, some feed on blood. Many are predaceous. Dipterous 
larvae occur in a wide variety of habitats, but many are in all sorts of aquatic habitats. Plant 
feeding larvae generally feed within plant tissue and are leafminers, borers, or gall formers. 
Predaceous larvae live in many different habitats including water, soil, under bark or stones, 
or on vegetation. Many species feed during the larval stage in decaying plant or animal 
matter. 

There are several agricultural pests that are 
flies which include leafminers, apple maggot, 
cabbage maggot, and Medfly. Pests of humans 
and animals include house (Fig .. 22) and deer 
flies, bot flies, black flies, and mosquitoes 
(Fig. 22). Many of these are important vectors 
of diseases. There are also beneficial flies 
such as the hover or syrphid flies and the 
robber flies. 

. Mosquito House Fly 

Figure No. 22 

Fleas belong to the order Siphonaptera. Fleas are small wingless insect'i that feed as adults 
on the blood of mamals and birds. They are important beeause of their bites, and because 
they vector diseases (rare in this country), and tapeworms. 

Adult fleas (Fig. 23) are very small (less than 1/8 of an inch), brown to black, laterally 
flattened, and amazing jumpers. They have piercing-sucking mouthparts and both males· and 
females feed on blood. Most eggs are laid in the nest of the host. 

The larvae are tiny, whitish, legless, and resemble maggots. They have chewing mouthparts 
and feed primarily on dried blood in the feces of adult fleas. 

Most fleas are very active and move freely over their 
host. Many are not host specific and may feed on 
various animals including man. Many ·spend a large 
part of time off of the host and are long-lived, a 
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year or more. Adults may survive for weeks off the 
host without feeding. Common examples include rodent 
fleas, cat and dog fleas. 

Adult Flea 
Figure No. 23 

The most advanced order of insects is the Hymenoptera. This order inciudes the Sawflies, 
Ants, Wasps, and Bees. This order of insects is probably considered the most beneficial to 
man. It contains a great many pollinators, parasites, and predators. They occupy a great 
variety of habitats and have many complex social organizations. 

The size varies greatly from less than an 1/8 of an inch to several inches. Color is also 
variable. Adults have four membraneous wings. The hind wings are smaller than the front 
wings. The mouthparts are mandibulate or chewing, but are modified in higher forms (bees) 
into a tongue-like structure to take liquid food. The ovipositor is well-developed. In higher 
forms it is modified into a stinger for offense and defense, and only the females can sting. 
Most larvae are grub-like or maggot-like. 

Sawflies are plant feeders. most feed externally on foliage. Adults are wasplike, but do not 
have a narrow waist. Some are brightly colored. They are usually less than an inch long. 
Larvae (Fig. 24) are generally caterpillar-like, but have more than five pairs of prolegs. The 
dogwood sawfly has a white waxy covering, while another common sawfly, the red-headed 
pine sawfly does not. 

Ants are easily recognized by most everyone. All ants are social insects. Common 
examples are tiny pharaoh ants., carpenter ants, and the large colorful velvet ants (Fig. 24). 

Yellowjacket Ant 

Thread-Waisted Wasp 

Sawfly Larva Honeybee 

Ff&ure No. 24 
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Wasps and hornets encompass a variety of insects. There are the aerial nest building hornets 
such as the bald-faced hornet that build·s large paper nests and ground nesting wasps such as 
the yellowjackets (Fig. 24); all are beneficial predators. There are solitary nesting wasps 
such as the cicada killer, and scoliid wasp. There are also many parasitic hymenoptera such 
as the Braconid and Ichneumonid wasps which have very long ovipositors. 

Bees are generally robust insects, many are hairy. Examples include the honeybee (Fig. 24), 
bumble bee, carpenter bee, and leafcutter bee. 

Common Non-Insect Arthropods 

Although commonly misidentified as insects, the following list includes some of the other 
Arthropod pests that people frequently encounter. 

l. Mites are tiny, about the size of the head of a 
period on a page, soft-bodied animals with one obvious 
body region. Adults have four pairs of legs and no 
antennae. Common plant feeding examples are the two
spotted spider mite (Fig. 25) a common pest of many 
plants, the spruce spider mite, a pest of conifers, 
and the clover mite. Some mites suck blood from 
animals, while others live in soil and feed on fui:tgi 
and organic matter. · 

2. Ticks are in the same order as mites. Unlike 
mites, they are all parasitic. They have six legs 
as larvae, and eight legs as nymphs and adults. 
Many carry diseases that are important to man. Hard 
ticks (Fig. 25) have a hard dorsal plate called a 
scutum and mouthparts that are visible from above. 
Examples are the deer tick, brown dog tick, and 
lone star tick. Soft ticks (Fig. 25) lack a 
scutum, are soft-bodied. and the mouthparts are not 
visible from above. An example of a soft tick is 
the fowl tick. 

