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PHENOMENA-BASED 
INSTRUCTION WITH NATIONAL 
GEOGRAPHIC RESOURCES

As teaching shifts towards multidisciplinary approaches 

to learning, National Geographic Biology, Texas Edition is 

designed specifically to meet the needs of phenomena-

based instruction. Deepen concept knowledge and inquiry 

skills by combining phenomena-based instruction with 

National Geographic resources. Empower all students to 

investigate real-world scenarios and build skills towards 

academic and career success.



The 3-Dimensional approach to teaching is changing the way science and 
biology are taught. National Geographic Biology, Texas Edition was created to 
guide teachers through 3D instruction by incorporating support for teaching 
the core ideas of science, the scientific and engineering practices, and 
recurring themes and concepts. Each lesson is built to prepare students to 
master the Big Ideas and Benchmarks of all your Texas Essential Knowledge 
and Skills (TEKS) for Science.

BUILT FOR 3-DIMENSIONAL 
INSTRUCTION

Texas Essential Knowledge and Skills

BIOLOGY
STANDARD STUDENT/TEACHER EDITION ONLINE RESOURCES

(b) Introduction.

(1) Biology. Students in Biology focus on patterns, processes, and relationships of living organisms 
through four main concepts: biological structures, functions, and processes; mechanisms of genetics; 
biological evolution; and interdependence within environmental systems. By the end of Grade 12, 
students are expected to gain sufficient knowledge of the scientific and engineering practices across 
the disciplines of science to make informed decisions using critical thinking and scientific problem 
solving.

1.1 p. 4, pp. 6–7; 1.1 SR p. 7 #1, #2; 1.2  
pp. 11–12; 1.3 pp. 18–21; 14 ML p. 444

CI 11A; CI 14B; CI 16B

(2) Nature of science. Science, as defined by the National Academy of Sciences, is the “use of 
evidence to construct testable explanations and predictions of natural phenomena, as well as the 
knowledge generated through this process.” This vast body of changing and increasing knowledge 
is described by physical, mathematical, and conceptual models. Students should know that some 
questions are outside the realm of science because they deal with phenomena that are not currently 
scientifically testable.

1.2 pp. 9–15; 1 CR p. 35 #9, #10; 2 CR p. 67 
#13; 6 CR p. 187 #14

CI 8A; CI 14B

(3) Scientific hypotheses and theories. Students are expected to know that:

(A) hypotheses are tentative and 
testable statements that must be 
capable of being supported or not 
supported by observational evidence. 
Hypotheses of durable explanatory 
power that have been tested over 
a wide variety of conditions are 
incorporated into theories; and

1.1 SR p. 7 #4; 1.2 p. 14; 1 CR p. 35 #10; 11.1  
p. 333; 11.1 SR p. 333 #4

CI 2A; CI 2B; CI 3B; CI 
7A; CI 8B
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 CR: Chapter Review

 CS: Case Study 

 Explorer: Explorer feature

 LAD: Looking At the Data

Math/LA:   Math and Language 
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 PT: Performance Task

 RP: Revisit the Phenomenon

 SR: Section Review
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 U: Unit

UO: Unit Opener
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Bold blue numbers indicate chapters or sections.
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National Geographic Biology, Texas Edition connects 
students to the field of biology through content 
and features that showcase the experiences 
and diverse perspectives of National Geographic 
Explorers and photographers. This engaging 
content consists of lessons with featured articles, 
videos, and Virtual Investigations in the digital 
platform hosted by the National Geographic 
Explorers themselves.

AUTHENTIC NATIONAL  
GEOGRAPHIC EXPERIENCE

Real People Make the Difference

Explorers help to set the stage of the Unit 
Anchoring Phenomena, they share their 
personal experiences in the field of Biology, 
and lead students through the virtual 
labs and simulations in order to make the 
learning relevant, purposeful and accessible. 

N AT I O N A L  G E O G R A P H I C  E X P LO R E R S

KATIE AMATO 
Biological anthropologist

DAVID GRUBER 
Marine biologist

PABLO GARCIA BORBOROGLU 
Marine biologist and penguin 
conservationist

HOLLY FEARNBACH 
Zoologist

CHRISTOPHER C. AUSTIN 
Biologist

SHANE GERO 
Marine biologist

ANDRIAN GAJIGAN 
Biochemist
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Deep-sea biologist

NICOLE COLÓN CARRIÓN 
Biologist, ecologist

STANLEY GEHRT 
Urban wildlife researcher
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Biological anthropologist 

BRENDA LARISON 
Biologist

HEATHER KOLDEWEY 
Marine biologist and 
environmentalist
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Biologist
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Veterinarian
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  UNIT VIDEO 2 Go online to watch our interview with Amon 
and learn more about her career and research.

Top: Dr. Diva Amon displays samples collected from the Marianas region 
of the Pacific Ocean. Bottom left: A submersible surveys a hydrothermal 
chimney. Bottom right: Amon regularly encounters unusual animals like this 
dumbo octopus, named for its large, earlike fins. The octopus pulls its fins 
and arms inward to swim. 
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Dr. Carter Clinton works to 
identify and analyze DNA 
from historic samples, to 
better understand the 
past and improve present 
disparities in genetic data.

  VIDEO 11-1 Go online 
to learn more about 
Clinton’s research and 
motivations.

T H I N K I N G  C R I T I C A L LY

Ask Questions Pose a question or problem that might be answerable using 
techniques similar to Clinton’s research on detecting and analyzing DNA in soil.

It is dusk on a November evening in 1847. The travelers move swiftly but quietly 

through the brambles, avoiding the shrubs’ prickly thorns as best they can. It’s 

taken them a few weeks to reach this Maryland forest from the South Carolina 

plantation where they had been enslaved. They stop at the base of a huge tree, 

whose hollowed trunk provides shelter and traps the heat of a small fire so that 

they might rest before continuing northward.

Fast forward to a sunny day in November, 170 years later. Biological anthropologist 
Dr. Carter Clinton pauses before the very same huge tree that is hollowed out at the base. 
Clinton has studied the movements of people on the Underground Railroad and knows a 
location like this would have provided needed cover. He thinks that many people may have 
stopped here for the night, so it may be a good spot to collect DNA they left behind.

Back in the lab, Clinton extracts the DNA from the soil and then performs next generation 
sequencing to determine the genomic sequences isolated from these samples. From these 
data, he can tell where an individual was from as well as hair color, face shape, age, sex, and 
other details. Computer algorithms also tell him about how the people lived, and possibly 
how they died.

Clinton is continuing similar work in what he describes as the most out-of-the-ordinary 
project he’s ever worked on: sampling DNA from the New York African Burial Ground in 
Lower Manhattan. First discovered in 1991, the New York City burial grounds were located 
about 8 meters below the surface and stretched over an area equivalent to five football 
fields. An estimated 15,000 individuals are buried there, more than half of them children. 
Researchers excavated 419 individuals, carefully cataloging each sample of soil gathered. 
Over six months, Clinton’s team sifted and analyzed the samples, obtaining small particles 
on which to perform DNA analysis. Eventually, they were successful in detecting genomic 
DNA in burial soil samples. From those DNA analyses, Clinton was able to identify human-
associated bacteria, including disease-causing bacteria that might have been a cause of 
death. He is currently working to identify human DNA in the samples. He hopes to use his 
research to address health disparities in African Americans and fill in data gaps for African-
descended people in genomic databases. To do so, he’ll keep digging for answers.|

D I S C OV E R I N G  G E N E T I C 
H I STO R I E S  I N  S O I L

N A T I O N A L  G E O G R A P H I C  E X P L O R E R  C A R T E R  C L I N T O N
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The deep ocean, the part of the ocean below 200 meters where sunlight fades rapidly, is one of the 

planet’s last untouched wildernesses. This environment supports human life by absorbing carbon 

dioxide from the atmosphere and cycling nutrients into fisheries. Although less than 20 percent 

of the ocean floor has been mapped, it is estimated to contain vast deposits of natural resources, 

and countries and corporations are now exploring ways to extract them. To understand the effects 

of human activities and climate change on deep-ocean ecosystems, marine biologist and National 

Geographic Explorer Dr. Diva Amon seeks to answer the question, “What lives here?”

