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  389

Life in the 
Ocean

LEARNING OBJECTIVES 

13.1  Identify the main points of Darwin’s theory of  
evolution by natural selection.

13.2  Describe how organisms may change or diversify 
through time.

13.3  Explain how dramatic environmental change can 
affect communities of organisms.

13.4  Describe how life is classified.

13.5  Identify the characteristics of living organisms that 
distinguish them from nonliving things.

13.6  Explain how energy is captured, stored, and  
dispersed through communities.

13.7  Discuss how elements are cycled between living 
organisms and their surroundings.

13.8  Describe the primary environmental factors that influ-
ence the success of marine organisms.

A variety of temperate fish swim above a bat ray looking for food in 

the surfgrass and algae beds of the Cortez Bank. Brian Skerry/National Geographic 

Image Collection
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Part 4  The Solar System488

Even its thick atmosphere cannot protect 
Venus from larger meteorites, yet it has few 
craters. That must mean the surface is not old.

Baltis Vallis (arrows), at least 6800 km
(4200 mi) long, is the longest lava flow
channel in the Solar System.

Even its thick atmosphere cannot protect 
Venus from larger meteorites, yet it has few 
craters. That must mean the surface is not old.

Baltis Vallis (arrows), at least 6800 km
(4200 mi) long, is the longest lava flow
channel in the Solar System.

Venus and Mars haven’t really gone 
wrong, but they have changed 
since they formed, and 
those changes can 
help you 
understand 
your own 
world.

Venus and Earth have outgassed about the same amount of 
CO2, but Earth’s oceans have dissolved most of Earth’s CO2 and 

converted it to sediments such as limestone. If all of Earth’s 
sedimentary carbon were dug up and converted back to CO2, our 

atmosphere would be much like Venus’s.

Because Venus was warmer when it formed, it had little if any 
liquid water to dissolve CO2, and that produced a greenhouse 

effect that made the planet even warmer. The planet could 
not purge its atmosphere of CO2, and as more was 
outgassed, Venus was trapped in a runaway greenhouse 
effect.

The crust of Venus must be no older than 0.5 billion years. One hypothesis is that an 
earlier crust broke up and sank in a sea of magma as fresh lava flows formed a new 

crust. Such resurfacing events might occur periodically on a hot, volcanic planet like Venus.

What could cause a resurfacing event? Models of the climate on Venus show that an outburst 
of volcanism could increase the greenhouse effect and drive the surface temperature up by as 
much as 100°C. This could soften the crust, increase the volcanism, and push the planet into a 

resurfacing episode. This type of catastrophe may happen periodically on Venus, or the 
planet may have had just one resurfacing event about half a billion years ago.

The crust of Venus must be no older than 0.5 billion years. One hypothesis is that an 
earlier crust broke up and sank in a sea of magma as fresh lava flows formed a new 

crust. Such resurfacing events might occur periodically on a hot, volcanic planet like Venus.

What could cause a resurfacing event? Models of the climate on Venus show that an outburst 
of volcanism could increase the greenhouse effect and drive the surface temperature up by as 
much as 100°C. This could soften the crust, increase the volcanism, and push the planet into a 

resurfacing episode. This type of catastrophe may happen periodically on Venus, or the 
planet may have had just one resurfacing event about half a billion years ago.
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1 When Mars was young, water was abundant enough to flow over 
the surface in streams and floods, and may have filled oceans. That 

age of liquid surface water ended more than 3 billion years ago. The 
climate on Mars has changed as atmospheric gases and water were lost 
to space and as water was frozen into the soil as permafrost.

3

This distributary fan formed where an ancient 
stream flowed into a lake within a crater. Sediment 

deposited in the still lake water formed a lobed delta that 
later became sedimentary rock. Detailed analysis reveals 
that the stream changed course repeatedly, showing that 
the stream was not just a short-term flood.

This distributary fan formed where an ancient 
stream flowed into a lake within a crater. Sediment 

deposited in the still lake water formed a lobed delta that 
later became sedimentary rock. Detailed analysis reveals 
that the stream changed course repeatedly, showing that 
the stream was not just a short-term flood.

3a

Lava 
covers Venus 

in layers of basalt, and 
volcanoes are common. 
Some of those volcanoes 
may be active right now 
whereas others are 
dormant. Traces of past 
lava flows show up in 
radar images including 
long narrow valleys cut by 
moving lava.

2

Early in the history of Mars when its crust was thin, 
convection in the mantle could have pushed up volcanic 

regions such as Tharsis and Elysium, and limited plate motion 
could have produced Valles Marineris, but Mars cooled too fast, 
and its crust never broke into moving tectonic plates as did Earth’s 
crust.

As its crust thickened, volcanism abated, and Mars lost the ability 
to replenish its waning atmosphere.

4

2a

Mars has very large volcanoes, and their 
size shows that the crust has grown thick 

as the little planet has lost its heat to 
space. A thinner crust could 
not support such large 
volcanoes.
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Only 0.7 AU from the Sun, Venus
receives almost twice the solar
energy per square meter that Earth
does. Moved to Venus’s orbit, Earth’s
surface would be 50°C (90°F) hotter.

Even if bodies of water existed
when Venus was young, they
could not have survived long.

The Northern Lowlands of Mars
and the Hellas Basin may once
have been filled with water.
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Illustration design by Michael A. Seeds
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Even its thick atmosphere cannot protect 
Venus from larger meteorites, yet it has few 
craters. That must mean the surface is not old.

Baltis Vallis (arrows), at least 6800 km
(4200 mi) long, is the longest lava flow
channel in the Solar System.

Even its thick atmosphere cannot protect 
Venus from larger meteorites, yet it has few 
craters. That must mean the surface is not old.

Baltis Vallis (arrows), at least 6800 km
(4200 mi) long, is the longest lava flow
channel in the Solar System.
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understand 
your own 
world.
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CO2, but Earth’s oceans have dissolved most of Earth’s CO2 and 

converted it to sediments such as limestone. If all of Earth’s 
sedimentary carbon were dug up and converted back to CO2, our 

atmosphere would be much like Venus’s.

