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To The Student:
A User’s Guide

B iology is a journey of exploration and discovery, of strug-
gle and breakthrough. It is enlivened by the thrill of under-
standing not only what living things do but also how they
work. We have tried to create such an experience for you.

Excellence in writing, visual images, and broad biologi-
cal coverage form the core of a modern biology textbook.
But as important as these three factors are in making diffi-
cult concepts and facts clear and meaningful, none of them
reveals the excitement of biology— the adventure that un-

earths what we know about life. To help relate the true
nature of this adventure, we have developed several dis-
tinctive features for this book, features that strengthen its
biological core, that will engage and hold your attention,
that reveal the human side of biology, that enable every
reader to understand how science works, that stimulate
critical thinking, and that will create the informed citizen-
ship we all hope will make a positive difference in the future
of our planet.
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A Thematic Approach xxiii

T U A L < S s I

M any students are overwhelmed by the diversity of living
organisms and the multitude of seemingly unrelated facts
that they are forced to learn in an introductory biology
course. Most aspects of biology, however, can be thought of
as examples of a small number of recurrent themes. Using
the thematic approach, the details and principles of biology
can be assembled into a body of knowledge that makes
sense, and is not just a collection of disconnected facts.
Facts become ideas, and details become parts of concepts as
you make connections between seemingly unrelated areas
of biology, forging a deeper understanding.

All areas of biology are bound together by evolution,
the central theme in the study of life. Every organism is the

product of evolution, which has generated the diversity of

o e

biological features that distinguish organisms from one an-
other and the similarities that all organisms share. From this
basic evolutionary theme emerge several other themes that
recur throughout the book:
IS Relationship between Form and Function
) Biological Order, Regulation, and Homeostatis

- Acquiring and Using Energy
/e\ Unity Within Diversity
mp Evolution and Adaptation

We have highlighted the prevalent recurrence of each
theme throughout the text with an icon, shown above. The
icons can be used to activate higher thought processes by
inviting you to explore how the fact or concept being dis-
cussed fits the indicated theme.
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Reexamining the Themes

¢ :
hemes are evident at all levels of biological organization

E ach chapter concludes with a “Reexamining the
emes” section, which revisits th,
e themes and how they whether you are studying the molecular and cellul
cellular aspects

en.lerge within the context of the chapter’s concepts and
principles. This section will help you realize that the same

of biology or the global characteristics of biology.
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The Human Perspective

S tudents will naturally find many ways in which the mate- has been constructed with you—the student—in mind.
rial presented in any biology course relates to them. But it is Perhaps the most notable feature of this approach is a series
not always obvious how you can use biological information of boxed essays called “The Human Perspective” that di-
for better living or how it might influence your life. Your rectly reveals the human relevance of the biological topic
ability to see yourself in the course boosts interest and being discussed at that point in the text. You will soon
heightens the usefulness of the information. This translates realize that human life, including your own, is an integral
into greater retention and understanding.

part of biology.
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i . of 1
€ candations
Chembeal and sellular o
pART 2/
5

630 « payr s

of Form and Function
1 than do persow

sher set-poin

have a hig!

. et
s, the ¢
mal weight

of Animal yf
1o many CS¢

N | strong, ¢

ncars to have @

e apped i

P ”I For instance, ¢ lies 1
e

he
celation between 1
1 their adoptive
av relationship

netic compo! :

o co
veal there s 10 € et
Dody mass of adopte 5
here 1 a Cled

o 4 their bioloeal P
s an

—————

parents. |
dopte e

i ‘ \\n\\\ (hey have not T \

I o of a hody weight 8¢

p v owhen the body

A7 to deviate

ents, with W
The exist
nt is most eviden!

Crage wnrrl«m\_’(':u.m'llv\\n“(ul
™Ately 6 10 8 vears off youy life

han 5 minutes
poi \ ites for every cigaretter

Chanetgs

e AL Smoking is the wreqpeg
from the regulated e e Con
: eht who are

ge Wiy foods under € cordi

person is “oret

1 value hu\\\uln.«\\ of

Why is Stol
wormal ¥

(ounts of Ligh-calone
p ental conditions tend
of weight

king so bad for your
R -wmrmll.mu.yhmunm
; 7.' e containg more thy, 2,000 iclent
iable substance: o citle
Whle substances many of which ape ¢
irritants or carciy o "
inclide ¢y

death iy the United

2 10 a 199
s i 0 1991 report py 1
| to gain inerea R Ry

b 000 Americans i |
) dicts, however .

health? The smoke

perin

s
ing, amonn !
their enerey rict o
capidly to the

ach year
k: ted canges Smoking
©Percent of all g,

cense

previons
R

«
gin
movie Rag!

aseen from th

onoxide
they retarm ¢
left)
Actor Rot L PeNiro it

Iy

" * sulfur dioxide.

mwialdehyge mtrosamines, tolyje,

THOnLL, ang iy
L and radioactiy, Sotopes. Autaps

of respiratory ;. fand

from nonsmokers . From simokers (g

Lung cancer deaths

ancer
rokers arc more suscepiibe
e csophigus. by, moul,
13 bladder than ape nonsmok
\e movie T RS

Th
stops i

- Niro, who repo
o D the lming of

s s Als become
wor fat €

Wy fat. his or

e o for th

ar in recen!