OTHERWORLDLY AND WEIRD Diva Amon has led 
scientific expeditions to explore the wide variety of 
largely unknown ecosystems in the Gulf of Mexico 
and the Marianas Trench Marine National Monument. 
These expeditions focused on characterizing deep-sea 
coral and sponge communities, bottom-fish habitats, 
and chemosynthetic environments. Chemosynthetic 
bacteria make food from chemicals seeping out of the 
seafloor. In the Gulf of Mexico, these bacteria colonize 
cold seeps, mud volcanoes, asphalt seeps, and brine 
pools. In the Marianas, Amon was among the first 
humans to observe recently formed hydrothermal vents 
that release plumes of chemical-filled underground 
water. These vents are hotbeds of chemosynthetic 
activity. Organisms such as tube worms and mussels that 
obtain food from the bacteria in these environments 
create habitats for many other species, which in turn 
become food for predators.

Of the hundreds of different species of organisms 
scientists observed on these research missions, most 
had not been seen before in these regions. Others were 
seen alive for the first time, and many were potentially 
undescribed species. For example, a slit shell snail 
observed in the Marianas in July 2016 was likely an 
undiscovered species. Scientists estimate that the deep 
ocean is home to one million species, two-thirds of 
which have not yet been discovered.

DEEP DIVE WITHOUT DEEP POCKETS Exploring the 
deep ocean is expensive. Remotely operated vehicles 
(ROVs) outfitted with machinery for collecting samples, 

high-resolution cameras, and other sensors are the 
workhorses of deep-sea research. These vehicles make 
measurements and take images that provide data about 
the types, populations, and behavior of organisms in 
their natural environment. They are deployed from 
ships that spend months at sea. During Amon’s missions 
aboard the NOAA ship Okeanos Explorer and other 
ships, she described the rare and unique animals and 
ecosystems captured by the ROV Deep Discoverer. The 
video footage was live-streamed to the public over 
the internet. The same technology makes real-time 
data gathered by the ship’s equipment available to 
collaborating scientists on shore.

This scale of investment in exploration is typically not 
accessible for developing countries, even though many 
manage deep-sea environments within their maritime 
zones. In her home country of Trinidad and Tobago, 
Amon’s nonprofit organization, SpeSeas, has helped 
pilot first-time explorations using deep-sea cameras 
developed by National Geographic’s Exploration 
Technology team and lower-cost ROVs that require 
minimal resources and expertise. The goal of this pilot 
project was to empower nations to develop and sustain 
the capacity to investigate their deep-sea backyards. |

U N D E R  T H E  S E A 

I L LUM I N AT I N G  U N I Q U E  E C O S YS T E M S 

I N  T H E  D E E P  O C E A N

N A T I O N A L  G E O G R A P H I C  E X P L O R E R  D I VA  A M O N

T H I N K I N G  C R I T I C A L LY

Analyze Describe how a human activity such as 
seabed mining might affect organisms that live in a 
deep-ocean ecosystem.

3 0  
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Ecologist
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Biologist

KIMBERLY WILLIAMS-GUILLÉN 
Conservationist

ROSA VÁSQUEZ ESPINOZA 
Chemical biologist and Amazon 
conservationist

ÇAĞAN ŞEKERCIOĞLU 
Ornithology professor

EMILY OTALI 
Primatologist

HEATHER JOAN LYNCH 
Quantitative ecologist

ANUSHA SHANKAR 
Biologist

RAE WYNN-GRANT 
Carnivore ecologist

ROBERT WOOD 
Roboticist

PARDIS SABETI 
Computational biologist

DANIEL STREICKER 
Infectious disease ecologist

BRANWEN WILLIAMS 
Oceanographer and climate 
scientist

GERARD TALAVERA 
Evolutionary biologist

ROBERT A. RAGUSO 
Biologist

N AT I O N A L  G E O G R A P H I C  E X P LO R E R S  T 7

T01-T63_NA_BIO_TE_59155_FM.indd   7T01-T63_NA_BIO_TE_59155_FM.indd   7 03/08/22   7:50 PM03/08/22   7:50 PM

Copyright 2023 Cengage Learning. All Rights Reserved. May not be copied, scanned, or duplicated, in whole or in part. Due to electronic rights, some third party content may be suppressed from the eBook and/or eChapter(s).
Editorial review has deemed that any suppressed content does not materially affect the overall learning experience. Cengage Learning reserves the right to remove additional content at any time if subsequent rights restrictions require it.

In our programs, students hear 
real-world stories and diverse 
perspectives from scientists and 
National Geographic Explorers

2



National Geographic 
Biology Virtual 
Investigations

National Geographic Explorers 
embark on amazing adventures 
and students will follow in their 
footsteps to conduct Virtual 
Investigations in the deep ocean, 
rainforest canopy, and other 
locations around the world 
bringing the content to life in 
the real world. These labs have 
been designed exclusively for 
National Geographic Biology, 
Texas Edition and cannot be 
found anywhere else. 

Digital Biology 
Explorations

Transport students into 
the field with simulations, 
engaging videos, and Virtual 
Investigations where a National 
Geographic Explorer guides 
students through a virtual 
biology research project.

Hosted by a National 
Geographic Explorer

WORK SIDE BY SIDE WITH 
NATIONAL GEOGRAPHIC 
EXPLORERS 

Virtual Investigations written exclusively 
for National Geographic Biology

   Visit NGL.Cengage.com/TX-Science to learn more. 3
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A video series featuring National 
Geographic Explorers highlighting their 
unique biology stories and research 
supports the phenomena in the print 
text. Students see themselves 
reflected in these diverse biologists.

PHENOMENA-BASED LEARNING

Every Unit begins with a Unit Explorer helping to 
launch the Real World Anchoring Phenomena. The 
Driving Question focuses students’ observations 
into an investigable question they can answer at the 
end of the unit by using evidence and reasoning to 
apply biology concepts. These topics are current and 
relatable to students.

A soft-bodied sea pig shuffles across the seafloor 
on inflatable legs. It finds food by sifting through 
mud with the tentacles around its mouth.

R E L AT I O N S H I P S 
I N  E C O SYST E M S

U N I T  1

2 8  

From a human point of view, life on the ocean floor 

seems tough. Thousands of meters beneath the 

surface, organisms contend with some of the most 

extreme conditions that exist on Earth. Sunlight 

does not travel to these depths, so it is very dark 

and cold. Pressures in the deep ocean are hundreds 

of times greater than on land. Most of the ocean 

floor is a vast plain of mud and rock. Despite these 

apparent challenges, a variety of animals, bacteria, 

and other organisms thrive in this environment.

The sea pig is one of the most common residents on 

the ocean floor. However, because their habitat is so 

difficult for humans to reach, much about sea pigs 

remains unknown.

HOW DO SEA PIGS SURVIVE 
IN THE DEEP OCEAN?

UNIT VIDEO 1 Go online to watch sea pigs in action 
on the sea floor.

