




After collecting the bugs, the kids immediately put them into labeled

Ziploc bags. Then they freeze the bags, bugs and all.

Elser says the freezing is very important. It is difficult to study bugs

closely enough to identify them when they are moving. Freezing is also 

an important safety measure, because students occasionally catch scorpions 

and other venomous arthropods.

Students identify the creatures using a key that CAP LTER provides. 

They catalogue the bugs by order, such as Hemiptera (true bugs) or Coleoptera

(beetles). The students count how many of each type they find, and then

send the data to the CAP LTER Web site on the Internet.

“The kids become experts at identifying the insects. 

They don’t need the keys after a while,” Boomgaard says. 

“I couldn’t even identify them before I joined 

the program, and I’m a biology teacher!

“We mostly find beetles and ants. Every 

once in a while we get some surprises,” he adds.

“We’ve caught some bees, which are a surprise

because normally they just f ly away. We’ve

caught crickets and cockroaches. We even 

get the odd gecko or two in the cups.”

Elser says that most students find lots of

beetles, grasshoppers, crickets, roaches, true

bugs, and ants. Once in a while, students will

find a scorpion or giant desert centipede as well. 

McIntyre hopes the program will teach 

kids not to just kill bugs automatically. “A lot of 

people are really afraid of arthropods,” she says.

“They think they’re going to bite or sting, but

most of them don’t. I know from personal expe-

rience that when people are afraid of things they

tend to kill them. A great example is dragonflies.

People are scared to death of dragonflies. 

But dragonflies are completely harmless.”

Not only are most bugs harmless, many of them are pretty, too. “There

are a lot of beautiful patterns that you can only see up close,” Elser says.

What do Boomgaard’s Mesa junior high students think of the project?

“I remember a kid saying last year, ‘This is really cool. We don’t just 

learn about science, we go out and actually do it,’” Boomgaard says.

The CAP LTER scientists are just as happy about the project. 

“All the students are helping us out,” says McIntyre. “They cover 

20 sites that we wouldn’t otherwise be able to study.”

Bugged by Bugs

I t  f l ie s .  I t  crawls.
It is small and funky-

looking. It’s a bug,

right? Well, not

exactly.

Most people use

the word “bug” 

to refer to all

insects. But tech-

nically, not every

insect is a bug. 

True bugs, as they

are called, do not

include such buglike 

creatures as ants, bee-

tles, or flies.

True bugs look 

a lot like beetles, because they

have hard shells and wings. The dif-

ference is in their mouths.

Beetles have mouths designed for

chewing. True bugs have long snouts

designed for sucking sap from plants.

Flies, mosquitoes, yellow jackets,

midges, and gnats often make it a habit

to bug people. The next time they start

bugging you, remember that they are

not true bugs at all. They are insects.

Tell them to “Bug Off.”

To learn more about the CAP LTER 

Ecology Explorers program, contact

Monica Elser at 480.965.6046 or 

Susan Williams at 480.965.1961. 

E-mail to ecology.explorers@asu.edu. 

Or,visit the Ecology Explorers Web site—

http://caplter.asu.edu/explorers/
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{ A  Pa i r  o f  D u n g  B e e t l e s just making a living. They roll a ball of cow dung

to a burrow where they lay eggs. The dung will feed the grubs when they hatch.

Arthropods 

aerate soil, 

pollinate crops, 

and do a 

variety of other

essential jobs.

The Long-Horned Wood Boring Beetle male defends 

saguaro fruits in order to mate with females attracted to the food.

John Alcock  photos



B i r d s ,  b i r d s ,  b i r d s .
Phoenix is a city filled with birds. 

Birds of many kinds. Birds of many colors. 

Some of these birds are native to the Sonoran Desert. Some are 

birds that have moved here to stay. And some are birds that are just

passing through on their way to nesting grounds in other locations.

How many different kinds of birds live in Phoenix? No one is sure,

for now. But lots of people are watching and counting birds to find

the answer. If you see a stranger lurking around your neighborhood

with  binoculars at dawn, don’t be alarmed. Chances are, you’ve come

across a volunteer birdwatcher taking part in an important study.

The study is part of the Central Arizona-Phoenix Long-Term

Ecological Research (CAP LTER) project at Arizona State University.

