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Chapter 1
The Scientific Study of Life

Biology is everywhere.

Learning Outcomes
• Describe the characteristics shared by all
living organisms
• Compare and contrast the three main
taxonomic branches of life
• Identify standardized, dependent and
independent variables in an experiment
• Apply the scientific method to analyze data
• Discuss the limitations of the scientific
method

What is Biology?
• If we define biology as the
scientific study of life, then we
need to define life.
• We can define life byy listing
g
its basic components
– The cell is the basic unit of life
– Every organism consists of one
or more cells
– In those cells, DNA is used to
produce proteins

We can define life by discussing
its characteristics
• What are the characteristics of life?
– Organization
– Energy Use
– Homeostasis (maintains internal constancy)
– Reproduction, Growth and Development
– Evolution

DNA: The
Informational
Molecule of Life.

1.1 What is Life?
Life is Organized
• In a hierarchical pattern
• Biological organization is apparent in all
life and all aspects
p
of life and biology
gy
• In addition to this hierarchical organization
are the emergent properties of life
– In other words life is more than the parts, the
way those parts interact gives rise to organs,
organisms, species, communities and etc.
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Figure 1.3
An Emergent Property—From Tiles to Tubes.

ORGANELLE
A membrane-bounded
structure that has a specific
function within a cell.
Example: Chloroplast

Endothelial
cell

MOLECULE
A group of joined atoms.
Example: DNA
ATOM
The smallest chemical
unit of a type of pure
substance (element).
Example: Carbon atom

Sheet of
endothelial
cells

TISSUE
A collection of specialized
cells that function in a
coordinated fashion.
Example: Epidermis of leaf

CELL
The fundamental
unit of life.
Example: Leaf cell

ORGANISM
A single living individual.
Example: One acacia tree

Figure 1.2 POPULATION
A group of the same species of organism
Levels of living in the same place and time.
Example: Multiple acacia trees
Biological
Organization.

ORGAN
A structure consisting
of tissues organized to
interact and carry
out specific functions.
Example: Leaf

ORGAN SYSTEM
Organs connected
physically
p
y
y or chemically
y
that function together.
Example: Aboveground
part of a plant

Capillary

Redblood
cell

COMMUNITY
All populations that occupy
the same region.
Example: All populations
in a savanna

Endothelial
cell

Characteristics of Life
Life Requires Energy
• Metabolism is defined as the sum of
all chemical reactions in a cell
– Metabolism allows organisms to acquire
and use energy to grow, build new
structures, repair old ones, and
reproduce

Energy
from
sunlight

ECOSYSTEM
The living and nonliving
components of an area.
Example: The savanna

BIOSPHERE
The global ecosystem;
the parts of the planet
and its atmosphere
where life is possible.

Classification based
on energy sources
• Producers or autotrophs, make their own
food by extracting energy from non-living
sources and nutrients.
• Consumers or heterotrophs
heterotrophs, obtain energy
by consuming other organisms, whether
living or dead.
– Decomposers are a special group of
heterotrophs that obtain energy from wastes
or dead organisms

Characteristics of Life

Heat

Life Maintains Homeostasis
Heat

Consumers obtain
energy and nutrients by
eating other organisms.
Producers extract energy
and nutrients from the
nonliving environment.

• Homeostasis is the maintenance of
relatively constant internal conditions.
• All p
physiological
y
g
systems
y
respond
p
to
changes in homeostasis and act to return
the body to homeostasis.

Heat
Heat
Decomposers are consumers
that obtain nutrients from dead
organisms and organic wastes.
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Characteristics of Life

Characteristics of Life

Life Reproduces Itself,
Grows, and Develops

Life Reproduces Itself,
Grows, and Develops

• Sex is particularly useful because it
involves the fusion of gametes that are
genetically different from the parents
parents,
giving rise to offspring that are essentially
genetically unique
• Growth and development are the
processes by which an organism develops
from a fertilized egg into a reproductively
mature adult.

• Living organisms generally reproduce in
one of two ways
• Asexual reproduction occurs when an
organism clones itself and produces a
genetically identical offspring
– This can occur by cell division, fragmentation,
vegetative growth, or parthenogenesis

• Sexual reproduction, involves sex

Characteristics of Life

• How does natural selection occur?
– Resources are in limited supply
– Organisms produce more offspring than can
survive on those limited resources
– Some individuals are better able to gain
resources survive
resources,
survive, and reproduce than others
– Those individuals that survive and reproduce
pass on the genetic traits that allowed them to
survive and reproduce to their offspring

Life Evolves
• Evolution is defined as genetic change in a
population over time.
• “Nothing in Biology makes sense except in
the light of evolution”
– Theodosius Dobzhansky
• Populations of organisms evolve through
the process of natural selection.