C H A P T E R  2
E N E RGY  A N D  M AT T E R  I N  E C O SYS T E M S

C H A P T E R  3
B I O D I V E R S I T Y  A N D  E C O SYS T E M 
S TA B I L I T Y

C H A P T E R  4
P O P U L AT I O N  M E A S U R E M E N T 
A N D   G ROW T H

In this unit you will explore systems and 
interactions that enable organisms to survive 
within their ecosystems.
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Biology 5E 
Lesson Model

ENGAGE

3D Lesson Design

Anchoring Phenomena

Driving Question

Case Study

Explore Video

EXPLORE/EXPLAIN

MindTap Simulation

Explore Lesson/Video

Minilab

Virtual Investigation

Connection Lesson

Biotechnology Lesson

Explorer Connect To 
Careers

ELABORATE

Tying it All Together

Lesson Video

Investigation Lab

Phenomena Result

EVALUATE

Unit Activity (CER)

Formative Assessment

Summative Assessment

EOC Exam Prep
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HORI HORI KNIFEHORI HORI KNIFE

Visual Literacy

Careful thought is given to the layout of 
every page utilizing the expertise of National 
Geographic, ensuring every image and graphic 
set with the purpose of further deepening the 
students understanding, sparking interest, and 
increasing their retention of content details. 
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G G GGGU U UUC C CCCC CCC A AAA AA UCA

stop codon

U GGG GGGUUA U GA C

start codon in mRNA

CU A

first amino acid
of polypeptide

peptide bond

U GGG GGGGGUUA U UCA A

met

CC A

val

C
U A

met

CC A

val

met

C
C A

val

initiator tRNA

UAA

leu

U
A

A

CUC

CUC

A Ribosomal subunits and 
an initiator tRNA converge 
on an mRNA. A second tRNA 
binds to the second carbon.

B A peptide bond 
forms between the 
first two amino acids.

C The first tRNA is released 
and the ribosome moves to 
the next codon. A third tRNA 
binds to the third codon.

D The process repeats until 
the ribosome encounters a 
stop codon. Then, the new 
polypeptide is released and 
the ribosome subunits 
separate.

FIGURE 11-18 
The process of translation can be described as a series of 
steps that repeats, adding peptides to the chain until a stop codon 
is reached and translation is terminated.

1   Ribosomal subunits 
and an initiator tRNA 
converge on an mRNA at 
a start codon. A second 
tRNA binds to the 
second codon.

2   A peptide bond forms 
between the first two 
amino acids.

3   The first tRNA is 
released and the 
ribosome moves to the 
next codon. A third tRNA 
binds to the third codon.

3 3 2  C H A P T E R  1 1  D N A ,  R N A ,  A N D  P ROT E I N S

DNA loosening from histones

transcription

post-transcriptional modification

RNA transport

translation

post-translational modification

protein degradation

active protein

polypeptide

RNA degradation

cytoplasm

nucleus

new RNA

finished mRNA

mRNA

transcription factors
gene

acetyl group

DNA

methyl groupgene

histone

FIGURE 11‑21 
Getting from a gene to a final protein 
product includes many points at which 
a gene’s expression might be changed 
and regulated. 

1 1 . 3  R E g u l AT I N g  g E N E   E x P R E S S I O N  3 3 7

Student Centered Learning

A highly visual 2-4 page spread supports the students’ 
ability to absorb the content. The teacher notes follow 
the 5E model, clearly stating the objective of the lesson, 
vocabulary strategies and the exact video created 
specifically for this lesson. The teacher will also find the 
exact TEK this lesson is covering called out at the top.

Chemical Reactions The main 
chemical compounds involved in 
photosynthesis and chemical 
respiration are introduced here. 
Students examine these reactions in 
further detail within cellular processes 
in Section 6.3.

Crosscurricular Connections

Chemistry Remind students of endo- 
and exothermic reactions, ones that 
absorb or release thermal energy. Show 
an instant hot pack, sealed in its 
package. When the package is opened 
and the pouch removed, the chemical 
inside, often iron, reacts with oxygen in 
the air to form iron (III) oxide, a 
reaction that releases heat. A simple 
demonstration of an endothermic 
reaction can be done by stirring baking 
sode into vinegar and measuring the 
temperature before and after. 

 CCC  Systems and System Models The 
inputs to photosynthesis are the outputs 
of cellular respiration.

 2 .1   REVIEW

1.   Sample answer: An ecosystem consists of 
organisms that interact with each other 
and the physical environment. A 
community includes organisms that 
interact directly or indirectly with each 
other and does not include the 
environment. DOK 1

2.   biotic: flowering plants, school of fish, 
willow tree; abiotic: pond water, soil, air  
DOK 2

3.  largest to smallest: biosphere; biome; 
ecosystem; community; population; 
organism DOK 2

4.   Sample answer: While matter is 
conserved in chemical reactions, 
breaking and forming new bonds causes 
a change in energy. Energy is either 
absorbed or released. Energy can be 
used by organisms for biological 
functions. DOK 1

2.1 ECOLOGICAL SYSTEMS 37
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 2 .1 

ECOLOGICAL SYSTEMS
LS2.A, LS2.B

EXPLORE/EXPLAIN
This section provides a review of Earth’s 
interconnected systems, introduces the 
hierarchical organization of the 
biosphere, and describes the main 
processes through which energy and 
matter support organism survival.

Objectives

•  Distinguish between the levels of 
ecological organization.

•  Describe how matter and energy 
support the survival of organisms.

Pretest Use Question 6 to identify 
gaps in background knowledge or 
misconceptions.

Vocabulary Strategy

Word Families The Greek root bio- 
(life) should be familiar to students from 
biology and other common words, such 
as biography. It is also the root of five 
Key Terms in this chapter: biome, 
biosphere, biomass, biomass pyramid, 
and biogeochemical cycle. Suggest that 
students add each of these terms to a 
word tree or other graphic organizer. 
Students can also add other terms, such 
as biomagnification, which they will see 
in the Looking at the Data feature, and 
symbiosis, which they will encounter in 
Chapter 3.

 Video

Time: 1:45
Use Video 2-1 to show students the 
differences between the four interacting 
systems (atmosphere, biosphere, 
geosphere, hydrosphere) that make up 
the Earth system.

Predict Sample answer: If high tides 
ceased reaching the tidal pool, the 
community would not survive because 
seawater would not be replenished with 
nutrients from the ocean. Eventually, the 
seawater would evaporate.

Use Word Roots Display the word 
biosphere as two parts: bio- and -sphere, 
and guide understanding.
Beginning and Intermediate learners 
should sound out the parts. Explain that 
bio- means life, that a sphere is a ball 
shape, and that biosphere refers to the 
parts of Earth where living things survive. 
Have students identify the other words 

with -sphere, break them into parts, and 
sound them out. 
Advanced students can read the 
meanings of atmosphere, hydrosphere, 
and geosphere in Figure 2-2 as their 
mixed-level peers identify each sphere in 
the figure. Students can then infer the 
meanings of atmo-, hydro-, and geo-.

DIFFERENTIATED INSTRUCTION | English Language Learners

34 CHAPTER 2 ENERGY AND MAT TER IN ECOSYSTEMS
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 2 .1 

ECOLOGICAL SYSTEMS
TEKS 13.B

EXPLORE/EXPLAIN
This section provides a review of Earth’s 
interconnected systems, introduces the 
hierarchical organization of the 
biosphere, and describes the main 
processes through which energy and 
matter support organism survival.

Objectives

•  Distinguish between the levels of 
ecological organization.

•  Describe how matter and energy 
support the survival of organisms.

Pretest Use Question 6 to identify 
gaps in background knowledge or 
misconceptions.

Vocabulary Strategy

Word Families The Greek root bio- 
(life) should be familiar to students from 
biology and other common words, such 
as biography. It is also the root of five 
Key Terms in this chapter: biome, 
biosphere, biomass, biomass pyramid,
and biogeochemical cycle. Suggest that 
students add each of these terms to a 
word tree or other graphic organizer. 
Students can also add other terms, such 
as biomagnification, which they will see 
in the Looking at the Data feature, and 
symbiosis, which they will encounter in 
Chapter 3.

 Video

Time: 1:45
Use Video 2-1 to show students the 
differences between the four interacting 
systems (atmosphere, biosphere, 
geosphere, hydrosphere) that make up 
the Earth system.