Scientists in charge of the project want to find out what kind 

of impact all the new building and development is having on bird 

communities throughout the Phoenix metropolitan area.

About 90 local volunteers are helping to collect this information.

Armed with binoculars and notebooks, they walk through Phoenix area

neighborhoods at sunrise. They make note of all the birds they see or hear.

Joan Powers is a volunteer. “Initially I got stopped a lot,” she says.

“People get wary when you’re walking around with a clipboard and

binoculars at odd hours of the day.” Today, people living in the neighbor-

hoods patrolled by Powers recognize her. “I’ve been doing this for more

than a year,” she says. “Lots of people know me now. They ask, ‘What new

birds have you seen today?’”

“This study provides a unique opportunity to involve the public,” 

says Mark Hostetler, a postdoctoral fellow at ASU who designed the 

bird survey project. “The majority of the population lives in urban areas.

Urban areas are expanding dramatically. But we don’t really understand

them. Ecologists don’t really focus on urban areas. We’d rather hang 

around in forests,” Hostetler laughs.

The main goal of the bird study is to establish 

a pattern. Is that pattern consistent year after year? 

What are the mechanisms causing the patterns? 

For example, does housing density or road traffic 

affect bird populations in Phoenix?

Volunteers typically study a one-kilometer area divided

into 10 segments. They make a note of all the birds they

can see or hear. Some professional birders also participate.

These bird-watching pros study four key habitats: golf

courses, new residential neighborhoods, older residential

neighborhoods, and desert remnants like Papago Park.

C ardinals love the Sonoran Desert.

Just like human "snowbirds," they

flourish in places where winters are

mild. 

The Bl ack-Headed Grosbeak 
has a conical beak adapted for 

crushing seeds.

Phoenix is one of two urban areas

selected for long-term ecological study.

The other city being studied is

Baltimore, Maryland. “Long-term” is an

important part of the study, according

to ASU scientists. Most studies like the

bird survey only last for a year or two.

CAP-LTER research, however, is funded

for at least six years. 

BirdsBirdsPhoenix:  A City for the

B y  D i a n e  B o u d r e a u
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What we know
so far:

Most days, Powers sees about 15 of the

same basic kinds of birds. But spring migra-

tion often brings in some odder species. 

ASU scientists hope to learn more about

migrating birds that stop to rest in Phoenix.

“Nothing is known about stopover ecology,”

Hostetler says. “We’ve seen lots of migrating birds 

coming through. There are more birds in Phoenix than outside 

the city. But the composition is different.”

The bird survey provides information that is useful to ecologists. 

ASU researchers say early findings of  the study are that building and 

landscape design play a bigger role in attracting birds than zoning. 

In other words, the style of buildings and the type of vegetation around 

them matters more than whether they are houses, stores, or factories. 

This information could help designers plan more bird-friendly neigh-

borhoods. Developers can use it to create communities that are more 

attractive to birds. The researchers are even trying to connect with 

realtors, encouraging them to use birds as a selling point.

ASU scientists think that involving the public is one of the best parts 

of this project. Many of the volunteers are retired people. Children and 

teachers from many local schools also help to collect information about 

birds. Teachers are trained to lead their students in conducting point counts. 

They stand in one place and count the birds in a 20-meter radius over 

a certain time period. Then they send the data in to the kids’ section 

of the CAP LTER Web site.

One goal of the project is to help connect urban

kids to their environment. When he gives talks

at schools, Hostetler often asks kids, “Where do

chickens come from?” Many of them will name

the local supermarket! “Urban life is great—

we have all these conveniences—but it’s 

disconnected from nature. Understanding how 

humans affect the environment can help us 

minimize our impact.” Hostetler explains.
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Pr airie  Falcon

C actus Wren

Redtail Hawk
Daryl Abbott /Southwest Wildlife 
Rehabilitation Center

George Andrejko photos

George Andrejko photos

CAP LTER Bird Survey findings 

Building and landscape design
play a bigger role in attracting birds 

than zoning. 

Escaped pet birds are thriving and

breeding throughout the Phoenix area.

“In my study area we have a population

of peach-faced lovebirds that has been

surviving and enduring. They obviously

escaped out of someone’s house,” says

Joan Powers. Peach-faced lovebirds are

native to hot, dry African habitats. 