Because Venus was warmer when it formed, it had little if any 
liquid water to dissolve CO2, and that produced a greenhouse 

effect that made the planet even warmer. The planet could 
not purge its atmosphere of CO2, and as more was 
outgassed, Venus was trapped in a runaway greenhouse 
effect.

The crust of Venus must be no older than 0.5 billion years. One hypothesis is that an 
earlier crust broke up and sank in a sea of magma as fresh lava flows formed a new 

crust. Such resurfacing events might occur periodically on a hot, volcanic planet like Venus.

What could cause a resurfacing event? Models of the climate on Venus show that an outburst 
of volcanism could increase the greenhouse effect and drive the surface temperature up by as 
much as 100°C. This could soften the crust, increase the volcanism, and push the planet into a 

resurfacing episode. This type of catastrophe may happen periodically on Venus, or the 
planet may have had just one resurfacing event about half a billion years ago.
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What could cause a resurfacing event? Models of the climate on Venus show that an outburst 
of volcanism could increase the greenhouse effect and drive the surface temperature up by as 
much as 100°C. This could soften the crust, increase the volcanism, and push the planet into a 

resurfacing episode. This type of catastrophe may happen periodically on Venus, or the 
planet may have had just one resurfacing event about half a billion years ago.
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 118 CHAPTER 4

SPOTLIGHT FIGURE 4.8 Major Features of Ocean Basins

Submarine canyons, cut by rivers when 
sea level was lower, carry material eroded 
from the land out onto the deep seafloor. 
These sediments, plus the shells of trillions 
of microscopic creatures from the surface 
waters, cover the rough seabed terrain with 
vast flat abyssal plains. Seafloor spreading 
ridges create new oceanic crust from molten 
mantle material that emerges through the 

central rift valley of the ridge and cools 
into new rock. Convection cells deep in the 
mantle then force new crust to move away on 
both sides of the spreading ridge. Stationary 
hot spots within the  mantle create straight 
lines of volcanoes and island chains as the 
crust moves over them. Oceanic crust is 
destroyed when it is subducted—pushed and 
pulled down under another plate and melted 

back into the mantle. As the oceanic crust is 
forced down, it creates deep-sea trenches, 
the deepest places in the ocean. Some of the 
melted material escapes back to the surface 
in volcanic island arcs formed on the other 
side of the trenches. (The vertical scale has 
been greatly exaggerated to emphasize basin 
topography.)
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13.7b Nitrogen Must Be “Fixed” to Be Available 
to Organisms 
Nitrogen is a critical component of proteins, chlorophyll, 
and nucleic acids. Like carbon, nitrogen may be found in 
the bodies of organisms, as a dissolved gas (N2) and as dis-
solved organic matter known as dissolved organic nitrogen 
(DON).

One might think nitrogen would be abundantly available 
in the ocean: Table 7.4 indicates that nitrogen accounts for 
48% of the dissolved gas in seawater, by volume. But most 
organisms cannot use the free nitrogen in the atmosphere and 
ocean directly. It must first be bound with oxygen or hydro-
gen, or fixed, into usable chemical forms by specialized organ-
isms, usually bacteria or cyanobacteria. Thus, oceanic regions 
are frequently nitrogen-limited; the growth of plants and 
plantlike organisms is often held back by a lack of available 
nitrogen.

The forms of nitrogen available for uptake by living things 
are ammonium (NH4

+) and nitrate (NO3
-), an ion formed by the 

oxidation of ammonium and nitrite (NO2
-). Nitrate runoff from 

soil is an especially rich source of this nutrient, which explains 
why coastal water tends to support greater plankton populations 
than oceanic water does. After being assimilated by small 
plants and plantlike organisms, nitrogen is recycled as animals 
consume them and then excrete ammonium and urea. These 
reduced forms of nitrogen are then oxidized back into nitrate, 
via nitrite, by nitrifying bacteria. In the deep ocean, most of 
the nitrogen is in the form of nitrate. In anoxic sediments and 
certain low-oxygen regions of the ocean, denitrifying bacteria 
use nitrate in respiration and convert nitrate back to nitrite and 
nitrogen gas, which is lost to the atmosphere. The other major 
loss occurs when nitrogen-containing organisms and debris 
are buried in ocean sediments. Figure 13.16 shows the nitrogen 
cycle.

Insight from 
a national geographic explorer 13.1

Dr. Kakani Katija discusses carbon flux to the deep ocean and innovations to study 
fragile organisms normally too delicate to directly investigate. 

Swimming hundreds of meters beneath the ocean’s surface in many parts of 
the world are prolific architects called giant larvaceans. These zooplankton are not 
particularly giants themselves (they resemble tadpoles and are about the size of an 
index finger), but, every day, they construct one or more spacious “houses” that can 
exceed one meter in length.

The houses are transparent mucus structures that encase the creatures inside. 
Giant larvaceans beat their tails to pump seawater through these structures, which 
filter tiny bits of dead or drifting organic matter, some of them photosynthesizing 
phytoplankton, for the animals to eat. When their filters get clogged, the larvaceans 
abandon ship and construct a new house. Laden with debris from the water column, 

old houses rapidly sink to the seafloor.
In doing so, the creatures help transfer carbon that has been removed from the atmosphere by phytoplankton 

to the deep sea, where it can be buried and stored long term. Scientists near California’s Monterey Bay have found 
that, through this process, giant larvaceans can filter all of the bay’s water from about 90m to 300m deep in less 
than two weeks, making them the fastest-known zooplankton filter feeders. And, given their abundance in other 
parts of the world, these organisms likely play a crucial role in the global carbon cycle.

When it comes to the flow of carbon in the ocean, “we don’t know nearly as much as we should.” said  
Dr. Kakani Katija, principal engineer at the Monterey Bay Aquarium Research Institute and the study’s lead 
author. “If we really want to understand how the system works, we have to look at all the players involved. Giant 
larvaceans are one important group we need to learn more about.” In the past, other scientists have tried studying 
giant larvaceans in the laboratory. But these efforts always failed because the animals’ houses were too fragile to 
be harvested, and collected specimens were never able to build houses outside the ocean.

