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AP Biology Guide
The AP biology program is organized into four underlying big
ideas. The guide below lists the enduring understandings
Big Idea 1: The process of evolution drives the diversity and unity of life
1A: Change in the genetic makeup of a population over time is evolution
1.A.1

Natural selection is a major mechanism
of evolution

1.A.2

Natural selection acts on phenotypic
variations in populations

1.A.3

Evolutionary change is also driven by
random processes

1.A.4

Biological evolution is supported by
scientific evidence from many disciplines

Organisms share many conserved core
processes and features that have evolved

1.B.2

Phylogenetic trees and cladograms are
graphical models of evolutionary history

Speciation and extinction have occurred
throughout the Earth's history

1.C.2

Speciation may occur when populations
become reproductively isolated

1.C.3

Populations continue to evolve

Evidence for Biological
Evolution

The Relatedness of Organisms

Hypotheses about the natural origin of life

1.D.2

Scientific evidence from different
disciplines supports models of life's origin

DNA, and in some cases RNA, is the
primary source of heritable information

DNA and RNA

3.A.2

In eukaryotes, heritable information is
passed on via the cell cycle and mitosis
or meiosis plus fertilization

Chromosomes & Cell Division

3.A.3

The chromosomal basis of inheritance
gives an understanding of transmission
of genes from parent to offspring

Chromosomes & Cell
Division, The Chromosomal
Basis of Inheritance

3.A.4

The inheritance pattern of many traits is
not explained by Mendelian genetics

The Chromosomal Basis of
Inheritance

3B: Expression of genetic information involves cellular and molecular mechanisms
3.B.1
3.B.2

Gene regulation results in differential
gene expression and cell specialization
Signals mediate gene expression

Regulation of Gene
Expression

3C: Processing of genetic information is imperfect and a source of genetic variation
Speciation and Extinction

3.C.1
3.C.2
3.C.3

Genotype changes can alter phenotype
Processes that increase genetic variation
Viral replication and genetic variation

Sources of Variation

3D: Cells communicate by generating, transmitting and receiving chemical signals

1D: The origin of living systems is explained by natural processes
1.D.1

3.A.1
Genetic Change in Populations

1C: Life continues to evolve within a changing environment
1.C.1

Big Idea 3: Living systems store, retrieve, transmit & respond to
information essential to life processes
3A: Heritable information provides for continuity of life

1B: Organisms are linked by lines of descent from common ancestry
1.B.1

for each big idea, and identifies where the material is
located in AP Biology 1 (blue) or AP Biology 2 (black).

The Origin of Living Systems

3.D.1
3.D.2
3.D.3
3.D.4

Commonalities in cell communication
Signaling by direct contact or chemicals
Signal transduction pathways
Changes to signal transduction pathways

Cellular Communication

3E: Transmission of information results in changes within and between systems

Big Idea 2: Biological systems utilize free energy and molecular building
blocks to grow, to reproduce and to maintain dynamic homeostasis
2A: Growth, reproduction and maintenance of the organization of living systems
require free energy and matter

3.E.1

Communicating information with others

3.E.2

Nervous systems and responses

Communicating & Responding

Big Idea 4: Biological systems interact, and these systems and their
interactions possess complex properties

2.A.1

All living systems require energy

Energy in Living Systems,
Homeostasis & Energy
Allocation

2.A.2

Organisms capture and store free energy
for use in biological processes

Energy in Living Systems,
Energy Flow & Nutrient Cycles

4.A.1

Properties of a molecule are determined
by its molecular construction

The Biochemistry of Life,
DNA and RNA

2.A.3

Energy exchange maintains life processes

The Biochemistry of Life

4.A.2

The structure and function of subcellular
components, and their interactions,
provide essential cellular processes

Cell Structure and Processes

4.A.3

Gene expression results in specialization
of cells, tissues and organs

Regulation of Gene
Expression

4.A.4

Organisms exhibit complex properties
due to interactions between their parts

Plant Structure & Adaptation,
Comparing Animal Systems,
Interactions in Physiological
Systems

4.A.5

Communities are composed of
populations that interact in complex ways

Populations and Communities

Movement of matter and energy

Populations & Communities,
Energy Flow & Nutrient Cycles,
The Diversity and Stability of
Ecosystems

2B: Growth, reproduction and dynamic homeostasis require that cells create and
maintain internal environments that are different from their external environments
2.B.1

Cell membranes are selectively permeable

2.B.2

Movement of molecules across membranes
maintains growth and homeostasis

2.B.3

Internal membranes in eukaryotic cells
partition the cell into specialized regions

Cell Structure and Processes

2C: Organisms use feedback mechanisms to regulate growth and reproduction, and
to maintain dynamic homeostasis

4A: Interactions within biological systems lead to complex properties

Energy in Living Systems

2.C.1

Organisms used feedback mechanisms to
maintain internal environments

Homeostasis & Energy
Allocation

4.A.6

2.C.2

Organisms respond to change in their
external environments

Homeostasis & Energy
Allocation,
Timing & Coordination

4B: Competition and cooperation are important aspects of biological systems

2D: Growth & dynamic homeostasis are influenced by changes in the environment
2.D.1

Biotic and abiotic factors affect biological
systems
Homeostatic mechanisms reflect both
common ancestry and divergence due to
adaptation in different environments

2.D.3

Biological systems are affected by
disruptions to their dynamic homeostasis*

2.D.4

Plants and animals have chemical
defenses against infections

Internal Defense,
Plant Structure & Adaptation

2E: Many biological processes involved in growth, reproduction & dynamic
homeostasis include temporal regulation & coordination
2.E.1

Timing and coordination of events are
regulated and necessary for development

2.E.2

Multiple mechanisms regulate timing &
coordination of physiological events

2.E.3

Timing and coordination are regulated
and are important in natural selection
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Interactions between molecules affect
their structure and function

Enzymes & Metabolism

4.B.2

Cooperative interactions within
organisms promote efficiency

Plant Structure & Adaptation,
Comparing Animal Systems,
Interactions in Physiological
Systems

4.B.3

Population interactions influence species
distribution and abundance

Populations & Communities,
The Diversity & Stability of
Ecosystems

4.B.4

Ecosystem distribution changes over time

The Diversity & Stability of
Ecosystems

Populations & Communities
Homeostasis & Energy Allocation,
Plant Structure & Adaptation,
Comparing Animal Systems,
Interactions in Physiological
Systems, The Diversity & Stability
of Ecosystems (2.D.3 only)

2.D.2

4.B.1

4C: Naturally occurring diversity among and between components within biological
systems affects interactions with the environment
4.C.1*

Variation in molecular units provides cells
with a wider range of functions

Internal Defense

4.C.2*

Environmental factors influence the
expression of the genotype

The Chromosomal Basis of
Inheritance

Regulation of Gene Expression

Timing & Coordination

4.C.3
Variation in populations affects dynamics
4.C.4
Diversity may influence ecosystem stability
* 4.C.1 and 4.C.2 also see Sources of Variation

Populations & Communities,
The Diversity & Stability of
Ecosystems
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Addressing the Science Practices
The AP Biology Science Practices are addressed in context throughout AP Biology 1 & 2. As students progress through their
program of work, they can identify the Science Practices associated with each activity by the picture tab system at the bottom
of the activity page. Activities relating to the specific Science Practices are identified in the tables on the following pages.

PRACTICES

SCIENCE PRACTICE 1
Use representations and models to communicate scientific phenomena and solve scientific problems. Includes creating,
describing, refining, and using representations and models of natural or man-made phenomena and systems.
Practice
number

PRACTICES

Practice description

Activity number in AP1

Activity number in AP2

1.1

The student can create representations
and models of natural or man-made
phenomena and systems in the domain.

66, 77, 100, 138, 145, 174,
189, 240, 256

125, 126, 132, 178, 180-181,
210, 212, 226

1.2

The student can describe representations
and models of natural or man-made
phenomena and systems in the domain.