Predict Sample answer: If high tides 
ceased reaching the tidal pool, the 
community would not survive because 
seawater would not be replenished with 
nutrients from the ocean. Eventually, the 
seawater would evaporate.

Use Word Roots Display the word 
biosphere as two parts: bio- and -sphere,
and guide understanding.
Beginning and Intermediate learners 
should sound out the parts. Explain that 
bio- means life, that a sphere is a ball 
shape, and that biosphere refers to the 
parts of Earth where living things survive. 
Have students identify the other words 

with -sphere, break them into parts, and 
sound them out. 
Advanced/Advanced High Students 
can read the meanings of atmosphere, 
hydrosphere, and geosphere in Figure 2-2
as their mixed-level peers identify each 
sphere in the figure. Students can then 
infer the meanings of atmo-, hydro-, 
and geo-.
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Differentiated Instruction 
and Support

Teachers are provided with helpful 
notes and support suggestions for 
Differentiated Instruction. These 
embedded supports help to unlock 
the content for all learners, giving 
equal access to rigorous content.

clumped distribution uniform distribution random distribution

FIGURE 4-4 
Differences in resource availability result 
in patterns exemplified by a clumped 
distribution of hippopotamuses (a), a 
near-uniform distribution of nesting 
seabirds (b), and a random distribution 
of dandelions (c).

Population Density
A variety of statistical characteristics can be used to describe a population. 
In addition to measuring population size, ecologists make detailed 
observations of organisms’ locations in order to determine a population’s 
density and distribution.

Population density is the average number of individuals per unit area 
or volume. This density is often measured by plot sampling. Examples of 
population density include the number of dandelions per square meter of 
lawn, the number of amoebas per milliliter of pond water, or the number 
of squirrels in a 4000-square-meter city park. The population density 
of a species that inhabits a large range can be expressed as the average 
number of individuals per unit area of the population’s range.

Population Distribution In a population of organisms, the location 
of individuals relative to one another is described by the population 
distribution. Members of a population may be clumped together, 
separated by equal distances, or distributed randomly. The distribution of 
individuals in a population can also change over time.

4b 4c4a

Go 
Online  VIRTUAL INVESTIGATION

Sea Pigs on the Abyssal Plain 
How do sea pigs survive in the 
deep ocean?
Take control of a remotely operated 
vehicle (ROV) to measure the 
population density of sea pigs on 
the ocean floor.
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 2 .1 

ECOLOGICAL SYSTEMS
TEKS 13.B

EXPLORE/EXPLAIN
This section provides a review of Earth’s 
interconnected systems, introduces the 
hierarchical organization of the 
biosphere, and describes the main 
processes through which energy and 
matter support organism survival.

Objectives

•  Distinguish between the levels of 
ecological organization.

•  Describe how matter and energy 
support the survival of organisms.

Pretest Use Question 6 to identify 
gaps in background knowledge or 
misconceptions.

Vocabulary Strategy

Word Families The Greek root bio- 
(life) should be familiar to students from 
biology and other common words, such 
as biography. It is also the root of five 
Key Terms in this chapter: biome, 
biosphere, biomass, biomass pyramid,
and biogeochemical cycle. Suggest that 
students add each of these terms to a 
word tree or other graphic organizer. 
Students can also add other terms, such 
as biomagnification, which they will see 
in the Looking at the Data feature, and 
symbiosis, which they will encounter in 
Chapter 3.

 Video

Time: 1:45
Use Video 2-1 to show students the 
differences between the four interacting 
systems (atmosphere, biosphere, 
geosphere, hydrosphere) that make up 
the Earth system.

Predict Sample answer: If high tides 
ceased reaching the tidal pool, the 
community would not survive because 
seawater would not be replenished with 
nutrients from the ocean. Eventually, the 
seawater would evaporate.

Use Word Roots Display the word 
biosphere as two parts: bio- and -sphere,
and guide understanding.
Beginning and Intermediate learners 
should sound out the parts. Explain that 
bio- means life, that a sphere is a ball 
shape, and that biosphere refers to the 
parts of Earth where living things survive. 
Have students identify the other words 

with -sphere, break them into parts, and 
sound them out. 
Advanced/Advanced High Students 
can read the meanings of atmosphere, 
hydrosphere, and geosphere in Figure 2-2
as their mixed-level peers identify each 
sphere in the figure. Students can then 
infer the meanings of atmo-, hydro-, 
and geo-.
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Modified Text

The eBook can instantly lower the 
reading level by two grade levels  
for Striving Readers.
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FIGURE 2-8
A food web shows the 
complex feeding relationships 
in an ecosystem.
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Virtual Simulations

Virtual Simulations are 
an essential component 
integrating technology 
into the learning model. 
These interactive 
features bring figures and 
concepts from the print 
book to life. 

SUPPORT FOR ALL LEARNERS

ELPS Standard Support

Teachers will find supports for 
meeting the ELPS standards.  
These embedded supports help 
to unlock the content for all 
learners, giving equal access to 
rigorous content. 

Wilson (1992) Mora et al. (2011) Larsen et al. (2017)
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Source: Larsen, Brendan B., Elizabeth C. Miller, Matthew K. Rhodes, and John J. Wiens. 2017. “Inordinate Fondness Multiplied and Redistributed: 

The Number of Species on Earth and the New Pie of Life.” The Quarterly Review of Biology, no. 3 (September): 229–65.

Defining Biodiversity
Biodiversity refers to the variety and variability of life on Earth. A region’s 
biodiversity is measured at three levels: 

•  Genetic diversity refers to the variety of genes contained within a 
species and among different species.

•  Species diversity refers to all the differences between and within 
populations of species.

•  Ecosystem diversity refers to all the different habitats, niches, 
communities, and ecological processes within a given location.

Biodiversity is the result of millions of years of evolution. Over the course 
of many generations, all the species that exist today evolved unique traits 
and behaviors that differentiate them from all other species. These species 
evolved in ways that allow them to inhabit different ecological niches. 

Scientists estimate that there are 8.7 million eukaryotic species on Earth. 
And, if you add in prokaryotes, some scientists estimate the total number 
of species on Earth could top two billion (Figure 3-6).

B I O D I V E R S I T Y
A trek through a tropical rainforest engages all of your senses. The lush 
forest is full of the aromas of fragrant flowers, decaying leaf litter, and wet 
soil. The air is so thick with humidity you can almost taste it. You hear the 
loud calls of howler monkeys, alerting one another that trespassers are 
near. You see a flash of red high above as scarlet macaws soar through the 
forest canopy. One thing is for sure: the tropical rainforest is full of life.

Explain Why do you think some ecosystems have a greater variety of species 
than others?

3.2
K E Y  T E R M S

biodiversity
keystone species

FIGURE 3-6 
The number of unknown species on Earth 
greatly outweighs the number of known 
species. Today, scientists think bacteria are 
the dominant life-form on Earth.

evenness

 CCC   
 NOS   Scientific Knowledge Use the graphs to explain how scientists’ 

understanding of the diversity of life on Earth has changed over time.

 VIDEO

VIDEO 3-3 Go online to find out
more about biodiversity from
National Geographic Explorer
Dr. Pablo Garcia Borboroglu.
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Biodiversity Hotspots
Biologists have identified biodiversity hotspots (Figure 3-8) as places rich 
in endemic species—that is, native species that exist nowhere else—that 
are threatened by humans. These hotspots, scattered throughout the 
world, make up about 2.5 percent of Earth’s land but contain nearly half 
of all flowering plant species and more than a third of mammal, bird, 
reptile, and amphibian species. More than 20 percent of the global human 
population also lives within these regions. Biodiversity hotspots include

•  California Floristic Province Located along the Pacific coast of 
North America, this hotspot is home to both giant sequoia and coastal 
redwood trees. The critically endangered California condor also  
lives here.

