contents

UNLT HOW 1O USE This Te Xt .ot iiiieaneaenennnees vii

1 The Flowering Seed PIants..........ccocoevvvviievennnssnerenes 2
The Study of Living Things » Collecting and Observing Seed Plams
Some Common Flowering Seed Planis
Broadleal Trees—the Largest Angiosperms

2 The Structure and Function of Leaves................. 19
The External Structure of a Leal » The Internal Suuciure of a Leal
Photosynthesis and the Leal » Fall Coloration and Wilting

3 Flowers, Fruits, and Seeds .............. U, e 33

The Strmciure of Flowers « The Development of Fruits and Seeds
Fruiis = Seeds

4« BiemE:-antl BDOLE sl s i 47

Fxrernal Stractre uE'Wﬂ::r]}' Stems s Internal Suracire ::E"l.-"n.’qmr]]f Srems
Herbaceous Stems » Vegetative Reproduction and Special Stems
Roois: The Plant's Anchors

5 variety in the World of Plants...........c.cccceeveeeenn.... 61
Classiheaton of Living Things « Conilers and Other Gymnosperms
Ferns and Other Spore Planis « Mosses and Liverworts « Algae « Fung

UALT

HUMAN ANATOMY AND PHYSIOLOGY:

Purpose and Design

6 Fﬂﬂﬂu]l}r an{l wﬂnd{:rfully Ma{lc I LA ELEEERESE RS RLEREERENDE; 34
The Crown of God's Creation « To Everything a Purpose
Fearfully and Wonderfully Made

7 B[}nﬂs and MHSC]{';S-uu” IIIII AR R R R 1+++=rr--ddig?
The Axial Skeleton » The Appendicular Skeleton
Bones: Designed [or Swrength » Joinis of the Skeleton
Muscles: Designed for Monon « Engineered for Power
Muscles in Strength and Weakness

TRANS-VISION": The Human Body............c.ooiiiinnn. 120a



8 The Nervous SyStem ........ccccveeeeeeceereveesesresnenns 121

Chutline of the Nervous System « Nerves and How They Work
The Brain: Organ of the Mind « Neurological Health
I'he Senses and sense Organs

O Nutrition and Digestion ............c.cccoccvveeveeeenne... 1490
Carbohydrates, Proteins, and Lipids « Vitamins, Minerals, and Water
Nutritional and Caloric Intakes = The Beginning of the Digestive System
The Stomach and Intestines « A Healihy Gastrointestinal Trac

10 circulation and Respiration............................... 177
Blood: The Life of the Flesh « The Heart: God's Handiwork
Circulation: To Every Cell « Respiration: The Breath of Life

11 integumentary, Excretory,
and Endocrine SyStemsS .........ooovvviviiiiiiiniiniaiainn. 205
The Integumentary Svstem « The Excretory Svstem
The Endocrine Svstem

12 pisease and the Body’'s Immune System........... 219
Moninfectuons Diseases « Infections Diseases
The Immune System: Guardian of the Body
Special Defenses and Immuniry

LINLT

13 Natural History and Scientific Investigation..... 246

Natural History through the Ages «» Modern Science
Biology and Scienific Invesiigaiion

14 Evolution: A Retreat from SCIence ........ovvvvveennn. 261

Science and Faith » Paleontology: Evidence against Evolution
Biology: Evidence against Evolution « Evoluton Is Not Science

15 Introduction to EOOIOIY o isisiiiisini e 2901

Levels of Ecology = Influences in the Ecosystem
Nutritional Relatuonships in an Ecosystem « Special Nuridonal Relatdonships
Exploring Earth’s Biomes « Ecological Succession and Man’s Role

1O Mammals .annnnaansimminnaisiaimsnnaa 18

Animals—=Veriebrates—Mammals « The Mammahian Orders |
The Mammalian Orders [T+ The Mammalian Orders 111



The Feathered Vertebrates « Avian Anatomy and Physiology
Family Life of Birds

18 Reptiles and Amphibians ................c.ccoceeennn. 379
Reptiles: The Creeping Vertebrates
Snakes: The Most Widespread Repriles « Turtles, Crocodilians, and Tuataras
Amphibians: Vertebrates with a Double Lite » Other Amphibians

