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1. Fundamental Concepts
and Methods in Biology

Biology is the branch of science that studies living things:their structure, function,
repfoduction, and interactions with one another and with the nonliving environment. We
can identify several fundamental concepts in biology. s

1. Living things are highly ordered. The chemicals that make up a living organism are
much more complex and highly ordered on a molecular level than are the chemicals that
make up most nonliving systems". This chemical organization is reflected in the organized
structure and function of the organism’s body. All organisms contain very similar kinds of
chemicals, and the chemical makeup of an organism’s body differs from that of its nonliv-
ing environment.

2. Living things are organized into units called cells. Most cells are so small that we
must usc a microscope to see them. Many small organisms, such as bacteria and protists,
consist of one cell ecach. Larger organisms, such as grasses and humans, contain up to
hundreds of millions of cells. ‘

Each ccll is a discrete packet of highly ordered living material, biochemical factory. It
takes in nutrients and energy and uses these to maintain itself, to grow, to respond to
changes in the environment, and eventually to reproduce. forming two new cells. Hence,
cells are the units of structure, function, and reproduction in organisms.

3. Living things obtain and use energy from their environments to maintain and in-
crease their high degree of orderliness. Most organisms depend. directly or indircctly, on
energy from the sun. Green plants use solar energy to make food, which supports the
plants themselves. It is also used by all organisms that eat plants, and eventually by those
that eat the plant-eaters too. All organisms use energy from their food to maintain their
bodies. to grow, and to reproducc.

4. Living organisms respond actively to their environments. Most animals respond
rapidly to environmetal changes by making some sort of movement—exploring. fleeing, or
cven rolling into a ball. Plants respond more slowly but still actively:stems and lcaves
bend toward light, and roots grow downward. The capacity to respond to environmental
stimuli is universal among living things.

5. Living things develop. Everything changes with time, but living organisms change
in particularly complex ways called development. A nonliving crystal growé by addition of
identical or similar units, but a plant or animal develops new structures, such as leaves or
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teeth, that may differ chemically and structurally from the structures that produced them.

6. Living things reproduce themselves. New organisms—bacteria, pfotists, animals,
plants, and fungi—arise only from the reproduction of other, similar, organisms. New
cells arise only from the division of other cells. :

7. The information each organism needs to survive, develop, and reproduce is segre-
gated within the organism and passed from each organism to its offspring. This informa-
tion is contained in the organism’s genetic material—its chromosomes and genes—which
specifies the possible range of the organism’ development, structure, function, and re-
sponse to its environment. An organism passes genectic information to its offspring, and
this is why offspring are similar to their parents. Genetic information does vary some-
"what, though, so parents and offspring are usually similar but not identical.

8. Living things evolve and are adapted to their environments. Today’s organisms
have arisen by evolution, the descent and modification of organisms from more ancient
forms of life. Evolution proceeds in such a way that living things and their components are
well suited to their ways of life. Fish, earthworms, and frogs are all so constructed that
we can predict roughly how they live merely by examining them. The adaptation,of organ-
isms to their cnvironments is one result of evolution.

How is it that scientists probe so skillfully into the monument of dif¢ and discover so
‘much about its foundations? What is it about their manner of thinking that yields such pre-
cise results? The scientific method is a formalized way of answering questions about causa-
tion in the natural world. In principle, the scientific method has three main steps (al-
though in practice scientists work in many different ways ). The first step is to collect ob-
servations ,phenomena which can be detected by the senses (vision, hearing, smell, taste,
.and touch). Observations can be also made in directly, through use of special equipment
(such as a microscope)that extended the range of perception. With practice, we can be-
come skilled at. making systematic observations. This means focusing one or more senses
on & particular object or event in the environment,. and screening out the “background
noise” of information that.probably has no bearing on our focus®. Second, the scientist
thinks of hypothesis, ideas about the cause of what has been observed. The third step is
experimentation, performing tests designed to show that one or more of the hypothesis is
more or less likely to be incorrect. ' :

Hypothesizing means putting together a tentative explanation to account for an obser-
vation. No scientist can put forward an idea and demand that it be believed as true, no
questions asked. In science, there are no absolute truths. There are only high probabilities
that an idea is correct in the context of observations and tests made so far. Instead of abso-
lutes, there is suspended judgment. This means a hypothesis is tentatively said to be valid
if it is consistent with observations at hand. You won’t (or shouldn’t) hear a scientist say,
“There is no other explanation!” More likely you will hear, “Based on present knowledge,
this explanation is our best judgment at the moment.”
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Often the weight of evidence is so convincing that the hypothesis becomes accepted as
a theory: a coherent set of ideas that form a general frame of réference for further studies.
In science, the word® theory” is not used lightly. It is bestowed only on hypothesis that
can be relied upon with a very high degree of confidence.