Arizona has all the comforts of home 

for them. Unfortunately, these sweet

green birds with the rosy faces may pose

a threat to native Arizona birds. They are

potential competitors against wood-

peckers and other birds. The lovebirds

can take over giant saguaro cactuses.

Powers says that lovebirds aren’t the

only escapees she sees. Parakeets and

parrots have also shown up on her list.

Phoenix Bird Survey Study data 

is available to everyone at

http://caplter.asu.edu/po12. 
Visitors can learn exactly what species

live where. To learn more about 

other CAPLTER projects visit

http://caplter.asu.edu/explorers/
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The Gil a  Woodpecker is an

important part of the Sonoran Desert

animal community. Every spring,

male and female woodpeckers work

together to peck a deep hole in the

thick stem of giant saguaro cactus 

or in the trunk of a cottonwood tree.

Elf Owls and other birds make their

nests in old woodpecker holes.

Lizards and spiders and insects of

many kinds also live in the old holes.

The Gil a  Woodpecker is an

important part of the Sonoran Desert

animal community. Every spring,

male and female woodpeckers work

together to peck a deep hole in the

thick stem of giant saguaro cactus 

or in the trunk of a cottonwood tree.

Elf Owls and other birds make their

nests in old woodpecker holes.

Lizards and spiders and insects of

many kinds also live in the old holes.
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Anna’s  Hummingbirds
live in the fast lane. To get the

energy they need for hovering,

hummingbirds must eat half

their body weight in sugar

each day. Some species beat

their wings as fast as 80 times 

per second. Proportionally, 

a hummingbird’s heart is 

the largest of any animal.

Gambel’s Quail

is quite easy to recognize 

by the black tear-shaped plume 

on top of its chestnut brown head.

Gambel’s Quail has a loud, cackling

call that repeats three syllables.

The second syllable has the 

highest pitch. The quail’s 

ringing call is a true sound 

of the Sonoran Desert.

Northern Oriole  has a clear, flute-like call. 

It whistles single or double notes in short bursts.

P yrrhuloxia gets its name  

from Latin and Greek words meaning 

"bullfinch with a crooked bill."

Northern Oriole  has a clear, flute-like call. 

It whistles single or double notes in short bursts.
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N U M B E R S
A N D

B I O L O G Y

More than 1 quintillion insects–
1,000,000,000,000,000,000–

live on Earth on any given day. By 2000,

there were a little more than 6 billion

humans—6,000,000,000.

Scientists have discovered and

described more than 900,000 different

kinds of insects—more than 75 percent

of all the known animals on Earth.

There may be as many as 30 million

more kinds of insects yet to be 

discovered.

There are more than 30,000 known

species of spiders. About 2,500 kinds 

of spiders live in North America.

Th e  not - s o - m ag ic  to ol  t h e y  u se  i s  ca l l e d  s tat i s t ic s .
Statistics is a type of mathematics used to organize and understand data.

Data are figures and symbols. Data include all the raw, unprocessed facts

that scientists gather during their experiments and measurements.

Scientists use statistics to give meaning to all these raw facts and 

numbers. Statistics help scientists describe how things are right now. 

They also help to make predictions about how things will be in the future.

For example, ASU professor Harvey Pough wanted to know if he could

help desert tortoises grow up faster by feeding them high-protein diets 

(See story, page 22). He started with 24 tortoises. Half were fed a protein diet

and half a salad diet. Then he weighed all of the tortoises. The result was 

12 different numbers for each tortoise group.

Pough used statistics to find out the average weight of tortoises in each

group. He found that tortoises on the protein diet weighed an average 

of 800 grams. But tortoises in the salad group weighed an average of only 

360 grams. Those results gave Pough an answer—the protein tortoises were

definitely growing faster.

Statistics are especially useful when you need to learn about huge groups

of subjects. For instance, ASU scientists working on the Central Arizona-

Phoenix Long-Term Ecological Research project want to know 

how urban development and land use affects the number of bugs in Phoenix 

(See story, page 20). But they can’t possibly count every single bug in all 

of Phoenix—it would take them forever! Instead, the scientists carefully

chose a few sections of Phoenix to study. They count all the bugs 

in those small areas. The areas they chose are called a representative 

sample because, added together, all the areas represent the whole city.

