


Essential Guestions

@& What are the four tissue types that are
found in the integumentary system?

@ What are the functions of the
integumentary system?

& What are the two layers of skin
composed of?

@ What are the events that cccur when
skin is repaired?

Review Yocabulary

integument: an enveloping layer of an
organism

Kew Yocabulary
epidermis

keratin

meianin

dermis

hair follicle

sebaceous gland

| Bultilingual eGlossary

Incarporate information
from this section into
your Foldable.

Bigure 4 Skinis an organ hecause it
consists of different types of tissues joined
together for specific purposes.

Summarize what fypes of tissues make
up the skin.

236

SNy - Sldn is 8 multilayered organ that covers and
protects the body.

Reai-World Berding Link The skin on the tips of fingers and toes is thick and is
composed of curving ridges that form the basis of fingerprints. Fingerprints were first
used in criminal investigations in 1860 by Henry Faulds, a Scottish medical missionaty.
Your skin s not just a simple covering that keeps your body together. It is complex
and Is essential for your survival, Your ridges are unigugly yours!

The Structure of Skin

The integumentary (ihn TEG yuh MEN tuh ree) system is the
organ system that covers and protects the bady. Skin is the main
organ of the integumentary system and is composed of four types
of tissues: epithelial tissue, connective tissue, muscle tissue, and
nerve tissue. Epithelial tissue covers body surfaces, and connective
tissue provides support and protection. Muscle tissue is involved in
body movement. Nerve tissue forms the body’s communication
network. You will learn more about muscle tissue in Section 3.

The epidermis Refer 1o Figure 1, which illustrates the two main
layers of skin as seen: through a microscope. The outer superficial
layer of skir is the epidermis. The epidermis consists of epithelial
cells and is about 10 to 30 cells thick, or about as thick as this page.
The outer layers of epidermat cells contain keratin (KER uh tun), a
protein which waterproofs and protects the cells and tissues that lie
underneath. These dead, outer cells are constantly shed. Figure 2
shows that some of the dust in a house are dead skin cells. As
much as an entire layer of skin cells can be lost each month.
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The inner layer of the epidermis contains cells that continually are
dividing by mitosis to replace cells that are lost or die. Some cells in the
inner layer of the epidermis provide protection from harmful ulira-
violet radiation by making a pigment called melanin. Melauin is a pig-
ment that absorbs light energy, which protects deeper cells from the
damaging effects of ultraviolet rays of sunlight. The amount of melanin
that is produced also influences the color of a person’s skin. A suntan
results when melanin is produced in response o exposure fo the ultra-
violet radiation in sunlight.

The dermis Directly beneath the epidermis is the dermuis, the sec-
ond layer of skin. The thickness of the dermis varies but usually is
15-40 times thicker than the epidermis. The dermis consists of con-
nective tissue, a type of tissue that prevents the skin from tearing and
also enables the skin to return to its normal state after being stretched.
This layer contains other structures including nerve cells, muscle fibers,
sweal glands, oil glands, and hair follicles. Beneath the dermis is the
subcutaneous layer, a layer of connective tissue that stores fat and helps
the body retain heat.

Hair and nails Hair, fingernails, and toenails also are parts of the
integumentary system. Both hair and nails contain keratin and develop
from epithelial cells. Hair cells grow out of narrow cavities in the der-
mis called hair follicles. Cells at the base of a hair follicle divide and
push cells away from the follicle, causing hair to grow.

Hair follicles usually have sebaceous or oil glands associated with
them, as shown in Figure 3. Sebaceous glands lubricate skin and hair,
When glands produce too much oil, the follicles can become blocked.
The blockage can close the opening of a follicle, causing a whitehead,
blackhead, or acne—an inflammation of the sebaceous glands.

Reading Check Summarize the differences in structure and function of
the epidermis and the dermis.

Excess oil
inpore

Hair

, Se_.baceous gland

Hair follicle

Figure 2 The dust mite pictured here is
teeding on dead skin cells—a major
component of dust.

fudy Tip
4 m/%}f 7 —

Chart Make a chart with Skin,
Bones, and Muscles as row labels,
and Components and structure and
Function and purpose as the column
labels. Work in small groups to
complete your chart as you review
the text.

= Figure 2 0il, dirt, and bacteria can
become trapped in follicles and erupt and spread
to the surrounding area, causing localized
inflammation,
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e N Fingernzils and toenails grow from specialized epithelial cells at

. the base of each nail. As cells ar the base of a nail divide, older
dead cells are compacted and pushed our. Nails grow abour 0.5 ta
1.2 mm per day. You might have heard that nails and hair continue
to grow for several days after death. This is a myth; cells surround-
ing the nail and hair cells dehydrare causing the cells to shrink and
pull away from nails and hair. This makes both appear longer.

Functions of the
[ritegumentary Syste

R / - Skin serves several important functions including regulation of

- Figure 4 Muscles in the skin cause the hair  © body temperature, production of vitamin D, protection, and per-
of some mammals to stand on end, and cause :ception of one’s surroundings.
“goose bumps® on human skin, : _
Relate what enviranmental changes . Temperature regulation What happens when a person is work-
produce “goose bumps.” . Ing outside on a hot summer day? In order to regulate body tem-

perature, the person sweats. As sweat evaporates it absorbs body
heat, thereby cooling the body. What happens to skin when a per-
son gets cold or frightened? “Goose bumps” are caused by the con-
traction of muscle cells in the dermis. In other mammals, when
these muscles contract, the hair (fur) stands on end.

Notice the frightened cat in Figure 4. The cat appears larger, perhaps
as a way 1o scare off enemies. This also is a mechanism for trapping air,
which insulates or warms the mammal. Humans do not have as much
hair as most other mammals, but “goose burmps” are caused by the
same type of muscles that make a car’s fur stand on end. Humans rely
on fat in the subcutaneous layer instead of hair to keep warm.

KMiniLab

Examine

How is chicken skin similar to human skin? The skin of chicken has characteristics similar to human skin.
Using the chicken wing from the Launch Lab, you will further examine the characteristics of skin.

Procedure [T gﬁ % @ @ E

1. Read and complete the lab safety form,

£. Wear disposable lab gloves. Remove the chicken wing from the self-sealing bag and place it in a dissect-
ing pan.

3. Use a dissecting kit to remove the skin from the wing. Use scissars o carefully snip a hole in the skin that
is loosely attached to the wing.

4. Make a cut about 6 cm in length. Pull the skin away from the wing. Use scissors and the scalpel {o cut
through the transparent membrane that attaches the skin to the muscles.

B. Try to remove the skin without making any more holes. Look for pockets of fat, blcod vessels, and muscle
fibers attached to the skin. Note the strength of the skin.