•  Atlantic Forest Spread across portions of Brazil, Argentina, and 
Paraguay, this hotspot is home to 8000 endemic plant species.

•  Mountains of Southwest China This hotspot is home to 12,000 plant 
species, 29 percent of which are found nowhere else in the world. 

•  Madagascar This island nation is home to a great diversity of 
chameleon species as well as hundreds of different lemur species, a 
unique primate found nowhere else in the world.

Conservation biologists and organizations have developed successful 
partnerships and educational programs with many countries where 
biodiversity hotspots exist. Economic solutions include fostering 
ecotourism and other alternative employment to relieve the human 
pressure on the native plants and animals found in these regions.

 SEP   Evaluate Information What is a key characteristic of a 
biodiversity hotspot?

FIGURE 3-8 
Scientists have identified 36 biodiversity 
hotspots, 14 of which are identified here. To 
be designated as a hotspot, a region must 
have at least 1500 endemic plant species 
and have less than 30 percent of the 
original natural vegetation still intact.

 INTERACTIVE FIGURE

FIGURE 3-8 Go online to find out 
more about what makes the World’s 
Biodiversity Hotspots unique.

Measuring Biodiversity
Communities can differ in species diversity even if they are of similar size. 
There are two components to diversity. The first, species richness, refers 
to the number of different species in a community. The second is species 
evenness, or the relative abundance of each species. For example, a pond 
that has five fish species in nearly equal numbers has a higher species 
diversity than a pond with one abundant fish species and four rare ones.

Community structure is dynamic, which means that in any community, the 
assortment of species and their relative abundances tend to change over 
time. Communities change over a long time span as they form and then 
age. For example, over a period of 100 years, changes in environmental 
conditions may cause an ecosystem to transition from a pond into a 
meadow. Ecosystems also change over the short term as a result of a 
sudden environmental change such as a wildfire or flood.

Each species can live only in a specific habitat (Figure 3-7). Thus, 
geography and climate affect community structure. Factors such as soil 
quality, sunlight intensity, rainfall, and temperature vary with latitude and 
elevation. Tropical (low latitude) regions receive the most energy from the 
sun, get ample rainfall, and have the most even temperature throughout 
the year. For the majority of plant and animal groups, the number of 
species is greatest near the Equator, and declines as you move toward 
the Poles. Tropical forest communities have more types of trees than 
temperate ones. Similarly, tropical reef communities are more diverse than 
marine communities found farther from the Equator.

 CCC   Patterns Why do you think regions farthest from the Equator show the 
least amounts of biodiversity? 

FIGURE 3-7 
Red-shanked douc langur monkeys live 
in the tropical forest canopies of Vietnam 
and Laos.

 CHAPTER INVESTIGATION

Measuring Biodiversity Using 
Ecological Sampling Methods 
How can you measure biodiversity 
in a plant community?
Go online to explore this chapter’s 
hands-on investigation about 
ecological sampling methods.
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SUPPORT FOR ALL READERS WITH LEVELED TEXT
National Geographic Biology is available in two reading levels according to the “Stretch” 
Lexile® bands. The On Level version of the text matches the printed textbook for grades 
9–10 (1050L–1335L). With the press of a button, however, students using MindTap can toggle 
to the simpler Modified Text version written to the Middle School grade band (925L–1185L).

ON-LEVEL TEXT

MODIFIED TEXT
With Modified Text in the 
MindTap digital platform, 
students can simplify the 
text to a middle school 
reading level, reducing 
cognitive load and 
improving learning outcomes 
for struggling readers.

Each section opens with a brief, relatable 
introduction to the topic to get students 
thinking and primed for learning.

OPPORTUNITIES FOR THREE-DIMENSIONAL LEARNING
Questions interspersed throughout each chapter serve as 3D 
checkpoints, prompting students to engage with Disciplinary 
Core Ideas through the Crosscutting Concepts and Science 
and Engineering Practices. Checkpoints also foster greater 
metacognitive awareness so that students learn to gauge their 
comprehension as they read the text and visual supports.

Labels (SEP, CCC, NOS) indicate the NGSS dimension to which 
the concept or practice in red text pertains.

A definition of each Key 
Term gives students access 
to definitions at point of use. 
Other important terms are 
defined at point of use and 
with the Key Terms in the 
Glossary.
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The Chapter Opener  
and Case Study 

All learning opportunities work together to 
support the unit phenomenon carefully tied to 
the Driving Question and revisited again at the 
end of the chapter in the Tying It All Together 
activity. Callouts within the chapters prompt 
students to connect concepts back to the Case 
Study as they read and grow in their knowledge 
toward an evidence-based solution.

CASE STUDY

HOW DO ENERGY AND MAT TER MOVE 
THROUGH AN ECOSYSTEM?

Biologists have identified 
several large populations 
of brown bears living in 
the temperate rainforest 
along the Pacific Ocean 
in Southeast Alaska. 
About 4300 brown 
bears inhabit Admiralty, 
Chichagof, and Baranof 
Islands in the Tongass 
National Forest. The bear 
population density on Admiralty Island is among the 
highest in the world, at one bear per square mile.

Bears are famous for their enormous appetites. They 
eat a variety of vegetation including berries, roots, and 
grasses. Bears also hunt large animals such as moose, 
deer, and caribou as well as smaller mammals. To obtain 
their primary source of protein, Alaskan coastal brown 
bears fish for salmon in the rivers that extend from 
the forest to the ocean (Figure 2-1). These species of 
salmon are born in freshwater streams and migrate to 
the ocean where they spend much of their lives. When 
it’s time to reproduce, the salmon return to the same 
freshwater streams where they were born.

Typically, a bear eats only the most energy-rich parts of 
the fish, such as the brain and the eggs of female salmon 
that have not yet spawned. Brown bears gain just over 
one kilogram of fat per day to store energy to survive 
through the winter months, during which they lose 20 
to 40 percent of their body mass. In particular, pregnant 
bears must build up ample fat reserves to gestate 
and feed cubs. Bears carry their meals away from the 
watershed, where they leave fish carcasses to decay or 
be scavenged by other animals.

Temperate rainforest soils naturally contain low levels 
of nitrogen, an element that is abundant in salmon and 
essential for plant growth. In a river ecosystem, plants 
and trees enhance conditions for the reproduction and 
growth of new fish. Thriving vegetation provides shade, 
stabilizes riverbank soil, filters sediment, and serves as a 
nutritious food source for other animals and microbes.

The relationship between bears and salmon affects many 
other organisms and is key to maintaining healthy coastal 
forest ecosystems. In turn, the forests provide suitable 
habitats for sustainable populations of bears and salmon. 
These relationships are characterized by the movement 
of both energy and matter throughout the ecosystem.

Ask Questions As you read this chapter, generate 
questions about the ways in which matter cycles and 
energy flows between organisms and their environment.

FIGURE 2-1  
When salmon are plentiful in the late 
summer and fall, a brown bear can 
catch more than 30 fish per day.

S OM E T H I N G  F I S H Y  I N  T H E  F O R E S T
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Based Solution
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3-Dimensional 
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Together

All Instruction  
is leading toward 

an Evidence  
Based Solution
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MINILAB

Materials
• poster board or large sheet of paper
• marker 
• pinto beans, 200 g
• calculator

Scientists sampled various regions of a freshwater 
spring in Florida to estimate the populations and 
biomasses of some species found in the spring. The 
table shows their results.
TABLE 1. Organism Biomass in a Florida Ecosystem

Organism Trophic level Population 
(per 100 m2)

Biomass 
(g/100 m2)

narrow-leaved 
arrowhead

producer 16,800 60,480

algae producer N/A * 20,160

turtles primary 
consumer

        80  2000

shrimp primary 
consumer

      380  2470

insects primary 
consumer

     450  2025

anemones secondary 
consumer

        23    322

small fish secondary 
consumer

        30    330

bass 
(larger fish)

tertiary 
consumer

           1      74

* The algae are tiny organisms that grow on the narrow-leaved 
arrowhead plants. There would be too many to count.