2, 28, 40, 51, 52, 54,
77,100, 104, 106, 129, 154,
179, 264, 277, 278

21, 125, 126, 132, 166
(bonus content), 178, 185186, 205, 208, 210, 212, 226,
259

1.3

The student can refine representations
and models of natural or man-made
phenomena and systems in the domain.

66, 210

21, 23, 104, 190, 210, 226,
241, 259-260

1.4

The student can use representations and
models to analyze situations or solve
problems qualitatively and quantitatively.

51, 52, 54, 66, 72, 77, 100,
134, 138, 169, 172, 176,
179, 197, 210, 248

5, 6, 107, 205, 208, 210, 212,
226, 241, 259-260

1.5

The student can reexpress key elements
of natural phenomena across multiple
representations in the domain.

77, 106, 179, 213

93, 135, 157, 213, 236, 237,
248, 249, 266, 274

SCIENCE PRACTICE 2
Use mathematics appropriately, including justifying the use of mathematical routines, applying mathematical routines,
and making numerical estimates.
Practice
number

PRACTICES

Practice description

Activity number in AP1

Activity number in AP2

2.1

The student can justify the selection of a
mathematical routine to solve problems.

8, 16, 20, 49, 211-213, 223

2.2

The student can apply mathematical
routines to quantities that describe natural
phenomena.

3, 6-10,16-19, 42-43, 48-49, 9, 11, 23, 32-33, 64, 105,
67, 69, 156-157, 184-185,
114, 194, 197-198, 200-203,
211-213, 215, 221, 223, 235 205, 207-208, 212-213, 226,
229, 239, 241, 243, 256-257,
271

2.3

The student can estimate numerically
quantities that describe natural
phenomena.

6

11, 18, 26, 197, 203

23, 208

SCIENCE PRACTICE 3
Engage in scientific questioning to extend thinking or to guide investigations, including posing, refining, and
evaluating scientific questions.
Practice
number

Practice description

Activity number in AP1

Activity number in AP2

3.1

The student can pose scientific questions. 1, 43, 63, 79, 122, 135, 138,
162, 185, 250, 254

18, 64, 153

3.2

The student can refine scientific
questions.

38, 115,135, 185, 229

26,153, 225, 229, 259

3.3

The student can evaluate scientific
questions.

38, 43, 63, 65, 100, 115, 119,
122-125, 131, 135, 138,
185, 229, 276, 278

18, 26, 64, 153, 201, 241,
243, 258-260
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SCIENCE PRACTICE 4
Plan and implement data collection strategies appropriate to a particular scientific question. Includes posing, refining,
and evaluating scientific questions as well as drawing conclusions from the experimental results of other scientists.
Practice
number

PRACTICES

Practice description

Activity number in AP1

Activity number in AP2

4.1

4, 45, 47, 96-97, 115, 126,
The student can justify the selection
of the kind of data needed to answer a 229, 278
particular scientific question.

139, 140, 201

4.2

The student can design a plan for
collecting data to answer a particular
scientific question.

4, 11, 38, 43, 46, 63, 115,
126, 229

26, 139, 153, 201

4.3

The student can collect data to
answer a particular scientific question.

43, 63, 118, 229

153

4.4

The student can evaluate sources of
data to answer a particular scientific
question.

5, 38, 60, 63, 65, 68-69, 9697,103, 115, 119, 135, 229,
276-278

8, 18, 26, 65, 139-140, 153,
201, 225, 229, 243

SCIENCE PRACTICE 5
Perform data analysis and evaluation of evidence, including analyzing data to identify patterns or relationships and
evaluating evidence provided by data in relation to a particular question.
Practice
number

PRACTICES

Practice description

Activity number in AP1

Activity number in AP2

5.1

The student can analyze data to
identify patterns and relationships.

12-20, 63-65, 69, 97, 119,
135, 143, 184-185, 213, 215,
217, 229, 234, 236-237, 240,
242-244, 256-257, 263

9, 11, 25, 26, 32-34, 39-40,
64, 101, 105, 146-147, 151,
153, 160, 171, 177, 188, 203205, 208, 210-213, 216, 224,
226-227, 229-230, 243, 250,
258, 264-266, 268, 271-272

5.2

The student can refine observations
and measurements based on data
analysis.

38, 60, 97, 229

9, 26, 153, 210, 226, 229

5.3

The student can evaluate the
evidence provided by data sets in
relation to a particular scientific
question.

18-19, 60, 63-65, 69, 97,
103, 119, 130-131,135,143,
184-185, 213, 215, 217, 229,
234, 240, 242-248, 255-257,
263, 267

9, 26, 40, 45, 64, 139-140,
153, 156, 210, 216, 224, 226,
229, 243, 258, 268

SCIENCE PRACTICE 6
Work with scientific explanations and theories, including justifying claims with evidence, constructing explanations
and making claims and predictions about natural phenomena.
Practice
number

Practice description

Activity number in AP1

Activity number in AP2

6.1

The student can justify claims with
evidence.

32, 60, 89, 103, 171, 184, 185, 13, 64, 139-140, 188, 229
217, 221, 250-251, 277-278

6.2

The student can construct
explanations of phenomena based
on evidence produced through
scientific practices.

41-43, 60-61, 64, 79, 97, 103,
111, 112, 129, 135, 144, 173,
183, 190, 191, 193, 197, 199,
201, 203, 217, 278

6.3

60, 97, 103, 205, 216, 250,
The student can articulate the
reasons that scientific explanations 278
and theories are refined or
replaced.

140, 229, 259-260, 262, 268

6.4

The student can make claims
and predictions about natural
phenomena based on scientific
theories and models.

28, 40, 64, 73, 97, 103, 110,
129, 236, 144, 183, 193, 206,
214, 216, 217, 221-223, 250,
251, 265-267, 272, 277

8, 13, 42-43, 45, 60, 64, 139141, 180, 182, 188, 229, 250,
252, 254, 257-259

6.5

The student can evaluate
alternative scientific explanations.

62, 63, 97, 103, 147-150, 153155, 159-160, 164, 166, 167,
216, 276

229, 260
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2, 5, 6, 8, 14, 32, 63, 105,
117, 139-141, 178-183, 188,
229, 258, 260

PRACTICES

SCIENCE PRACTICE 7
Connect and relate knowledge across various scales, concepts, and representations in and across domains.
Includes connecting phenomena and models across scales such as time, size, and complexity, and describing how
enduring understandings and/or big ideas are connected.
Practice
number

Activity number in AP1
22, 28, 40, 42, 73-74, 78-80,
92, 94, 110, 137, 142, 162,
167, 169-172, 174, 176-177,
182, 187, 196-197, 202, 207208, 217, 220-223, 228, 236,
238, 242-245, 251, 256-257,
262, 267, 270-272

13, 28, 30, 41-42, 63, 79, 8384, 89, 94, 96, 100-101, 115,
120, 122, 136, 161-162, 168,
169, 174, 175, 178, 180, 183,
206, 216, 218-223, 226, 229,
245-247, 253, 261

7.2

The student can connect
concepts in and across
domain(s) to generalize or
extrapolate in and/or across
enduring understandings and/or
big ideas.