L 405

The Bony Fish « Systems and Internal Organs ol Bony Fish
The Cartilaginous Fish

20 Arthropods:
Invertebrates with Jointed feet.......................... 421
Arthropods: An Cverview » Orders of Insects and Their Economic Significance
Arachnids, Cennipedes, and Millipedes « Crustaceans: Aquatic Arthropaods

21 Variety in the world of Invertebrates................. 443

Maollusks = Echinoderms and Roufers « Coelenterates and Porifera
Annelids: segmented Worms « Flanwornns and Roundworms
Protozoa: Simgle-celled Creatures

UINLT

CELLULAR AND MOLECULAR BIOLOGY:

The Complexity of Living Things

s Cvtrology: The Design and Function of Cells....470
The Variety and Complexity of Cells « The Design of Cells
The Life and Work of Cells

2 3 Heredity: The Continuity of Life ........................ 491
God’s Provision tor the Continuity of Life « Classical Genetics
Human Genetics

24 DNA: The Regulation of Life ..........cccoocvevevvnnn.... 507
DINA: Master Program of the Cell » The Acuvioes of DNA

Medical Terms GIOSSAry .......oooovvvviiiiiiiiiciiiininn 518
GENETR] INBX ..coiivinsrvininssissiinisisasssisins sinesvaiins isins 519
OICHIE .. iinnmimnimvavsmsia s s s 531

Teacher EQIHON NOES ... cnnsnnes 33

vi



- ™

X- Fay of hand

Bones and Muscles

Protective design of the skeleton « Macroscopic and microscopic
structure of the bones « Bone growth and development

h

Joints « Three kinds of muscles
Structure of skeletal muscles « Muscles and exercise

The framework of the human bodv is its skeletal
system, composed of approximately 206 bones that
support the body and protect vital organs. The
body's bones are masterpieces of structural design,
comparable in strength to reinforced concrete, vet
self-repairing and far more resilient. Precisely engi-
neered joints between bones allow the body to
move: the power for movement is provided by
strong muscles attached to the bones by cablelike
tendons. In addition to thenr structural roles, bones
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also serve to produce blood cells. This vital function
is carried out by bone marrow inside the body's long
bones, which manufactures new red blood cells at the
astonishing rate of more than 2 million per second.
The marrow also produces white blood cells, the
agents of the body’s immune system. Finally, bones
serve as a reservoir of important minerals such as
calcium and phosphorus. Bones account for about
20 percent of the body’s weight.

According to God's precise engineering, the
muscular system functions together with the skeletal
system and the nervous svstem to make body
movements possible. The individual organs of the
muscular system are the skeletal muscles, which
make up about between 40 and 50 percent of the
body's weight.

The Axial Skeleton

The skeletal system consists of two broad divi-
sions, the axial skelefon and the appendicular skeleton.
The axial [ik'se-al] skeleton is literally the “back-
bone” of the skeletal system; it is made up of eighty
bones that constitute the head and spine. Its mem-
bers include the bones of the skull, the fyoid [hi'oid’ ]
bone in the neck, the vertebrae [vir'ta-bra’ | of the
neck and backbone, the sternmiom or breasthone, and
the ribs. The appendicular skeleton, on the other
hand, refers to the bones of the appendages (arms
and legs), shoulders, and hips.

Bones of the Head

Cranial bones. Your skull can be divided into
two main parts, the cranium and the facial bones. The
largest portion of the skull is the cranivum, or brain
case, which composes the top, sides. and rear of the

7.1 The Axial Skeleton Oy



skull. The cranium is made up
of eight bones joined tightly
together to form an armored
shell for the brain. Important
cranial bones include the fiontaf
bonie (forehead), the parietal
[pa-1ii-tal] banes (top of the
head), the temporal hones (sides
of the head). and the sceifrtal
[Gk-sip/i-U] bome (back of the
head).