Procedure

1. Draw a large triangle on the paper. This will be your 
biomass pyramid. Divide the pyramid into four rows 
and label the trophic levels.

2. For your model, assume that one pinto bean 
represents 270 g of biomass per 100 m2. Calculate 
how many beans would represent the biomass of 
each species shown in Table 1. Round fractions to 
the nearest whole number.

3. As a group, count out the appropriate number of 
beans for each species that you calculated in Step 
2. Arrange the beans representing each species 
on the pyramid. Divide rows into multiple parts if 
there is more than one species at that level. Record 
the names of the species near the bean piles that 
represent them.

4. Return all of your beans to the container.

Results and Analysis

1. Organize Data Draw a bar graph that shows the 
biomass at each level.

2. Calculate Determine how much biomass is 
transferred from
• producers to primary consumers
• primary consumers to secondary consumers
• secondary consumers to tertiary consumers

 Use this formula:

 

percent biomass 
transferred  100 

total biomass of 
higher level

total biomass of 
the lower level

3. Interpret Data Can this ecosystem support a higher-
level consumer than the bass? Use your graph and 
pyramid to support your answer.

4. Evaluate What happens to the biomass that does 
not move on to the next trophic level?

 SEP  Develop and Use a Model How can you model the distribution 
of biomass in an ecosystem?

The freshwater springs of Florida are among the most studied 
aquatic ecosystems on Earth. In this activity, you will build a model 
of organisms found in one of these springs to see how biomass is 
distributed among trophic levels in the ecosystem.

MODEL A BIOMASS PYRAMID

Freshwater springs in Florida can support a 
large amount of biomass.
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LOOKING AT THE DATA 

1. Represent Data Construct a partial marine food web 
that includes halibut, herring, shrimp, and swordfish.

2.  Infer Based on the partial food web, which 
population do you expect to be the largest in any 
given community?

 A. halibut and herring

 B. herring and shrimp

 C. shrimp

 D. swordfish

3.  Infer Based on the partial food web, which 
population do you expect to be the smallest in any 
given community?

 A. halibut and herring

 B. herring and shrimp

 C. shrimp

 D. swordfish

4. Analyze Data Rank the fish species by mercury 
concentration. List the species from highest to lowest.

5. Identify Patterns How does the ranking of species by 
population size compare to the ranking of species by 
mercury concentration levels?

6. Formulate State a claim about what happens to the 
concentration of mercury as it moves through trophic 
levels. Support your claim with evidence and propose 
an explanation.

7. Apply Halibut is popular on seafood menus. The 
Food and Drug Administration (FDA) reports that the 
maximum safe mercury consumption is at or below 
0.46 µg/g per week. Based on this recommendation, 
how many servings per week of wild halibut would  
be safe?

8.  Design Using only the data provided, propose one 
way that farming halibut could make it safer for 
human consumption.

 SEP  Analyze and Interpret Data Seven of the most popular fish 
found on seafood menus are now considered unsafe to eat.

The Environmental Protection Agency (EPA) monitors mercury 
contamination in commercially fished species and their prey along the 
west coast of the United States. The data is used to provide seafood 
consumption warnings for the public.

Table 1 gives the average mercury concentration (in micrograms/gram) 
for four marine species monitored by the EPA. Herring and shrimp are 
two common food sources for halibut, while swordfish prey on halibut.

BIOMAGNIFICATION OF MERCURY

These spot shrimp were harvested in Prince 
William Sound, Alaska.

TABLE 1. Mercury Concentration in Marine Species

Species Average mercury 
concentration (µg/g)

Species average 
mass (kg)

Average length 
(cm)

halibut 0.25 140 240

herring   0.078         0.2    25

shrimp   0.009         0.4    18

swordfish 0.99 350 300
Sources: EPA, NOAA
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Nutrient Pollution In the early 1900s, scientists invented a method of 
fixing atmospheric nitrogen and producing ammonia on an industrial scale. 
This process allowed production of synthetic nitrogen fertilizers that have 
boosted crop yields.

The use of these fertilizers has helped feed a rapidly increasing human 
population, but it has also added large amounts of nitrogen-based 
compounds to our air and water. Nitrates from synthetic fertilizers can run 
off from agricultural fields and contaminate aquatic ecosystems, where it 
can encourage algal blooms (Figure 2-18).

Like nitrogen, phosphorus aids plant growth, so most fertilizers contain 
phosphorus as well as nitrogen. Phosphate-rich rocks are mined for use 
in the industrial production of fertilizer. Guano, which is phosphate-rich 
droppings from seabird or bat colonies, is also mined and used as fertilizer. 
Phosphates from fertilizers often run off from the site where they are 
applied and enter aquatic habitats. Other sources of aquatic phosphate 
pollution include animal waste from farms, sewage released from cities, 
and phosphate-rich detergents used to wash laundry and dishes. An influx 
of phosphorus can encourage the growth of aquatic producers, resulting in 
an algal bloom.

2.4 R E V I E W

1. Identify Which cycle most relies on the processes 
of photosynthesis and cellular respiration?

 A. carbon cycle C.  nitrogen cycle

 B.  phosphorus cycle D. water cycle

2. Identify Which of these processes are carried out 
by anaerobic bacteria? Select all correct answers.

 A. decomposition C. denitrification

 B. transpiration D. nitrification

3. Analyze Consider the cycles modeled in 
Figures 2-13, 2-14, 2-15, and 2-16 that show 
what happens to a water molecule, a carbon 
atom, a nitrogen atom, and a phosphorus atom, 
respectively. Describe two ways the water cycle 
is different from the other cycles.

4. Design Use Figure 2-13 to make a simple 
model that follows an oxygen atom as it cycles 
through any two of these spheres: atmosphere, 
biosphere, hydrosphere.

FIGURE 2-18 
Large algal blooms (bright green) in 
Lake Erie result from agricultural and 
industrial runoff.

 CHAPTER INVESTIGATION

Exploring Brine Shrimp Survival
What is the effect of an abiotic 
factor other than salinity on 
egg hatching and survival of 
brine shrimp?
Go online to explore this chapter’s 
hands-on investigation and design 
your own investigation about 
abiotic factors.
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Applying Biology with 
Hands-on Science and 
Data Activities

Each Unit of National 
Geographic Biology, Texas 
Edition provides multiple 
opportunities for hands-
on learning all supporting a 
deeper understanding of the 
Anchoring Phenomena. Minilabs 
have been carefully designed 
for your classroom along with 
full chapter investigations that 
give students opportunities to expand their 
understanding. Data analysis activities give 
students practice reading data and identifying 
patterns in data sets. 

Nutrient Pollution In the early 1900s, scientists invented a method of 
fixing atmospheric nitrogen and producing ammonia on an industrial scale. 
This process allowed production of synthetic nitrogen fertilizers that have 
boosted crop yields.

The use of these fertilizers has helped feed a rapidly increasing human 
population, but it has also added large amounts of nitrogen-based 
compounds to our air and water. Nitrates from synthetic fertilizers can run 
off from agricultural fields and contaminate aquatic ecosystems, where it 
can encourage algal blooms (Figure 2-18).

Like nitrogen, phosphorus aids plant growth, so most fertilizers contain 
phosphorus as well as nitrogen. Phosphate-rich rocks are mined for use 
in the industrial production of fertilizer. Guano, which is phosphate-rich 
droppings from seabird or bat colonies, is also mined and used as fertilizer. 
Phosphates from fertilizers often run off from the site where they are 
applied and enter aquatic habitats. Other sources of aquatic phosphate 
pollution include animal waste from farms, sewage released from cities, 
and phosphate-rich detergents used to wash laundry and dishes. An influx 
of phosphorus can encourage the growth of aquatic producers, resulting in 
an algal bloom.