6. Dispose of the skin and used gloves as directed by your teacher. Clean your dissecting tools and
dissecting pan with warm, seapy water. Save the skinned wing to use in the next MiniLab.

Analysis

1. Think Criticaliy about folicies. Human skin contains hair follicies. What type of follicles might you find on
chicken skin?

2. Explain why it is important for skin to be strong and elastic.
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Witarmin production Skin also responds to exposure o ultraviolet
light rays from the Sun by producing viramin D. Vitamin D
increases absorprion of calcium into the bloodstream and is essen-
tial for proper bone formation. Many food products are now forti-
fied with vitamin D.

Fretection and senises Intact skin prevents the entry of micro-

Function

organisms and other foreign substances. Skin helps maintain body | .0, purpose
temperature by preventing excessive water loss. Melanin in the C One fimction of the skin is
skin protects against ultraviolet rays. Informarion about changesin g protect the hody.

the environment, such as pain, pressure, and temperature changes,
is relayed to the brain.

Skin has the remarkable ability to repair itself Without a repair
mechanism, the body would be subject 1o invasion by microbes
through breaks in the skin.

Cuts and scrapes Sometimes, as in the case of a minor scrape,
only the epidermis is injured. Cells deep in the epidermis divide
to replace the lost or injured cells. When the injury is deep, blood
vessels might be injured, resulting in bleeding. Blood flows our of
the wound and a clot is formed. Blood clots form a scab to close
the wound, and cells beneath the scab multiply and fill in the
wound. At the same time, infection-fighting white blood cells will
help get rid of any bacteria that might have entered the wound.

Effects of the Sun and burns As people age, the elasticity of

their skin decreases and they start to get wrinkles. Exposure to Physical Therapist A physical
ultraviolet rays from the Sun accelerates this process and can result therapist helps injured or disabled
in burning of the skin and other damage. people to improve or regain physical

functions using technigues such as
Burns, whether caused by the Sun, heat, or | exercise and massage.

chemicals, usually are classified according to their severity. The AN
types of burns are summarized in Table 1. First-degree burns gener-

ally are miid and involve only cells in the epidermis. A burn that

blisters or leaves a scar is a second-degree burn and involves dam-

age to both the epidermis and dermis. Third-degree burns are the

most severe, Muscle tissue and nerve cells in both the epidermis

and dermis might be destroyed, and skin function is lost. Healthy

skin might have to be transplanted from another place on the body

in order to restore the protective layer of the body.

Classification of Burmns

Inferactive Table

. Cells in the epidermis are injured and may die. « Redress and swelling
First-degree . .
= Mild pain
Cells deeper in the epidermis die. Celis in the dermis « Blisters
Second-degree N ] .
are injured and may die, « Pain
Cells in the epidermis and dermis die. Nerve cells and + Skin function lost
Third-degree muscles cells are injured. - Healthy skin needs to be transplanted

- No pain because of nerve celi damage
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- Figure B Warning signs of skin cancer
include any ohvious change in & wart or mole, or
males that are irreguiarly shaped, varied in color,
or are larger than the dfameter of a pencil.

Section 1 ssess
Section Summeary

@ The skin is the major organ of the integu-
mentary system.

@ Maintaining homeostasis is one function of
the integumentary system.

@ There are four types of tissues in the integu-
mentary system.

@ Hair, fingernails, and toenails develop from
epithelial cells.

@ Burns are classified according to the severity
of the damage to skin tissues.

Skin cancer Exposure 1o ultraviolet radiation, whether it is from
the Sun or from artificial sources such as tanning heds, is recognized
as an important risk factor for the development of skin cancer. Ulrra-
violet radiation can damage the DNA in skin cells, causing those celis
te grow and divide uncontrollably. When this happens, skin cancer
results. Refer tc Figure 5 to see some warning signs of skin cancer.
Skin cancer is the most common cancer in the United States. There
are two main categories of skin cancer: melanoma and nonmelanoma.
Melanomia begins in melanocytes, the cells that produce the pigment
melanin. Melanoma is the deadliest formm of skin cancer. Melanoma can
spread 1o internal organs and the lymphatic system. It is estimated
that one person dies from melanoma every hour in the United States.
‘Teens are at greater risk for melanoma because as they grow, their skin
cells divide meore rapidly than they will when they reach adulthood.
Anyone can get skin cancer. However, individuals with light skin,
light-colored eves, light hair color, and a tendency to burn or freckle are
at the greatest risk. Everyone should try to avoid prolonged exposure to
the Sun, especially between 10 am. and 4 pm. when the Sun’s rays are
the strongest. Other preventative measures include wearing protective
clothing or sunscreen with a Sun Protection Factor (SPF) of at least 15.

ent ‘\m o

. Understand Main ideas
} Diagram ihe two layers of the skin.

2. Summarize the types of tissues in the integumentary system and their func-
. tions.

3. Generalize different ways the integumentary system helps a human survive.
4. Sequence the process of skin repair in response to a cut.

B. Compare effects of first-degree, second-degree, and third-degree burns.
Think Criticaily

&. Evaluate the labels of iwe name-brand skin creams to compare how the two
products claim to benefit the skin.

, Ein: g2niial

7. To determine how long an SPF will protect a person from burning in the Sun,
multipfy the amount of time the person can spend in the Sun before starting to
burn by the SPF rating. If an individual who usually bums in 10 min uses & prod-
uct with an SPF of 15, how long will the protection last?

<
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Essential Guestions

@ What are the differences between the
bones of the axial and appendicular
skeletons?

& How is new bone formed?

@ What are the functions of the skeletal
system?

Review Yocabulary

cartilage: tough, flexible connective
tissue that forms the skeletons of
embryos and later covers the surface

of bones that move against each other in
joints

New Vocabulary

axial skeleton
appendicular skeleton
compact bone
osteocyte

spongy bone

red bone marrow
yellow hone marrow
osteohlast
ossification
osteoclast

llgament

Multilingual eGlessary

Parsonat Tutor

Figure & The axial skeleton includes the
hones of the head, back, and chest. Bones in
the appendicular skeleton are related to
movement of the limbs.

Y The skeleton provides a structural framework for
the body and protects internal organs such as the heart, lungs,
and brain.

fesl-World Reading Lick Framing is an early stage of building a house. A person
can walk through a house at that stage and know the plan of the house because of
the framework. The skeletal system can be compared to the frame-work of a
house. The framework provides struciure and profection

Struciure of the Skeletal System

Notice all the bones in the adult skeleton pictured in Figure 6. If you
counted them, you would find that there are 206 bones. The human
skeleton consists of two divisions-the axial skeleton and the appen-
dicular skeleton. The axial skeleton includes the skull, the vertebral
column, the ribs, and the sternum. The appendicular skeleton
includes the bones of the shouliders, arms, hands, hips, legs, and feet.

