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BIOZONE’s new integrated titles for the Next 
Generation Science Standards for California 
Public Schools (CA NGSS) have been designed 
and written following the High School Three-
Course Model. 

Each of these phenomena-based titles integrates 
a three-dimensional approach to provide an 
engaging, relevant, and rigorous program of 
instruction. 

Departing from the more traditional approach of 
BIOZONE’s Non-Integrated Series, the Integrated 
Series offers a learning experience anchored in 
student-relevant phenomena and problems.

FEATURES AND BENEFITS
A phenomena-based approach employing the 5E instructional cycle, aligning with how students learn science. 

Set Instructional Segments provide the book structure, enabling seamless navigation through the program.

Full integration of the three dimensions of the CA NGSS enables students to deepen understanding of Disciplinary 
Core Ideas through their use of Science and Engineering Practices and application of Crosscutting Concepts. 

Activities provide multiple opportunities for students to use first-hand experience to explain phenomena and 
develop engineering solutions to solve relevant problems.

Formative and summative assessments address all three dimensions. 

Proficiency in mathematics and computational thinking is strongly supported.

The California Environmental Principles and Concepts are incorporated throughout.

Understandings about the Nature of Science are supported through the Science and Engineering Practices and 
Crosscutting Concepts. 

Online learning supported through BIOZONE's resource hub, featuring videos, spreadsheet models, weblinks, and 
3D models. Online courses also available through BIOZONE Academy.
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Ecosystem Interactions 
and Energy

Instructional 
Segment 1

Activity 
number

Anchoring Phenomenon
The high density and swarming of migratory locusts. 1  19

What factors affect the size of populations within an ecosystem?

c 1 Identify the various abiotic and biotic components of ecosystems. Analyze and 
interpret data [SEP-4] [SEP-5] to describe how these different components influence one 
another [CCC-2] [LS2.A].

3  4    

c 2 In what way is the Earth a system of systems? Describe the general groupings of 
Earth materials and processes (atmosphere, hydrosphere, biosphere, geosphere, 
anthrosphere) each of which is shaped by its own processes and interactions with other 
systems [LS2.A] [CCC-4]. Develop a model to show how the spheres interact [SEP-2].

2    

c 3 What is a population [LS2.A]? Describe different patterns of population growth and 
explain the role of carrying capacity in limiting population growth. Use mathematical 
and computational thinking [SEP-5] and modeling [SEP-2] to predict the effect of chosen 
interdependent factors on the size of a population over time [HS-LS2-1]. 

5 - 8  

c 4  Conduct investigations [SEP-3] to test how different parameters change population 
size [CCC-7]. Analyze your findings [SEP-4] and describe the population changes 
mathematically [SEP-5]. Use mathematical representations [SEP-2] to support and 
revise evidence-based explanations [SEP-6] about factors affecting populations and 
diversity in ecosystems of different scales [LS2.A] [CCC-3]. How well does an ecosystem 
model at one scale relate to a model at another scale?  [HS-LS2-2]

6 - 8  20

c 5 Categorize factors influencing population growth as density dependent (DD) or density 
independent (DI) and describe how they are different [LS2.A] [CCC-3]. Analyze and 
interpret data to explain how DD and DI factors affect the flow of energy and matter 
[CCC-5] and that this is how they affect population size [SEP-2] [SEP-4] [CCC-2].

8 - 11  

c 6 Describe the ways organisms obtain and store energy. Explain how this energy is 
transferred in ecosystems through food chains and food webs [LS2.B]. Use the 
conceptual model of an energy pyramid [SEP-2] to explain the energy available at each 
successive trophic level in an ecosystem [CCC-5].

13  14  

c 7 Use predictive models [SEP-2] of predator-prey population cycles to support claims about 
the relative amounts of energy at different trophic levels [HS-LS2-4].

14  

c 8  Explain how nutrients (matter) cycle within and between ecosystems including between 
abiotic and biotic components [LS2.B]. Use mathematical representations to show 
that matter and energy are conserved as matter cycles and energy flows through 
ecosystems [SEP-5] [CCC-5] [HS-LS2-4].

15  20

c 9 How do populations behave as a system with many interacting parts (members) [CCC-
4]. Evaluate the evidence for the role of group behavior in the survival and reproductive 
success of individuals and populations [SEP-7] [LS2.D] [CCC-5] [HS-LS2-8]. 

17  18  20

What are common threats to remaining natural ecosystems 
and biodiversity? How can these threats be reduced?

c 10 Explain how humans, by altering the availability of resources and changing the 
landscape (including through climate change), might cause density dependent and 
density independent changes to ecosystems [SEP-6] [LS2.C]. Describe how these 
changes might affect the size and diversity of populations [CCC-2] [CCC-5] [HS-LS2-2].

12  

c 11 Obtain information to summarize the various positive and negative ways in which 
humans influence ecosystem resources and disrupt the usual nutrient cycles [SEP-8] 
[LS2.C] [CCC-5] [EP&Cs: II, IV].

16  

NOTE:  This page follows the format of the Teacher's Edition and includes specific 
DCI, SEP, CCC, PE and EP&C codes pertaining to each learning point.  The Student's 
Edition will not contain these codes within the text (only on the activities themselves).
BIOZONE's Resource Hub will not be active until publication of this title.
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An Endless Swarm1

1. Identify a species in your local area that:

 (a) Swarms:  

 (b) Migrates:  

2. Discuss in groups or as a class what factors in the environment might cause a normally solitary species to suddenly 
form a voracious giant swarm. Summarize your ideas here:

3. Swarming occurs regularly, which suggests the behavior has advantages to the individuals in the swarm. Discuss within 
your group what these advantages might be and summarize them below:

4. Discuss how human activities might be involved with or affected by swarming locusts:  

ANCHORING PHENOMENON: The high density and swarming of migratory locusts
A swarm of locusts is one of nature's most incredible animal events. So astonishing and destructive are these swarms 
they are recorded in numerous historical accounts, including those of Greek and Roman historians. Locust 'plagues' 
have historically been particularly catastrophic in North Africa, where they have long been associated with famine. 