3. Spiders resemble mites except that most are 
much larger and usually have two distinct body 

. regions. Most spiders are beneficial predators. 
Common examples are the wolf spiders, jumping 
spiders, and orb weaving spiders. The secretive 
black widow spider (Fig. 25) is the only poisonous 
spider of concern to humans in New York State. 

4. Millipedes (Fig. 26) have elongate bodies that 
are round in cross section, and have two pairs of 
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legs per body segment. They are slow moving and 
generally inoffensive. They feed on fungi and 
decaying organic matter. 

5. Centipedes (Fig. 26) resemble millipedes. 
They have longer antennae, are flattened in cross 
section, have one pair of legs per body segment, 
and move rapidly. Most are predators of small 
arthropods. 

6. Sowbugs and Pillbugs (Fig. 26) are oval with 
hard outer shells made up of a number of plates. 
They are highly dependent on moisture, and are 
assocated with damp habitats. They generally feed 
on decaying organic matter. 

Some Benefits from Insects 

Insects are pollinators, and without them, we might not 
have many of the fruits and vegetables we depend on for 
food. Melons, squash and other vegetables require insects 
to carry pollen for fruit set, and apples and oranges are 
primarily pollinated by insects. Insects also pollinate 
many ornamental plants. Honeybees are often sited, but 
there are many native insects that pollinate as well. 

Millipede 

Centipede 

Pillbug Sow bug 

Figure No. 16 

Honeybee on comb 

Insects are part of the ecosystem, and are a very important part of the food chain for 
animals, birds, fish. and in some cultures, people. 
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Some products produced by insects are used directly by humans. Honey from honeybees is 
u~ed as a food, beeswax is used in industry and in the arts; silk is used for the manufacture 
of fabric, and lac from scale insects is used to make shellac. 

minute trlchogremmatld wasp 
an Insect egg parasitoid 

two-spotted lad~ beetle 
an insect predator 

Figure Np. 27 

small braconid wasp 
laying egg inside aphid 

Through predation and parasitism insects hold other insects in check. These are called 
natural enemies and some are being used by man in programs of "biological control". 
Insects feed on weeds and destroy them, and in some cases are being used for the "biological 
control" of weeds. 

Insects, by their underground activities, improve the condition of the soil and promote 
fertiity. Droppings serve as fertilizer as do bodies of dead insects. Some insects serve as 
undertakers--many are scavengers, devouring the bodies of dead animals and plants. 
Cadavers and dung may be incorporated into the soil. 
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Insect injury to plants 
(illustration next page) 

Insects may Injure plants in a number of ways including feeding on them directly, but some 
indirect damage from insect activity may also occur. You may observe·the following injury: 

Chewine damaee - often described as devoured plant parts, skeletonization, notching, mining of 
leaves, eaten woodk bark, roots, stems, fruit and seeds. Symptoms include ragged leaves, holes 
in wood, bark, or fruit and seed, serpentine mines or blotches, wilted or dead plant parts, or 
presence or 11Worms". 

Examples: cabbageworms, cutworms, grasshoppers, beetles, weevils, sawflies 

Suckin& injury - piercing the epidermis (skin) and sucking sap and cell contents from the cells. 
Hole is so small that it .cannot be seen withou~ magnification, but withdrawal of liquids results in 
o-rf-oolor foliage, white, brown or red on leaves, fruits, twigs; curling or misshapen foliage and 
fruit, general wilting of plant, or wilting, browning and dying of entire plant. 

Examples: aphids, scales, plant bugs, squash bugs. leaflloppers and spider mites 

Gall formation - insect activities cause plant to produce a structure of deformed tissue. Often 
seen as a swelling of plant tissue. The insect develops in the "gall", food and shelter being 
readily available. The gall is initiated by the adult insect egg laying activities, and the larva may 
give off some sort of chemical stimulant which ca,_.ses continued growth of the gall. 

Examples: gall making wasps or flies 

Eee layine <oviposition> injury : results in scars on stems, twigs, bark or fruit. Symptoms: 
scarring, splitting, breaking of stems and twigs, n1isshapen and sometimes infested fruit. 