To study the zooplankton in their natural habitat, Dr. Katija and her collaborators developed a new deep-sea 
imaging instrument, called DeepPIV (PIV stands for Particle Image Velocimetry), which they paired with a remotely 
operated vehicle. DeepPIV projects a sheet of laser light that cuts straight through a larvacean’s mucus house. 
A high-definition camera on the remotely operated vehicle can then capture the inner pumping mechanisms 
illuminated by the laser.

 Source: Steph Yin, “In Disposable Mucus Houses, these Zooplankton filter the Oceans, “ The New York Times Company, 
March 5, 2017 
© Monterey Bay Aquarium Research Institute
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National Geographic Experiences
Students hear stories of ocean discoveries 
from National Geographic Explorers 
and visualize marine science through 
photographs and maps from the National 
Geographic archives.

Powerful Student Engagement
With a highly visual print text and eBook, 
along with interactive Virtual Labs and 
animations in the WebAssign digital platform, 
all students are able to understand and think 
critically about astronomy concepts.

Hands-On Science Labs
A new Lab Manual gets students active in 
applying their knowledge of core marine 
science concepts and practicing lab skills 
and safety.

Digital Power with MindTap
Combine an interactive eBook with a wide variety 
of media including animations, video quizzes, 
map activities, research articles, and auto-
graded assessments.

CHAPTER P

Objectives
	● Research and describe scientific 

history and the contributions of 
scientists.

	● Evaluate the impact of scientific 
research on society and the 
environment.

	● Conduct investigations using safe, 
environmentally appropriate, and 
ethical practices.

	● Apply the scientific method 
during laboratory and field 
investigations.

	● Choose equipment during 
laboratory and field investigations.

	● Analyze and organize data 
during laboratory and field 
investigations.

	● Use critical thinking, scientific 
reasoning, and problem solving 
to make informed decisions.

	● Demonstrate professional 
standards and employability skills.

Key Words
Age of Enlightenment
comparative investigation
conclusion/results
control group
deductive reasoning
dependent variable
descriptive investigation
empathy
empirical evidence
engineering design 

practices
experiment

experimental group
experimental investigation
feedback
hypothesis
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inductive reasoning
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observational investigation
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quantitative data
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science
scientific laws
scientific method
scientific models
Scientific Revolution
scientific theories
verbal communication
written communication
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WebAssign is a powerful physics-based online 
homework tool with an interactive eBook, 
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ASTRONOMY

This version has been updated with new content 
to meet the Florida science standards for Marine 
Science and includes a new chapter on freshwater 
processes and ecosystems.
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including a new chapter on scientific 
investigation and astronomy tools to address 
new dimensions of the standards.
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able to decode the transmission. The message is a string of 1679 
pulses and gaps. Pulses represent 1s, and gaps represent 0s. The 
string can be arranged in two dimensions in only two possible 
ways: as 23 rows of 73 or as 73 rows of 23. The first way pro-
duces gibberish, but the second arrangement forms a picture 
containing information about life on Earth (Figure 25-11).

What are the chances that a signal like the Arecibo message 
would be heard across interstellar distances? Surprisingly, a radio 
dish the size of the Arecibo telescope, located anywhere in the 
Milky Way Galaxy, could detect the output from “our” Arecibo. 
The human race’s modest technical capabilities already can put 
us into cosmic chat rooms.

Although the 1974 Arecibo beacon was the only powerful 
signal sent purposely from Earth to other star systems, Earth is 
sending out many other signals more or less accidentally. Strong 
short-wave radio signals, including TV and FM, have been leak-
ing into space for the past 80 years or so. Any civilization within  
80 light-years could already have detected Earth’s civilization. 
That works both ways: Alien signals, whether intentional mes-
sages of friendship or the blather of their equivalent to daytime 
TV, could be arriving at Earth now. Groups of astronomers from 
several countries are pointing radio telescopes at the most likely 
stars and listening for alien civilizations.

(How Do We Know? 25-1). Humans are unlikely ever to meet 
aliens face to face. However, communication by electromag-
netic signals across interstellar distances takes relatively little 
energy.

25-3b Radio Communication
Nature puts restrictions on travel through space, and it also 
restricts the possibility of communicating with distant civiliza-
tions by radio. One restriction is based on simple physics: Radio 
signals are electromagnetic waves and travel at the speed of light. 
Because of the distances between the stars, the speed of radio 
waves would severely limit humanity’s ability to carry on normal 
conversations with distant civilizations. Decades could elapse 
between asking a question and getting an answer.

So rather than try to begin a conversation, one group of 
astronomers decided in 1974 to broadcast a message of greeting 
toward the globular cluster M13, 22,000 light-years away, using 
the Arecibo radio telescope (look back to Figure 6-17). When 
the signal arrives 22,000 years in the future, alien astronomers 
may be able to understand it because the message is anticoded, 
meaning that it is designed to be decoded by beings that know 
nothing about us or our languages. If they are sophisticated 
enough to build radio telescopes, the hope is that they should be 

UFOs and Space Aliens
Has Earth been visited by aliens?

Astronomers, planetary scientists, and 
astrobiologists get asked this question all the 
time by members of the public. The reason the 
question is asked so often is that the public has 
heard that most scientists believe there is life 
on other worlds. So then, the logic goes, UFOs 
are probably alien spacecraft, right? Scientists 
don’t make that connection for two reasons.

First, the reputation of UFO sightings and 
alien encounters does not inspire confidence 
that those data are reliable. Most people hear of 
such events in grocery store tabloids, daytime 
talk shows, or sensational “specials” on 
viewer-hungry cable networks. You should take 
note of the low reputation and motivations of 
the media that report UFOs and space aliens. 
Most of these reports, like the reports that Elvis 
is alive and well, are simply made up for the 
sake of sensation or to make money, and you 
cannot use them as reliable evidence.

Second, the few UFO sightings that are not 
made up do not survive careful examination. 
Most are mistakes and unintentional 

misinterpretations, committed by honest 
people, of natural events or human-made 
objects. It is important to realize that experts 
have studied these incidents over many 
decades and found not even one report that is 
convincing to the professional scientific 
community.