Although these bones are
fused tightly together in an
adult, they are joined only
loosely together in the skull of
an infant. The bones of an infant’s cranium are
connected by tough membranes, known as fonta-
nels [[on ' 1o+nélz’ ], made of fibrous connective tis-
sue; the fontanels are responsible for the “soft
spots” on the top and back of an infant’s head.
The flexibility imparted by the fontanels allows the
baby’s skull to deform somewhat in order to fit
through the narrow birth canal during the miracle
of birth. The fontanels also enable the skull to
grow larger as the child grows. The gaps between
the infant's cranial bones gradually shrink as the
fontanels are replaced by growing bone. Within a
vear or two, the fontanels disappear completely,
and the cranial bones are joined tightly together at
uneven lines known as sutures [so0’charz]. The jag-
ged sutures are another evidence of God's design;
they give the skull great strength by helping to
absorb some of the shock from a blow to the head,

Facial bones. The 14 bones of the facial skele-
ton serve as the framework of the face and jaw.
The most important of the facial bones are the two
maxillary [miak’so-1er' €] bones, which form the cen-
tral portion of the face and serve as the attach-
ments for vour upper teeth, The maxillary bones,
together with the palatine [pal’a-tin'] bones located
behind them, also form the rool of the mouth, or
palate [pal’it]. The mandible [man’da-bal], which
forms the lower jaw and holds the lower teeth, is
the only movable bone of the skull and is held 1o the
cranium by strong connective tissues known as liga-
ments [lig’a-moants: tissues that join bones to other
bones].

Stnuses. Certain bones of the skull are
designed with hollow spaces known as sinuses

0= Ch. 7 Bones and Muscles

Fig. 7.2 Cranium and facial skeleton
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[s1'nos-&z]. Large sinuses are located in the maxil-
lary bones of the face and in the frontal and sphe-
noid bones of the cranium. When vou spealk,
sound waves resonate within the sinuses, helping to
aive your voice its characteristic vocal quality. In
addition, vour hollow sinuses allow vour skull to be
lighter than if it were made of solid bone.

The hyotd and middle ear bones. An impor-
tant bone hidden in the upper neck, just above
vour larynx {voicebox), is the Ushaped hyoid
bone. Although not considered part of the skull,
the hyoid bone serves as the foundation of many of
the tongue muscles and of certain other muscles
that allow vou to swallow.

The smallest bones in the human body are the
three middle ear bones, the malleus [mil’c-os:
hammer], incus [ing'kas; anvil] and sfapes [std"pee:
stirrup]. These structures, located in a hollow
cavity inside each temporal bone, constitute a
mechanical linkage between the eardrum and the
cochlea (the snailshaped structure of the inner ear
that senses sound vibrations). This linkage serves
to amplify the vibrations of the eardrum and pass
them to the cochlea, enabling vou to hear.

Bones of the Spine

The chief structural member of the body is the
vertebral column {(also known as the spine, spinal
coliwmn, or backlbone), a massive columnlike strocture
which, in an adult, consists of 33 segments called
vertebrae [sing. verfelra]. The vertebral column
serves as the support to which all the other parts of
the skeleton are attached. Between the vertebrae
are disks of flexible cartilage called intervertebral
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[in’ tar-viir'ta-bral] disks, which allow the spine to
bend and twist somewhat; these disks also act as
shock absorbers. (Cartilage is a tough, rubbery
connective tissue that cushions the joints between
bones.) Hollow cavities near the rear of each verte-
bra form a long vertical tunnel through the spine
that encloses the spinal cord, protecting it from
damage.

Regions of the vertebral column. The verte-
bral column is divided into four regions: cervical
|sir'vi-kal: the neck], thoracic [tha-ras’ik: the
chest], hembar [lambar: the lower back], and
peloie [pEl'vik: the pelvis] or sacral [sa'kial: the
sacrum.

The seven vertebrae that form the neck are
called the cervical vertebrae. The uppermost of
these, known as the atlas, serves as the mounting to
which the head is connected, Special bearings on
the atlas allow the head to rotate upward or down-
ward while keeping vour neck straight. The second
cervical vertebra, the axis, is designed as the base
for the atlas. Bearing surfaces on the axis allow the
atlas to swivel left or right. The other five cervical
vertebrae are joined together by intervertebral
disks: the flexibilitv of these disks allows the head
to tilt to the side and crane backward or forward.