Testing the hypothesis through experiments is at the heart of scientific inquiry. Ex-
periments must be designed so that their results are as unambiguous as human ingenuity
can make them. For this reason, experiments have to include control treatments as well as
cxperimental treatments. The two differ only by the factor(s) in which you are interested.

Collecting and organizing test results is a necessary process in biological experiments.
Data tables or graphs are used to organize and display information for analysis. Graphs are
cspecially useful in illustrating trends of patterns. Data analysis is less mechanical and
more conceptual than collecting and organizing the information. Often, statistical tests are
used to determine if differences between experimental data and control data are slgmﬁcant
or are likely due only to chance. 1f it can be argued that the differences are due to chance
only, then it can also be argued that the independent variable had no effect.

Generalizing from test results requires careful and objective analysis of the data gath-
ered. Usually, the hypothesis under test is accepted or rejected on the basis of conclusions
drawn. A statement is written about what new insights (if any) have been gained into the
original prbblcm. Apparent trends are noted when the same data appear in test results
gathered over a period of time. Often, further questions and hypothesis are posed in an at-

tempt to guide additional studies of the problem.
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1. The chemicals that make up a living organism are much more complex and highly
ordered on a molecular level than are the chemicals that make up most nonliving systems.
A A4 1B R *“The chemicals”, \A]“that make up a living organism” {18, 1HiE K

“are much more++-ordered”. “on a molecular level” 2 4RiE , “than---systems” Jy L EARIE M
£), Hd“that -+ systems "} £ 1B N 6] EHi“the chemicals”, 5 F 4] T iE/E L.
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FYHRBEE RS MEEMREAR.

2. This means focusing one or more senscs on a particular object or event in the envi-
ronment, and screening out the “background noise “of information that probably has no
bearing on our focus. 48] £ 7R This”, “means”¥E1E., HHNEE, H—H“focusing-
onee”, BRI e P F o H 7 K ¥screening outer”, HiHH, “that probably++-focus”
J“information” A E 1E N ], .

WA R X R E (RAD TR RS L E R P BIFFE B R 5k B AR 8l
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2. Unity in Basic Life Processes

Metabolism

Raw materials do not assemble on their own to form each new organism. The assem-
bly processes—indeed, all processes associated with life—are the result of energy transfers
betwecen substances. For example, in a process called photosynthesis, plants absorb sun-
light energy and use it to form compounds such as adenosine triphosphate, or ATP;then
the cnergy of ATP is used to build sugar, starch. and other molecules. Here, energy is
transferred from the sun, to ATP. and then on to molecules that the cell uses as building
blocks or tucks away as encrgy reserves. In another process, called aerobic respiration,
cells tap their cnergy reserves by breaking apart molecules so that some energy becomes
available to form ATP—which in turn delivers energy to sites where specific cellular activi-
ties take place.

This example tells. us something about the nature of energy transfers. Energy stores
can be used up. Organisms cannot crcate”new “energy from nothing;to stay alive, they
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must tap an existing energy source from their surroundings(the sun, ncctar from a flower.,
a chicken dinner), then transform the acquired energy into forms that can be stored and
used to do cellular work.

All forms of lifc extract and transform energy from their surroundings, and they use
it for manipulating materials in ways that assure maintenance, growth, and reproduction.

More briefly, they show what is called “metabolic activity. ”

Growth, Development, and Reproduction

Through metabolic events, living things.come into the world., grow 'and develop, and
reproduce. Most then move on through decline and death according to a timetable for their
kind. Even as individual organisms die, reproduction assures that new organisms having
much the same traits will replace them.?®

Yet “an organism? is much more than a single organized form having a single set of
functions during its lifetime. One example will make the point, even though actual details
vary considerably among organisms.

A tiny egg deposited on a branch by a female moth is a compact transitional form. It
contains all the instructions necessary to become an adult moth. Before becoming a moth,
developmental events inside the egg lead to an entirely different form:a wingless, many-
legged larva called a caterpillar.

The caterpillar hatches dyring a warm season when tender new leaves unfold. Not co-
incidentally, the caterpillar is a stréamlined‘“eatihg machine” able to tear and chew tender
plant tissues. It has a capacity for extremely rapid growth. It eats and grows until some
internal alarm clock goes off, setting in motion events that lead to profound changes in
form. Some cells are disassembled, other cells multiply and are assembled into entirely
different patterns. Tissues, too, are moved about during this wholesale remodeling, the
so-called pupal stage. From the pupa, the adult moth emerges.