$ Who have Jive
periods with sok o long
v okers) show wide.
reascd incidon g collular c} idesprey
ence of lune ar changes, includine
ceountt | pauns 1) and then lost the O St0Kers oy IIIH.IN fe) Age Preliiteror. \.u':m;l'm‘;“" ol
v e or and larger. e person he (Figure 1), ¢ ole. Con hown in 1 el " oo teells that may bocom,
Il\m~\wunm»m\‘n».mm.\\ " eedingy Yarger \'”.m.,\,,,.l\ shape. 11 th \M;\\I‘"LI\ ng \‘m\\ o i et At T ! o ! ‘u,.... Figure Ta, and the ,,, alignant, given fime) o [m
ople who are oxeedinst i, st DO S0t and weight prio’ o is put on @ StFe N Quitting s shoy 2 duction in the b a marked 1
years that peoy Jhose—are omes sufficiently fat-carrying Jv. a person wh Jose weight n nin 0 h "her of cilia that plyy,
it that is. € o cir masimu . versely Al begin 1o lose 15 0f smoking on fune 38 sital cole in fhe e Play
asersetd (0 i problen B ppronch it W e sent Y e die wll B e o Fine s s ime 53 B R
sk of serio ! cmical - messd X o cight S0¢ BUTE 2. Atherosclerg o the airways
,»..-..»l""" @ discase and et BY SR ity OE g formation 08 Cggp in body WO e metaboli o o g o the sy
cuding heart € 1s obese il he or S Lrough the bloo wungry” to begh crease in the perse s e burned s ers also 88 ) © compounds foung iy, to-
finitions. o persoiis© al’ or desit SO el that ure “honi® POy degren e aanount of alories BT Kreater frequency: than a5 hacc (including smokelesy v gy
defi t abovee “nornal”or 4T g i own fat, Onee B €5 rate: that is, ¢ L engaged in physie s For exaple, | §$ OSt itportang SrICHES sthe
about 20 peree oximately 35 ¢ cumulating et ractinvol © the person is not CREECTIL S 2 amplee, long. =% IS Bicotine, not heciys
e body weight ‘\\;\ ': ‘l\l ates are con . l; cned. it may expand or €O i the body when 'v;h drop in metabolic ,I' the de > titnes more likely g, gf ‘\M ogenic, but hecange s
o United St is forme cmain activity. The asure for the ¢ terial o S 2 icot
s in th wice @5 Jears 107 s Sy measur il disease 2 ine s acle -
cent of adull V\“ this defintion twice i ame, hut it apy ar N e < compensatory w her words. 1t 8 s 1se thay 53 B addictive bey,
sidered obese § the century Amon for the rest of the \v-‘r L remains contres ed food intake. --‘ i weight i condition 5 © o "nm,.,,,,., by bine
the turn © wsure s fAive ‘ Lol the subjeet e ok crease ot to lalt e ; ton of lung isey. acetylcholing recento,
many as ; i, Blood pressur s e Although research findings SUAE the body's attemp! Licularly prononncs \ A 1 o B . litiing ot “eeptors (g
youngg 85 Jont and diabetes vorsial, current + of the propertics Jass, This effect is par diet and 1os¢ reathing) Vearoatio . 15 20 25 . DDt neurons. The phy
e more PR group of ubes¢ dhat body weight i ‘\“H regulation L Jhese people “h(;\ pulse T ation of the iy (b) s after smoking stoppeq ;M"' Cects of this Stimutation, fue) e
o provalent i A& e at 2 wsiologic et . among ¢ cight: Their P s rile the release of o Aton-include
thmes more DI o people whoare subject 10 PV . cach person WS &0 ounts of ‘;m enkedly, theit prevalent anong bl ';' O epinephirine, un jncryge g
L O tor atly, € . arge ce drop ma T hloudsyg, o G
\w“P" \‘q”\\‘\‘ Given these atatistics k5 humans. \mw.uu:\ ' hisorher hody's reg and blood pressur dr : { their former " i v:LH anelevated heart . and th
weight. G anyg the uhit the rhis E s “ahosts” 0! zer other pe onstriction of b e
o e s s B 0 e i T E sk R T iy rother people et o OF bloox] vesels, cauging e
sether with th i o he strongt 0 Jatory machinery & 40 kilograms nd they tend Js go hack sponsible for the ated blood preseyre. A smoke =
“hese. there would seer 1" hody U Jye —whether (oo whes ¥ 7 bese individuals & 1ocent by System bieconye, TS Hervous
abese HtAinng & ol . \,_..\v«nll“ val 500 Kilograms ¢ bungry 1 these ¢ {hey tend to et : stan- e 8 acCustomed tothe pres.
fivation for vv.‘ e S0 Many of us i 180 povnds) OF vl\n{\““_\"qu\»\Nf" IU‘_A““m.\m-rmuvk\l«‘i e of these e the same gy 7 ' of nicotine and decs ases the ont
wight. Why “\ by is it so hard 10 10%¢ ponnds) —isreferreeiEs e st weight rpidl T i Passive (invol e natural newrotrangiter. 5o
oerweith? AN E 0 so easy t0 0 eint. e ods st st \.‘.Nm\\\ in 0 ey e i person i "
"4 pounds and our it their B on- form¢ srobably @ oS '
amwante “”‘\ wers o beyond peaple by balancing en o ke s probably &SP G riously if]
(hem back? T “\ . Lorie fouds celatively constant V& " o calories! 1 ) signals cmanating
ss for high-caloric fat cells arela (in the form of o i chemics
fondness tored in 1 iy intake he form ¢
dy fat is st \ T
Fixcess hod the