Skeletal System

{
Axial skeleton (30)

!—}—\

Skuil and
associated
bones {29)

|
Appendicular skeleton (126}

Clavicle (2}
Scapula (2)

Sternum (1) Humerus (2}
Uina {2)

Ribs (24) Radius (2)

Carpal

Vertebral hones (16) [-Upper limbs {60}

colamn (26)
Metacarpal
bonas (10)

/ Phalanges (28)
Pelvic girdle (2)
Femur (2}
Patella (2}
Tibia (2)
Fhula (2)

Tarsal
bones (14}

Metatarsal
hones (i 0)

/ Phalanges (28)A

Section 2 - The Skeletal System 844
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teedical Hlusirater A medical
L illustrator combines a talent in art
with an interest in biclogy to illustrate
procedures or 1o create teaching
models.

‘\

BrainPOp

Fligesre 7 Bone is either compaci bone or
spongy bene.
Classify how spongy bone and
compact bone differ in location
and function.

Osteocyte

Lompact aned spongy bone Bone is & connective tissue that has
many shapes and sizes. Bones are classified as long, short, flat, or
irregular. Refer to Bigure & Arm and leg bones are examples of long
bones, and wrist bones are examples of short bones. Flat bones
make up the skull. Facial bones and vertebrae are irregular bones.

The outer layers of ali bones are composed of compact bone.
Compact bone is dense and strong; it provides strength and
protection. Running the length of compact bones are tubelike
structures called osteons, or Haversian systems, which contain
blood vessels and nerves. The blood vessels provide oxygen and
nutrients to esteocytes—living bone cells.

The centers of bones can differ greatly, as illustrated in Figure 7. As
the name suggests, spongy bone is less dense and has many cavi-
ties thar contain bone marrow. Spongy bone is found in the cenrer of
short or flat bones and at the end of long bones. Spongy bone is sur-
rounded by coempact bone and does not contain Haversian systems.

There are two types of bone marrow—red and vellow. Red and
white blood cells and platelets are produced in red bone mar-
row. Red bone marrow is found in the humerus bone of the arm,
the femur bone of the leg, the sternum and ribs, the vertebrae, and
the pelvis. The cavities of an infant’s bones are composed of red
marrow. Children’s bones have more red marrow than adult bones.
Yellow bone marrow, found in many other bones, consists of
stored fat. The body can convert yellow bone marrow to red bone
marrow in cases of extreme blood loss or anemia.

Formation of bene The skeletons of embryos are composed of car-
tilage. During fetal development, cells in fetal cartilage develop into
bone-forming cells called asteoblasts. The formation of bone from
osteoblasts is called ossification. Except for the tip of the nose,
outer ears, discs between vertebrae, and the lining of movable
joints, the human adult skeleton is all bone. Osteoblasts also are the
cells responsible for the growth and repair of bones.

Blood Compact Spongy
vassel bone S hone

Osteon

Eapillaries\ e 7 systemm

Artery —
/ %
Vein = N\ /
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Remeodeling of bone Bones constantly are being
remodeled, which involves replacing old cells with
new cells. This process is continual throughour life
and is importanyt in the growth of an individual. Cells
called osteoclasts break down bone cells, which are
then replaced by new bone tissue. Bone growth
involves several factors, including nutrition and physi-
cal exercise. For example, a person with insufficient
calcium can develop a condition known as osteoporo-
sis that results in weak, fragile bones that break easily.

Reading Check Compare the roles of osieoblasts and
osteoclasts.

Repair of bone Fractures are very common bone
injuries. When a bone breaks but does not come
through the skin, it is a simple fracture. A com-
pound fracture is one in which the bone protrudes
through the skin. A stress fracture is a thin crack in
the bone. When a bone is fractured, repair begins
immediately. Refer to Figure 8, which illustrates the
steps in the repair of a broken bone.

Fracture Upon injury, endorphins, chemicals pro-
duced in the brain and sometimes called “the body’s
natural painkillers” flood the area of the injury to
reduce the amount of pain temporarily. The injured
area quickly becomes inflamed, or swollen. The
swelling can last for two or three weeks.

Within about eight hours, a blood clot forms
between the broken ends of the bone and new bone
begins to form. First, a soft callus, or mass, of carti-
Jage forms at the location of the break. This tissue is
weal, so the broken bone must remain in place.

Callus fermation About three weeks later, osteoblasts
form a callus made of spongy bone that surrounds
the fracture. The spongy bone is then replaced by
compact bone. Osteoclasts remove the spongy bone
while ostecblasts produce stronger, compact bone.
Splints, casts, and sometimes traction can ensure
that the broken bone rernains in place until new
bone tissue has formed. Broken fingers often are
kept in place by being taped to an adjacent finger.

Remodeling Bones require different amounts of
time to heal. Age, nurrition, location, and severiry of
the break are all factors. A lack of calcium in a per-
son’s diet will slow down bone repair. Bones of
younger people usually heal more quickly than
bones of older people. For example, a fracture might
take only four to six weeks to be repaired in a tod-
dler, bur it might take six months in an adult.

What's BIOLOGY ©

Animation

* Figesre 8 Bone repair requires several steps. First, a mass of
clotted blood forms in the space between the broken bones. Then
connective tissue fills the space of the broken hone. Eventually,
ostechlasts produce new bone fissue.

Fracture
Blood clat Spongy bone

Compact bone

Callus Formation
Connective fissue

Spongy bone Caflus

Remodeling

Healed fracture
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Joints
Joints occur where two or more bones meet. Except for the joints
in the skull, they can be classified according to the movement they
allow and the shapes of their parts. Table 2 idenrtifies five kinds of
joints—ball-and-socket, pivot, hinge, gliding, and sutures. Study
Table 2 To identify the type of movemenrt that each kind of joint
allows and also the bones involved in each example.
Beview Based o what youi have read about Not all joints are movable. The joints berween some skull bones
joints, how would you now answer the anaty- . are fixed. At birth, however, skull bones are not all fused together.
sis guestions? : They become fused by the time a baby is about three months old.
© Gliding joints, like those found in the hand, have limited movement.
Orther joinrs, such as the hinge joint of the elbow and the pivot joint
in the lower arrmn, allow back-and-forth movement and twisting. The
ball-and-socket joints of the hips and shoulders have the widest
range of motion.
The bones of joints are held together by ligaments. Ligaments
are tough bands of connective tissue that atrach one bone 1o
¢ another. You will learn more about ligaments and tendons, which
BrainPoP ©  attach muscle to bone, in the following section.

T —
k]
'

Reading Check Review the types of joints and how joints are classified.