In short, despite false claims to the contrary 
on TV shows, there is no dependable evidence 
that Earth has ever been visited by aliens. 
Remember, that conclusion does not come 
from a prejudice on the part of scientists 
against the idea of extraterrestrial life. Most 
scientists assume there is life on other worlds 
but are aware that there is no believable 
evidence for any such life visiting Earth.

In a way, that’s too bad. A confirmed visit by 
intelligent creatures from beyond our Solar 
System would answer many questions. It would 
be exciting, enlightening, and, like any real 
adventure, a bit scary. Most scientists would love 
to be part of such a discovery. But scientists 
must professionally pay attention to what is 
supported by evidence rather than what might 

be thrilling. There is not yet any direct evidence 
of even microbial life on other worlds, never 
mind intelligent extraterrestrial life visiting Earth.

Flying saucers from space are fun to think about, 
but there is no evidence that they are real.

HOW DO We KnOW? 25-1
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T he sun is so close compared with other stars that we can 
see swirling currents of gas and arched bridges of mag-
netic force with a level of detail that seems overwhelm-

ing. Solar astronomers sometimes remark ironically that they 
would know a lot more about the Sun if it were farther away. 
But, as you will learn in the next chapter, the Sun is just a 
normal star. In a sense, it is a simple object. The Sun is made 
up almost entirely of hydrogen and helium gas confined by its 
own gravity in a sphere 109 times Earth’s diameter (Celestial 
Profile: The Sun). To give you a better sense of proportion 
about the size of the Sun, we’ll compare features of the Sun to 
more familiar sizes on Earth throughout the chapter. The gases 
of the Sun’s photosphere (surface) and atmosphere are hot, 
radiating the light and heat that are visible and make life pos-
sible on Earth. That part of the Sun is where you can begin 
your exploration.

8-1�  The Solar Photosphere  
and Atmosphere

The part of the Sun you can see directly from Earth is made up 
of three layers. The visible surface is the photosphere, and above 
that are the chromosphere and the corona. (Note that astrono-
mers normally speak of the interior of the Sun as being “below” 
or “under” the photosphere, and the Sun’s atmosphere as being 
“above” or “over” the photosphere.) You first learned about these 
components of the Sun in the context of observing them during 
solar eclipses (look back to Section 3-3c).

When you view the Sun, you see the photosphere as a hot, 
glowing surface with a temperature of 5780 K. That tempera-
ture is determined by precisely measuring the spectrum of 
sunlight, then making a calculation using Wien’s law (Eq. 7-2).  
At that temperature, every square millimeter of the Sun’s  
surface is radiating more energy than a 60-watt lightbulb 
(Stefan-Boltzmann law, Eq. 7-1). With all that energy radiat-
ing into space, the Sun’s surface would cool rapidly if new 
energy did not arrive to keep the surface hot, so simple logic 
tells you that there must be heat flowing outward from the 
Sun’s interior. Not until the 1930s did astronomers under-
stand that the Sun creates energy by nuclear reactions at its 
center. Those nuclear reactions are described in detail at the 
end of this chapter.

For now, you can consider the Sun’s atmosphere in its rela-
tively quiet, average state. Later you can add details regarding the 

All cannot live on the piazza,  
but everyone may enjoy the sun. 

I Ta l I a n  p r o v e r b

This image of the Sun shows a few sunspots and is cut away to show a 
diagram of the location of energy generation at the Sun’s center. earth, 
the Moon, and the distance between them are shown for scale.

Celestial Profile The SUn
From earTh
Average distance from Earth 1.000 AU (1.496 3 108 km)
Maximum distance from Earth 1.017 AU (1.521 3 108 km)
Minimum distance from Earth 0.983 AU (1.471 3 108 km)
Average apparent diameter 0.533° (1920 arc seconds)
Period of rotation (sidereal) 24.5 days at equator
Apparent visual magnitude 226.74

PhySical characTeriSTicS
Radius 6.96 3 105 km
Mass 1.99 3 1030 kg
Average density 1.41 g/cm3

Escape velocity at surface 618 km/s
Luminosity (electromagnetic) 3.84 3 1026 J/s
Surface temperature 5780 K
Central temperature 15.7 3 106 K

PerSonaliTy ProFile
In Greek mythology, the Sun was carried across the sky in a golden 
chariot pulled by powerful horses and guided by the Sun god, Helios. 
When Phaeton, the son of Helios, drove the chariot one day, he lost 
control of the horses, and Earth was nearly set ablaze before Zeus 
smote Phaeton from the sky. Even in classical times, people understood 
that life on Earth depends critically on the Sun.

types of activity produced by heat flow that makes the Sun’s 
outer layers churn like a pot of boiling water.

8-1�a The Photosphere
The visible surface of the Sun seems to be a distinct boundary, 
but it is not solid. In fact, the Sun is gaseous from its outer 

Visual image + artist’s conception
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Chapter Activity 223

ACTIVITy 
6–5 

Minutiae Patterns Obj. 6.3, 6.10

Objectives:
By the end of this activity, you will be able to:
 1. Describe different types of fingerprint minutiae patterns.
 2. Identify different minutiae patterns found in fingerprints.

Time Required to Complete Activity: 
15 minutes

Materials:
Act 6-5 WKST Minutiae Patterns
red pen
ruler or straight edge
magnifying glasses

SAFETY PRECAUTIONS:
none

Introduction:
latent fingerprints found at crime scenes are usually incomplete (partial) prints. 
Investigators need to examine the characteristics of a fingerprint very carefully. 
The simple identification of a whorl, loop, or arch is not sufficient. other markers 
(minutiae) are used in distinguishing one fingerprint from another.

Procedure:
 1. Study the following picture. It shows fingerprints obtained from a suspect (left) 

and a fingerprint lifted from the crime scene (right). notice how the investi-
gator has labeled the points of comparison with the same letter on the rolled 
ink print and the latent print from the crime scene. Use the table of minutiae 

A

Suspect print Latent print from crime scene

B
C

D

E

24987_ch06_ptg01_190-229.indd   223 07/07/20   7:18 PM

840 Capstone Projects

capstone  
project 7

Forensic Science Career 
Exploration

Learning Objectives:
By the end of this project, you will be able to:
 1. Identify different types of careers in forensic science.
 2. Discuss the education requirements, job skills, job training, salary ranges, and so on 

of different careers in forensic science.
 3. Present your research to the class.