21-23, 27-28, 31-32, 34-35,
39-40, 42, 59, 62, 66-67, 73-74,
78-87, 92-95, 110, 130-131,
142, 144, 162, 167, 169-178,
182, 187, 189, 196-197, 202,
207-208, 217, 220-223, 228,
236, 238, 242-245, 251, 256257, 262-263, 267, 270-272,
274

3-4, 8, 13, 28-30, 41-42, 61, 63,
67, 76-77, 79, 83-84, 87-89,
94, 96, 100-101, 115, 118, 120,
122, 126, 131, 136, 161-162,
169, 180, 182, 201, 206, 216,
218-223, 226, 229, 245-247,
253, 261

PRACTICES

PRACTICES
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23 Enzyme Kinetics

236 Cave Food Webs
Key Idea: The food webs of cave ecosystems are fragile and
based on only a few resources.
Cave environments lack the light that sustains most
ecosystems. Despite this, a wide range of animals are
adapted to live there. Some animals, such as bats, are not
permanent cave-dwellers, but rest and breed there. Around
the entrance of the cave, the owl (1) preys on the mouse (2)
which itself feeds on the vegetation outside the cave. The owl
and the mouse leave droppings that support the cave dung
beetle (3) and millipede (4). The cave cricket (5) scavenges
dead birds and mammals near the entrance. The harvestman

(6) is a predator of the dung beetle, the millipede, and the
cricket. Inside the cave, the horseshoe bat (7) roosts and
breeds, leaving the cave to feed on flying insects. The bats
produce vast quantities of guano (droppings). The guano is
eaten by the blind cave beetle (8), millipede (4) and springtail
(9). These invertebrates are hunted by the predatory cave
spider (10). In underground pools, the bat guano supports the
growth of bacteria (11). Flatworms (12) and isopods (13) feed
on the bacteria and are eaten by the blind cave shrimp (14).
The blind cave fish (15) is the top predator in this system,
feeding on isopods and the blind cave shrimps.

Key Idea: Enzymes operate most effectively within a narrow
range of conditions. The rate of enzyme-catalyzed reactions
is influenced by both enzyme and substrate concentration.
Enzymes usually have an optimum set of conditions (e.g. of
pH and temperature) under which their activity is greatest.
Many plant and animal enzymes show little activity at low

Key Idea: Population estimates made from samples may
vary depending on the sampling technique, the number of
samples, and where the data was collected.
The diagram (following page) represents an area of wasteland
that has been invaded by various weeds. The distribution of

Graph 2

4

Point of contact

A'
Product formed (cm3)

3

A
2

3

B
1

Setting up the sampling grid

only partly inside the quadrat. Possible answers include:
(a) Only counting individuals that are completely inside the
quadrat.

Use a ruler to mark out 3 cm intervals along each side of the
sampling area on the next page (area of quadrat = 0.03 x
0.03 m). Draw lines between these marks to create a 6 x 6
grid pattern (total area = 0.18 x 0.18 m). This will provide a
total of 36 quadrats that can be investigated.

Only a small proportion of the possible quadrat positions
will be sampled. It is necessary to select the quadrats in
a random manner. It is not sufficient to simply guess or
choose your own on a ‘gut feeling’. The best way to choose
the quadrats randomly is to create a numbering system for
the grid pattern and then select the quadrats from a random
number table. Starting at the top left hand corner, number
the columns and rows from 1 to 6 on each axis.

1

0

60 C

0

120 D

0

180

2

Pool

11

Rate of reaction

Rate of reaction

13
8

4

B

A

4

Active sites
saturated
Active sites not
all occupied

Sump

Enzyme concentration

12

14

15

Substrate concentration

Given an unlimited amount of
substrate, the rate of reaction will
continue to increase as enzyme
concentration increases. More
enzyme means more reactions
between substrates can be catalyzed
in any given time (graph A).

Reaction
T + 10°C

To select the required number of quadrats randomly, use
random numbers from a random number table. The random
numbers are used as an index to the grid coordinates.
Choose 6 quadrats from the total of 36 using table of random
numbers provided at the bottom of the next page. Make
a note of which column of random numbers you choose.
Each member of your group should choose a different set of
random numbers (i.e. different column: A–D) so that you can
compare the effectiveness of the sampling method.

Reaction
at T°C
0

10

4. How might energy be removed from the cave ecosystem?

Plant 3

Plant 4

Plant 5

1:

1:

(b) The reaction rate at 30 seconds:

2:

2:

3:

3:

4:

4:

5:

5:

6:

(b) Explain why the reaction rate in graph 2 changes over time:

AP2

Reexpress the information
provided as a diagram.

14

0.3 mol L-1
solution

To investigate how the size and membrane solubility of molecules affects the rate
of diffusion across the plasma membrane.

The method

Diffusing
molecule

f 0.3 mol L-1 solutions of glucose, sucrose, urea, and glycerol were prepared (this
concentration is greater than the cell internal concentration). A blank solution
of distilled water was also prepared. Molecular weights (MW) are as follows:
glucose (MW 180), sucrose (MW 342), urea (MW 60), and glycerol (MW 92).

Water
molecule

f Both urea and glycerol readily diffuse across the plasma membrane. Glucose
is transported across the membrane by a carrier protein.
f 3 mL of each solution was mixed with 0.1 mL of a sheep RBC suspension and
added to cuvettes. The cuvettes were placed into a spectrophotometer and
absorbance measured over 15 minutes. The results are plotted below:

23

0.5 cm2

Plant 4

Plant 5

Hypertonic
solution

1

S and R strains
Heat-killed S cells,
remove lipids and
carbohydrates,
homogenize and filter

PRACTICES

PRACTICES

PRACTICES

WEB

201

KNOW

Evaluate scientific questions
about sampling techniques.

Didinium

Didinium

Proboscis
Toxicyst strands
Paramecium

Paramecium

Cell
bursting

0.2

2

3

With sediment

Linda Scott et al 1993
Dept. Bio. Hartwick College, NY.

240

320

480

600

720

1

0

P. caudatum

20
D. nasutum

40
1

2
3
4
Time (days)

5

840

Increased cellular volume causes the cell to burst
(hemolysis). The cellular material settles out.

Without sediment
Immigration
3
4

2

5

6

f In a simple system, such as a small number of oranges grouped together, predators quickly ate all the prey and then died out.
f Huffaker then created a more complex system with arrays of 120 oranges (below). The amount of available food on each orange
was controlled by sealing off parts of each orange with wax. Patchiness in the environment was created using balls (representing
unsuitable habitat). Sticks aided dispersal of prey mites and petroleum jelly was used to form barriers for predatory mite dispersal.
In this system, the predator and prey coexisted for three full cycles (> year). In the diagram below, the arrays depict the distribution
and density of the populations at the arrowed points. The circles represent oranges or balls and the dots the predatory mites.

Low density prey

R strain only

PRACTICES
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WEB

1

96

KNOW

D. nasutum
0

1

P. caudatum

40

10

2
3
4
Time (days)

5

6

0

2

4

6

8
10 12
Time (days)

High density prey

No prey

Six-spotted mite

2000

40

Predatory mite

1000

50

20

100

150

cleft and causes an electrical response in the receiving
(post-synaptic) cell. This response may be a depolarization
(making an action potential more likely) or a hyperpolarization
(making an action potential less likely). However transmission
at chemical synapses is always unidirectional. Synapses
are classified as cholinergic or adrenergic according to the
neurotransmitter involved. The junction between a neuron
and a muscle cell is a specialized cholinergic synapse called
the motor end plate but it is functionally no different. The
diagram below depicts an excitatory synapse.

The structure of an excitatory chemical synapse

200

Days

5. (a) Mark the three population cycles completed in Huffaker's experiment on the plot above.

D. nasutum

20

Medium density prey

263

182 Chemical Synapses
Key Idea: Synapses are junctions between neurons or
between neurons and effector cells (e.g. muscle).
Action potentials are transmitted across junctions called
synapses. Synapses can occur between two neurons
or between a neuron and an effector cell (e.g. muscle).
Chemical synapses are the most widespread type of synapse
in nervous systems. In these, the axon terminal is a swollen
knob, and a gap (the synaptic cleft) separates it from the
receiving cell. The synaptic knobs are filled with tiny vesicles
of neurotransmitter, which diffuses across the synaptic

Step 2: The NT diffuses across the
synaptic cleft to receptors on the
postsynaptic membrane. Diffusion
across the cleft delays the impulse
transmission by about 0.5 ms.

Step 1: The arrival of an action
potential at the axon terminal causes
an influx of calcium ions, causing the
vesicles to release neurotransmitter
(NT) into the synaptic cleft.