Generation1

Generation2

Multiple generations later
Antibiotic present

Hair

Time

Time
Bacterial
cell

Reproduction
and
Selection
Staphylococcus aureus
before mutation

a.

SEM (false color) 10 µm

Mutation
occurs (red)

Antibiotic-resistant bacteria
are most successful

b.

Figure 1.8 Natural Selection.
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The Tree of Life Includes
Three Main Branches

Taxonomy
• Taxonomy is the science of classifying and naming
organisms
• Classification is based on evolutionary relationships
between organisms
• Species are a distinct evolutionary and biological unit
that is at the ‘lowest’ end of the classification spectrum.
• The most useful species definition is the biological
species definition of Ernst Mayr
• Species: Any group of actually or potentially
interbreeding organisms that are reproductively isolated
from other such groups

Species are
broadly
categorized into
one of three
domains.

Section 1.2

The Tree of Life Includes
Three Main Branches

Figure 1.9

The Tree of Life Includes
Three Main Branches
Domain Bacteria and Domain
Archaea are prokaryotic and
unicellular.

Each domain
includes one or
more kingdoms
kingdoms.

Section 1.2

Figure 1.9

Section 1.2

The Tree of Life Includes
Three Main Branches

Amoeba: © Melba Photo Agency/PunchStock RF

Figure 1.9

The Tree of Life Includes
Three Main Branches

Organisms in Domain
Eukarya have cells
with nuclei.

Section 1.2

Bacteria: © Kwangshin Kim/Science Source; Archaea: © Ralph Robinson/Visuals Unlimited

Organisms in Domain
Eukarya have cells
with nuclei.

Figure 1.9

Section 1.2

Bee: Courtesy of The National Human Genome Research Institute

Figure 1.9
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The Tree of Life Includes
Three Main Branches

The Tree of Life Includes
Three Main Branches

Organisms in Domain
Eukarya have cells
with nuclei.

Section 1.2

Organisms in Domain
Eukarya have cells
with nuclei.

Figure 1.9

Mushroom: © Corbis (RF)

Section 1.2

The Scientific Method

Types of Science

In general, all
scientific inquiry
follows a standard
process.

Section 1.3

Figure 1.9

Leaf: © Photo by Keith Weller/USDA

Scientists test their
hypotheses with
discovery science or
controlled
ll d
experiments.

Field biologist © Patrick Landmann/Science Source

Figure 1.10

Section 1.3

Figure 1.11

Birdwatcher: U.S. Fish & Wildlife Service/J&K Hollingsworth; Coffee tasters: © Corbis RF

Components of Experiments

Clicker Question #5
What is the dependent variable in the
experiment outlined in this graph?

Often experiments include independent,
dependent, and standardized variables.

• Independent variable: what is
manipulated
i l t d ((e.g., ttype off coffee
ff bean)
b
)
• Dependent variable: what is measured
(e.g., amount of caffeine)
• Standardized variable: held constant for
all subjects in an experiment (e.g., mass
of beans)

C
A

B
Section 1.3

Coffee tasters: © Corbis RF

Figure 1.11

Figure 1.12
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Clicker Question #5
What is the dependent variable in the
experiment outlined in this graph?

C
A

B
Figure 1.12

Scientific Theories Help Explain
Observations

Scientific Theories Help Explain
Observations

in 1862 when Charles
Darwin saw the nectar
tubes on these orchids
he predicted that a
moth pollinator would
be discovered that had
an equally long
tongue.

Figure 1.13

Sections 1.3 & 1.4

Scientific Theories Help Explain
Observations
In 1895, the
moth was
discovered by
Alfred Russel
Wallace

Sections 1.3 & 1.4

Morgan’s Sphinx © Mitsuhiko Imamori/Minden Pictures

Figure 1.14

He based this
prediction on his
theory of evolution.
Si
Since
th
these orchids
hid
shared
characteristics with
other orchids known
to be moth pollinated

Sections 1.3 & 1.4

Orchid: © Kjell Sandved/Alamy

Figure 1.13

1.4 Mastering Concepts

What observations led Darwin and to
predict the existence of a long-tongued
moth in Madagascar?

Cownose rays ©Pete Oxford/Minden Pictures
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1.3 Scientists Study the
Natural World
Theories Are Comprehensive Explanations
• Theory vs. hypothesis

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

– Scope
– Acceptance
A
t
– Predictive power
Nectartubes

Scientists Study the Natural
World
Scientific Inquiry Has Limitations
• Scientific inquiry is neither foolproof nor
always easy to implement
• Misinterpretation
Mi i t
t ti ((and
d see thi
this))
• Slow acceptance
• Some questions cannot be answered by
science

© Geoff McIlleron: Firefl y Images/photographersdirect.com
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