








Katydid resembling a fresh leaf c. 1970s-90s
Photograph by Edward S. Ross (1915-2016)

Collection of the Essig Museum of Entomology, University of California, Berkeley
R2019.0411.002

Stick insect on a leaf c. 1970s-90s
Photograph by Edward S. Ross (1915-2016)

Collection of the Essig Museum of Entomology, University of California, Berkeley
R2019.0411.004
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Libellula forensis |

Libellula forensis 2018
Photograph by David Garnick (b. 1955)

Courtesy of the artist
R2019.0409.035
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Display drawer of dragonflies (Anisoptera) and damselflies (Zygoptera)

Collection of the Essig Museum of Entomology, University of California, Berkeley
12019.0401.017

Dragonflies and Damselflies

Dragonflies, and their more slender cousins, the damselflies,
were among the first insects to evolve wings around 325 million
years ago—long before dinosaurs roamed the earth. Shaped
much like a helicopter, they use direct flight muscles—attached
directly to the wings—to pull their wings up and down. However,
because of how these muscles are attached, the wings cannot
fold flat over their backs. Most other insects have indirect flight
muscles, which change the shape of the thorax to which the
wings are attached, causing the wings to flap up and down. This
means they can fold their wings flat over their backs, making it
easier to crawl around on plants, wood, and soil.

Adult dragonflies are aerial acrobats with large round eyes, able
to hover or fly in any direction and even mate on-the-wing. They
can fly at speeds up to thirty-five miles per hour. Their legs are
lined with spikes, allowing them to capture and eat their prey
while flying. Young dragonflies and damselflies, called nymphs
or naiads, are aquatic predators, living in ponds, lakes, streams,
and rivers.

Vocabulary word
aerial: occurring in the air

Review question
How fast can dragonflies fly?

They can fly at speeds up to thirty-five
miles per hour
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Dactylotum bicolor

Dactylotum bicolor 2018
Photograph by David Garnick (b. 1955)
archival pigment print

Courtesy of the artist
R2019.0409.018
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Grasshoppers, Crickets, and their Relatives

Roaches, crickets, grasshoppers, and mantids all belong to
the superorder Orthopteroidea and share something in
common—they do not have a pupal stage like butterflies
and beetles. Instead, young grasshoppers and roaches, called
nymphs, look like adult grasshoppers and roaches, but
without wings. The wings begin to develop on the outside
of the body in older nymphs, rather than inside a pupa.

Crickets and katydids are well-known for the “songs” or chirps
they produce by stridulation—that is, rubbing the “scraper”
found at the base of one wing across a series of ridges or
“file” on the other wing. These vibrations carry through the
wings which amplify the sound. The frequency of the chirps
fluctuates with temperature—warmer crickets chirp faster.
To approximate the temperature in Fahrenheit, count the
number of chirps in fourteen seconds and add forty. Some
grasshoppers sing by rubbing a file on their hind leg against
a thickened ridge on their front wing. Jerusalem crickets, by
contrast, make sounds by drumming their abdomen on the
ground. Males of these various species use these “songs” to
attract females or ward off other males from their territory.
Crickets have “ears” on their front legs, while grasshoppers
have them on their abdomen, and mantids have one on the
middle of their chest between their hind legs.

Display drawer of Orthopteroid specimens
Collection of the Essig Museum of Entomology,

University of California, Berkeley
12019.0401.051

Vocabulary words

nymph: a juvenile stage of an insect before it
develops wings

mantids: a group of approximately 1800
predatory insects with long front legs

Review questions

What do roaches, crickets, grasshoppers,
and mantids have in common?

They do not have a pupal stage like butterflies
and beetles. Instead, young grasshoppers
and roaches, called nymphs, look like adult
grasshoppers and roaches, but without wings

1,

Where are crickets’“ears”; where do
grasshoppers have “ears”?