0

60

30

P. caudatum

80

Five Paramecium were added to the medium Medium included sediment in which
the Paramecium could hide and not be
and three Didinium added after two days.
encountered by the predator.

0.1

5 10 20 30 60 120

120

f Huffaker built on Gause's findings and attempted to design artificial systems that would better model a real world system. He
worked on two mite species, the six spotted mite and its predator. Oranges provided both the habitat and the food for the prey.

Didinium, a unicellular ciliate, feeds almost exclusively on Paramecium. It captures Paramecium by
shooting toxicysts into the Paramecium (left). It then reels the Paramecium in to its proboscis.

Without sediment

40
Number of individuals

Membrane-penetrating molecule
crosses membrane, increasing
the cell's internal solute
concentration and drawing
water in by osmosis.
Glycerol
Glucose
Sucrose
Urea

DNase

Evaluate data from experiments
investigating scientific questions.

337

oscillations in small model ecosystems. Two researchers,
Gause and Huffaker, each worked on this question. Their
results gave great insight into the nature of predator-prey
interactions and the factors that control population size and
enable stable oscillations.

50

0.5

RNase

S and R strains

Huffaker's experiments

Gause's experiments
We have already examined
several of Gause's experiments on
competition in an earlier activity.
Gause's also studied predatorprey interactions in two protists,
Paramecium and its predator
Didinium, in simple test tube
'microcosms'. When Didinium was
added to a culture of Paramecium,
it quickly ate all the Paramecium
and then died out. When sediment
was placed in the microcosm,
Paramecium could hide, Didinium
died out, and the Paramecium
population recovered. Adding
immigrants into the microcosm
produced a predator-prey like cycle.

Add the treated samples to
cultures of R bacterial cells

Treat sample with
enzyme that destroys
RNA, protein, or DNA.

Protease

PRACTICES
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0.13 cm2

Plant 3

MEAN %

WEB

229 Population Cycles
Key Idea: Predator-prey cycles can be maintained in a
laboratory if the natural environment's complexity is created.
Mathematical models predict that predator and prey
populations will form stable cycles of population increase and
decrease. Early ecologists set out to verify these population

Absorbance vs time for sheep RBCs

0

AP2

0.79 cm2

Plant 2

PRACTICES

0.6

0.3

265

AP1

2.27 cm2

Plant 1

Numbers of predators

readily diffuse across the membrane, the molecules will enter
the RBCs by diffusing down their concentration gradient. This
will draw water into the RBCs (by osmosis) and they will
burst (hemolyze). When the RBCs burst, the cellular material
settles out of suspension and the solution becomes clear. By
using a spectrophotometer to measure the rate at which the
solution becomes clear, it is possible to determine the rate
at which the molecules are crossing the plasma membrane.

The aim

0.4

CONNECT

Numbers of prey
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64 Investigating Transport Across Membranes

0

CONNECT

2.59 cm2

PRACTICES

Key Idea: The rate of diffusion of molecules through the
plasma membrane can be determined by measuring the
change in light absorbance as a solution of red blood
cells hemolyzes.
How a cell behaves when suspended in a solution depends
on whether or not the molecules or ions in the solution can
cross the plasma membrane. If red blood cells (RBCs) are
suspended in a concentrated solution of molecules that can

0.7

PRACTICES

Apply a mathematical routine to
determine reaction rate and Q10.

PRACTICES

86

PRACTICES
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SEM images: Gregory Antipa (San Francisco State University), H. S. Wessenberg
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f What was the unknown transformation factor in Griffith's experiment? Avery designed an experiment to determine if it was RNA,
DNA, or protein. He broke open the heat-killed pathogenic cells and treated samples with agents that inactivated either protein,
DNA, or RNA. He then tested the samples for their ability to transform harmless bacteria.

6:

TOTAL

PRACTICES

Mouse dies
Blood sample contained
living S cells that could
reproduce to yield more
S cells.

Table 2: Percentage cover

(a) The reaction rate at 90 seconds:

3. (a) What must be happening to the reaction mix in graph 1 to produce the straight line (constant reaction rate)?

Mouse lives

Heat-killed S cells
and living R cells

Avery-MacLeod-McCarty (1944)

Mark the line every 1 cm. Count and record every plant the
line touches at every 1 cm mark. Record the results in the
line transect table (Table 3).

Table 1: Quadrat count

5. In many parts of the world, cave-dwelling bat species are endangered, often taken as food by humans or killed as pests.
Explain how the cave food web would be affected if bat numbers were to fall substantially:

CONNECT

Draw 6 transect lines across the sampling area from side to
side or top to bottom. Use the random number table to work
out where the transect line should go. For example using the
numbers in column A (2,2) the first line should start in the
middle of column 2 in the top row and go across the grid to
the middle of column 2 in the bottom row.

Before you count the individuals of each species, the criteria
for counting need to be established. You must decide before
sampling begins as to what to do about individuals that are

Plant 2

Mouse dies

Heat-killed S cells

Transect sampling
6. Line transect

4a.Decide on the counting criteria

Plant 1

Living S cells
(capsule, pathogenic)

Carefully examine each selected quadrat again and
estimate the percentage cover of each species present.
Record your data in the spaces provided in the percentage
cover table (Table 2) (to help you, the area of each plant type
is given in the table. The quadrat area in 9 cm2).

30

2. For graph 2:

Mouse lives

Examine each selected quadrat and count the number of
individuals of each species present. Record your data in the
spaces provided in the quadrat count table (Table 1).

NOTE: Highlight the boundary of each selected quadrat with
colored pen/highlighter.

20
Time (s)

The effect of temperature on a reaction rate
is expressed as the temperature coefficient,
usually given as the Q10. Q10 expresses
the increase in the rate of reaction for every
rise of 10°C. Q10 = rate of reaction at (T +
10°C)/ rate of reaction at T, where T is the
temperature in °C (graph C).

Living R cells
(no capsule, harmless)

4b.Carry out the sampling

Column of random numbers chosen: ______

1. Calculate the reaction rate in graph 1:

3. How is energy imported into the cave’s food web?

Discuss the merits and problems of the suggestions
above with other members of the class (or group). You may
even have counting criteria of your own. Think about other
factors that could cause problems with your counting.

5. Percentage cover

3. Choose quadrats randomly

at

Griffith (1928)

(d) Counting an individual that is inside the quadrat by half
or more as one complete individual.

Coordinates for
each quadrat

2. Which major trophic level is missing from the cave food web?

If there is unlimited substrate but
the enzyme is limited, the reaction
rate will increase until the enzyme
is saturated, at which point the rate
will remain static (graph B).

C

Quadrat sampling (counts and % cover)

Coordinates for
each quadrat

1. Using the lake food web activity as a guide, construct a food web for the cave ecosystem on a separate sheet of paper.
For animals that feed outside the cave, do not include this outside source of food. As in the lake food web, label each
species with the following codes to indicate its diet type (e.g. producer, detritivore, herbivore, carnivore, omnivore) and its
position in the food chain if it is a consumer (1st, 2nd, 3rd, 4th order consumer). Staple your finished web to this page.

180

2

0

9
Guano and
detritus layer

120 D'

Time (s)
In a reaction in which the rate varies (graph 2) a reaction rate
can be calculated for any instantaneous moment in time by
using a tangent. The tangent must touch the curve at only one
point. The gradient of the tangent can then be used to calculate
the rate of reaction at that point in time (A'-B'/D'-C').

Product formed (cm3)

Cave
entrance

3

C' 60

0

Time (s)

function suggested they could account for the many traits
we see in organisms. Two early experiments, one by Griffith
and another by Avery, MacLeod, and McCarty, provided
important information about how traits could be passed on
and what cellular material was responsible. The experiments
involved strains of the bacterium Streptococcus pneumoniae.
The S strain is pathogenic (causes disease). The R strain is
harmless. Later experiments by Hershey and Chase helped
confirm DNA as the genetic material.

f Griffith found that when he mixed heat-killed pathogenic bacteria with living harmless cells, some of the living cells became
pathogenic. Moreover, the newly acquired trait of pathogenicity was inherited by all descendants of the transformed bacteria. He
concluded that the living R cells had been transformed into pathogenic cells by a heritable substance from the dead S cells.