the: sudden yhyge. »SOp smoking
’ Frs have d PeOple’s tobacey gy ke 1 absence of yie
o ink below e preio? x
- e cells as they st
cutcd Targely benead e e 0

g
i e, togethe,
with the (e, gether
o Anothe: e decreased Joy
o, Cnt byStander” i o err e T 0 ol R level of the nagyeal
fections BTN 0f 4 wornag sl o PG D the Vnaptic neyr e Slation of poy
activitics OF . bosed 1o 10 . M who smokes. Smokine SYBAPHE nerons, which ere. -
seytes) heir vohime pummed by metabolic a shtto sz . nereases the incidenc. of oking for a cigare hich creates a erying
adlipe : s can chmge L calorics ""\ i are thongh 12 miarried stillbirth and g, of miscarriage 4, HAC—a Nicotine fir gy op
“hese cells ¢ pending ¢ 4). Obese ind s and decreasen h | P ; s
skin Afold. dep wereted 20 per. I 1¢ birthweijg, 50 conditione,
e Ao [ the infy, X ght of § oned t the ge
more than & ‘“nh y contain. ASAPET n i g - Nt Onee bory,, these babjes nffor nmkmu'lmlm.»um”!, o e act of
at they € T 5 e suffe or Cigarette
the amount of f R inbaling ot g Y DO infections s COBIe long after e i
“bis o rsoing s % dicton g Physiological 1.




xXxvi
Biolines

l < AO i 39 : : L s
}le I;l lllleS are ])OXG{I ¢ )/S 11)5]1 ]1] ll][ l { l' ][[g
: ’ssa’ g
g Nt Tascinag
fd(,ts, ¢ [)qphc&tlo”s, d“d. ]ed]-]lle leSS()llS, e]lll\/elll]lgrl the
mainstres lll()l I)]Ol()gl('al]]ll() mation Vlally are e/ 1 ka])le
. remar

e Genatic Basis of Lif

954 « PART 3/

sp10OL i N E>
The Fish That Changes Sex

made in the

what of the one¢
2 He may

1 with the harer
o fish and then
o

But
school —the of
o developed as & 30
in need of his sperm
another way @

Jly a bio
An indi

hav
found @ school

hrates, g nder is gener

In verte
ammitment

Jogieally infloxible ¢
velops inte cithed e or u fe

@ SO«

L mal

vidual de
s dictated by th
o One’s pare
s, ther
heir sexual commit
ish (Figure
“cleaning St

hromosomes
ts. Yet, even
are Organisms

mi
acquired f

among Ve rtebrate
ment

yse t
1), a

that can reve!
The Australian ¢

sl anisnal that sets up
" towhich s come for pars-

Jeaner f

Jarger fishe
) chnge its gender in 1
demands. Most
ther than

tion
site removal, cat
wironmental

fish travel alone vl

sponse 1o
4 single male.

male cleaner
w school. Ex
er fis!
Although i
1o that maleness engen-
1e other way

pt for
b are comprised €n-
¢ might seetn

with
schools of elean

rirely of 1€ wales

Jogical to cont

1, it is actually t
i fosters maleness A
ay from a

ders solo trave
around: Being wlon
¢ fish that e

ps awd

cleancet
school becomes & male. whereas the same
fish deve ing in school would have be-

come a fe male.