Examples: plant bugs, cicada, tree crickets, certain beetles 

Excretions - honeydew deposits on plant lc~ad to growth of sooty mold, a black fungus, and the 
plant parts cannot perform their manufacturing of food functions. A weakened plant results. 
Symptoms may include sweet sticky deposits on plant leaves, sooty black leaves, twigs, branches 
and fruit.· · 

Examples: aphids, scale insects 

Damage from injection of toxic substances - causes curling, stunting, dwarfing often 
accompanied by discoloration (yellowing or browning) of the foliage, or a tipburn known as 
hopperburn may occur. 

Example: potato leafllopper, sharpshooter 

Insects may serve as ve ... 1ors of diseases - carrying diseases from plant to plant. Insects may 
introduce plant diseases in a number of ways including by feeding, laying eggs, or boring into 
plants. They may carry the disease agents on or in their bodies from one plant to another. 
Some insects inject disease organisms into the plant as they feed. Symptoms or some of the 
diseases they vector include wilt, dwarfing, off color foliage, blighting 

Examples: elm bark beetles vector Dutch elm disease, various aphids vector certain virus 
diseases. 
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Summary 

Insects are the most successful group of animals in the world. They are related to 
crabs, lobsters, spiders, and ticks. Insects are distinguished as a group because they 
have six legs and three main body regions. Many have wings and are active fliers; 
others spend their lives under ground. Most species of insects are considered harmless 
or beneficial. Only a small number are considered pests. The following is a list of key 
points: 

1. The body of an insect is divided into the bead,tborax, and abdomen. 

2. Insects are cold-blooded and depend on the ambient temperature. Many are 
active during the warmer parts of the day or year. 

. . . . 
3. They have various types of mouthparts: chewing, sucking, and piercing-sucking. 

4. They grow by a process caUed metamorphosis. Primative insects have gradual 
metamorphosis; highly developed insects· have complete metamorphosis. 

5. Major insect groups are called orders: 

• Tbysanura - SilverfiSh and Firebrats 
• Odonata - Dragonflies and Damselflies 
• Ortboptera -- Grasshoppers, Crickets, Cockroaches, Mantids, etc. 
• Dermaptera - Earwigs 
• Isoptera - Tennites 
• Thysanoptera - Thrips 
• Hemiptera - True Bugs 
• Homoptera- Cicadas, Hoppers, Psyllids, Whiteflies, Aphids, Scales 
• Neuroptera - Alderflies, Dobsonflies, Snakeflies, Lacewings, Antlions, 

etc. 
• Coleoptera - Beetles and Weevils 
• Lepidoptera - Butterflies and Moths 
• Diptera- Flies 
• Siphonaptera - Fleas 
• Hymenop[tera- Sawflies, Ants, Wasps, and Bees 

6. Some non-insect arthr.opods include mites and ticks, spiders, millpedes, centipeds 
and sowbugs. 

7. Benefits from insects include pollination, food for other animals, insect products, 
natural enemies, (biological control agents) and soil improvements. 

8. Insect injury to plants occurs from feeding and other activities and may have 
many fonns. 
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Review Questions: 

1. What is the process by which insects grow? Name the two types. 

2. Give three examples of insects in the Order Orthoptera. 

3. Are most insects pests? Give three examples of beneficial insects that are 
commonly found in the garden or landscape. 

4. List 4 groups of arthropods that are related to insects. 

S. What features distinguish insects from other arthropods? 

6. Name 4 ways in which insects can directly or indirectly cause injury to plants. 

7. Name 3 benefits from insects. 
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Answers to Review Questions: 

1. The process by which insects grow is called metamorphosis. The two types are 
gradual and complete. 

2. Examples of insects in the order Orthoptera: grasshoppers, mantids, cockroaches, 
walking sticks, and crickets. · 

3. Most species of insects are considered harmless or beneficial. Examples of 
common, beneficial insects found in the garden or landscape are: ladybird 
beetles (a.k.a. ladybugs), lacewings, mantids, ground beetles, soldier beetles, 
minute pirate bug, big-eyed bug, and mud-dauber wasp. 

4. Groups of arthropods that are related to inseCts include: mites and ticks, spiders, 
millipedes, centipedes, -sowbugs. and· pillbugs, crustaceans. 