The scientists make lots and lots and lots of measurements. Then they

use statistics to find out what their sample says about the whole population

of bugs in Phoenix. For example, if they find 47 beetles in their park area

sample, they can estimate how many beetles there are in all Phoenix parks.

John Wallace is a 9th grade teacher at Mountain Ridge High School. His

students used statistics to find out whether urban development has affected

the number of bruchid beetles and palo verde trees in their school district.

Bruchid beetles lay their eggs on the seedpods of palo verde trees. 

The eggs hatch into larvae, which burrow into the pods and eat the seeds.

The larvae grow inside the pods and come out as adult beetles.

Wallace’s students collected seedpods from trees in their school district

and from trees in a rural area outside Phoenix. They studied the rural area

to get an idea of how things were before their school district was devel-

oped. The students counted the number of pods found in each area, and 

the number of beetle holes in each pod. The beetle holes told them how

many beetles were born.
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Tell The
Story…
Sometimes.
S c i e n t i s t s try to

answer questions about

the world around us. 

That is their job. 

To do this, they design

experiments and make 

lots of measurements. 

The result of all this work

is usually a long list of

numbers. So how exactly

do scientists turn all 

those numbers into 

meaningful answers?

b y  D i a n e  B o u d r e a u
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Thought Question
Scientists are not the only people 

who use statistics and graphs. In fact,

statistics are used in almost every part

of life. Your teacher uses statistics 

to come up with your average grade.

Political polls use statistics to predict

who will get elected president.

Where else can 

you see statistics 

in use?

1 6 10 2 1 1 20 2 4 8 7 0 3 0 11 0 9 15 48 4

S p i d e r s

B e e t l e s

A n t s

C r i c k e t s

The findings for inside and outside the city were different. Using statistics,

the students learned that this difference was significant—it was a real effect 

of urban development, not just random chance.

But were there more or less pods and holes inside the city? The answer

was surprising.

There were more seeds inside the city than outside, probably because

city trees are well irrigated. But what about the beetles?

“If all you had was the seed data you might think there would be more

beetles, because the beetles eat the seeds,” says Wallace. “In fact, we found

more holes per pod in the wild sample.”

After researchers analyze their data with statistics, they need to share 

it with other people. One of the easiest ways to do this is by creating 

a graph. Graphs take statistical information and make it into a picture. 

People looking at the graph can understand the data at a glimpse.

Let’s look at an example. Suppose a scientist was catching bugs in four

different traps. On one particular day he counted the following bugs:

Trap 1:   1 spider, 6 beetles, 10 ants,  2 crickets

Trap 2:   1 spider, 1 beetle,  20 ants,  2 crickets

Trap 3:   4 spiders,  8 beetles, 7 ants, 0 crickets

Trap 4:   3 spiders,  0 beetles, 11 ants,  0 crickets

Now look at the graph below. 

Which way of showing the data 

gives you a better understanding 

of what the scientist found? Why?



Woodley is a biology doctoral student

at Arizona State University. Her scientific

instincts overrule her instincts as a hiker.

That’s why she sits quietly in the forest.Woodley

accepts the risks in order to study the aggression of

female mountain spiny lizards.

For the past three years, Woodley has studied the behavior of these five-

inch-long reptiles. She collects blood samples to study their hormones and

observes the animals to see how they behave.

Lots of mountain spiny lizards live along the wood-lined creeks of Arizona

mountains like Mt. Graham.  The lizards are good candidates for scientific

studies because they are easy to watch and easy to catch. Both male and female

mountain spiny lizards are intensely territorial. They do furious pushups that

send the message, “Here I am! Don’t come into my territory!”

At least that is Woodley’s interpretation of lizard body language.

Woodley studies how hormones inf luence female aggression 

in mountain spinys. Female mountain spinys are more aggressive than

females of other lizard species. They will defend their territories by 

displays of pushups or by extending their dewlaps (throat f laps). 

They also charge and bite intruders. In male animals, the hormone

testosterone leads to aggression. But scientists don’t know why many

females also behave aggressively, Woodley says.

During her last field study, Woodley worked in a forested area about 

6,000 feet up the side of Mt. Graham. The mountain is located in the Coronado

National Forest about 60 miles northeast of Tucson. Mt. Graham is black bear

country, and Woodley has seen her share. The hiker in Woodley knew that 

she was supposed to make noise to scare them away. Scientist Woodley had 

to remain silent.