w the ma

ganisms [ Mo
al

/o, Not allor
Totermination. 11

opposi
Y chromosome
on to this rule of

discussed in the

excepti
chromosomes 1S
Changes Sex. Although some
comes and gender distinetions be
have only 4utosomes: consec

duces hoth male and female part:

SEX LINKAGE

For fruit flies anc
genes on the X chromosome th
the smaller Y chromosome

(h determining gen¢

ing to do wi

notype nsually dependd

none X chror
a dominant
In male:

e essive allele o
not n'\\m-\wi\‘ if
other X chromosome

Is, most 1ot
Ae's eells he

a strict rel
plants pos

quently, ©

| humans alike.

Most of these get

s on gender. ¥

Fiet RE
The small Austr
o

n Wrasse

fish) is seen on é

lele on the single

mmalian pattern of sex
ably birds. the
e an Xanda
Is have two Xs. An
 sex and

the
by g¢

ation betweer
Bioline: The Fish That
sess sex chrome beer
individuals, most

A pro- hear

stween
ach individu

s,

(Figure 13-8)
One X-linked re
of history. The di

wre hundreds of

there @
art on

have no counterp
Jes have noth-
{fect on phe
Jin females

at

Jer. hut their €
for example
1 be masked (and

ssome wil
resides on the

e
counterpart

t only takes one recessive

s, i

———

e (cleaner

ch larger grouper

vidual's pheno
Y chromosome
mes that reside
X-linked cha
So far, som
1 deseribed, many o
found almost ex

-valve defe
mental retard
ments, musew

L‘.\\(L“ a g
produce
following
though
philia, th
who have ac

gous carri

c services. But there is
e male
Loy

1 the male in @

geni
serimentally

chool iy acaqui
s (or is TEMOVEC
Jes, the one !
hy that ex
\characteristic ally

school d
one of the fe

behav

{ the top of 8

ists i each

ay;

<chool, becomes W
aressive and takes over the behaioral rol
of the missing male ghe hegins to develop

. the

1 within a few wes
oductively compe
e from other

male gonads. anc
becomes a Tepr
unll«\mumxlm\
.. the sex chunge is ¢
Jeveloped male enters
during the s¢ <l transition, the
fish de \«]npm«-h\.«“\ back
o the biological

female
tent male
ales. Furthermore

i
1 a fully ¢

versibile
the s¢ hool
almost-male
s, one again assuininy

ped
] role of a female

and hehaviord

X chromosome 10 deter
type since thereis |\nﬂn‘\‘:w‘m\ulmg.n“v‘
tnherited characteristics de

on the X chromosatme

cteristics.
200 human X-link
{which produce disorde
These inclnde
a particul

clusively in men
ot (mitral stenosis)
Al optical

ation, sever:
and red

Jar dystrophy Lgreen calor

isorder has alter
. is hemophilia, 01
wterized
1 to halt blooc

sea
Jisorder chard
wctor needed
v all hemophiliacs
essive alle

enetic ¢
a clotting fa
an injury. Near

females can inherit two e
i\«»n'u\'\l'uu'\\v\! |y rare. In gener
pived the

ers for the disease

reme!
e defective

mine the indi
e on

termined

are called

ed characteristics have
rs that are
a type of
i form of
and hearing impair
Blindness

cessive (3 ed the conrse
“pleeder's dis
by the inability to
1 foww quickly
are males. A
Jes for hemo:
al women

Allele are heterozy

The phenotype of ¢

stories that Ie\/edl nature t be S sur Pllsln d
(0] a. g 1lld inter estl
ng

as ¢ i
any novelist could imagine

39
328 « 1y

! The Genetic

Basiy of Lify

<
DNAF: IOLINE.
gerprints and Criming]
na de

On F
February 5. 1947
7. 4 won

i and her

1 stubl,

oy apartmer abbed to

ity h“m”‘*’lun[u,, ::r ntin the New y, KL
rony, F )