Some Joints of the Skeletal System Interactive Table

Sutures

Pivot Hinge

In a hall-and-socket ~ The primary move- In a hinge joint, the Gliding joints allow Sutures are joints in
jeint, the ball-like ment at a pivot joint  convex surface of side-to-side and the skull that are not
surface of one bone  isrotation. One one bone fits into back-and-forth movable. There are
fits into a cuplike example of a pivot the concave surface  movement. The 22 hones in an adult
depression of jointis the elbow of another bone. joints in wrists and skull. Al skull bones
another bone and joint where two Elhows and knees ankles are gliding except the lower jaw
allows the widest hones of the lower are hinge joints. joints. The loints of bone are joined at
range of motion of arm, the radius, and  They allow vertehrae also are sutures,

any kind of joint. the ulna meet. This back-and-forth gliding joints.

The joints of the joint allows a person  movement like that

hips and shoulders to twist the lower of a door hinge.

are ball-and-socket arm.

joints. They allow
a person to swing
his or her arms
and legs.
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Gstecartheitis (ahs tee oh ar THRI tus) The ends of bones in mov-
able joints, such as the knee, are covered by cartilage, which serves
as a cushion and allows smooth movement of the joint. Ostecar-
thritis is a painful condition that affects joints and results from: the
deterioration of the cartilage. It is a very common condition in
knees and hips and also affects the neck and back. Ostecarthritis
affects about ten percent of Americans and the frequency increases
with age. A young person who has a joint injury is at risk to
develop ostecarthritis larer in life.

Rhewrnatedd arthritis Rheumatoid (roo MAH toyd) arthrids is
another form of arthritis that affecrs joints. Rheumaroid arthritis is nor
the result of cartilage deterioration or of wear and tear on the joint.
Affected joints lose strength and function and are inflamed, swollen,

and painful. Fingers can look deformed, as illustrated in gigure 8. :  Figure 8 Rheumatold arthritis can cause
¢ loss of strength and function and Involves
Bursitiz Shoulders and knees alse have fluid-filled sacs called bur- D severe pain.
sae that surround these joints. Bursae decrease friction and act asa | Compare how rheumatoid arthritis
cushion between bones and tendons. Bursitis is an inflamation of | differs from the more common
: osteodrthritis.

the bursae and can reduce joint movement and cause pain and
swelling. Perhaps you have heard of “rennis elbow” which is a form
of bursitis. Treatment usually involves resting the joint involved.

Sprains A sprain involves damage to the ligaments thar hold joints
together. It is caused when a joint is twisted or overstretched and
usually causes the joint to swell and be tender and painful.

Minitab

3]

Examine Bone Attachiments

How are hones attached to muscles and other bones? Tendons attach muscie to bone, and ligaments atiach ‘_
bone to bone. You will examine these attachments using a skinned chicken wing. ;

Bracedure @ @‘T@ @ K‘%& % &

1. Read and complete the lab safety form.

2. Wear disposable lab gloves. Put the skinned chicken wing in a dissection pan.

3. Choose one muscle and use a pair of dissection scissors to cut the muscle away from the bone, leaving
each end intact. Look for the long, white, tough tendens that connect the muscle 1o the bone.

4. Move the bones at the joint and notice how the tendon moves as the bones are pulled.

8. Carefuily cut away all the muscles from the bones. The bones will still be attached to each other. Look for
the white ligaments that hold them togethar. Examine the ends of each bone.

&. DCraw a diagram of the wing without the muscles showing how the bones are attached to each other.
Compare this drawing to the cne you made in the Launch Lab.

Analysis
1. Explain how the drawing that you made in the Launch Lab is different from the drawing that you made of
- the wing in this lab.

2. Observe and Infer Did you notice how a muscle is attached at one end to a bone and then how the
ligement at the other end runs across a joint to attach that end of the muscle 1o the next bone? Use a
diagram to explain why this is important.

3. Think eritically about the color of the ends of the bones at moveable joints. What do you think this
material is?
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Functions of the Skeletal System
You might think that the only purpose of a skeleton is to
serve as a framewaork to support the body. The bones of
the legs, pelvis, and the vertebral column hold up the
body. The mandible supports the teeth, and almost all
bones support muscies. Many soft organs are directly or
indirectly supperied by nearby bones.

The skeletal systern serves other functions besides
support, as shown in Takle 2 The skull protects the brain,
vertebrae protect the spinal cord, and the rib cage pro-

Functions of the
Skeletal Sysiem

- Legs, pelvis, and vertebral
column hold up the body

Support ) Mand:ble”supports the teeth rects the heart, lungs, and other organs.
’ AEmOS‘lt all bones support The cuter layers of bone tissue also pratect the bone
Muscies

marrow found inside bones. In addition to forming red
blood cells and white blood cells, red bone marrow forms
platelets, which are involved in bleod clotting. Red blood
cells are produced at the rate of more than two million
per second.

Until a person reaches about seven years of age, all
bore marrow is red bone marrow. Then, fat tissue

« Skull protects the brain
- Vertebrae protect the spinal
Protection column
« Rib cage protects the heart,
lungs, and other organs

. vonof Red bone marrow produces red replaces some red marrow and gives the marrow a yel-
b?m:: 'ol? ° blood cells, white blood celis, &+ ¢ lowish appearance, which gives it its name. Fart is an
ooa cells and platelets - ¢ important source of energy.
. ) - Bones are reservoirs for the storage of minerals such as
Reservoir » Stores calcium and phosphorus calcium and phosphorus. When blood calcium levels are wo
- Atiached muscles pull on bones low, calcmm is released fro_m bgnes. Wh.en bleod _calc:lum
of arms and legs levels are high, excess calcium is stored in bone tissue. In
Movement i : intai i
. Diaphragm allows rormal this way, the skeletal systern helps to maintain homeostasis.
brezthing Bones that have muscles attached to them allow
ct
s e, movement of the body. For example, as muscles pull on
the bones of the arms and legs, they cause movement.
Muscles that are attached to your ribs allow you to
breathe normally.
Section . ient
Section Summary . Understand Main Ideas
® The human skeleton consists of two © 1 Identify and describe the functions of the axial skeleton and the
divisions. : appendicular skeleton.

o
e
®

. 3. Compare the body’s mechanism for repairing a fraciured bone with the

@ Most bones are composed of two different 2. Compare the compositions of red bone marrow and yellow bone marrow.

types of tissue.

@ Bones ate being remodeled constantly. . original development of bone.

@ Bones work in conjunction with muscies. 4. Construct a classification scheme for all of the bones shown in
) : Figure 6.

@ The skeleton has several important .

. B. Consider what the result might be if osteoblast and osteoclast cells did not
. function properly both in a developing fetus and in an adult.

. 6. Distinguish between compact and spongy bone based on appearance, loca-
. tion, and function.
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Section .

Essentiaf Questions

& What are the three types of muscle tissue?