Time Required
Varies depending on if research is done during class time or outside of class.

Materials
•	CP-7 WKST Careers in Forensic Science Sign-up Form
•	CP-7 WKST Career Research Questions
•	Computer with Internet access (Optional)

Safety Precautions
None

Introduction
Thinking of pursuing a career in forensic science? In this project, you explore various 
career opportunities in forensic science. Research what type of training is needed, what 
the day-to-day work experiences are, and what type of income and job opportunities are 
associated with this career. You will present and share your findings with your classmates.

24987_capstone_ptg01_815-856.indd   840 07/07/20   9:30 AM

230

DNA Profiling

7Chapter

Who Are You? Cold Cases Solved Using Forensic Genealogy

In April 1981, the body of a young girl with red, braided hair 
 wearing a buckskin jacket (known as the “Buckskin Girl”) was 
found murdered by the side of an Ohio road. Detailed  fingerprint 
 analysis; dental record comparisons; hair, pollen, and isotope 

 analysis; and facial reconstructions completed by the National  Center 
for Missing and Exploited Children (NCMEC) network failed to 
 identify the young woman until 2018. At that time, a volunteer group 
known as John and Jane Doe Project used the stored 37-year-old blood 
 sample with its degraded DNA to compare the unidentified person’s 
DNA with the DNA found in public genealogical databases  (GEDmatch 
 provides tools for DNA and genealogical analyses). Based on that 
search,  relatives were identified from the public  genealogical database, 
family trees were viewed, interviews were conducted by detectives, and 
 ultimately, the “Buckskin Girl” was identified as 21-year-old Marcia  
L. King from Arkansas.

This was one of the many cold cases solved by using public 
 genealogical databases and SNPs (single nucleotide polymorphisms) 
to analyze DNA. You may have heard of genealogy searches through 
Ancestry.com and 23andMe. As of 2019, over 26 million people have 
submitted their DNA to undergo this genetic screening. To  collect 
an individual’s DNA, the mouth is swabbed, and then the sample is 
mailed to the company for analysis. They analyze the DNA to trace 
ancestry and help locate relatives. This same amazing technology is 
being used to solve many cold case crimes because SNP analyses use 
shorter DNA fragments. Degraded or damaged DNA evidence, once 
thought to be useless, can now be reevaluated and used to identify 
 perpetrators of crime who have eluded capture. It can also be used 
to identify the remains of unknown deceased individuals such as the 
“Buckskin Girl.”

Artist sketch of the uniden-
tified murder victim known 
as the “Buckskin Girl.”
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Marcia Lenore King’s 
remains were identified 
37 years after her murder 
using public genealogy 
databases.
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Chapter Activities available in print with additional 
digital-only activities in the MindTap platform

Support includes science background, differentiation to 
meet the needs of all students, teaching tips, enrichment 
and extension activities, and hands-on activity guidance

Expansive Lab Program 
With Real-World 
Scenarios
Students learn the procedures 
and skills of real forensic 
scientists with hundreds 
of Activities and Capstone 
Projects. Connect students 
to the Florida science 
standards while building 
hands-on lab skills and 
critical thinking skills.

Real-World Phenomenon
Current and relevant examples from the real-world show 
students how forensic techniques and skills help solve 
crimes and advance scientific knowledge.

Transformative Teacher Support
The wraparound Teacher’s Edition and additional downloadable 
resources provide thorough support for new forensic science 
teachers and advanced help for experienced teachers.

Interactive Experiences in MindTap
The MindTap digital platform provides even more 
virtual hands-on experiences with Interactive Labs 
for each chapter and a comprehensive Virtual Lab 
series where students work one detailed case from 
beginning to end, collecting and analyzing evidence 
to solve the crime.

FORENSIC SCIENCE

Forensic Science:  
Fundamentals & Investigations, © 2024

Offer students a truly experiential approach to 
engage them in active learning and to emphasize the 
application of integrated science. Comprehensive 
teacher support and hundreds of lab activities ensure 
students of all backgrounds experience integrated 
science practices. Chapter opening scenarios and Case 

Studies give students a view of real 
cases and how scientists overcome 
challenges to solve problems.

A companion website offers downloadable 
resources including additional labs with 
worksheets, lecture slides, lesson plans, 
teacher notes, and alternative assessments.

12 Chapter 1

StudieS
Case

Lamar johnson  
(2005)

in 2005, lamar Johnson pleaded not guilty to killing Carlos Sawyer, who 
was shot and killed outside an elementary school in east Baltimore. Based 
on eyewitness testimony that lamar Johnson resembled the killer, lamar 
Johnson was sentenced to life in prison.

lawyers from the innocence Project discovered three other witnesses 
who independently confirmed that Johnson was not the gunman. One 
man said he saw the shooter and it was not Johnson. another told inves-
tigators that he heard a different 
person confess to the killing. the 
third witness, a woman, said that 
the gunman ran past her after the 
shooting and it was not lamar 
Johnson. asked why they did not 
come forward earlier, they said 
they were afraid to testify.

the attorneys presented their 
evidence to Baltimore prosecu-
tors. together, both offices asked 
the court to free lamar Johnson. 
after more than 13 years,  Johnson 
was a free man. Police have 
reopened the investigation to find 
Sawyer’s killer.

Frank Lee Smith 
(2000)

in a Florida case, death row inmate Frank lee Smith died of cancer in 
January 2000 while in prison. He was convicted in 1986 of the rape and 
murder of an eight-year-old child, even though no physical evidence was 
found. He was found guilty largely on the word of an eyewitness. Four 
years after the crime, the eyewit-
ness recanted her testimony, say-
ing she had been pressured by 
police to testify against Smith. 
Despite this information, prosecu-
tors vigorously defended the con-
viction and refused to allow Smith 
a post-conviction Dna test he 
requested. after his death, the 
Dna test exonerated him.
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lamar Johnson exonerated by the 
 innocence Project after 13 years in prison.
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Hands-on and Science Practices
Lab Activities, a student workbook, and interactive Learning 
Labs in the MindTap digital platform combine to allow students 
real experiences in learning and applying skills to identify 
organs and systems and to explain their functions.