'“u police questioned
rormg building, ol |
found on th J
sent to g [y %

Zeyear-old dang
anghter e
death in their e
their apinions. W

firmed the o

hile (]

iese expey
' apability hiin
ng to identify 4 it
Population, the, s
flaws i the agq|

llowing a tip
NA fingerpripye—

lent of
A small bloadst. :1::”:"
weot's i .
watch, which wis 5 :
o il of 4 hgges
i serions teoheos]
i

horaton
nalysis. The DN (‘||‘” DNA fingerpring
0 1

cells iy
1 the stain wag

used by the pre

m the white b
i
ed ocenrrenc

PCR an
echnic iplified
estchnique and was g using the
Moenzyme, The “_‘r"‘hul with g
striction t §
n [rag hat the DA e prosecution ag
unreliable and analysis i (h; greced
e and should s case | w
d ot he s, as
ed s oy
ovi

ments were
dencel T,
e probles
nique itself ’lulI ‘llllul\

carriec
ied out in this pa

: Cparate
= &..(1 a patten of | l“
identificd with

The hunding

vas o

' notwith the tecl

e way it had fyy

Quently, the judge ¢}, ot ‘
ge threw ¢

it the ey

resis,
w electropho,

abeled fragments

FIGURS

Alec Jo

ter

i 4

e of the Universiy of |

prnt, o, examining o DN vy

foe ey was pring il
evcloping the DA i

G and g the e

firmed the de

woctive pr
Conge

pattern produced |
W
idence.

Inth
of DNA ;‘ Wake of the Castro ¢y
ngerprinting to o case, the: iso
2 to decic

nocence hy

i responsie
e

y ul,lh‘ scientist \\h’v‘r’:‘x“’ ot
ath of Josef Menge), "

Posing attory s
- Kk d to the
called in | andapret o | 'l’
= o e een seric guilt o
= S S veral panels an seriously g \uy.um[y
During the he i
pert witnesses | e
lined the husi of |
\ccording

) L uge
formulate guide sencies are working f
gto

lorensic DNA |

cation of their ¢y

s for the |

i icensing o

’ ,m!nlh‘\.uull'u‘(':':;’

of the National \I NS .
o Acaden

lity of the

W of i
a rep of Scie:

port endorsing iences e

g the e,

tuamber of ey

3 to these e b
4ls. with the exces

neral rel;
d for the
Is to be s /,I,,

ility of
i the technique byt
on of strict ore
e standarc
Mea
. nwhile, another g
DNA fingerprining o
oty debated. i

K analysis.
s 0 o
u,. ol identical !“m\'
ot i he
ences in DN
tecte r
by comparing the

e the »
the same nucleqt;

NA. Moreover

Nce can be de

A N S
! iS) in decq

The wide. o
)

of DN
A fingerprinting
> regarding

been raised ynd

Lewt Two ge
woutin of Hurvard (7 Neticists, Richard

iel Hartl of w

i conrt had
genen ad bee
rul acceptability mI|I" based on its

ugments
produced |
d by re
munity

digestio
\ samples. Ty stion of differen

Tnivers
o whington ( iy
oL paper pubiishe
‘oL, ggesting th
enough data AHT rvl

ientific con,
an

tion-crzvie
Accordiny
G g to
mpany a repo
a g any performing the II;Q[\“'”” the

Iniversity, coa,
s
o Lin December
tentists do not |
dilerent il or e o
acial or

or cthnie

ratte
Y ’,Wm\ produce
 individual g ;

vl ingerprints it (s
R d from

analysis,

lihood ¢,
! lat the g,

:\ nnlmuhl be: obt, n:‘ !‘“,”" .
wo diffiry hisls
o :/‘/ ent individual i,
as only or il

s e i 100 million

anding pat.

W e
hance from
ar
iation: withiy,

aglass. In
the ¢
e commnnigy

wints had aly
already heey,

hore than
lut
lte the ol
odds th Ps to cale
péct an At 6o indlivichugls alo
sy

200,
State- riming
es and hud | ses in th s
ad hee, i ¢ ade this
hailed ag e ”wy,” ise, after 1] is case (known g g, la
Sl e dol us the .
and disti he defendant) ! one a Perpetrator of ),
net fron it nemory and the same on the crime
e on Are
asis of an
anident.

portant devely
<al DNA fingerpring

ilksue The
SR at oy e matter oy,
tific and I encemn g
5 gal comm L e seien
e resolved unitic

ment i for

the ap,
‘e application of medieq] :
o predecessors way

nsic

that the defenge

e Ao callee
p——

1wty s
SSES 0 s
rutinize the da

Tto presen
and has yer g




Bioethics Essays

Several ethical issues are discussed in the Bioethics essays
which add provocative pauses throughout the text. Biologi-
cal Science does not operate in a vacuum but has profound
consequences on the genefal community. Because biolo-
gists study life, the science is peppered with ethical consid-

Coordinating the Organism: The Role of the Nevvous System / CHAPTER 23 » 489

Theresa Ann Campo Pearson didn’t have a

very long life. When she died in 1992, she
was only 10 days old. Despite her short life,
she beeame the center of a very strange,
sadd. and wrenching ethical controversy
Th
o form. She had anencephaly. a condition

resa died becanse her brain had failed

in which only the brainstem. located at the

top of the spinal cord, is present. Her par.
ents wanted to donate Theresa's organs:
the conrts said no. Some people found it

strange Theresa's parents,  Lanra

Campo and Justin Pearson. did not get

their way. Why not allow donation. when
every day in North America a baby dies

+ there is no heart, lung. or liver

becan

available for transplantation®
Anencephaly is best described as
completely  “unabling” not  disabling