Crickets have “ears” on their front legs, while
grasshoppers have them on their abdomen
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Chrysochroa castelnaudi

Chrysochroa castelnaudi 2018
Photograph by David Garnick (b. 1955)

Courtesy of the artist
R2019.0409.003
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Various wood with insect damage

Collection of the Essig Museum of Entomology, University of California, Berkeley

L2019.0401.005-.007

Termites & Other Wood Feeders

Most animals do not eat wood because of tough lignin fibers
and cellulose sugars that are difficult to digest. Some insects,
however, such as termites, bark beetles, and sawfly wasps, have
evolved the ability to feed on dead and dying trees. Termites
are able to digest wood thanks to symbiotic microbes (bacteria
and protozoa) in their hindgut or “stomach” that break down
cellulose into short-chain fatty acids, which the termites use
as nutrition. Other insects, including some ants and bees,
cannot digest wood as food, but rather carve it out to create
nesting cavities for their young. Openings caused by insects
allow fungi and bacteria to penetrate wood and help recycle
the nutrients. This is beneficial in forests, but a detriment to
homeowners. Most wood used in construction is now pressure-
treated or kiln-dried to kill any existing insects. But this does
not stop insects from infesting wood years after treatment, or
when it becomes wet from leaks, contact with soil, or exposure
to the elements. Healthy trees defend themselves by pushing
out attacking insects with their resinous sap. Sometimes insects
get trapped by these resins, which can harden over millions
of years and become amber.

Vocabulary words

lignin: a substance in plants that makes
them woody

cellulose: the most abundant substance
in plants, non-digestible to humans,

but consumed by many animals; it is
processed to make paper

protozoa: single-celled organisms

Review questions

Why don’t most animals eat wood?
Most animals do not eat wood because
of tough lignin fibers and cellulose sugars
that are difficult to digest

What are some insects that have evolved
the ability to digest wood?
Termites, bark beetles, and sawfly wasps
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"~ Scarabaeus sacer

Scarabaeus sacer 2018

Photograph by David Garnick (b. 1955)

Courtesy of the artist
R2019.0409.008
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Display drawer of scarab beetle (Scarabaeidae) specimens

Collection of the Essig Museum of Entomology, University of California, Berkeley
12019.0401.024

Scarab Beetles

Dung beetles, June bugs, chafers, and scarabs all belong to the beetle
family Scarabaeidae. They all have lamellate antennae, which means the
ends of their antennae can spread like fingers. Goliath beetles are the ~ detritivore: an animal that
largest insects on Earth in terms of body mass. Some species, suchasrose  feeds on dead plant and animal
beetles and chafers, can be abundant pests in gardens, feeding on roots material

as larvae and on leaves and flowers as adults. Dung beetles and other
detritivores are responsible for recycling nutrients and preventing animal

Vocabulary word

Review questions

waste from building up and breeding pest flies. In places where cows and What do all scarabs have in
. ?

other large mammals are not native, dung beetles have been purposely ~ €ommon:

introduced to help control their waste. They all have lamellate

antennae, which means the ends
of their antennae can spread like

Egyptians were fascinated by adult scarabs (Scarabaeus sacer Linnaeus, ﬁ
ngers

1758) rolling balls of dung and burying them in the ground, just as the
sun rolls across the sky and then disappears beneath the horizon until What are the largest insects on
the next day. Ancient Egyptians also observed how scarabs suddenly Earth in terms of body mass?
realize that they have wings that allow them to fly off and explore. In Goliath beetles

ancient Egypt, the scarab beetle was a symbol of rebirth and transformation

used on seals, amulets, and jewelry, and also appeared on their god

Kheper, who has a scarab head. Another genus is named Sisyphus for the

mythological Greek king whose punishment for thinking he was more

clever than Zeus was to forever roll a rock up a hill.
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Bilderbuch fur Kinder Vol.VII 1810
Carl Bertuch (1777-1815)

Leipzig, Germany
Courtesy of Cavallini & Co., South San Francisco
L2019.0410.004

Thisillustration depicts beetles that belong to the family Scarabaeidae.
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Zammara smaragdina

Zammara smaragdina 2018

Photograph by David Garnick (b. 1955)
Courtesy of the artist
R2019.0409.019
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Display drawer of Hemiptera specimens
Collection of the Essig Museum of Entomology,

University of California, Berkeley
12019.0401.052

True Bugs

When you say “bug”to entomologists, they assume you
mean a true bug—an insect in the order Hemiptera.
This group includes stink bugs, kissing bugs, water
striders, cicadas, aphids, and many more. They all have
stiff, beak-like mouthparts, like a hypodermic needle,
that can pierce through plant tissue or other insects’
exoskeletons. By injecting saliva with digestive enzymes
into their food, they are able to suck the fluids out with
their straw-like mouthparts.