Thought Question:
In what other groups 
of animals do the females 
compete for food and territory?

Hormones are chemical messengers

produced by endocrine glands. 

They travel through the bloodstream 

to reach different parts of the body.

When they reach their destinations, 

hormones give instructions for 

controlling growth, metabolism, 

sexual reproduction, 

and other body processes.

Learn more about hormones 

and lizard behavior—

Visit the website at

http://askabiologist.asu.edu

/research/tlizards

B I O L O G Y
A N D

C H E M I S T R Y
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A good hiker visiting 

Arizona’s 10,717-foot 

Mt. Graham would make 

plenty of noise to frighten 

bears away. Backcountry 

visitors would steer clear 

of javelinas and rattlesnakes

to avoid provoking them. 

And no one would risk 

attracting lightning by 

carrying a metal fishing pole

along a mountain trail 

during monsoon season.

No one except Sarah Woodley,

that is.

Following the Fighting FemalesFollowing the Fighting Females
by Dennis Durband



She was more wary of the javelinas—because of their sharp canine

teeth—and the “jumpy” cattle that graze through the forest.

Snakes often ate her lizard

subjects while she was

studying them.

Monsoon thunderstorms

filled the sky late in the afternoons.

Woodley got soaked many times. Despite the

attractions and distractions, she made her obser-

vations and collected 60 female spiny lizards over

a seven-week period.

In a laboratory at ASU, Woodley performed

surgery on each of her captured reptiles.

She removed some of the lizards’

ovaries—glands that produce

eggs and female hormones.

She gave others a testos-

terone implant.

A second group of lizards served as controls. 

The control group underwent fake surgery. Woodley

didn’t remove or implant anything on these lizards.

None of the lizard surgeries harmed the animals. 

They were put to sleep so they didn’t feel any pain. Surgery only lasted about

15 minutes, and all of the lizards survived. Each patient went home the day

after surgery. Each was marked with a harmless paint stripe for identification.

Woodley says the lizards acted skittish for several days. So she waited three

weeks before making new behavioral observations. During those three weeks,

she visited the site every other day to help the lizards get used to her presence.

Woodley watched to see how the surgically altered females reacted to

intruders. She used a fishing pole and dental f loss to place intruders on rocks

in the territories of other females.

Females without ovaries showed a decrease in aggression. Since ovaries are

the main source of the hormone estradiol, Woodley believes that estradiol

plays some role in aggression. However, the female lizards with testosterone

implants rated high in displays but low in charging intruders. The testosterone

wore off over time. Woodley thinks the hormone may have caused females 

to exhibit male-like courtship displays.

Fake surgery did not seem to change the lizards’ behavior. More than 

70 percent of those females charged and bit intruders as usual.

Woodley’s research is important because most scientists have assumed that

aggressive competition is a characteristic of males. They have ignored the large

number of situations where females aggressively compete.

What is a 
Control Group?
Control groups are an important part 

of many scientific experiments.

Researchers use control groups to find

out if a treatment really has an effect.

Sometimes, study subjects act differ-

ently after treatment just because they

know they got treated.

Suppose that you go to your doctor 

and tell her that you can’t sleep at night.

She gives you a pill to help. You go

home, take the pill, and fall right to

sleep. The pill did the trick, right?

Maybe. Or, maybe you believed the

pill would work, so you quit worrying

about falling asleep. You got so relaxed

you had no trouble sleeping. It was

your state of mind, not the pill itself,

which helped you.

The way to find out what really worked

is to conduct an experiment using a 

control group. In this type of experiment,

about half of the subjects would receive

the real sleeping pill. The rest would

receive a fake pill, usually made of 

sugar. The fake pill is called a placebo.

None of the subjects would know which

pill they got.

After the experiment, the researcher

would compare the results. If the 

people taking the real pill fell asleep,

but the control group didn’t, then we

woould know the pill works. If both

groups fell asleep, then we would know

that the act of taking the pill, not the

pill itself, was what worked. This is

known as the “placebo effect.”

Even animal researchers often need 

to use control groups. For instance,

Sarah Woodley wanted to know if 

removing a lizard’s ovaries would change

the lizard’s behavior. She needed to be

sure that the loss of ovaries, not the

experience of capture and surgery, was

what caused any change. Woodley used

a control group of lizards. The “control”

lizards went through surgery, but kept

their ovaries.