Children born with ancncephaly cannot

think, feel, sense, or he aware of the world
Many are stillborn: the majority of the rest

of birth. A mere handful

die within d
live for a few weeks. Theresa's parents

knew all this. But rather than abort the
pregnancy. they chose to have their baby

In fact. the haby was born by Caesarean

section, at least partly in the hope that it

would be born alive, thereby making organ

donation possible. When Theresa died at

Broward General Medical Center in

Landerdale, Florida, however, no ory
were taken. Two Florida courts ruled that

the baby could not be used as a source of

1. and

organs unless she was brain-de

A

Theresa Ann Campo was never pro-

nounced brain-dead

Brain death refers to a situation in
which the brain has irreversibly lost all
Tunetion and activity. Babies born with an-
encephaly have some brain function in
their brainstem so. while they cannot think
or feel, they are alive. According to Florida
law—and the law in more than 40 other
states—only those individuals declared
brain-dead can donate organs. The conrts
of Florida had no other option but to deny
the request for organ donation.

One obvions solution is to change the
law so that states could decide that organs
can b removed upon parental consent
from cither those who are hom brain-dead
or from babies who are borm with anen-
cephaly. Another solution is to rewrite the
definition of death

ay that death occurs
either when the brain has totally ceased to

function or if « haby is born anencephalic

Do you feel t her of these changes

should be made? Some may argue that
medicine will fudge the line between life
and death in order to get organs for trans
plant. Do you agree with this concern?
How do you think redefining death will
koff the

of a driver’s li-

1o ¢

alfect a person’s deci

domation box on the
cense? Do you think people may worry that
if’ they

are known to be potential donors
they won't be aggressively treated at the
hospital? I your opinion, would changing
the definition of death to include anen-
cephaly be beneficial or deleterious?

Like the brain, the spinal cord is composed of white
matter (myelinated axons) and gray matter (dendrites and
cell bodies). However, the arrangement of these types of
matter is reversed in the spinal cord. compared to their
pinal cord’s white matter
16).

arrangement in the brain
surrounds the gray matter (Figure

The human central nervous system is the most complex and
highly evolved assembly of matter. Among its functions are
the p ing of sensory information collected from both
the external and internal environment; the regulation of
internal physiological activities; the dination of com-
plex motor activities; and the end of suchi
“mental” qualitics as emotions, creativity, language, and
the ability to think, learn, and remember. (See CTQ #6.)

ARCHITECTURE OF TII
PERIPHERAL NERVOUS
SYSTEM

B The peripheral nervous system provides the neurologi-
bridge between the central nervous system and the
ons parts of the body. The peripheral nervous system is

made up of paired nerves that estend into the periphery
from the CNS at varions levels along the body. Each nerve is

composed of a large bundle of myelinated asons

surrounded by a connective tissue sheath, Twelve pairs of
al nerves emerge from the central stalk of the human
brain, and 31 pairs of spinal nerves extend from the spinal
cord out between the vertebrae of humans (Figure 23-16).
For the most part, the cranial nerves innervate (supply
d organs of the head and neck, whereas
the spinal nerves innervate the chest, abdomen, and linibs

crai

.o

XXVil

erations. The moral issues discussed in these essays are
neither simple nor easy to resolve, and we do not claim to
have any certain answers. Our goal is to encourage you to
consider the bioethical issues that you will face now and in
the future.
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SYNOPSIS

The synopsis section offers a convenient .sun;rx:?nry ’?ﬁ 4
the chapter material in a readal?le narrahveh otha.t .
material is summarized in concise paragraphs o
tail the main points of the material, offermg a ltl e
review tool to help reinforce recall and understanding
of the chapter’s information.




Additional Pedagogical Features

REVIEW QUESTIONS

Along with the synopsis, the Review Ques-
tions provide a convenient study tool for
testing your knowledge of the facts and pro-

cesses presented in the chapter.