@ What are the events involved in
muscle contraction at the cellular and
malecular levels?

@ What are the differences between slow-
twilch and fasttwitch muscle fibers?

Review Yocabulary

anaerobic: chemical reactions that
do not require the presence of oxygen

Mew Vocabulary

smooth muscle
involuntary muscle
cardiac muscle
skeletal muscle
voluntary muscle
tendon

myofibril

myosin

actin

sarcomere

Muttiingual eGlossary

Figure 4@ When magnified, differences in
muscle shape and appearance can be seen.
Smooth muscle fibers appear spindle-shaped;
cardiac muscle appears striated or striped;
skeletal muscle also appears striated.
Explzin how muscles are classified, in
addition to their appearance.

Smooth musele

Cardiac muscie

[ Ciie

- The three major types of muscle tissue differ in structure and

fusiction.

Feal-World Keading Link Leonardo da Vinc contributed a great amount
of knowledge to the scientific community. He studied the human body by
examining cedavers. Da Vinci replaced muscles with string and learned that
muscles shorten and puli on bones to make them move.

Three Types of Muscle

A muscle consists of groups of fibers or muscle cells that are bound
together. When the word muscle is used, many people immediately
think of skeletal muscle. Examine Figure 46 to see that there are three
types of muscle: smooth muscle, cardiac muscle and skeleral muscle.
Muscles are classified according to their structure and function.

Smooth muscle Many hollow internal organs such as the stom-
ach, intestines, bladder, and uterus are lined with smooth TS
cle. Smooth muscle is called involuntary muscle because it
cannot be controlled consciously. For example, food moves through
the digestive tract because of the action of smooth muscles that line
the esophagus, stomach, and small and large intestines. Under a
microscope, smooth muscle does not appear striated, or striped, and
each cel! has one nucleus.

Cardiac muscle The involuntary muscle present only in the heart
is called cardiac muscle. Cardiac muscle cells are arranged in a
network, or web, that allows the heart muscle to contract effi-
ciently and rhyth-mically. This arrangement gives strength to the
heart. Cardiac muscle is striped, or striated, with light and dark
bands of cells with many nuclei. Cells usually have one micleus
and are connected by gap junctions.

Nucleus Rucleus

Striation
Striation

Skeletal musecle
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Comiract

Seience usage: 10 tighten or 1o
shorten

Muscles contract and cause movement.

Common usage: 10 become
atfectred with

If you are expesed to the flu, you may
contract the illness. .

Virtual Lab

= Flgure 91 Skeletai muscles are arranged in
antagonistic pairs.

e

=1

[ Animation

Contracting
hiceps

Relaxing
triceps

When the biceps muscle contracts, the lower arm is
maved upward.

Skeletal rmuscle Most of the muscles in the body are skeletal
muscles, Skeletal muscles are muscles attached to bones by ten-
dons and when tightened, or contracted, cause movement. Skeletal
muscles are voluntary muscles that are consciously controlled to
move bones, Tendons, which are rough bands of connecrive
tissue, connect muscles to bones, Under a microscope, skeletal mus-
cles also appear striated.

-+l Compare and contrast the three types of muscies.

Skeletal Muscle Contraction

Most skeletal muscles are arranged in opposing, or antagonistic pairs.
Figure 41 illustrares muscles that you use to raise your arm and oppos-
ing muscles that you use 1o lower your arm. Skeletal muscle is
arranged into fibers, which are fused muscle cells. Muscle fibers con-
sist of many smaller units called myofibrils. Myofibrils consist of
even smaller units, rmyesin and actin, which are protein filaments.
Myofibrils are arranged in sections called sarcomeres. A sarcomnere is
the functional unit of a muscle and the part of the muscle that con-
tracts as illustrated in Figure 42. The striations of skeletal muscles are a
result of the sarcomeres, which run Z line to Z line. Z lines are where
actin filaments attach within a myofibril. The overlap of actin and
myosin filaments results in a dark band called the A band. The M
line consists of only myosin filaments. The arrangement of the com-
ponents of a sarcomere causes a muscle to shorten and then relax.

Stiding filament theory The sliding filament theory is also illus-
trated in Pigure i2. This theory states that once a nerve signal
reaches a muscle, the actin {ilaments slide toward one another,
causing the muscle to contract. Notice that the myosin filaments
do not move. There are many skeleral muscles involved in a sim-
ple motion.

When the nerve impulse reaches the
muscle, calcium is released into the myofibrils causing the myosin
and actin to attach to each other. The actin filaments are pulied
toward the center of the sarcomere, resulting in muscle contrac-
tion. ATP is necessary for this step of muscle contraction. As the
muscle relaxes, the filaments return into their original positions.

Relaxing
hiceps

" Contracting
triceps

When the triceps muscle on the back of the upper arm contracts, the lower
arm moves downward.
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Figure 12
A muscle fiber is made of mycfibrils. The protein filaments actin and myosin form myofibrils.

Mitochondria

Muscle fiber

Mucleus of muscle celi

The functional unit of the
myofibril is the sarcomere.
Myofibrils are made of
myosin and actin filaments.

Myofibril Myosin filaments

{thick)

A band

Sarcomere
Relaxed Contracting In response to a nerve Fuily contracted The sliding
signal, cross bridges are formed hetween filarnent theory explains that
myesin and actin. ATP is used to change muscles contract when actin
Sarcomere the position of the cross bridge, which filaments slide toward one another,
Zlina - A band . causes the movement of actin filaments.
A,

Myasin

filaments filaments

Binding f '
sites

Movement of actin filament




Energy for muscle cortraction All muscle cells merabolize
aerobically and anaerobically. When sufficient oxygen is available,
aerobic cellular respiration occurs in muscle cells.

Recall that cellular respiration process provides ATP for energy.
After a period of intense exercise, muscles might not get enough oxy-
gen to sustain cellular respiration, limiting the amount of ATP that is
avaitable. Muscles, like those of the athlete in Figues 42, then must
rely on the anaerobic process of lactic acid fermentation for energy.

During exercise, lactic acid builds up in muscle cells, causing
fatigue. Excess lactic acid enters the bloodstream and this stimu-
lates rapid brearhing. After resting for a short time, adequate
amounts of oxygen are restored and lactic acid is broken down.

You probably have seen a dead animal along the side of the
road. When an animal dies, rigor mortis sets in. Rigor mortis is a
state of prolonged muscular contraction. ATP is required to pump
the calcium back cut of the myofibrils, which causes the muscles
to relax. In rigor mortis, the dead animal cannot produce ATF, so
the calcium remains in the myofibrils and the muscle remains con-
tracted. After 24 hours, cells and tissues begin degrading and the
muscle fibers cannot remain contracted.

Figure 43 Crossing the finish line is
a moment of intense energy.
Explain why normal breathing is
important after intense exercise.