“The mioth .is the “reproductive machine” stage. Its head has a:tubelike extension (a
proboscis) that draws nectar from flowers.. From -the nectar comes energy that powers:
free-wheeling flights. For this insect, wings are emblazoned with colors and move at a fre-
quency that can attract a potential mate. The moth has organs in which egg or sperm de-
velop, and which enhance fertilization of an egg and the préduction of offspring.

"None of these stages is “the insect”. “The insect”.is a series of stages in organization,

" with different adaptive properties emerging at each stage.
Homeostasis

Any attempt to define the nature of life cannot focus only on the organism, for an or-

ganism cannot exist apart from its surroundings. The living state is maintained within
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rather narrow limits. Concentrations of substances such as carbon dioxide and oxygen
must not rise above or fall below certain levels. Toxic substances must be avoided or elimi-
nated. Certain kinds of foods must be available, in certain amounts. Water, oxygen, car-
bon dioxide, light, temperature—such environmental factors dictate the terms of survival.
And such terms are subject to change. 4

How do living things respond to changes in the environment? They respond in two
ways. First, all organisms have built-in means of making internal adjustments to outside
changes. The adjustments help maintain operating conditions within some tolerable range.
This capacity for maintaining the “internal environment” is known as homeostasis. Indi-
vidual cells have homeostatic controls. (For instance, they have mechanisms for bringing
in substances that are in short supply and for eliminating other substances. ) Multicelled
organisms also have homeostatic controls. (Birds, for instance, have sensors that signal
the brain when the outside temperature drops. The brain may send signals to cells that
control feather movements. Special movements lead to feather fluffing, a behavior that re-
tains heat and helps maintain body temperature. )

Homeostasis implies constancy. a sort of perpetual bouncing back to some. limited sect
of operating conditions. In some respects, constancy is indeed vital. Your red blood cells
will not function unless they are bathed in water that contains fairly exact amounts of dis-
solved components.

Yet living things also respond in a second way to changing conditions. All organisms
adjust to certain directional changes in the internal and external environments. We might
call this dynarﬁic homeostasis, for the living state is maintained through adjustments that
shift the form and function of the organism over time.

A simple example will do here. In humans, irreversible chemical changes trigger pu-
berty, the age at which sexual reproductive structures mature and become functional. At
puberty, the body steps up its secretions of such hormones as androgens (in males) and
estrogens (in females). The increased secretions are necessary for sexual maturation.
They call for entirely new events such as the menstrual cycle. This cycle includes a rhyth-
mic accumulation of substances that prepare the female body for pregnancy, followed by
disposal of substances when pregnancy does not occur.® It is not that homeostasis no
longer operates. It is that developmental events now demand new kinds of adjustments in

the internal state.

DNA: Storehouse of Constancy and Change

Upon thinking about the preceding examples of development, you might wonder what
could be responsible for inheritance—the transmission, from parent to offspring, of struc-
tural and functional patterns characteristic of each kind of organism. ® How is it that a bac-

"terium can divide and develop into two fairly exact copies of itself? How is it that corn
7




seeds can germinate and develop into fairly exact replicas of parent corn plants? Within
cach individual, there must be a storehouse of hereditary information.

This storehouse of information has a remarkable characteristic:, Although offspring
resemble their parents in form and behavior, variations can exist on the basic plan. A new-
ly produced bacterium might not be able to assemble (as it is supposed to )some molecule
that is vital to its functioning. Some humans are born with six digits on each hand instead
of five. Overall, hereditary instructions must remain intact to assure faithful transmission
of traits—yet they also must be subject to change in some details!

As you have probably learned by now, we know where the instructions reside. In all
living cells, they are encoded in molecules of deoxyribonucleic acid, or DNA. We also
know that changes can occur in the kind, structure, sequence, or number of component
parts of DNA. These changes are mutations. Most mutations are harmful, for the DNA of
each kind of organism is a package of information that is finely tuned to a given environ-
ment. In addition, its separate bits of information are part of a coordinated whole. When
one crucial part changes, the whole living system may be thrown off balancc.