STIMULATING
CRITICAL THINKING

Each chapter contains as part of its
end material a diverse mix of Critical
Thinking Questions. These questions
ask you to apply your knowledge and _
understanding of the facts and con-
cepts to hypothetical situations in
order to solve problems, form hypoth-
eses, and hammer out alternative
points of view. Such exercises provide
you with more effective thinking skills
for competing and living in today’s
complex world.
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Key Terms

zygote (p. 214) reduction division (p. 216) maternal chromosome (p. 219)
meiosis (p. 214) synapsis (p. 216) paternal chromosome (p. 219)
life eycle (p. 214) tetrad (p. 216) independent assortment (p. 219)
germ cell (p. 214) crossing over (p. 216) meiosis 11 (p. 219)

somatic cell (p. 214) genetic recombination (p. 216)

meiosis 1 (p. 216) synaptonemal complex (p. 218)

Review Questions

1. Match the activity with the phase of meiosis in which it 2. How do crossing over and independent assortment in-
®  occurs. crease the genetic variability of a spec

a. synapsis 1. prophase I 3. Why is meic (and not meiosis I1) referred to as the
b. crossing over 2. metaphase | reduction division?
¢: kinetochores split 3: anaphase]l 4. Suppose that one human sperm contains x amount of
d. independent assortment 4. telophase 1 3 I
o DNA. How much DNA would a cell just entering
e. homologous chromosomes 5 . : e ’ g ’
— " meiosis contain? A cell entering meiosis 11?7 A cell just
separate 6. a fAcel enten
6 eypolineli 7. telophase 11 completing meiosis 117 Which of these thre

would have a haploid number of chromosomes? A dip-
loid number of chromosomes?

Critical Thinking Questions

3. Set up the meiosis template in the di
large sheet of paper. Then use pieces
pipe cleaners to simulate chromosomes and make a
model of the phases of meiosis. (See template on oppo-

Why are disorders, such as Down syndrome, that arise gram below on a

from abnormal chromosome numbers, characte olored yarn or

by a number of seemingly unrelated abnormalities?

9

A gardener’s favorite plant had white flowers and long

seed pods. To add some variety to her garden, she
transplants some plants of the same type, but with pink
flowers and short seed pods from her neighbor’s gar-
den. To her surprise, in a few generations, she grows
plants with white flowers and short seed pods and plants
with pink flowers and long seed pods, as well as the
original combinations. What are two ways in which

these new combinations could have arisen?

@w

site page)

4. Would you expect two genes on the same chromosome,

such as yellow flowers and short stems. always to be
exchanged during crossing over? How might they re-
main together in spite of crossing over?

Suppose paternal chromosomes always lined up on the
same side of the metaphase plate of cells in meiosis I

How would this affect genetic variability of offspring?
Would they all be identical? Why or why not?

Additional Readings

Chandley, A. C. 1988. Meiosis in man. Trends in Gen. Moens, P. B. 1987. Meiosis. Orlando: Academic. (Ad-
4:79-83, (Intermediate) vanced)

Hsu, T. C. 1979, Human and mammalian cytogenetics. New Patterson, D. 1987. The causes of Down syndrome. Sci
York: Springer-Verlag. (Intermediate) Amer. Feb:52-60. (Intermediate-Advanced)

John, B. 1990. Meiosis. New York: Cambridge University White, M. ]. D 1973. The chromosomes. Halsted. (Ad-
Press. (Advanced) vanced)

ADDITIONAL READINGS

Supplementary readings relevant to the Chapter’s topics are
provided at the end of every chapter. These readings are
ranked by level of difficulty (introductory, intermediate, or ad-
vanced) so that you can tailor your supplemental readings to
your level of interest and experience.




- Careers in Biology

'The appendi(:es of this edition\ include “Careers in Biol-
ogy,” - frequently overlooked aspect of our discipline. Al-
though many of you may be taking biology as a requirement
for another major (or may have yét to declare a major), some

of you are already biology majors and may become inter-

ested enough to investigate the career opportunities in life
sciences. This appendix helps students discover how an
interest in biology can grow into a livelihood. It also helps
the instructor advise students who are considering biology

as a life endeavor.

Appendix » D-1

APPENDIX

Although many of you are enrolled in biology as a require-
ment foranother major, some of you will become interested
enough to investigate the career opportunities in life
sciences. This interest in biology can grow into a satisfying
livelihood. Here are some facts to consider:

o Biology is a field that offers a very wide range of possi-

ble science careers
®  Biology offers high job security since many aspects of it

deal with the most vital human needs: health and food

®  Each year in the United States, nearly 40,000 people
obtain bachelor's degrees in biology. But the number
of newly created and vacated positions for biologists is
increasing at a rate that exceeds the number of new
graduates. Many of these jobs will be in the newer
areas of biotechnology and bioservices.