Skeletal Musdle Strength

Many people do not develop the physiques of champion body-
builders, no matter how often they work out in the weight room.
A person might be the fastest sprinter on the track team, burt
quickly becomes fatigued in a long-distance race. What might be
the reason for these differences? The reason in both cases is the
ratio of slow-twitch muscle fibers to fasttwitch muscle fibers.
Both slow-twitch and fast-twitch fibers are present in every
person’s muscies.

LAR

St

BATA ANAL

Baced on Real Data™

Prate and Observations

How is the percentage of slow-twitch muscle related
to action of a muscle? The proportion

of slow-twitch to fast-twitch muscle fibers can

be determined by removing a small piece of a muscle
and staining the cells with a dye called ATPase stain.

Fast-twitch muscle fibers with a high amount of ATP Soleus (leg) Hlevates the foot 87

activity stain dark brown. Biceps femoris {leg} Flexes the leg 67

Think Criticalby

1. Hypothesize why a muscle such as the soleus Deltoid {shouider) Lifts the arm 52
has more slow-twitch muscle fibers than a mus- Sternocleidomasto- Moves the head 35

cle such as the orbicularis oculi.

2. Classify muscles by giving examples of
muscles that have a high proportion of Orbicularis oculi {face}  Closes the eyelid 15
fast-twitch muscle fibers. O .

ideus {neck}

*“Data adapted from: Lamb, D.R. 1884, Physiofogy of Exercise New York: Macmillan Co.
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Slove-twiteh museles Muscles vary in the speeds at which
they contract. Slow-twitch muscles contract more slowly
than fasttwitch muscie fibers. Slow-twitch muscle fibers
have more endurance than fast-twitch muscle fibers. The
body of the triathlete in Bigure 44 has many slow-twitch
fibers. These kinds of muscle fibers function well in long-
distance running or swimming because they resist fatigue
more than fasetwitch muscle fibers.

Slow-twitch muscle fibers have many mitochondria
needed for cellular respiration. They also contain myoglo-
bin, a respiratory molecule thar stores oxygen and serves as
an oxygen reserve. Myogleobin causes the muscles to have a
dark appearance. Exercise increases the number of mito-
chondria in these fibers, but the overall increase in the size
of the muscle is minimal.

Fast-twitch muscles Fasttwitch muscle fibers fatigue eas-
ily but provide great strength for rapid, short movements.
Fasttwitch muscle fibers are adapred for strength. They
function well in exercises requiring short bursts of energy
such as sprinting or weightlifting, as illustrated in Figure 14.

Fast-twitch fibers are lighter in color because they lack
myoglobin. Because they have fewer mitochondria, they
rely on anaerobic metabolism, which causes a buildup of
lactic acid. This causes these muscles to fatigue easily. Exer-
cise increases the number of myofibrils in a muscle,
thereby increasing the diamerer of the entire muscle.

Most skeletal muscles contain a mixture of slow-twitch
and fast-twitch muscle fibers. The ratio of these fibers is deter-

mined genetically. If therg is a very high ratio of slow-rwitch .« Figure 44 Tralhletes have a high proportion of
to fasttwitch, a person mighr be a champion cross-country © slow-twitch muscle fibers. Weight Iifters have a high
runner. Champion sprinters have a high proportion of fast- : proportion of fast-twitch muscle fibers.

twitch muscle fibers. Most people are somewhere in between.

Section
Section Summary . Understand Main Ideas
@ There are three types of muscle tissue. N Construct a chart that fists similarities and differences amorng

@ Skeletal muscles are arranged in antagonis- the three types of muscles.

tic pairs that work opposite 1o each other. + 2. Identify which type of muscles are voluntary and which are involuntary.

3. Explain why aerobic respiration occurs before lactic acid fermentation in
most muscles, -

@ Smocth muscles line many internal organs.

& Cardiac muscle is present only in the heart,
4. Compare the role of mitochondria in stow-fwitch and fast-twitch muscle

fibers.

Think Criticaily

5. Infer Wild turkeys have & higher ratio of dark meat {muscle) to white meat
than farm-raised turkeys. Why does this allow wild turkeys to fly
. longer distances than domesticated turkeys?

@ All muscle cells metabolize both aerobically
and anaerobically. N

Biology
&. Write a short story that describes the sequence of events involved in skeletal
. muscle contractien. Tell your story from the point of view of a caleium ion.

Oniine Quiz Section 3 » The Muscular System 954




4

"

SPFs
i i o ‘3’9::!%

When you are outside playing sports or hanging out
with your friends, the Sun is a welcome companion.
Its warm rays are a staple of summertime fun. But
are you adequately protecting yourself from the
potentially harmful effects of the Sun? Retailers
display many shelves of sun-protection products,
but how much protection do these products
provide?
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Ty Spes B Gue

ot
Eil]
& &
W

Damaged skin Itis important to understand
that tanned skin is damaged skin. Skin celts that
have been expesed to and injured by the Sun’s
ultraviolet (UV) rays produce melanin in order to
absorb the rays. The melanin causes the “tanned”
look. There are two kinds of UV rays that can reach
Earth. UVB rays cause sunburns. UVA rays, which
penetrate skin more deeply than UVB rays, cause
other kinds of skin damage, such as wrinkles and
sunspots. The same problems can result from using
ranning beds or sunlamps, toth of which emit UV
rays. Even if you do not become sunburmed,
exposure to both kinds of UV rays can increase
your risk of skin cancers—especially melanoma, ihe
most serious kind of skin cancer.

To pretect skin from the Sun's rays, people can
wear sunscreen. Many sunscreens are labeled with
a number marked “SPF” which stands for “Sun
Protection Factor.” However, SPF only measures
protection from UVB rays. Sunscreens that are
labeled “broad-spectrum” offer scme protection
from UVA rays, but scientists have not vet
developed a system of measuring how well a
sunscreen protects from UVA rays.

tederstanding SPF Using the best product
may be difficuit because SPF numbers can be
misleading. For exampie, cne might think that a
sunscreen with an SPF of 30 would have twice the
protection against UVB rays than a sunscreen with
an SPF of 15. However, that is not the case. A
sunscreen with an SPF of 15 protects against 93

952 Chapter 32 - Integumentary, Skeletat, and Muscular Systems

These students should alt be wearing sunscreen with at least SPE 15
on all skin surfaces exposed fo the Sun's rays.

percent of UVB rays, while a sunscreen with an SPF of 30
protects against 97 percent of UVE rays.