.~ However, somctimes a mutation may prove to be harmless, even bencfical, under
prevailing conditions. For example, mutation produces a dark-colored form of a moth that
otherwise is light-colored. When the mutant moth rests on soot-covered trees, bird preda-
tors simply do not see it. In places where there happen to be lots of soot-covered trees(as
in industrial regions), the mutant stands a better chance of not being eaten —hence surviv-

ing and reproducing — than its light-colored kin. ®
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transfer[treens'fo: ] ve. 538,465 ;F# | maintenance['meintinans] . fR$F; 4EHF
substance['sabstons] n. Yk . traitbﬁtreit:]n. $4E ; 45
photgsynthesis[\foutou'sinasis ] n. Y65E | moth[mob] . #

Ja : compact [kam'packt] a. EEH
absorb[ab'sa:b] ve. BRWL(IK . # . H55) instruction[in'strakfon] n. F§5;Ex
adenosine[o'denasi(:)n] n. JREMHHE larva['la:va], (& J(larvae) n. hH¢; 40
starch[sta:tf] n. &M caterpillar['keaetopilo] n. FHH
aerobic[esroubik] a. TEHEAY | hatch[heetf] vt. B vi. ¥4k 2. b
respiration[ ,respa'reifon] n. FEIR{E R | tender['tenda] «. HAY;4h550Y
tap[taep] vt. F &K - streamlined['strimlaind] a. BASIL T 89 3
nectar['nekta] n. 1E% KB Do
extract{iks'treekt] ve. $REG IR ». I | multiply['maltiplai] vi. 5 ;L
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tissue[ 'tisju: } n. HH
wholesale{ 'houlseil ] n. #it %k
TR
remodel['ri:'mod] ] ve. EHil
pupal['pju:pal]a. %4
emergeli'maidz] vi. HI;EK
proboscis[pro'bosis ] n. (BHANE; KA
emblazon[im'blezon 1 vt {ffi-+---+ PAOCEE; 3%
il .
sperm[spaim ] n. ¥FF; KW
fertilization[,fartilai'zeifon] n. 234 ; KB AE
homeostasis[ ,houmiou'steisis ] n. ({A)E
ENNe" 32 PR
avoid[a'void ] vt. BEH  a. TIEEHRAY
eliminate[i'limineit ] vz. HEBR, JHER, IHK
adjust(a'd3ast]ve. T, F%E; KIE
tolerable['tolorabl] . W[ 3%HY
signal['signal] n. {65 v. B{ES
feather['feda]ln. PIE vi. KFE
fluff(flaf]n. B8F v HWPE
perpetual[pa'petjual] a. TEF LY ; ER
REERY; KER
bounce[bauns j vi. Bk
R &
vital['vaitl ] a. 4 fpf; Bliriy
dissolve[di'zolv] vt. {HIEH%
24 _
dynamic[dai'neemik] a. 3h11%8);: ShER
irreversible[,iri'vaisabl] a. AAH[HAY
trigger{'trigaln. MARY,. RN v Xk
puberty['pjuiba(:)ti] n. H FH
constancy[ 'konstansi] n. $B5E; BANRKE
secretion[si'kri:fon] n. 433

a. k#tﬁg)

”n. ~back ﬁ?‘#v

ui, %ﬁvﬂ

hormone['ha:moun] n. IE , Fj/R5
androgen['zndrad3zon ] n. HEME
estrogen[ 'i:strad3zan] n. MEB(E
menstrual 'menstrusl ] a. A —&KK); A%
i )
rhythmic['ridmik] a. %‘%%E‘J
pregnancy['pregnansi] n. 122, i8R
inheritance[in'heritons] n. #f%
germinate[ 'dgo:mineit ] vz & vi ({#) K%
hereditary[hi'reditori] a. HBfERY
variation[,veari'eifan] n. 5 5 ;AR ; 1L
digit('didgit] n. F48; 0F
encode[in‘koud] vt. HRIG
deoxyribonucleic
[di:'oksi'raibounju:'kli:ik ] a.
BREBERE
mutation[mju(;)'teifon] n. Z€A5; AEFp
coordinate kou'a:dinit ] v¢ & vi (ff)[F]%%,
EOBE 2 B%
prevailing[pri'veilin] a. H#®AY; S EAY
predator['predata] n. &
soot[sut] n. 118

W 4
tuck away [
apart from #{FF

adjust to EMNTF

throw off HIIAE

adenosine triphosphate =B¥BRIRH , A FK
ATP

step up BN

stand a good chance RETHE, KAFE

R

1. Even as individual organisms die, reproduction assures that new organisms having

much the same traits will replace them. “Even as+--die” JikE R 1E N FA], 4 F 18 F“repo-

9