(c) Allowing for ‘half individuals’ (e.g. 3.5 plants).

2. Number the axes of the grid

133

96 Does DNA Really Carry the Code?
Key Idea: The progressive studies of several scientists
helped to establish DNA as the heritable material responsible
for the characteristics we see in organisms.
Many years before Watson and Crick discovered the structure
of DNA, biologists had deduced, through experimentation,
that DNA carried the information that was responsible for the
heritable traits we see in organisms. Prior to the 1940s, it
was thought that proteins carried the code. Little was known
about nucleic acids and the variety of protein structure and

(b) Only counting individuals with a certain part of the body
(e.g. the main stem and root mass) inside the quadrat.

2

The rate of a reaction can be calculated from the amount of product
produced during a given time period. For a reaction in which the rate
does not vary (graph 1) the reaction rate calculated at any one point
in time will be the same. For example: B/C = A/D = A-B/D-C = (Dp/Dt)
(the change in product divided by the change in time).
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five weed species is shown (simply noted as plants 1 to 5).
This exercise is designed to show you how different sampling
techniques and the way those techniques are applied can
give different pictures of the make up of the community being
studied. This exercise can be carried out in groups.

1. Mark out a grid pattern

Tangent

B'

10
6

1

PRACTICES

201 Sampling Techniques and Population Estimates

temperatures. Enzyme activity increases with increasing
temperature, but falls off after the optimum temperature is
exceeded and the enzyme is denatured. Extremes in pH
can also cause denaturation. Within their normal operating
conditions, enzyme reaction rates are influenced by enzyme
and substrate concentration in a predictable way.

Graph 1

4

7
5

Activity number in AP2

The student can connect
phenomena and models across
spatial and temporal scales.

Product formed (cm3)

346

Practice description

7.1

PRACTICES

Absorbance

28

Synaptic
knob

Step 3: The NT binds to
receptors on the post
synaptic membrane.
Di

rect
ion
of

im

pu

lse

Step 4: Ion channels in the
membrane open, causing a
Na+ influx. This depolarization
may reach the threshold
required to generate an
action potential.
At an inhibitory synapse,
interaction of the NT with the
membrane causes a
hyperpolarization, so that an
action potential is less likely.

Axon of presynaptic
.
neurone
Synaptic vesicles containing
neurotransmitter molecules

(b) In a different color, mark the lag in the predator population response to change in prey numbers.
14

16

One Paramecium and one Didinium were
introduced into the microcosm at day 0
and then every third day (immigration).

1. Why did the Paramecium die out in the first experiment?

(c) What does the lag represent?

6. How well do you think Huffaker's model system approximated a real ecosystem? Use evidence from the arrays to
discuss how variation in habitat makes it possible for populations to persist despite periodic declines in their numbers.

The response of a postsynaptic cell to the
arrival of a neurotransmitter (depolarization
or hyperpolarization) depends on the nature
of the cell itself, on its location in the nervous
system, and on the particular type of
neurotransmitter involved. Some examples of
neurotransmitters include acetylcholine and
norepinephrine (NE) in the peripheral
nervous system, and GABA and serotonin in
the central nervous system.

Mitochondria
provide energy
for active transport.

Step 5: The NT is inactivated by enzymes located on the
membrane or rapidly reabsorbed back into the
presynaptic neurone. At cholinergic snapses ACh is
quickly inactivated by acetylcholinesterase. At adrenergic
synapses, most NE is reabsorbed by a NE transporter.

Time (seconds)

1. (a) Which molecule crosses the membrane the fastest?

1. What is a synapse?

2. Why did the Paramecium survive in the second experiment?

(b) Which molecule appears to be unable to cross the plasma membrane?
3. Why is there a lag in the predator population compared to the prey population in the third experiment?

(c) List the molecules in order of their ability to cross the plasma membrane (fastest to slowest):

2. (a) What is the largest molecule used in the experiment?
(b) What is the smallest molecule used in the experiment?

7. In 1960 the Alaska Department of Fish and Game released two wolves onto Coronation Island (116 km2) to control the
deer population. Indications were by 1961 the wolves had begun breeding and the population was increasing. By 1964
there were at least 13 wolves on the island. In 1965 wolves were seen on all the beaches, but there were few signs of
deer. In 1968 only one wolf was sighted on the island. In 1983, there were no wolves, but plentiful deer once more.

2. What causes the release of neurotransmitter into the synaptic cleft?

(a) From the information above, which of Gause's experiments does this data most closely follow?
3. Why is there a brief delay in impulse transmission across the synapse?

4. What did Gause's simple microcosm experiments tell us about the role of predation in limiting prey populations?

(c) How does size affect the rate at which molecules can cross the plasma membrane?

(b) Outline why the predator-prey populations behaved as they did:
4. (a) How is a neurotransmitter inactivated?

3. Why don't the RBCs in the glucose solution hemolyze even though glucose is transported across the membrane?

CONNECT

KNOW

59
AP1

PRACTICES

PRACTICES

WEB

©2017 BIOZONE International
ISBN: 978-1-927309-62-9
Photocopying Prohibited

Evaluate the results of an
investigation of cellular transport.

KNOW
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CONNECT
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AP2
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Using the presented results of several key historical investigations to
explain phenomena and understand how explanations are refined.
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CONNECT

CONNECT

CONNECT

AP1

AP1

AP2

82

80

118

WEB

182

Connect concepts of cell
signaling across domains.
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Addressing Student Learning Objectives
The Learning Objectives for AP Biology are summarized below together with the activities through which they can be wholly
or partly met. In some cases, Learning Objectives are met though an instructional sequence of several related activities.
The activities identified support the student's achievement of the learning objective directly (e.g. require the student to
evaluate evidence provided by data) or sometimes indirectly (e.g. by providing the background to enable the student to
pose a scientific question or design a plan to collect data, which may not be required of them in the activity per se.). It is
BIOZONE's plan to extend this support of Learning Objectives further in our print and online resources.

BIG IDEA 1: The process of evolution drives the diversity and unity of life
Enduring Understanding 1A: Change in the genetic makeup of a population over time is evolution
Learning Objectives

SP

EK

Activities

1.1

The student is able to convert a data set from a table of numbers that reflect a change in the
genetic makeup of a population over time and to apply mathematical methods and conceptual
understandings to investigate the cause(s) and effect(s) of this change.

1.5
2.2

1A1

213, 215, 229

1.2

The student is able to evaluate evidence provided by data to qualitatively and quantitatively
investigate the role of natural selection in evolution.

2.2
5.3

1A1

213-220

1.3

The student is able to apply mathematical methods to data from a real or simulated population to
predict what will happen to the population in the future.

2.2

1A1

211, 213,
216, 219-223

1.4

The student is able to evaluate data-based evidence that describes evolutionary changes in the
genetic makeup of a population over time.

5.3

1A2

213, 215,
218, 226, 229

1.5

The student is able to connect evolutionary changes in a population over time to a change in the
environment.

7.1

1A2

217, 220,
236, 238,
244-247

1.6

The student is able to use data from mathematical models based on the Hardy-Weinberg
equilibrium to analyze genetic drift and effects of selection in the evolution of populations.

1.4
2.1

1A3

212-213, 223

1.7

The student is able to justify data from mathematical models based on the Hardy-Weinberg
equilibrium to analyze genetic drift and the effects of selection in the evolution of specific
populations.

2.1

1A3

212-213, 223

1.8

The student is able to make predictions about the effects of genetic drift, migration and artificial
selection on the genetic makeup of a population.

6.4

1A3

221-224,
226-229

1.9

The student is able to evaluate evidence provided by data from many scientific disciplines that
support biological evolution.

5.3

1A4

234, 240-248

1.10

The student is able to refine evidence based on data from many scientific disciplines that support
biological evolution.