The American Cancer Society recommends that when
outdoors, people of all ethnicities should wear a water-
resistant sunscreen with an SPF of at least 15. About one
ounce of sunscreen should be applied 15 to 30 minutes
before going outside, even on cloudy days. Sunscreen
should be reapplied every two hours. This simpie habit
goes a long way to protect skin from the Sun’s rays. And
for people who miss having that golden glow, there are
always self-tanning products,

Create a skit Write a skit that
explains SPF ratings and why wearing
sunscreen is important o one’s health.
Research other steps that pecple can
take to protect themselves from the
Sun, and include those steps in the skit.
I{ time -aliows, perfcrm your skit for
other classes.

Webluest
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FORENSICS: HOW CAN SKELETONS HELP YOU SOLVE & “CRIME"?

‘oirrd Imagine there is a National
Museum of Domestic Chickens and i has been
rebbed. Several bones from the first chiclen
eaten in America are missing. Three dogs are
suspects. Your job is fo examine impressions of
bones that were found in mud near the dog-
house of each dog and to determine if any of
the bones came from a chicken. You wiil he
given a clue for each unliown bone.,

v Can the structure and form of o
bone tell you from which animal it come?

Materiais

impressions of three unknown bones
set of clues

various animal skeletons

hand lens

metric rujer

string

Safety Precautions Sad B°8 [ |

Procedure

1. Read and complete the lab safety form.

2. Collect materials you will use to
measure and examine the skeletons.
Determine what types of measure-
ments you will make.

3. Cbtain impressions of three bones and
a set of clues from your teacher. Do
not open the clues until you are told
to do so.

4. Design a data table to record your
measurements.

5. Examine the skeletons. Compare them
to the impressions.

&. Make measuremenrs and record the data.

7. Open the clues you were given and
reexamine your data and answers.

8. Cleanup and Disposal Retumn any
reusable materials 1o their proper
storage areas.

Biclak

Analyze and Conciude

I. Analyze Data Based on your observa-
tions and measurements, determine
which one of the impressions came
from a chicken.

2. Interpret Data How did you use
informarion concerning the size and
shape of each impression to help you
determine from which animal it came?

3. Evaluate Did your conclusions change
afrer you opened the clues? Explain your
reasoning if your conclusions changed.

4. Compare and Contrast What similari-
ties did you notice between each
impression and bones in the human skel-
eton? What differences did you notice?

5. Relate Which skeletons seem to share
the most characteristics with a human
skeleton?

6. Draw Conclusions Which dog stole
the chicken bones?

Poster Sessfon Pzleonrologists are scientists
who study fossils. Through their studies of
fossil bones they have found evidence that
birds had a dincsaur ancestor. Research the
evidence that has been found and create a
poster that shows what you learned.
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These systems work tooether (o maintain homeosiasis by protecting,

supporting, and moving the body.

epidermis (p. 236)
keratin (p. 936}

melanin (p. 937)

dermis {p. 937)

hair follicie {p. 937}
sebaceous gland {p. 937}

L Bkin is & muitilayered organ that covers and protecis the body.

o The skin is the major organ of the integumentary system.

» Maintaining homeostasis is one function of the integumentary system.

e There are four types of tissues in the integumentary system.

o Hair, fingernails, and toenails develop from epithelial cells.

e Burns are classified according to the severity of the damage to skin
tissues.

axial skeleton {p. 941}
appendicular skeleton (p. 941)
compact bone {p. 942)
osteocyte {p. 942}

snongy bone (p. 242)

red hone marrow {p. 942)
vellow bone marrow {p. 3942)
osteobiast {p. 942)
ossification (p. 942}
osteoclast ( p. 943)

ligament (p. 944)

The skeleton provides a struciural framework for the body
and pratects internal organs such as the heart, lungs, and brain.

» The human skeleton consists of two divisions.

e Most bones are composed of two different types of tissue.
o Bones are being remodeled constantly.

» Bones work in conjunction with muscles.

= The skeleton has several important functions.

smaoth muscle {p. 947)
involuntary muscle {p. 847)
cardiac muscle {p. 947}
skeleial muscle (p. 248)
voluntary muscle {p. 848}
tendon {p. 948)

myofibril (p. 348)

myesin {p. 248}

actin {p. 948)

sarcomere (p. 948}

| The three major types of muscle tissue differ in strscture
and function.

e There are three types of muscle tissue.

¢ Skeletal muscles are arranged in antagonistic pairs that work opposite
to each other.

= Smooth muscles line many internal organs.

¢ Cardiac muscle is present only in the heart.

» All muscle cells metabolize botl aerobically and anaerobically.

954 Chapter 32 - Study Guide
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Section 4 e

Vocabulary Review

Explain the difference between the rerms in each ser.
1. epidermis, dermis
2. melanin, keratin

3. sebaceous glands, hair follicles

Understand Main ideas

Use the diagram below to answer question 4.

N \\E

4. Which tissue type is responsible for “goose
burnp” formartion?
AA C.C
B. B D.D

5. When are blackheads formed:
A. when sebaceous glands become clogged
B. when grooves in the epidermis gather dirt
C. when hair follicles grow inward rather than
outward
D). when there is an excess of keratin preduced

&. How does the skin regulare body temperarure?
A. by increasing swear production
B. by retaining water
C. by preducing vitamin D
B. by regulating fat content in the epidermis

7. Which are not found in the dermis
A, mmuscies
B. sweart and oil glands
C. fat cells
D. nerve cells

Online Test Practice

&. What could be inferred from sunrans

A. Sunning for the purpose of tanning produces
healthier skin.

B. A tan might indicate sun damage to the skin.

C. Tanning strengthens the elastic in the skin
making the skin feel right,

D. Tanning promotes skin thar has a more
youthful appearance.

Constructed Response

- What possible effects on the body
mlght there be if the epidermis was absenn

10. Open Ended Whar possible effects on the
body might there be if the dermis was absenn

How does
the integumentary system help maintain
homeostasis?

Think Criticailly

12. Explain why it does not hurt when you get
a haircut.

3. Assess the reason why people with third degree
bums do not feel pain at the site of the burn.

Section 2 e

Vocabulary Review
Explain the difference between the terms in each ser.
14. spongy bone, compact bone
15. tendons, ligaments

16. osteoblasts, osteoclasts

Understand Main ldeas
Use the figure below to answer question 17.

¥7. Where would you find the type of joint shown

above?
A. hip C. elbow
B. vertebrae D. skull

Chapter 32 - Assessment @55



ia.

Which is not a functicn of bone?
A. production of vitamin D

BE. internal support

C. protection of internal organs
D storage of calcium

Use the diagram below to answer question 19.

19.

20.

21

22.

256

What is a characteristic of the portion of the
bone indicated by the arrow?
A. Tt contains no living cells.
B. It contains bone marrow.

C. It is the only type of bone dssue in long bones.

D. It is made of overlapping osteon systems.

Which pair of terms is mismatched?
A, cranium, sutures

B. wrist, pivot joint

C. shoulder, ball-and-socket joint
D. knee, hinge joint

Whart are the cells that remove old bone tissue
called?