2.4 R E V I E W

1. Identify Which cycle most relies on the processes 
of photosynthesis and cellular respiration?

 A. carbon cycle C.  nitrogen cycle

 B.  phosphorus cycle D. water cycle

2. Identify Which of these processes are carried out 
by anaerobic bacteria? Select all correct answers.

 A. decomposition C. denitrification

 B. transpiration D. nitrification

3. Analyze Consider the cycles modeled in 
Figures 2-13, 2-14, 2-15, and 2-16 that show 
what happens to a water molecule, a carbon 
atom, a nitrogen atom, and a phosphorus atom, 
respectively. Describe two ways the water cycle 
is different from the other cycles.

4. Design Use Figure 2-13 to make a simple 
model that follows an oxygen atom as it cycles 
through any two of these spheres: atmosphere, 
biosphere, hydrosphere.

FIGURE 2-18 
Large algal blooms (bright green) in 
Lake Erie result from agricultural and 
industrial runoff.

 CHAPTER INVESTIGATION

Exploring Brine Shrimp Survival
What is the effect of an abiotic 
factor other than salinity on 
egg hatching and survival of 
brine shrimp?
Go online to explore this chapter’s 
hands-on investigation and design 
your own investigation about 
abiotic factors.
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HANDS-ON BIOLOGY 
AND DATA ACTIVITIES

8



Labs, Engineering Activities, 
and Research Projects

Minilabs are an essential part of each 
chapter enabling a quick investigation 
supporting conceptual development. 

Each lab is tied to a Science and 
Engineering Practices. Students will 
discuss how they have come to grow 
their knowledge using evidence from 
the text and labs advancing their critical 
thinking skills.

MINILAB

Materials
• poster board or large sheet of paper
• marker 
• pinto beans, 200 g
• calculator

Scientists sampled various regions of a freshwater 
spring in Florida to estimate the populations and 
biomasses of some species found in the spring. The 
table shows their results.
TABLE 1. Organism Biomass in a Florida Ecosystem

Organism Trophic level Population 
(per 100 m2)

Biomass 
(g/100 m2)

narrow-leaved 
arrowhead

producer 16,800 60,480

algae producer N/A * 20,160

turtles primary 
consumer

        80  2000

shrimp primary 
consumer

      380  2470

insects primary 
consumer

     450  2025

anemones secondary 
consumer

        23    322

small fish secondary 
consumer

        30    330

bass 
(larger fish)

tertiary 
consumer

           1      74

* The algae are tiny organisms that grow on the narrow-leaved 
arrowhead plants. There would be too many to count.

Procedure

1. Draw a large triangle on the paper. This will be your 
biomass pyramid. Divide the pyramid into four rows 
and label the trophic levels.

2. For your model, assume that one pinto bean 
represents 270 g of biomass per 100 m2. Calculate 
how many beans would represent the biomass of 
each species shown in Table 1. Round fractions to 
the nearest whole number.

3. As a group, count out the appropriate number of 
beans for each species that you calculated in Step 
2. Arrange the beans representing each species 
on the pyramid. Divide rows into multiple parts if 
there is more than one species at that level. Record 
the names of the species near the bean piles that 
represent them.

4. Return all of your beans to the container.

Results and Analysis

1. Organize Data Draw a bar graph that shows the 
biomass at each level.

2. Calculate Determine how much biomass is 
transferred from
• producers to primary consumers
• primary consumers to secondary consumers
• secondary consumers to tertiary consumers

 Use this formula:

 

percent biomass 
transferred  100 

total biomass of 
higher level

total biomass of 
the lower level

3. Interpret Data Can this ecosystem support a higher-
level consumer than the bass? Use your graph and 
pyramid to support your answer.

4. Evaluate What happens to the biomass that does 
not move on to the next trophic level?

 SEP  Develop and Use a Model How can you model the distribution 
of biomass in an ecosystem?

The freshwater springs of Florida are among the most studied 
aquatic ecosystems on Earth. In this activity, you will build a model 
of organisms found in one of these springs to see how biomass is 
distributed among trophic levels in the ecosystem.

MODEL A BIOMASS PYRAMID

Freshwater springs in Florida can support a 
large amount of biomass.
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Rigorous Practice 

In the Teacher’s Edition, the Depth of 
Knowledge Question level is called 
out. National Geographic Biology, Texas 
Edition has carefully constructed 
learning opportunities to allow 
continued practice in Levels 1–3 higher 
order thinking questions, so students 
are not stumped when it comes time for 
the Texas Biology End of Course Exam. 

MINILAB 
MODEL A BIOMASS PYRAMID

Students use mathematical models to 
represent how energy stored in biomass 
moves through an ecosystem. 
Time: 30 minutes

Advance Preparation
•  One 16-ounce bag of dry pinto 

beans should be enough for each 
group. The beans may be replaced 
by another small object, such as 
beads. Provide a container for each 
group to store the beans in when 
finished. Each group will use about 
350 pinto beans in the activity. The 
activity requires a large sheet of 
paper, approximately 75 × 75 cm2.

Procedure
In Step 4, note that at higher trophic 
levels, biomass values become smaller, 
so a rounding error becomes more 
significant. This can be a discussion 
point related to mathematical 
representations and different scales. 

Results and Analysis
1.  Organize Data Student bar graphs 

should show a large number of 
producers and decreasing amounts of 
primary, secondary, and tertiary 
consumers. DOK 3

2.  Calculate The total mass of 
producers is 80,640 g. The total 
biomass of primary consumers is 
2000 g + 2470 g + 2025 g = 6495 g. 
The percent biomass transferred from 
producers to primary consumers is 
(6495 / 80,640) × 100 = 8.1%.  
The total biomass of secondary 
consumers is 322 g + 330 g = 652 g. 
The percent biomass transferred from 
primary consumers to secondary 
consumers is (652 / 6495) × 100 = 
10.0%. The total biomass of 
secondary consumers is 652 g. The 
biomass of tertiary consumers is 74 g. 
The percent biomass transferred from 
secondary consumers to tertiary 
consumers is (74 / 652) × 100 = 
11.3%. DOK 2

3.  Interpret Data The most likely 
answer is no. A quaternary consumer 
would need to reliably find and hunt 
the tertiary consumer, the seabass. 
Basses are relatively large and scarce. 
This ecosystem would not be able to 

support an organism that hunts the bass. 
DOK 2

4.  Evaluate Answers will vary. At each level, 
some of the mass is converted to energy, 
which is used to fuel metabolic processes. 
Some of the energy is lost to the 
environment as heat. Some of the mass 
becomes waste products. Some of the 
mass cannot be transferred at all—shrimp 
have shells that cannot be easily digested, 
for example. The waste products and 
indigestible remains are consumed by 
decomposers over time. DOK 2
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ASSESSMENT IN A  
VARIETY OF FORMATS

Tying It All Together

Students will wrap up the learning with Tying it all together 
Lessons. Students will obtain information, propose solutions and 
evaluate the solutions. No longer will you have to supplement 
your current curriculum to reach this level of authentic 
assessment opportunities. Everything you need is here!

Summative 
Assessments

Chapter Assessments offer a 
combination of open-response 
and machine-scored items 
carefully designed to measure 
students’ understanding and 
retention of the content. Unit 
Performance Tasks assess  
Big Ideas expectations.

Unit Activity

Every unit also offers an 
opportunity for students to 
share their claim based on the 
Unit Anchoring Phenomenon.

TYING IT ALL TOGETHER
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HOW DO ENERGY AND MAT TER MOVE 
THROUGH AN ECOSYSTEM?