5.2

1A4

231-249

1.11

The student is able to design a plan to answer scientific questions regarding how organisms have
changed over time using information from morphology, biochemistry and geology.

4.2

1A4

247, 248

1.12

The student is able to connect scientific evidence from many scientific disciplines to support the
modern concept of evolution.

7.1

1A4

231-249

1.13

The student is able to construct and/or justify mathematical models, diagrams or simulations that
represent processes of biological evolution.

1.1
2.1

1A4

240

Enduring Understanding 1B: Organisms are linked by lines of descent from common ancestry
1.14

The student is able to pose scientific questions that correctly identify essential properties of
shared, core life processes that provide insights into the history of life on Earth.

3.1

1B1

250

1.15

The student is able to describe specific examples of conserved core biological processes and
features shared by all domains or within one domain of life, and how these shared, conserved core
processes and features support the concept of common ancestry for all organisms.

7.2

1B1

251

1.16

The student is able to justify the scientific claim that organisms share many conserved core
processes and features that evolved and are widely distributed among organisms today.

6.1

1B1

250-251

1.17

The student is able to pose scientific questions about a group of organisms whose relatedness
is described by a phylogenetic tree or cladogram in order to (1) identify shared (derived)
characteristics, (2) make inferences about the evolutionary history of the group, and (3) identify
character data that could extend or improve the phylogenetic tree.

3.1

1B2

252-256

1.18

The student is able to evaluate evidence provided by a data set in conjunction with a phylogenetic
tree or a simple cladogram to determine evolutionary history and speciation.

5.3

1B2

254-256

1.19

The student is able create a phylogenetic tree or simple cladogram that correctly represents
evolutionary history and speciation from a provided data set.

1.1

1B2

256

Enduring Understanding 1C: Life continues to evolve within a changing environment
1.20

The student is able to analyze data related to questions of speciation and extinction throughout the
Earth’s history.

5.1

1C1

257

1.21

The student is able to analyze data related to questions of speciation and extinction throughout the
Earth’s history.

4.2

1C1

257, 263,
265-272, 274
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1.22

The student is able to use data from a real or simulated population(s), based on graphs or models
of types of selection, to predict what will happen to the population in the future.

6.4

1C2

265-267

1.23

The student is able to justify the selection of data that address questions related to reproductive
isolation and speciation.

4.1

1C2

258-263

1.24

The student is able to describe speciation in an isolated population and connect it to change in
gene frequency, change in environment, natural selection and/or genetic drift.

7.2

1C2

263

1.25

The student is able to describe a model that represents evolution within a population.

1.2

1C3

244, 263-264

1.26

The student is able to evaluate given data sets that illustrate evolution as an ongoing process.

5.3

1C3

244, 263,
265-267

Enduring Understanding 1D: The origin of living systems is explained by natural processes
1.27

The student is able to describe a scientific hypothesis about the origin of life on Earth.

1.2

1D1

276-278

1.28

The student is able to evaluate scientific questions based on hypotheses about the origin of life on
Earth

3.3

1D1

276-278

1.29

The student is able to describe the reasons for revisions of scientific hypotheses of the origin of life
on Earth.

6.3

1D1

276-278

1.30

The student is able to evaluate scientific hypotheses about the origin of life on Earth.

6.5

1D1

276

1.31

The student is able to evaluate the accuracy and legitimacy of data to answer scientific questions
about the origin of life on Earth.

4.4

1D1

276-278

1.32

The student is able to justify the selection of geological, physical, and chemical data that reveal
early Earth conditions.

4.1

1D2

278

BIG IDEA 2: Biological systems utilize free energy and molecular building blocks to grow, to reproduce, and to
maintain dynamic homeostasis
Enduring Understanding 2A: Growth, reproduction and maintenance of the organization of living systems require free energy and
matter
2.1

The student is able to explain how biological systems use free energy based on empirical data that
all organisms require constant energy input to maintain organization, to grow and to reproduce.

6.2

2A1

1-2, 32

2.2

The student can justify a scientific claim that free energy is required for living systems to maintain
organization, to grow or to reproduce, but that multiple strategies exist in different living systems.

6.1

2A1

1-2, 32, 34-36

2.3

The student is able to predict how changes in free energy availability affect organisms, populations
and ecosystems.

6.4

2A1

2, 32, 34-39

2.4

The student is able to use representations to pose scientific questions about what mechanisms
and structural features allow organisms to capture, store, and use free energy.

1.4
3.1

2A2

2, 5, 10, 14,
32-39

2.5

The student is able to construct explanations of the mechanisms and structural features of cells
that allow organisms to capture, store or use free energy.

6.2

2A2

2, 5, 8, 10, 14

2.41

The student is able to evaluate data to show the relationship between photosynthesis and
respiration in the flow of free energy through a system.

5.3
7.1

2A2

2, 5

2.6

The student is able to use calculated surface area-to-volume ratios to predict which cell(s) might
eliminate wastes or procure nutrients faster by diffusion.

2.2

2A3

41-43

2.7

Students will be able to explain how cell size and shape affect the overall rate of nutrient intake and
the rate of waste elimination.

6.2

2A3

41-43

2.8

The student is able to justify the selection of data regarding the types of molecules that an animal,
plant or bacterium will take up as necessary building blocks and excrete as waste products.

4.1

2A3

21, 24, 25

2.9

The student is able to represent graphically or model quantitatively the exchange of molecules
between an organism and its environment, and the subsequent use of these molecules to build
new molecules that facilitate dynamic homeostasis, growth and reproduction.

1.1
1.4

2A3

25

Enduring Understanding 2B: Growth, reproduction and dynamic homeostasis require that cells create and maintain internal
environments that are different from their external environments.
2.10

The student is able to use representations and models to pose scientific questions about the
properties of cell membranes and selective permeability based on molecular structure.

1.4
3.1

2B1

59-60, 63-66

2.11

The student is able to construct models that connect the movement of molecules across
membranes with membrane structure and function.

1.1
7.1
7.2

2B1

63-66

2.12

The student is able to use representations and models to analyze situations or solve problems
qualitatively and quantitatively to investigate whether dynamic homeostasis is maintained by the
active movement of molecules across membranes.

1.4

2B2

63-66, 71-74

2.13

The student is able to explain how internal membranes and organelles contribute to cell functions.

6.2

2B3

51-58, 61

2.14

The student is able to use representations and models to describe differences in prokaryotic and
eukaryotic cells.

1.2
1.4

2B3

51, 52, 54

Enduring Understanding 2C: Organisms use feedback mechanisms to regulate growth and reproduction, and maintain dynamic
homeostasis
2.15

The student can justify a claim made about the effect(s) on a biological system at the molecular,
physiological or organismal level when given a scenario in which one or more components within a
negative regulatory system is altered.

6.1

2C1

41, 43-49
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2.16

The student is able to connect how organisms use negative feedback to maintain their internal
environments.

7.2

2C1

41, 43-45,
47-49

2.17

The student is able to evaluate data that show the effect(s) of changes in concentrations of key
molecules on negative feedback mechanisms.

5.3

2C1

45

2.18

The student can make predictions about how organisms use negative feedback mechanisms to
maintain their internal environments.

6.4

2C1

41, 43-45,
47-49

2.19

The student is able to make predictions about how positive feedback mechanisms amplify activities
and processes in organisms based on scientific theories and models.

6.4

2C1

42-43, 50

2.20

The student is able to justify that positive feedback mechanisms amplify responses in organisms.

6.1

2C1

42-43, 50

2.21

The student is able to justify the selection of the kind of data needed to answer scientific questions
about the relevant mechanism that organisms use to respond to changes in their external
environment.

4.1

2C2

44-45, 136148

2.42

The student is able to pose a scientific question concerning the behavioral or physiological
response of an organism to a change in its environment.