Biologists not only enjoy job satisfaction, their work
often changes the future for the better. Careers in medical
biology help combat diseases and promote health. Biolo-
gists have been instrumental in preserving the earth’s life-
supporting capacity. Biotechnologists are engineering or-
ganisms that promise dramatic breakthroughs in medicine,

By

Careers in Biology

food production, pest management, and environmental
protection. Even the economic vitality of modern society
will be increasingly linked to biology

Biology also combines well with other fields of exper-
tise. There is an increasing demand for people with back-
grounds or majors in biology complexed with such areas as
business, art, law, or engineering. Such a distinct blend of
expertise gives a person a special advantage

The average starting salary for all biologists with a
Bachelor’s degree is $22,000. A recent survey of California
State University graduates in biology revealed that most
laries between $20,000 and $50,000. But as
important as salary is, most biologists stress job satisfaction,
job security, work with sophisticated tools and scientific
equipment, travel opportunities (either to the field or to
scientific conferences), and opportunities to be creative in
s they are happy in their carcer.

Here is a list of just a few of the careers for people with
degrees in biology. For more resources, such as lists of
current openings, career guides, and job banks, write to
Biology Career Information, John Wiley and Sons, 605
Third Avenue, New York, NY 10158,

were earning sd

their job as the rea

A SAMPLER OF JOBS THAT GRADUATES HAVE SECURED IN THE FIELD OF BIOLOGY®

Agricultural Biologist
Agricultural Economist
Agricultural Extension
Officer
Agronomist
Amino-acid Analyst
Analytical Biochemist
Anatomist
Animal Behavior
Specialist
Anticancer Drug Research
Technician
Antiviral Therapist
Arid Soils Technician
Audio-nenrobiologist
Author. Magazines & Books

Bioanalytical Chemist
Biochemical/Endocrine
Toxicologist
Biochemical Engineer
Pharmacology Distributor
Pharmacology Technician
Biochemist
Biogeochemist
Biogeographer
Biological Engineer
Biologist
Biomedical
Communication Biologist
Biometerologist
Biophysicist
Tinol

Behavioral Biologist
Bioanalyst

i
Blood Analyst
Botanist

Brain Function
Researcher

Environmental Center
Director

ental Law Specialist

Cancer Biologist Environmental E
Cardiovasculur Biologist Environmenta
Cards lar/Computer X

Specialist
Chemical Ecologist
Chromatographer
Clinical Pharmacologist
Coagulation Biochemist
Cognitive Neuroscientist
Computer Scientist
Dental Assistant
FEcological Biochemist

zlectrophysiology/

Cardiovascular Tec
Energy Regulation O
Environmental Biochemist

T

Farmer

Fetal Physiologist

Flavorist

Food Processing Technologist

Food Production Manager

Food Quality Control
Inspector

Flower Grower

Forest Ecologist

Forest Economist

Forest Engineer

Forest Geneticist

Forest Manager




Study Guide

Written by Gary Wisehart and Michael Leboffe of San
Diego City College, the Study Guide has been designed
with innovative pedagogical features to maximize your un-
derstanding and retention of the facts and concepts
presented in the text. Each chapter in the Study Guide

contains the following elements.

Concepts Maps

In Chapter 1 of the Study Guide, the beginning of a concept
map stating the five themes is introduced. In each subse-
quent chapter, the concept map is expanded to incorporate
topics covered in each chapter as well as the interconnec-
tions between chapters and the five themes. “Connector”
phrases are used to link the concepts and themes, and the
text icons representing the themes are incorporated into the

concept maps.

= IR

Go Figure!

In each chapter, questions are posed regarding the figures
in the text. Students can explore their understanding of the
figures and are asked to think critically about the figures
based on their understanding of the surrounding text and

their own experiences.

Self-Tests
Each chapter includes a set of matching and multiple-
choice questions. Answers to the Study Guide questions are

provided.

Concept Map Construction

The student is asked to create concept maps for a group of
terms, using appropriate connector phrases and adding
terms as necessary.

STUDY GUIDE

SECOND EDITION




Laboratory Manual

B iology: Exploring Life, Second Edition is supplemented
by a comprehensive Laboratory Manual containing ap-
proximately 60 lab exercises chosen by the text authors from
the National Association of Biology Teachers. These labs
have been thoroughly class-tested and have been assem-
bled from various scientific publications. They include such
topics as ;

®  Chaparral and Fire Ecology: Role of Fire in Seed Ger-

mination (The American Biology Teacher)

* A Model for Teaching Mitosis and Meiosis
(American Biology Teacher)

Laboratory Study of Climbing Behavior in the Salt
Marsh  Snail (Oceanography for Landlocked
Classrooms)

Down and Dirty DNA Extraction (A Sourcebook of
Biotechnology Activities)

Bioethics: The Ice-Minus Case (A Sourcebook of Bio-
technology Activities)

Using Dandelion Flower Stalks for Gravitropic Studies
(The American Biology Teacher)

pH and Rate of Enzymatic Reactions (The American
Biology Teacher)

LABORATORY
MANUAL

SECOND EDITHON




Biology:
Exploring Life
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