A. osteoblasts

B. osteocytes

. osreociasts

. osteozymes

Which is not part of the axial skeleton?
A, skull

B. ribs

C. hip bone

D. vertebral column

Chapter 32 - Assessment

23. Which is part of the appendicular skeleton?

AA C. C
B. B D.D
Construcied Response
24, Describe potential consequences if all

bone tissue in humans was comprised of
spongy bone and there was no compact bone.

25. Open Ended Describe potential consequences
if all bone tissue in humans was comprised of
compact bene and there was no spongy bone.

26. Short Answer Compare the function of
psteoclasts and osteoblasts.
Think Critically

. Analyze the following scenario. A person enters
the emergency room with an ankle injury. What
structures of the patients ankle need to be
examined to determine the proper treatment?

28. Hypothesize what might happen to a wom-
an’s bones if she did not increase her intake of
calcium during pregnancy?

Section 2

Vocabulary Review

Faor eacth set of terms below, choose the one term rhar
does not belong and explain why it does not belong.

29. actin, melanin, myosin

30. cardiac muscle, smooth muscle, fast-twitch muscle

Tim Fuller

31. sarcomere, myofibril, myoglobin

LA Online Test Practice




Undearstand Main ldegs

32. Which requires ATP
A. muscle contraction
B. muscle relaxartion
€. both muscle contraction and relaxation
B. neither muscle contraction nor relaxation

Use the diagram below to answer question 33.

33. What muscles shown above are classified as
voluntary muscles?
A. the muscle type shown in A
B. the muscle type shown in B
C. the muscle type shown in C
D all muscles

34. Which is a characteristic of fast-twitch

muscle fibers?

A. They conrain more myoglobin than
slow-twitch fibers.

B. They are resistant to fatigue.

C. They have fewer mitochondria than
slow-twitch fibers.

D. They require high amounts of oxXygen
in order to function.

Constructed Response

35. Compare and conrrast the structure

of skeletal, smooth, and cardiac muscle,

36. Short Answer Explain, based on the struc-
ture of the muscle fibers, why skeletal mus-
cles can contract but nort lengthen.

Think Critically

37. Predict any possible consequences if cardiae
and smooth muscle had the same stracture as
skeletal muscle.

38. Infer why it is important that no muscle con-
tains solely slow-twitch or fast-rwitch fibers.

Online Test Practice

Summative Assessment

65EY Explain how the loss of the
integumentary body system would cause a
breakdown of homeostasis,

40, » Blalooy [magine you are a
writer for a health and firness magazine,
Write a brief article about the need for
calcium in order for the skeletal and
muscular systems to function correctly.

Document-Based Questions

Athletes burn far at a maximum rate when they
exercise at an intensity near the lactate threshold—
the point ar which lactic acid stars to build up in
the muscles. In addition, athletes who consume the
greatest amounts of oxygen during intense exercise
(VO pear] burn the most far. Researchers compared
the lactate threshold and oxygen consumption of
overwelight subjects who did not exercise o those of
highly-trained arhletes.

Data obtained from: Bircher, S. and Knechtle 8. 2004 Relationship betwean fat
oxidation and lactate threshold in athletes and obese womern and men.
Journal of Sparts Science and Medicine 3:174-181,

VO,peak (%}

Overweaight Athletes
Lactaie Threshold

41. At what percent of VOspear was the lactate
thresheld reached in overweight subjects?

42. How might an overweight person who does
not exercise increase his or her VOspeqi, and,
therefore, Lis or her lactare threshold;
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tandardized Test Practice

Cumulative

1. Which describes the circularery system of most  : Use the figure of the joint below to answer question 5.
repriles? :
A. double loop, four-chambered heart
B. double !loop, three-chambered heait
C. single loop, three-chambered heart
D. single loop, two-chambered heart

Use the figure below ro answer question 2.

5. Where is the type of joint shown in the figure
found?
A elbows and knees
B. fingers and toes
C. hips and shoulders
D. wrists and ankles

&. Which describes the characteristics of a bird’s brain?
A. Birds have z large medulla to process their

2. Which part of a muscle is used for cellular vision,
respiration? B. Birds have a large cerebellum to control
Al : respiration and digestion.
B. 2 C. Birds have a large cerebrum to coordinate
L3 - movement and balance.
D. 4 : D. Birds have a large cerebral cortex 1o contrel
flight.

3. Which characteristic makes bats unique among
7. Which type of bone is classified as irregulan

marmnmals?
A. eyesight A. leg bones
B. fearhers B. skull
C. flight C. vertebrae
D. teeth B wrist bones
4. Which learned behavicr occurs only at a certain . 8. Which adapration helps stop fishes from rolling
critical time in an animals life? side 10 side in the water?
A. classical conditioning : A, crencid scales
B. fixed action pattern B. paired fins
C. habituation €. placoid scales
D. imprintng D. swim bladders
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Use the diagram below to answer questions 9 and 10.

10.

11.

12.

13.

14.

15.

I i

. Describe the difference between how a fish

with an S-shaped pattern swims and a fish that
moves its tail only.

Decide where a fish with an S-shaped pattern
would be likely found swimming.

Relate the key evenrs in the life cycle of 2 bur-
terfly to the key events in the life cycle of a
grasshopper.

Howler monkeys are the loudest land animals.
Their calls are heard for miles across the jungle.
They use their calls to mark their territory.
Assess this type of behavior.

Describe how fetal cartilage becomes bone,

A chimpanzee picks up a blade of grass and
sticks it in an anthole. When it pulls the blade
of grass out, it has ants on it. The chimpanzee
eats the ants. The chimpanzee continues doing
this because it is an easy Way o get ants. Assess
this activity as it relates to animal behaviors,

Describe two types of joint conditions.

Use the diagram to answer questions 16 and 17,

Pigeon Eagle

16. Evaluate what the location of the eyes on these

17.

two birds reveals about their behavior.

Explain how the beaks of these rwo birds give
evidence of what they eat.

Whooping cranes are an endangered species. One
of the reasons for this is that they hatch in nesting
areas and then migrate south for the winter.
Humans can raise chicks, but teaching them to
miigrate js a different problem. Operation Migrarion
solved this problem: in 2001. Operation Migrarion
used uleralight aircraft to lead a migration of
human-raised whooping cranes on a 2000km
migration from Wisconsin to Florida. The whoop-
ing cranes foliowed the ultralight aircraft that used
recorded calls to learn the migration route.

Using the information in the paragraph above, ansiwer
the following question in essay formar.

18. Migratory behavior has been shown to be an

innate behavior. Evaluate why it is necessary to
use ultralight aircraft to guide the birds so they
can learn the migration route.
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