3.1

2C2

151-153

Enduring Understanding 2D: Growth and dynamic homeostasis of a biological system are influenced by changes in the system's
environment
2.22

The student is able to refine scientific models and questions about the effect of complex biotic and
abiotic interactions on all biological systems, from cells and organisms to populations, communities
and ecosystems

1.3
3.2

2D1

18, 23, 193,
217, 220-225,
227, 229

2.23

The student is able to design a plan for collecting data to show that all biological systems (cells,
organisms, populations, communities and ecosystems) are affected by complex biotic and abiotic
interactions.

4.2
7.2

2D1

197-203

2.24

The student is able to analyze data to identify possible patterns and relationships between a
biotic or abiotic factor and a biological system (cells, organisms, populations, communities or
ecosystems).

5.1

2D1

203

2.25

The student can construct explanations based on scientific evidence that homeostatic mechanisms
reflect continuity due to common ancestry and/or divergence due to adaptation in different
environments.

6.2

2D2

59-63, 68-93,
98, 101-105,
117

2.26

The student is able to analyze data to identify phylogenetic patterns or relationships, showing
that homeostatic mechanisms reflect both continuity due to common ancestry and change due to
evolution in different environments.

5.1

2D2

61, 68, 70-72,
75-92, 95,
101

2.27

The student is able to connect differences in the environment with the evolution of homeostatic
mechanisms.

7.1

2D2

61, 68-92,
101

2.28

The student is able to use representations or models to analyze quantitatively and qualitatively the
effects of disruptions to dynamic homeostasis in biological systems.

1.4

2D3

47, 48, 106,
120, 133-134

2.29

The student can create representations and models to describe immune responses.

1.1
1.2

2D4

128, 130-132

2.30

The student can create representations or models to describe nonspecific immune defenses in
plants and animals.

1.1
1.2

2D4

124-126

2.43

The student is able to connect the concept of cell communication to the functioning of the immune
system.

7.2

2D4

126, 130, 133
also 80-81

Enduring Understanding 2E: Many biological processes involved in growth, reproduction, and dynamic homeostasis include
temporal regulation and coordination
2.31

The student can connect concepts in and across domains to show that timing and coordination of
specific events are necessary for normal development in an organism and that these events are
regulated by multiple mechanisms.

7.2

2E1

169-177

2.32

The student is able to use a graph or diagram to analyze situations or solve problems
(quantitatively or qualitatively) that involve timing and coordination of events necessary for normal
development in an organism.

1.4

2E1

170-173, 175176

2.33

The student is able to justify scientific claims with scientific evidence to show that timing and
coordination of several events are necessary for normal development in an organism and that
these events are regulated by multiple mechanisms.

6.1

2E1

170-176

2.34

The student is able to describe the role of programmed cell death in development and
differentiation, the reuse of molecules, and the maintenance of dynamic homeostasis.

7.1

2E1

130-131, 177

2.35

The student is able to design a plan for collecting data to support the scientific claim that the timing
and coordination of physiological events involve regulation.

4.2

2E2

140, also 173

2.36

The student is able to justify scientific claims with evidence to show how timing and coordination of
physiological events involve regulation.

6.1

2E2

136, 139-141,
144-147

2.37

The student is able to connect concepts that describe mechanisms that regulate the timing and
coordination of physiological events.

7.2

2E2

136-149,
170-176

2.38

The student is able to analyze data to support the claim that responses to information and
communication of information affect natural selection.

5.1

2E3

137, 141,
144, 147-152,
156-164 also
170, 173-177
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32

2.39

The student is able to justify scientific claims, using evidence, to describe how timing and
coordination of behavioral events in organisms are regulated by several mechanisms.

6.1

2E3

139-144, 147,
148, 156-159

2.40

The student is able to connect concepts in and across domain(s) to predict how environmental
factors affect responses to information and change behavior.

7.2

2E3

151-153,
156-157

BIG IDEA 3: Living systems store, retrieve, transmit, and respond to information essential to life processes
Enduring Understanding 3A: Heritable information provides for continuity of life
3.1

The student is able to construct scientific explanations that use the structures and mechanisms
of DNA and RNA to support the claim that DNA and, in some cases, that RNA are the primary
sources of heritable information.

6.2
6.5

3A1

96-98, 100,
103

3.2

The student is able to justify the selection of data from historical investigations that support the
claim that DNA is the source of heritable information.

4.1

3A1

96-97

3.3

The student is able to describe representations and models that illustrate how genetic information
is copied for transmission between generations.

1.2

3A1

100-103

3.4

The student is able to describe representations and models illustrating how genetic information is
translated into polypeptides

1.2

3A1

104-109

3.5

The student can justify the claim that humans can manipulate heritable information by identifying at
least two commonly used technologies

6.2
6.4

3A1

111-126

3.6

The student can predict how a change in a specific DNA or RNA sequence can result in changes
in gene expression.

6.4

3A1

105, 110

3.7

The student can make predictions about natural phenomena occurring during the cell cycle

6.2
6.5

3A2

129

3.8

The student can describe the events that occur in the cell cycle.

1.2

3A2

129

3.9

The student is able to construct an explanation, using visual representations or narratives, as to
how DNA in chromosomes is transmitted to the next generation via mitosis, or meiosis followed by
fertilization.

6.2

3A2

132-139

3.10

The student is able to represent the connection between meiosis and increased genetic diversity
necessary for evolution

7.1

3A2

137

3.11

The student is able to evaluate evidence provided by data sets to support the claim that heritable
information is passed from one generation to another generation through mitosis, or meiosis
followed by fertilization.

5.3

3A2

143

3.12

The student is able to construct a representation that connects the process of meiosis to the
passage of traits from parent to offspring.

1.1
7.2

3A3

144-145

3.13

The student is able to pose questions about ethical, social or medical issues surrounding human
genetic disorders.

3.1

3A3

162-163

3.14

The student is able to apply mathematical routines to determine Mendelian patterns of inheritance
provided by data sets.

2.2

3A3

156-158

3.15

The student is able to explain deviations from Mendel’s model of the inheritance of traits.

6.2
6.5

3A4

147-150, 153155, 159-160,
164, 166-167

3.16

The student is able to explain how the inheritance patterns of many traits cannot be accounted for
by Mendelian genetics.

6.3

3A4

147-150, 153155, 159-160,
164, 166-167

3.17

The student is able to describe representations of an appropriate example of inheritance patterns
that cannot be explained by Mendel’s model of the inheritance of traits.

1.2

3A4

153-155, 166167

Enduring Understanding 3B: Expression of genetic information involves cellular and molecular mechanisms
3.18

The student is able to describe the connection between the regulation of gene expression and
observed differences between different kinds of organisms

7.1

3B1

171-176,
also 243

3.19

The student is able to describe the connection between the regulation of gene expression and
observed differences between individuals in a population.

7.1

3B1

171-176,
also 243

3.20

The student is able to explain how the regulation of gene expression is essential for the processes
and structures that support efficient cell function.

6.2

3B1

173

3.21

The student can use representations to describe how gene regulation influences cell products and
function.

1.4

3B1

169-173

3.22

The student is able to explain how signal pathways mediate gene expression, including how this
process can affect protein production.

6.2

3B2

169, 172-173
also 77, 79,
82-83

3.23

The student can use representations to describe mechanisms of the regulation of gene expression.

1.4

3B2

172-173, 178180

Enduring Understanding 3C: The processing of genetic information is imperfect and is a source of genetic variation
3.24

The student is able to predict how a change in genotype, when expressed as a phenotype,
provides a variation that can be subject to natural selection.

6.4
7.2

3C1

182-183

3.25

The student can create a visual representation to illustrate how changes in a DNA nucleotide
sequence can result in a change in the polypeptide produced.

1.1

3C1

187, 189
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3.26

The student is able to explain the connection between genetic variations in organisms and
phenotypic variations in populations.

7.2

3C1

187-197

3.27

The student is able to compare and contrast processes by which genetic variation is produced and
maintained in organisms from multiple domains.