The longest segment of the vertebral column is
composed of the twelve thoracic vertebrae.

Shghtly larger and thicker than the cervical verte-
brae, the thoracic vertebrae serve as attachments
for the rib cage. Below the thoracic vertebrae, the
spine widens into the five lumbar vertebrae, which
are the largest of all the vertebrae. The lumbar
vertebrae form the lower back and support the
weight of the entire upper body. When the lum-
bar vertebrae are engaged with the supporting
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muscles, they can bear very heavy burdens—
another striking example of God’s design and pro-
vision. The pelvic region consists of the sacral
vertebrae, which are five separate vertebrae in
infants but are fused into a single bone, called the
sacrim, in adultis. The sacrum is joined rigidly o

the hip bones to form the foundation of the spine.

Beneath the sacrum is the tiny coceyx, which con-
sists of four separate vertebrae in infants but are
fused into a single bone in adults. Also known as
the tailbone, the coceyx serves as an attachment for
various muscles that allow us to stand in an
upright position and aid in the elimination of
wastes. The coceyx also helps to absorb the shock
to vour spine when vou sit down.

7.1 The Axial Skeleton
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Curvatures of the vertebral column. The

vertebrae do not form a straight, pillarlike column,
but instead form four curvatures from front to
back: the cervical curvature, the thoracic curvature,
the lumbar curvature, and the pelvic curvature
(Fig. 7.5). God designed these curves of the verte-
bral column to provide the spine with additional
strength and flexibility, allowing it to absorb shocks
and helping to protect it against fracture.

The spine also has a slight sideways curve in
most people (this is normal). However, in some
people, the spine has an excessive lateral (sideways)
curve, causing one shoulder blade o protrude
abnormally and one side of the waist or hips to be
higher than the other. A severe lateral curvature of
the spine is known as scoliosis [sko le-0/sis].

Bones of the Chest

The vital internal organs of the thoracic cavity,
such as the heart and lungs, are protected by the
bones of the chest, which make up the thoracic
cage. The most prominent bones of the thoracic
cage are the ribs, long, curved bones that are
attached to the thoracic vertebrae in back and to
the sternum, or breastbone, in the ront.
Although the ribs attach directly to the thoracic
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vertebrae, they are joined to the sternum indirectly
bv short segments of flexible cartilage called the
costel [kos"tal] cartilages (the Latin word costa
means “rib”). Because the costal cartilages are not
rigid bone but rather flexible cartilage, they allow
the thoracic cage to expand and contract during
breathing. Only the upper seven pairs of ribs are
attached (via their costal cartilages) to the sternum
iself; for this reason, the upper seven pairs of ribs
are called friee rilis. The rest of the ribs, which do
not connect o the sternum isself, are known as
false ribs. The bottom two pairs of false ribs are
called floating rifis because they do not connect to
the front of the thoracic cage at all; the remaining
three pairs of false ribs are attached to the cosial
cartilages of the lowest pair of true ribs instead of
to the sternum.

sSection Review 7.1

What are the two broad divisions of the skeleton?
Name the myor bones of the head and chest.

Deseribe the funcoons of the cranium, fontanels,
sumires, and sinuses,

4. Describe the funcoons of the hvoid bone and the

middle ear bones.

a Pl —=

5. Name the bones, regions, and curves of the vertebral
column.
fi. What characteristics distinguish true ribs from false
ribs and Aoating ribs?
Application:
7.Ina paragmrh, explain how the structure of the skull
is an example of Gods design and provision for man,
Critical Thinking:
8. Men and women both have exactly 12 pairs of ribs.
Why is this not a contradiction of (zenesis 2:21-22¢
Identify:

cranium, ligament, cartilage, cervical, thoracie,
lumbar, scoliosis

The
Appendicular Skeleton

The skeletal system consists of two broad divi-
sions, the axeal skelefon and the appendicular skeleton.,
The appendicular [ip on-dik’ya-lor] skeleton
includes the 126 bones that form the pectoral givdle
(the shoulders), the peliie girdle (the hips), and the
afpendages (the arms and legs).
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