In this chapter, you learned about the transfer of energy 
and matter in an ecosystem. The Case Study described 
relationships among organisms in a Southeast Alaska 
coastal community (Figure 2-19). The rivers and streams 
in this ecosystem support five species of salmon, which 
spend up to seven years in the ocean where they gain 
more than 90 percent of their biomass. Largely due to 
this abundance of food, Alaskan coastal brown bears are 
some of the heaviest in the world. A male bear can weigh 
up to 680 kg after having feasted on salmon for a season.

Biologists studying the vegetation on Chichagof Island 
in the Tongass National Forest have found that plants 
that grow as far as 100 meters from rivers where salmon 
spawn contain higher levels of ocean-derived nitrogen 
than the same plant species at sites with no salmon 
(Figure 2-20). They estimated that 24 percent of the 
nitrogen in the needles of spruce trees near salmon 
streams comes from the ocean. The scientists also 
determined that trees near salmon habitats grow faster 
and larger than those farther away.

In this activity, you will develop models to analyze 
nutrient pathways from marine to terrestrial organisms. 
Work individually or in a group to complete these steps.

Gather Evidence
1.  Research the types and populations of organisms 

in the Tongass National Forest ecosystem. Focus 
on defining the boundaries of an ecosystem with a 
community that includes brown bears, salmon,  
and trees.

Develop and Use a Model
2. Construct one or more models that represent both

 a.  the flow of energy between organisms within the 
community

 b.  the cycling of matter between these organisms and 
their environment

Your model(s) should identify all trophic levels present 
in the ecosystem you have defined and show the relative 
distribution of energy and biomass in the ecosystem.

Construct an Explanation
3.  Use your models to explain how marine nitrogen 

travels from the ocean to the leaves of forest trees.

FIGURE 2-19 
Sitka spruce trees grow three times faster on the banks of 
salmon streams than those that grow elsewhere.

FIGURE 2-20 
Scientists measured the growth rings of spruce trees and the amount of 
marine nitrogen in their leaves to compare trees near salmon spawning 
streams to trees at reference sites with no salmon spawning.

S OM E T H I N G  F I S H Y  I N  T H E  F O R E S T

T Y I N G  I T  A L L  TO G E T H E R  5 7

HOW DO SEA PIGS SURVIVE 
IN THE DEEP OCEAN?

In 2019, MBARI located the remains of a baleen whale on the ocean floor. 
A fallen whale attracts a changing assortment of organisms: larger scavengers 
feed on the whale’s soft parts, smaller organisms look for decomposing tissue 
in the surrounding sediment, and bacteria and other microbes access the fat 
trapped inside the whale’s bones.

Although they share their habitat with many other 
species of sea cucumbers, octopuses, marine worms, 
mollusks, crabs, fish, and coral, sea pigs are not 
usually a food source for other organisms.
MBARI’s data indicate that a typical slow and steady 
supply of marine snow would not provide enough food 
to support the number of consumers they find in the 
abyss, but occasional large bursts of matter falling 
from events at or near the ocean surface can sustain 
populations deep below for long periods of time.

Argue From Evidence In this unit, you learned that 
the energy for life processes originates from the sun. 
Nevertheless, diverse ecosystems thrive on the ocean 
floor at sunless depths between 3 and 6 kilometers, 
in generally flat regions called abyssal plains. These 
plains make up approximately 70 percent of the 
global seabed.
The Monterey Bay Aquarium Research Institute 
(MBARI) has monitored an abyssal ecosystem off the 
central coast of California for 30 years. Their ROV 
takes frequent high-resolution images of the seafloor 
and its inhabitants and has measured carbon and 
oxygen levels to determine what the animals and 
bacteria there eat and produce. Sea pigs are abundant 
in this ecosystem. Their main food source is fresh 

“marine snow,” the dead organic matter and waste that 
sinks from shallow waters to the ocean floor.  

Claim Make a claim about the role of sea pigs 
in an abyssal plain ecosystem.

Evidence Use the evidence that you gathered 
throughout the unit to support your claim.

Reasoning To help illustrate your reasoning, 
you can develop a model that explains how 
abyssal plain organisms obtain the energy and 
matter they need to survive.
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National Geographic Biology, Texas Edition supports 
teachers in the classroom with a thoughtfully designed 
Teacher’s Edition and a wealth of teacher resources and 
assessments built in to the MindTap digital platform. 

Teacher’s Edition 

The print and digital resources guide teachers 
through each unit and chapter to prepare students 
for 3-Dimensional skills, practices, and assessments 
including lessons built on the 5E lesson model, 
background information, and connections to Math 
and English Language Arts.

COURSE SUPPORT AND 
TEACHER TOOLS

Teachers are provided with 
targeted support for 3D 
instruction and cross-curricular 
connections to Math, English 
Language Arts, and other 
science disciplines with the 
Recurring Themes and 
Concepts clearly called out.

Connect to Language Arts

Integration of Knowledge and Ideas
System models introduced in Chapter 2, 
such as the food webs, ecological 
pyramids, and matter cycles, typically 
depict specific ecosystems as 
illustrative examples. When reading to 
understand how energy flows and 
matter transfers through ecosystems, 
students should be able to apply
information from the model illustrations 
to apply the same concepts to different 
ecosystems. 
Have students translate between 
specific visual information and general 
text by writing a label for each arrow in 
Figures 2-2, 2-5, 2-7, or 2-8. Their 
labels should describe each transfer or 
transformation in terms of energy and 
matter.

 CHAPTER INVESTIGATION A

Guided Inquiry Salinity and Brine 
Shrimp Survival
Time: 130 minutes over 3 days
Students will follow a step-by-step 
procedure to investigate how 
different salinities affect the hatching 
of brine shrimp.
Go online to access detailed teacher 
notes, answers, rubrics, and lab 
worksheets.

Levels of Organization Have students 
analyze Figure 2-3 and consider the scale 
of each level of organization. Ask them to 
brainstorm phenomena that are 
significant at the different levels of 
hierarchical structure. Then discuss how 
a phenomenon or event that occurs at 
one scale may or may not have an impact 
at another scale. For example, an 

individual diseased organism might 
spread disease to the population with 
which it comes in contact, but this would 
not necessarily disrupt the local 
community if other organisms or species 
fill a similar role. In contrast, climate 
change at the biome or biosphere levels 
may have a large impact on all the levels 
below them.

RECURRING THEMES | Scale, Proportion, and Quantity 
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The Periodic Table
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Features
• 3-Dimensional lessons with 

scientific and engineering practices 
and recurring themes and concepts.

• Phenomena-based instruction 
geared towards students figuring 
out how the phenomenon works in 
through investigation and discovery

• National Geographic Explorers, 
photography, and graphics show 
real-world phenomena and inspire 
students to think like real scientists

• Data analysis and data literacy 
activities promote critical thinking 
and analysis skills

• Literacy and language support 
including modified text English 
and Spanish text and assessments 
available
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Technology 
• MindTap is a cloud-based, highly personalized learning environment that combines 

student learning tools—readings, multimedia, activities, and assessments—into a single 
learning path

• Teachers can customize content for their students to introduce their own content, 
and teachers have access to powerful class reports to measure progress and 
improve outcomes

• MindTap for Biology offers unique videos featuring National Geographic Explorers, 
interactive simulations, and immersive virtual labs to simulate real-world research

   Visit NGL.Cengage.com/TX-Science to learn more.

http://NGL.Cengage.com/TX-Science
http://NGL.Cengage.com/TX-Science


“National Geographic,” “National Geographic Society,” and the Yellow Border Design are registered trademarks of the 
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Let National Geographic engage all of 
your learners. Explore our other high 
school solutions, and bring the world 
to your classroom.

National Geographic Biology, Texas Edition is part of our 
biology series to meet the needs of on-level, honors, and AP® 
Biology. Help students become expert problem-solvers and 
think like biologists with our high school biology solutions.

Honors AP®

For more information, visit 
NGL.Cengage.com/TX-Science
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