Can you think of some reasons why 

a lizard might be less aggressive after

surgery, even if the surgery is not quite

the real thing? —Diane Boudreau
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Thermoregulation:

The management of body heat is called thermoregulation.
Without proper thermoregulation, animals cannot survive. To understand 

thermoregulation, it is important to know a little bit more about heat.

In the 1700s, scientists thought of heat as a mysterious f luid, which they

called "caloric." They thought that heat f lowed from a hot into a cold substance

in the same way water f lows from a full into an empty cup. For more than 

100 years, the caloric idea helped to explain observations about heat.  

Ideas changed in the mid-1800s. New observations about heat could 

not be explained in terms of the caloric idea. Today, heat is just one part 

of the modern theory of thermodynamics. The theory says that heat is 

a form of energy, not a mysterious f luid. But we still say that heat "f lows."

Scientists know that heat inf luences temperature. When a substance 

contains lots of heat, it is hot. When it contains little heat, it is cold.

The amount of heat in a substance is called its heat content. When a hot 

substance is put in contact with a cold substance, both substances eventually

become warm. They reach a state called “thermal equilibrium.” Heat from 

the hot substance f lows into the cold substance until it is balanced 

between the two. As a result, both substances reach the same temperature.

That temperature stays the same over time.

If left alone, heat always f lows from hot to cold. This is the direction 

of spontaneous f low. “Spontaneous” means that the f low happens all 

by itself. No usable energy is consumed.

Substances or materials often come in contact with one another. 

During that contact, heat can f low from one substance to the other. 

This process is called conduction.

Any substance, including the skin, feathers, or fur of desert animals, 

is always in contact with its surroundings. That substance is always exchanging

heat with those surroundings. If heat is added faster than it is lost, the heat

content and temperature of that substance will increase. If heat is lost faster
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The 
Wright

Stuff
BY DAVID WRIGHT

Hot
Enough 
For You?

Hot

The caloric idea lasted 

as an explanation for heat

because it described many

commonly observed effects

of heat. We now know 
that heat is the energy 
of moving molecules.
This explains the most 

careful observations we 

can make of heat effects.

The molecules in liquids

and gases bounce off each

other like bumper cars. 

The molecules can’t move

around in solids. They

vibrate in place, as if held

together by tiny springs.

Animals of all kinds
live in hot, dry South-

western deserts. 

These creatures have

adapted to survive 

sizzling summer days

and frosty winter nights. 

To stay cool, a desert

animal must avoid 

and shed heat. To stay

warm, the creature 

must gather and store 

heat in some way.



than it is added, heat content and temperature will decrease. If heat is added

and lost at equal rates, the heat content and temperature will not change.

Every substance has a different ability to hold heat. This ability is called

the heat capacity of the substance. Different substances have different heat

capacities. As a result, they can have different heat contents, even though

they may exist at the same temperature.

Imagine that heat really is f luid and that a substance is a cup. The diameter

of the cup represents its heat capacity. The amount of f luid in the cup is the

heat content. The height of the f luid in the cup represents the temperature. 

The desert is hot because the soil absorbs heat from intense sunlight. 

This is called radiant heating. Sunlight is a form of radiation that contains

many different kinds of light, including infrared light. Infrared light carries

heat and is not visible to the human eye.

Perspiration is efficient for cooling, 

but only if the air is dry. If the air is

humid, the evaporation process is slow.

Heat is not removed quickly. Unfortu-

nately, perspiration requires a large

amount of water, which usually 

is scarce in the desert. 

Many desert animals do not have

sweat glands. Birds  and rodents, like

dogs, must pant to cool themselves.

When they inhale  dry air, water found

on the linings of the lungs  evaporates.

The evaporating water absorbs heat

from the lungs. Heat is exhaled along

with the water vapor. But if these 

creatures become dehydrated, 

they will overheat.

This is what sweat looks like on the surface 

of your skin—enlarged thousands of times by 

electron microscope. The image was made from 

a latex rubber mold of  a fingerprint. Living things 

cannot be viewed in an electron microscope because 

the energy of the electron beam used to illuminate 

the subject would fry it!
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The same heat content can result in different temperatures, 

depending on the heat capacity of the substance. 