6.2

3C2

182-183, 187197, also 242

3.28

The student is able to construct an explanation of the multiple processes that increase variation
within a population.

1.4

3C2

182-183, 187197, also 242

3.29

The student is able to construct an explanation of how viruses introduce genetic variation in host
organisms.

6.2

3C3

197-202

3.30

The student is able to use representations and appropriate models to describe how viral replication
introduces genetic variation in the viral population

1.4

3C3

197-198, 200202

Enduring Understanding 3D: Cells communicate by generating, transmitting, and receiving chemical signals
3.31

The student is able to describe basic chemical processes for cell communication shared across
evolutionary lines of descent.

7.2

3D1

77-79

3.32

The student is able to generate scientific questions involving cell communication as it relates to the
process of evolution.

3.1

3D1

78-82

3.33

The student is able to use representation(s) and appropriate models to describe features of a cell
signaling pathway.

1.4

3D1

77, 85

3.34

The student is able to construct explanations of cell communication through cell-to-cell direct
contact or through chemical signaling.

6.2

3D2

77, 79-82,
172

3.35

The student is able to create representation(s) that depict how cell-to-cell communication occurs by
direct contact or from a distance through chemical signaling.

1.1

3D2

77

3.36

The student is able to describe a model that expresses the key elements of signal transduction
pathways by which a signal is converted to a cellular response.

1.5

3D3

77, 85-87

3.37

The student is able to justify claims based on scientific evidence that changes in signal
transduction pathways can alter cellular response.

6.1

3D4

89

3.38 The student is able to describe a model that expresses key elements to show how change in
signal transduction can alter cellular response.

1.5

3D4

88, 89

3.39 The student is able to construct an explanation of how certain drugs affect signal reception
and, consequently, signal transduction pathways.

6.2

3D4

89

Enduring Understanding 3E: Transmission of information results in changes within and between biological systems
3.40 The student is able to analyze data that indicate how organisms exchange information in
response to internal changes and external cues, and which can change behavior.

5.1

3E1

167, 171,
174-177

3.41 The student is able to create a representation that describes how organisms exchange
information in response to internal changes and external cues, and which can result in
changes in behavior.

1.1

3E1

167, 171,
174-177

3.42 The student is able to describe how organisms exchange information in response to internal
changes or environmental cues.

7.1

3E1

168, 174-175

3.43 The student is able to construct an explanation, based on scientific theories and models,
about how nervous systems detect external and internal signals, transmit and integrate
information, and produce responses.

6.2
7.1

3E2

178-183

3.44 The student is able to describe how nervous systems detect external and internal signals.

1.2

3E2

166, 178

3.45 The student is able to describe how nervous systems transmit information.

1.2

3E2

178-182

3.46 The student is able to describe how the vertebrate brain integrates information to produce a
response.

1.2

3E2

181, 185-186

3.47 The student is able to create a visual representation of complex nervous systems to
describe/explain how these systems detect external and internal signals, transmit and
integrate information, and produce responses.

1.1

3E2

178

3.48 The student is able to create a visual representation to describe how nervous systems detect
external and internal signals.

1.1

3E2

166, 178

3.49 The student is able to create a visual representation to describe how nervous systems
transmit information.

1.1

3E2

180-181

3.50 The student is able to create a visual representation to describe how the vertebrate brain
integrates information to produce a response.

1.1

3E2

185-186

BIG IDEA 4: Biological systems interact, and these systems and their interactions possess complex properties
Enduring Understanding 4A: Interactions within biological systems lead to complex properties
4.1

The student is able to explain the connection between the sequence and the subcomponents
of a biological polymer and its properties.

7.1

4A1

27-32, 3436, 39-40, 91

4.2

The student is able to refine representations and models to explain how the subcomponents
of a biological polymer and their sequence determine the properties of that polymer.

1.2

4A1

27-32, 3436, 39-40,
91, 100

4.3

The student is able to use models to predict and justify that changes in the subcomponents
of a biological polymer affect the functionality of the molecule.

6.1
6.4

4A1

31-35, 3940, 100
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33

34

4.4

The student is able to make a prediction about the interactions of subcellular organelles.

6.4

4A2

73

4.5

The student is able to construct explanations based on scientific evidence as to how
interactions of subcellular structures provide essential functions.

6.2

4A2

61,73
6-7

4.6

The student is able to use representations and models to analyze situations qualitatively to
describe how interactions of subcellular structures, which possess specialized functions,
provide essential functions.

1.4

4A2

61,72-73
6-7

4.7

The student is able to refine representations to illustrate how interactions between external
stimuli and gene expression result in specialization of cells, tissues and organs.

1.3

4A3

169-170, 173

4.8

The student is able to evaluate scientific questions concerning organisms that exhibit
complex properties due to the interaction of their constituent parts.

3.3

4A4

53-63, 64,
65, 72-74,
82, 85, 88,
118, 94, 9697, 107-118

4.9

The student is able to predict the effects of a change in a component(s) of a biological
system on the functionality of an organism(s).

6.4

4A4

59-61, 64,
66,73-74,
76,101,104105, 118

4.10 The student is able to refine representations and models to illustrate biocomplexity due to
interactions of the constituent parts.

1.3

4A4

64, 98, 104105,190

4.11 The student is able to justify the selection of the kind of data needed to answer scientific
questions about the interaction of populations within communities.

1.4
4.1

4A5

193-194,
197-203,
226, 231

4.12 The student is able to apply mathematical routines to quantities that describe communities
composed of populations of organisms that interact in complex ways.

2.2

4A5

194, 197198, 201203, 226

4.13 The student is able to predict the effects of a change in the community’s populations on the
community.

6.4

4A5

207, 210213, 250252,

4.14 The student is able to apply mathematical routines to quantities that describe interactions
among living systems and their environment, which result in the movement of matter and
energy.

2.2

4A6

239, 241,
243, 257,
274

4.15 The student is able to use visual representations to analyze situations or solve problems
qualitatively to illustrate how interactions among living systems and with their environment
result in the movement of matter and energy.

1.4

4A6

234-237,
240-244,
246-248

4.16 The student is able to predict the effects of a change of matter or energy availability on
communities.

6.4

4A6

235, 241,
243, 254,
257

Enduring Understanding 4B: Competition and cooperation are important aspects of biological systems.
4.17 The student is able to analyze data to identify how molecular interactions affect structure and
function.

5.1

4B1

25

4.18 The student is able to use representations and models to analyze how cooperative
interactions within organisms promote efficiency in the use of energy and matter.

1.4

4B2

59, 83-84,
107

4.19 The student is able to use data analysis to refine observations and measurements regarding
the effect of population interactions on patterns of species distribution and abundance.

2.2
5.2

4B3

226, 229

4.20 The student is able to explain how the distribution of ecosystems changes over time by
identifying large-scale events that have resulted in these changes in the past.

6.2
6.3

4B4

262, 268

4.21 The student is able to predict consequences of human actions on both local and global
ecosystems.

6.4

4B4

254-267

Enduring Understanding 4C: Naturally occurring diversity among and between components within biological systems affects
interaction with the environment.
4.22 The student is able to construct explanations based on evidence of how variation in
molecular units provides cells with a wider range of functions.

6.2

4C1

189, 191-193

4.23 The student is able to construct explanations of the influence of environmental factors on the
phenotype of an organism.

6.2

4C2

179, 182-183

4.24 The student is able to predict the effects of a change in an environmental factor on the
genotypic expression of the phenotype.

6.4

4C2

179, 182-185

4.25 The student is able to use evidence to justify a claim that a variety of phenotypic responses
to a single environmental factor can result from different genotypes within the population.

6.1

4C3

182-183,
188-193

4.26 The student is able to use theories and models to make scientific claims and/ or predictions
about the effects of variation within populations on survival and fitness.

6.4

4C3

188-193,
also 206-207

4.27 The student is able to make scientific claims and predictions about how species diversity
within an ecosystem influences ecosystem stability.

6.4

4C4

249, 253,
263, 270-272
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