Achieve Results with MindTap Interactive Learning
The MindTap platform with simulations offers a complete learning experience 
with an interactive eBook, assessments, study tools, matching exercises, and 
Anatomy and Physiology Learning Labs.

Teacher Support and Student Assessment
Downloadable resources include an Instructor’s 
Manual, PowerPoint lecture slides, assessments, test 
banks, and answer keys. These tools help teachers 
plan instruction, ensure success in hands-on labs, 
and customize quizzes and tests for formative and 
summative assessments.

Chapter 13 Blood278

LAB 
ACTIVITY Red Blood Cells (RBCs) and White Blood Cells (WBCs)
 ● Objective: To observe the structure of red and white blood cells

 ● Materials needed:  prepared stained slides of blood cells, microscope, medicine dropper, disposable gloves, safety goggles, 
sharps or biohazard container, household bleach (1-part bleach to 10-parts water), textbook, paper, 
pencil

 ● Note:  Remember to use all safety measures when in contact with blood or blood products and dispose of items according to 
standard precautions.

Step 1: Put on gloves and safety goggles.

Step 2: Examine the stained slide of blood cells under 
a microscope. Draw and describe the structure 
of an RBC. Which are more numerous: RBCs or 
WBCs? Record your answer.

Step 3: Identify the five types of WBCs. Compare their 
appearance with the diagram in the textbook. 
What are the differences among the types of 
WBCs? What is the function of each type of WBC?

Step 4: What are the differences between RBCs and 
WBCs? Record your answer.

Step 5: Dispose of the blood cell slides in an approved 
biohazard or sharps container.

Step 6: Clean all other equipment with household bleach 
(1-part bleach to 10-parts water).

Step 7: Remove goggles and gloves.

Step 8: Wash hands.

13-1
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Chapter 13 Blood 277

aNSWer the FOLLOWING QUeStIONS

1. Name the three major types of blood cells.

2. What name is given to the liquid portion of 
blood?

3. What five proteins are contained in the blood 
and what is their function?

4. Describe the process of blood clot formation.

5. How can sickle cell anemia affect the structure 
and function of organs?

appLYING theOrY tO praCtICe

1. You hear that your friend has been in a car 
accident and needs a blood transfusion; you 
want to donate blood. You friend has type O1 
blood, and you have type A1 blood. Can your 
blood be given to your friend? Explain the 
reason for your answer.

2. Why is blood considered the “gift of life”?

3. A female patient comes to the physician’s office. 
She is pregnant and states that she is Rh negative 
and her husband is Rh positive. She has heard 
that there may be a problem with the baby. 
Explain to her about the Rh factor and how this 
situation is treated today.

4. In the hospital, you are caring for a 6-year-
old child with leukemia. The mother says the 
physicians want to do a bone marrow (stem cell) 
transplant. She asks you to re-explain what a 
stem cell transplant is because she was so upset 
when the physician first told her. She wants to 
know if she can be a donor or if a friend can be a 
donor. Explain the types of stem cell transplants 
to the mother.

5. You are employed as a medical technologist. A 
patient comes to the lab and requires a complete 
blood count (CBC) and sedimentation rate. The 
patient asks you to explain these tests and their 
purpose.

CaSe StUDY

John, age 24, is involved in an automobile accident. 
Ravi, a paramedic, arrives on the scene and does 
emergency first aid. John has multiple lacerations on 
his hands and arms; the laceration on his right arm is 
bleeding profusely. Ravi applies a pressure bandage and 
notes that John’s blood pressure is 90/60. Ravi starts an 
intravenous line and transports John to the hospital. 
The emergency department physician examines John 
and notes he also has contusions near his liver. The 
physician has the medical technologist draw blood for 
CBC and to type and crossmatch the blood.

1. What condition may be caused by a severe loss 
of blood? What therapeutic technology should 
be used to treat it?

2. Name the blood components and their functions.

3. What is a normal blood count for John?

4. Why is the emergency department physician 
concerned about possible liver damage? How 
does liver damage relate to the blood?

5. Describe the role of a medical technologist.

6. Explain typing and crossmatching.

7. It is determined that John has type A1  
blood. Can John receive blood from Ravi,  
who is O2?

8. In addition to blood loss, what other circulatory 
problems can be caused by the type of trauma 
John may have endured in the car accident? 
What body systems may be affected?

40336_ch13_hr_261-280.indd   277 1/27/21   10:11 PM

ANATOMY AND PHYSIOLOGY

Body Structures and Functions:  
Anatomy and Physiology, © 2024

Guide students through exciting human body 
structures and body processes while introducing 
them to the concepts and skills required for the 
study of the human body and how it functions.

The student workbook includes activities 
that focus on practical application exercises, 
including multiple choice, fill-in-the-blanks, 
matching, labeling, word puzzles, basic skill 
problems, and application of theory to practice.
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AP® CHEMISTRY

Chemistry, AP® Edition,  
© 2024

Chemistry is focused on independent problem-solving. 
The author, Steven Zumdahl, gets students to think 
independently with a lot of support in early chapters 
and more student responsibility in later chapters. 
Students apply strategies they learn to become 
independent problem-solvers.

AP Chemistry Support
Students have access to extended resources to help them 
prepare for the AP Chemistry Exam including chapter-level 
practice questions and a complete test preparation workbook.

Enhance Problem-Solving and 
Critical Thinking Skills
Students are introduced to strategies for 
solving chemistry problems to model how 
real chemists work and will practice higher 
depth of knowledge with Critical Thinking and 
Challenge Problems.

Real-World Applications 
and Connections
Help students see how chemistry 
knowledge applies in 
the real world to solve 
practical problems 
and how chemistry 
knowledge and skills 
connect to careers.

AP® Multiple-Choice Review Questions 
 1. Consider the reaction shown below:

+ +

H C O

500

Type of Bond Bond Energy
(kJ/mol)

800

360

400

475

in CO2

in CH3OH

Determine DH for the reaction represented above, where each 
molecule represents 1 mole of that substance.