One group, cicadas, live underground as nymphs
(immature stages) and emerge during the warm days
of summer, filling the air with their buzzing. Some
produce sounds of over one hundred decibels. Most
cicadas have a one-year life cycle, with adults emerging
each summer. But some species live underground for
seven, eleven, or seventeen years (all prime numbers!)
before emerging for only a few weeks as adults—all at
the same time. Many cultures have captured cicadas in
works of art, particularly in China where they symbolize
rebirth and immortality.

Some bugs, such as lygus bugs and brown marmorated
stink bugs, are serious agricultural pests, attacking fruits,
vegetables, and other crops. Others, like big-eyed bugs,
are important predators of these pests. Many true bugs
are aquatic as both nymphs and adults.

Vocabulary
immortality: the ability to live forever

rebirth: to be born again

entomologist: a scientist who studies insects

Review questions
What do all true bugs have in common?

They all have stiff, beak-like mouthparts, like a
hypodermic needle, that can pierce through plant
tissue or other insects’ exoskeletons
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Wasp (Vespula vulgaris) sculpture 2008
Gar Waterman (b. 1955)

New Haven, Connecticut

steel, copper, nickel plate

Courtesy of the artist
12019.0402.001

Insects in Art

From humble ants to dragonflies and zebra swallowtails, insects have captured the imagination
of artists and poets alike. Whether buzzing through the air, clinging to rocks in a stream, or
rustling through the undergrowth, insects abound. However, apart from the quintessential
butterfly, the intricate beauty and delicate features of most insects are overlooked due to
their small size. Artist Gar Waterman brings this magnificence to life with this wasp sculpture.
Its long legs and steel construction illustrates the insect’s agility and strength.

Unlike humans, birds, and other vertebrate animals that contain an internal skeleton, insects
have an exoskeleton that is finely textured with embedded color pigments and internal ridges
for muscle attachments. Rather than lungs, insects have tiny holes (spiracles) in their sides
and tubes (trachea) through which oxygen passively diffuses. For its size, the insect exoskeleton
is incredibly strong, yet lightweight. However, insects could never grow to the size of this
sculpture. They would suffocate for lack of oxygen and probably collapse under the weight
of their own exoskeletons, which would have to be much thicker and heavier to maintain
their shape.
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Your visit to SFO Museum

SFO is a great destination for your class
« Museum and library admission, educational programs, and tours are all free.

« Educational programs and tours can be customized for higher grades, mixed ages,
and special needs students.

You can extend your visit
« Bring your lunch and sit in the public dining areas adjacent to the aviation museum,
or select from the many restaurants at SFO.

- Take a tour of the airport and ride the AirTrain (by prior arrangement and availability).

« Meet the trained service dogs of the SFPD Airport K-9 Unit and see them in action
(by prior arrangement and availability).

« Visit other museum exhibitions at SFO. (Schedules are subject to change,
please check www.flysfo.com/museum/exhibitions for updated information).

Transportation
« Take Public Transportation:

Take BART directly into SFO InternationalTerminal.
Take SamTrans Routes KX and 292 directly to SFO.
Take Caltrain to BART for service to SFO.

+ By School Bus/Charter Bus:
Parking for buses is available at no charge by prior arrangement only.

- By Car:
Groups booked for educational programs can park in Airport garages and Airport parking tickets
can be validated at the aviation museum at no charge.

For more information on transportation to SFO go to: www.flysfo.com

Aviation Museum
and Library

‘ 1|fr N

Garage G 1
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