Examples of average 
body temperatures  

Birds: 100-112° F 
Rabbits, sheep and cats: 102.2° F

Horses: 100.4° F 
Whales: 95.9°F

Humans: 98-99° F

(in America and France, “normal” 
is set at 98.6°. In Great Britain, 

98.4° is considered the normal point).

Some mammals hibernate 
in the winter and drop 

their body temperatures 
during this time. The most 

extreme example is the 
Arctic ground squirrel, 
which can drop its body 
temperature to 28.4° F

while it hibernates.
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Conduction from the desert soil causes the air to get hot. The air expands.

As it becomes less dense and more buoyant, the hot air rises. To replace 

the rising hot air, cooler air from above sinks to the desert f loor. That air 

then absorbs heat and the cycle continues. When heat moves because hot air

rises and cool air sinks, the process is called convection. 

Desert animals have adapted ways to stay cool during the hot desert day.

They stay in shade or find a cool place underground to avoid radiant heating

and conduction from the soil. Most desert animals are nocturnal, which means

they are active only at night. This is thermoregulation through behavior.

Thermoregulation also depends on the way in which heat inter-

acts with matter. Substances can exist in solid, liquid, or gas form. 

The form, or phase, of a specific substance is determined 

by its heat content. Think about water. If ice absorbs heat, 

it will melt to form liquid. If the liquid absorbs heat, it will

evaporate to form steam or vapor. However, if that water

vapor loses heat, it will condense to form liquid. If the liquid

loses heat, it will freeze into ice.

The change between phases is called a transition. For animals,

evaporation is an important process for cooling—melting, freezing, and

condensing are not practical methods for thermoregulation.

For example, if an animal has enough water in its body, it can use 

evaporation to stay cool by perspiration (sweating) and respiration (breathing).

Animals with sweat glands perspire to cool large areas of skin. Water is 

secreted through pores in the skin. When it evaporates, the water vapor 

carries away heat from the skin.

Lizards, snakes, and other cold-blooded animals cannot generate body

heat from the energy in their food. To stay warm, they absorb the heat they

need from the surrounding environment. They absorb heat directly from 

sunlight. They also use conduction to absorb heat from the hot desert soil.

They retain that heat by insulation.

Coyotes, javelinas, rodents, birds, and other warm-blooded desert animals

also absorb external heat. But they also use chemical energy from food 

to generate large amounts of internal body heat.

As long as food is plentiful, warm-blooded animals have a distinct 

advantage for thermoregulation. Warm-blooded animals can stay warm 

even when it is cold outside for long periods of time. On the other hand,

cold-blooded animals don’t need as much food to survive extreme 

temperatures because these creatures don’t use the energy from their 

food for thermoregulation.

i n s u l a t o r s

Temperature is 
a measure of heat.
There are several 
different  temperature scales.

The Fahrenheit scale is the oldest

system for measuring temperature,

still common in the United States.

It was invented by German physicist

named Daniel Gabriel Fahrenheit 

in 1724. He set the freezing point
of water at 32 degrees, and the

boiling point at 212 degrees.

Anders Celsius invented the Celsius

scale in 1743. He set the freezing
point of water at 0 degrees and

the boiling point at 100 degrees.
This system is now used in most

countries and among scientists

everywhere. It is also called the

Centigrade scale.

The Kelvin scale measures the ultimate extremes

of temperature. It was invented in 1848 by Lord

William Thomson Kelvin. In the Kelvin system,

zero degrees — or “absolute zero” — is the 

temperature at which there is no molecular

motion and therefore, no heat at all. There is 

no temperature colder than absolute zero.

Absolute zero is equal to -273 degrees Celsius 

or -460 degrees Fahrenheit.

Heat flows quickly through some 

substances. These are called thermal 

conductors. Heat  flows slowly through 

substances that are thermal insulators. 

The flow of heat into or out of a substance

depends on conduction. The storage of heat

depends on insulation. Thermoregulation

depends on both  conduction and insulation.

Substances that are good thermal conductors:

metal or water.

Substances that are good thermal insulators:

wood, bone or rock.

What characteristics of these materials 

affect heat flow?

Desert birds, like this turkey vulture, often soar 

effortlessly for hours by riding on thermals, 

the updrafts of rising air created by convection. 

By gliding on thermals, the birds conserve 

precious energy as they hunt for food.

c o n d u c t o r s