(A) 22150 kJ

(B)  21430 kJ

(C)  170 kJ

(D)  1210 kJ

 2. Which of the following has a bent molecular geometry with a 
bond angle of approximately 120°?

(A) 

B
A

B

• •

• 
•  (B) 

• •

A

B

B

(C) 

A

BB

B  (D) 

B B
A

B

B

 3. Which of the following is nonpolar?

(A) • •

B B
A

B

 (B) 

• •
• •

• •
B

A

B

B

(C) 

• •

• •

B
A

B B

B
 (D) 

B

B

A

B

• •
• •

 4. Which diagram best represents the shape of the SF5
2 ion?

(A) 

• •

• •

BB

B B
A

 (B) 

B
A

B

B

B B

B

(C) 

B

B

B
A

B

B

 (D) 

• •

B
A

B

B B

B

 5. Which pair of elements is likely to produce a highly polar 
covalent bond?

(A) Mg and O

(B) Li and F

(C) O and F

(D) C and F

 6. Infrared (IR) spectroscopy can be used to help identify cova-
lently bonded compounds. Which is the best explanation as to 
how IR radiation interacts with these compounds?

(A) IR energy is used to determine the isotopes present in 
the compound and produces a mass spectrum.

(B) IR energy is able to remove electrons from the com-
pound. The energy is quantified, aiding in identification 
of the compound.

(C) IR energy is absorbed by colored compounds. The 
wavelength of light absorbed can be measured and will 
aid in identifying the compound.

(D) IR energy interacts with vibrations of covalent bonds, 
producing a unique absorption spectrum that can be used 
to identify the compound.

 7. Which pair of elements is likely to produce an ionic bond?

(A) O and F

(B) S and N

(C) Li and Cl 

(D) Ca and Ba

 8. Which molecule is likely to have a measurable dipole moment?

(A) 

B

A

B

B

• •
B

 (B) 

• •

• •

B

BB

B
A

(C) 

B

A

B  (D) 

• •
• •

• •
• •

B

B

A

AP® is a trademark registered by the College Board, which is not affiliated with, and does not endorse, this product.
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(A) 325 kJ/mol

(B) 425 kJ/mol

(C) 490 kJ/mol

(D) 950 kJ/mol

 14. The graph below shows the potential energy and internuclear 
distance between two oxygen atoms. 

Internuclear distance

P
ot

en
ti

al
 e

ne
rg

y

O2

X

Which statement correctly describes how the position of point 
X would differ if the graph depicted two nitrogen atoms bond-
ing together to make N2?

(A) Point X will move lower, showing a decrease in poten-
tial energy and will move to the right, showing an 
increase in internuclear distance. 

(B) Point X will move lower, showing a decrease in poten-
tial energy and will move to the left, showing a decrease 
in internuclear distance. 

(C) Point X will move higher, showing an increase in poten-
tial energy and will move to the right, showing an 
increase in internuclear distance. 

(D) Point X will move higher, showing an increase in poten-
tial energy and will move to the left, showing a decrease 
in internuclear distance. 

 15. Which species has exactly one lone pair of electrons on the 
central atom?

(A) CO2

(B) NO2

(C) BCl3

(D) PH3

 16. What is the electron configuration for Zn21?

(A) 1s22s22p63s23p63d8

(B) 1s22s22p63s23p63d10

(C) 1s22s22p63s23p63d84s2

(D) 1s22s22p63s23p63d104s2

 17. Which of the following electron configurations shows the 
ground state of a stable ion of a halogen?

(A) 1s22s22p53s23p5

(B) 1s22s22p63s23p6

(C) 1s22s22p63s23p63d5

(D) 1s22s22p62d103s23p6

 18. Lattice energy is the energy change occurring when ionic sol-
ids are formed from their gaseous ions. The lattice energies of 
four compounds of iron (FeCl2, FeCl3, FeO, and Fe2O3) are 
shown below. Which choice correctly matches the lattice ener-
gies with the compounds?

 9. The atomic radii of several third period elements are shown 
below. Of the most common ions of the third period elements 
Mg, Al, P, and S, which is the largest?

Element Magnesium Aluminum Phosphorus Sulfur

Atomic Radius 160 pm 143 pm 110 pm 104 pm

(A) Mg ion

(B) Al ion

(C) P ion

(D) S ion

 10. Determine the approximate DH for the reaction of methane 
with oxygen.

CH4(g) 1 2O2(g) n 3H2O(l) 1 2CO2(g)

Bond Bond Energy (kJ/mol)
COH 400

OPO 500

CPO 800

OOH 470

(A) 23420 kJ/molrxn

(B) 2880 kJ/molrxn

(C) 2430 kJ/molrxn

(D) 2370 kJ/molrxn

 11. The melting points of MgO and NaF are 2852°C and 1819°C, 
respectively. Which of the following plays the greatest role in 
this melting point difference? 

(A) Magnesium ions are larger than sodium ions, while 
oxygen ions are larger than fluoride ions. 

(B) Sodium has a higher reactivity than magnesium, while 
fluorine is more reactive than oxygen. 

(C) Magnesium is more electronegative than sodium, while 
fluorine is more electronegative than oxygen.

(D) Magnesium ions have a greater positive charge than 
sodium ions, while oxide ions have a greater negative 
charge than fluoride ions.

 12. Consider the compounds ethene, C2H4, and ethyne, C2H2. 
Which of the following correctly describes the carbon–carbon 
bonds in these molecules?

(A) The bond between carbon atoms in C2H4 is longer and 
weaker than that in C2H2.

(B) The bond between carbon atoms in C2H4 is longer and 
stronger than that in C2H2.

(C) The bond between carbon atoms in C2H4 is shorter and 
weaker than that in C2H2.

(D) The bond between carbon atoms in C2H4 is shorter and 
stronger than that in C2H2.

 13. Use the following information to calculate the H–Cl bond 
energy.

Reaction
DH°  

(kJ /molrxn)
H2(g) 1 Cl2(g) n 2HCl(g) 2180

H2(g) n 2H(g) 430

Cl2(g) n 2Cl(g) 240

AP8-BFor Review
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The student book includes AP Review 
Questions for each chapter and Exam 
preparation support in the front pages

The Fast Track to a 5 student workbook includes chapter 
level content and practice questions as well as a complete 

Diagnostic Test and two full Practice Tests modeled after the 
real AP Chemistry Exam.
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The Fast Track to a 5 student workbook includes chapter 
level content and practice questions as well as a complete 

Diagnostic Test and two full Practice Tests modeled after the 
real AP Environmental Science Exam.