5. Insects are distinguished from other arthropods because they have six legs, and 3 
main body regions. 

6. Chewing, sucking, gall formation, vectors of disease, egg-laying, injection of 
toxins, excretions. 

7. Pollination, Wldertakers, improve soil, biological control, honey, silk, part of 
food chain for other animals. 
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Related Resources 

Entomology 

Pest Management Around the Home Parts 1 & 2 

Learning About Butterflies 

Insects All Around Us 

Know Your Insects: Members Guide 

Slug Identification Fact Sheet Set 

Beekeeping: General Information 

Natural Enemies of Vegetable Insect Pests 

Item Code 

139S74 

139M9 

147L23 

139M61 

102FSS 

139ffi90 

139NVP 

These titles are available for review and sale at The Resource Center's online bookstore: 

www.cce.cornell.edu/store 

You may also order titles or a catalog by: 
Phone:607-255-2080 
Fax: 607-255-9946 
E-Mail: resctr@cornell.edu 

Or write: 
The Resource Center 
Cornell University 
POBox 3884 
Ithaca, NY 14852-3884 

These titles are also usually available through your local Cooperative Extension association office. 

Publications Enterprise of Cornell Cooperative Extension 



Cornell Website information on Entomology 
All Cornell website information on gardening is accessible through the Cornell 
Gardening Resources Website www.gardening.cornell.edu 

The following are specific sections of the Cornell Gardening Resources Website as of 
Dec. IS, 2004. New web pages are added regularly. Please check 
www.gardening.cornell.edu periodically for updates and new information. 
http://www.entomology.cornell.edu/Extension!DiagnosticLabllDLFS!index.html 
http://www.entomology.cornell.edu/Extension!DiagnosticLab/DiagnosticLab.php 

Cornell Visual Presentation Resources in Entomology 
Master Gardeners may borrow resources from the Department of Horticulture's Home Grounds 
and CommunityHorticulture Resource Library in Ithaca, NY. MG's should discuss it with their 
county MG Coordinator and reserve a resource through that staff person. Resources in this library 
are slides, powerpoint CD-ROM' s and videos. They are generally used by Master Gardeners to 
make presentations to community groups as part of the county CCE' s educational mission. The 

,.( symbol means that it is appropriate for the Core Qualifying Course for Master Gardeners. The 
number preceding each resource is its library code number in Ithaca. 

General 
92. Natural Enemies of Insects Slide Set (38 slides & script) A. Muka & W. Johnson, Cornell University 
109. Common Sense Guide to Pest Control for the Home Garden Slide Set (78 Slides, script & cassette) 
Bio Integal Resource Center 

112. s-" Basic Entomology Slide Set (87 slides & script) C. Klass, Cornell University 
123. A Common Sense Pest Control for the Home Garden Slide Set (78 slides & script) P. Trader, 
CCE/Rockland Co. ***NYS ONLY*** 

133. ,.(Integrated Pest Management for Home Grounds Slide Set (80 slides & script) C. Klass, Cornell 
University 
143. A Systematic Approach to Diagnosing Plant Damage Slide Set (9 slides/116 slides & script- 2 
projectors & 2 screens suggested) Oregon University. Suggested for Advanced Master Gardener Training 
V -4. Intf!grated Pest Management Video, Bio Integrated Resource Center 
Z-5. Stopping Slugs and Snails (15 page article), Common Sense Pest Control Quarterly 
Fruit 
101. Diseases and Insects in the Home Orchard Slide Set ( 42 slides & script) C. Klass & D. Pinnow, 
Cornell University 
Greenhouse 
74. Identification of Selected Greenhouse Pests Slide Set (43 slides & script) K. Carolan, S. Schempp & 
H. Lyon 
Structural 
98. Household Pests Slide Set (60 slides & script) C. Klass, Cornell University 
Trees and Shrubs 
86. Gypsy Moth Slide Set ( 48 slides & script) Dutchess Co. Environmental Council 
89. The Gypsy Moth Slide Set (54 slides & script) L. Ewing, Cornell University 
CD-4. Asian Longhorn Beetle CD: Protect our Urban Forest- Morton Arboretum informational 
presentation. May not work on older computers. 2003 
Vegetables 
23. Vegetable Insects in the Home Garden Slide Set (48 slides & script) Carolyn Klass & A. Muka, 
Cornell University (updated in 1998.) 
130. Natural Enemies of Vegetable Insects Pests Slide Set (91 slides & script) M. Hoffman & A. 
Frodsham, Cornell University 