AP® ENVIRONMENTAL 
SCIENCE

Exploring Environmental Science for AP®, 
Enhanced AP® Edition, © 2024

With a key focus on sustainability, this program 
encourages students to think critically about all 
aspects of environmental science issues and how 
those issues impact the quality of life and the 
planet’s health.

Real environmental data is provided 
with analysis assessments and 
critical thinking connections.

Labs are available in the AP Teacher’s 
Resource Guide downloadable from 

the Companion Website.

Hands-On Lessons and Data Analysis

Student AP Exam Preparation

National Geographic 
Connections

Engage students with 
images and stories 
from real National 
Geographic Explorers 
who show how diverse 
perspectives help solve 
real-world issues.

Chapter 13 Blood278

LAB 
ACTIVITY Red Blood Cells (RBCs) and White Blood Cells (WBCs)
 ● Objective: To observe the structure of red and white blood cells

 ● Materials needed:  prepared stained slides of blood cells, microscope, medicine dropper, disposable gloves, safety goggles, 
sharps or biohazard container, household bleach (1-part bleach to 10-parts water), textbook, paper, 
pencil

 ● Note:  Remember to use all safety measures when in contact with blood or blood products and dispose of items according to 
standard precautions.

Step 1: Put on gloves and safety goggles.

Step 2: Examine the stained slide of blood cells under 
a microscope. Draw and describe the structure 
of an RBC. Which are more numerous: RBCs or 
WBCs? Record your answer.

Step 3: Identify the five types of WBCs. Compare their 
appearance with the diagram in the textbook. 
What are the differences among the types of 
WBCs? What is the function of each type of WBC?

Step 4: What are the differences between RBCs and 
WBCs? Record your answer.

Step 5: Dispose of the blood cell slides in an approved 
biohazard or sharps container.

Step 6: Clean all other equipment with household bleach 
(1-part bleach to 10-parts water).

Step 7: Remove goggles and gloves.

Step 8: Wash hands.

13-1
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Provide students with 
year-long support 
preparation for the AP 
Environmental Science 
Exam with ongoing 
practice questions 
and a complete Test 
Prep Workbook.
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Support calculus-based AP Physics courses with 
AP-style practice questions for each chapter and 
problem-solving strategies with a powerful interactive 
digital platform.

Physics Phenomena Stories Frame the Learning
Each chapter begins with a physics story told through the eyes 
of a student as they make physics observations throughout their 
everyday life. 

These phenomena are introduced as a 
way for students to see relevance and 
application of physics in the real world.

Interactive Digital Activities and Labs
The online platform offers students a wide 
variety of problem-solving support including 
tutorials, “Watch It” walk-through videos, 
and interactive video labs.

Interactive Video Vignettes in the digital 
platform walk students through a series of 
videos with demonstrations, hypotheses 
practice, and live video analysis to more 
deeply understand physics problems.

The Fast Track 
to a 5 Test Prep 
Workbook for 
students includes AP 
practice questions 
for each chapter, 
a Diagnostic Test, 
and two complete 
Practice Tests

AP Physics Exam Preparation
Each chapter 
ends with a 
set of AP-style 
questions so 
students are 
preparing for the 
AP Physics Exams 
throughout the 
school year

Build Problem-Solving Skills

This program provides 
scaffolding for 
students to develop 
their problem-solving 
skills with strategies 
and guidance for 
students including 
online hints, support, 
and tutorials.

AP® PHYSICS

College Physics, AP® Edition,  
© 2025

College Physics was created for algebra-based AP 
Physics courses and includes AP Essential Knowledge 
content along with student AP Exam preparation and 
teacher support.

Physics for Scientists and Engineers, AP® Edition 
© 2025 
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Lab 6: Enzymes 
Big Ideas 2 and 4 

 
 
 
Introduction 
 

Life as we know it is impossible without enzymes. The energy required by your muscles simply 
to open your lab manual would take years to accumulate without enzymes. Due to the presence 
of enzymes, the myriad chemical reactions occurring in your cells at this very moment are being 
completed in a fraction of a second rather than the years or even decades that would be otherwise 
required. 

Enzymes are proteins that function as biological catalysts. A catalyst is a substance that 
lowers the amount of energy necessary for a chemical reaction to proceed. You might think of 
this so-called activation energy as a mountain to be climbed. Enzymes decrease the size of the 
mountain, in effect turning it into a molehill (Figure 6-1). 
 

 
 

Figure 6-1 Enzymes and activation energy. 
 

By lowering the activation energy, an enzyme affects the rate at which a reaction occurs. 
Enzyme-boosted reactions may proceed from 100,000 to 10 million times faster than they would 
without the enzyme. 

In an enzyme-catalyzed reaction, the reactant (the substance being acted upon) is called the 
substrate. Substrate molecules combine with enzyme molecules to form a temporary enzyme–
substrate complex. Products are formed, and the enzyme molecule is released unchanged. 

Hands-On Applications of Biology 
with Labs
An AP Lab Manual provides dozens of Biology 
labs for hands-on experiences to practice and 
apply biology knowledge and skills. These labs 
are designed to provide the background and real-
world knowledge needed for the AP Biology Exam.

AP® BIOLOGY

Biology: The Unity and Diversity of Life,  
AP® Edition Update, © 2023

The combination of a supportive text with engaging 
images and an online resource that builds student 
skills in understanding concepts is designed to help 
students master AP Biology course requirements.

Digital Preparation with MindTap
The MindTap digital platform builds student confidence 
and practice in AP Biology that includes an interactive 
eBook with videos, tutorials, animations, concept and 
vocabulary practice exercises, and assessments.

The Fast Track to a 5 Test Prep Workbook helps students 
study essential concepts needed for the highest score on the 
AP Biology Exam with practice questions, a diagnostic test to 

uncover areas for improvement, and multiple Practice Tests
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