Under certain conditions particular species of normally solitary shorthorned grasshoppers may form vast swarms 
(dense aggregations) that migrate across the country eating everything in their path. Swarms have been known to 
contain billions of locusts (the swarming form of grasshoppers), last multiple generations, and many years.

Locusts are the swarming or 
gregarious form of certain 
grasshopper species.

Locust swarms may 
contain up to 80 million 
individuals per km2
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Group Behavior Improves Survival17

Some animals are solitary, interacting 
only to reproduce, but many live in 
groups, which may be non-social (as in 
fish schools) or highly organized social 
groupings, in which individuals within the 
groups interact to varying degrees. 

Grouping together in flocks, schools, 
and herds provides advantages in terms 
of protection from physical factors and 
predation. Highly social groupings may 
confer additional survival advantages 
such as division of labor within the 
group and more efficient acquisition of 
resources.

The annual migration of wildebeest in 
the Serengeti, Africa, provide a startling 
example of the cohesive movement of a 
herd with the common goal of seeking 
fresh grazing and water. 

1. (a) Give an example of an animal species you have observed that is generally found in a cohesive group:  

 (b)  Does the group move together? Is there any kind of organization visible?  

 (c)  What survival advantages do you think might arise from the group behavior?  

EXPLORE: Cohesive groups gain survival benefits
Schooling, herding, or flocking animals gain benefits from being part of a group, including increased protection from 
predators and reduced energy expenditure during movement. In groups, each individual behaves in a way that helps 
its own survival regardless of the others in the group. Apparently complex behavior within the group results from the 
application of a few simple rules: 1) move towards the group or others in the group, 2) avoid collision with external 
objects or others in the group, and 3) align your movement with the movement of the others in the group. If every 
individual moves according to these rules, the school, flock, or herd will stay as a dynamic cohesive unit, changing 
according to the movement of others and the cues from the environment.

ENGAGE: Moving as a cohesive group can assist survival of individuals and populations

LS2.DSSMEM

Schooling dynamics: In schooling fish or flocking birds, every individual 
behaves according to a set of rules. In A, each fish moves away from the 
predator while remaining close to each other. The school splits to avoid the 
predator (A), before moving close together again behind the predator (B).

In a flash expansion, each individual moves directly 
away from the predator. Collisions have never been 
observed, suggesting each fish is able to sense the 
direction of movement of the fish next to it.

A B
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2. Briefly outline how animals in a school or flock maintain a cohesive group:  

Schooling in fish
Prey fish may school for defensive 
reasons. Schooling fish also benefit by 
better hydrodynamics within the school so 
less energy is expended in swimming.
Schooling help avoid predators because:
`` The movement of the school causes 

confusion.
`` There is a reduced probability of 

individual capture.
`` There are more prey than can be 

eaten (predator satiation).
`` Predator detection is more efficient 

(the many eyes principle).

School of fish School of fish

School of fishHerding in mammals
Herding is common in hoofed mammals, 
especially those on grasslands such as 
the African savanna. A herd provides 
protection because while one animal is 
feeding, another will have its head up 
looking for predators. In this way, each 
individual benefits from a continual 
supply of lookouts (the many eyes 
principle). During an attack, individuals 
move closer to the center of the herd, as 
those on the outside are more frequently 
captured. The herd moves as one group, 
driven by individual needs.

Flocking in birds
Flocks follows similar rules to schools. 
In flight, each bird maintains a constant 
distance from others and keeps flying in the 
average direction of the group. Flocks can 
be very large, with thousands of birds flying 
together as a loosely organized unit, e.g. 
starlings flocking in the evening or queleas 
flocking over feeding or watering sites. While 
most flocks are non-social, flamingos form 
social groups with many hundreds of birds. 
The large colonies help the birds avoid 
predators, maximize food intake, and use 
suitable nesting sites more efficiently.

EXPLORE: Moving as a group
Migration is the long distance movement of individuals 
from one place to another and usually involves a two way 
journey between two locations. Migration usually occurs on 
a seasonal basis and for a specific purpose, e.g. feeding, 
breeding, or over-wintering. Migration requires navigation 
over long distances to reach the correct destination. 

`` Migration is an energy expensive and high risk behavior, 
so its advantages must outweigh the disadvantages. The 
destination must provide enough of a required resource, 
such as food, water, or suitable breeding sites, to enhance 
survival of individuals and their offspring.

`` Although some animals migrate individually, most 
migrate in large groups (right). Migrating as a group 
helps navigation through application of the "many-
wrongs principle" in which combining many inaccurate 
navigational compasses produces a more accurate single 
compass. Thus, if an animal navigates by itself with a 
slightly inaccurate internal compass, or inaccurately 
interprets environmental cues, it may arrive in the wrong 
location. In a group, each member can adjust its heading 
according to the movement of the others, thus an average 
direction is produced and each member is more likely to 
arrive in the correct place.

`` Graph right: Increasing group size (up to ~10) decreases 
the time taken to reach a navigational target when the 
group moves as a social unit. Groups larger than ~10 
gain no further efficiencies and very large groups (>60) 
may be slightly worse off. Non-social groups take longer 
with increasing size (relative to the theoretical 'no collision 
avoidance' line) because of the need to avoid collisions 
with others in the group.

A large flock of auklets (a small seabird)

Group size (number of individuals)
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Modeling the many-wrongs principle
The effect of the many-wrongs principle on the accuracy of group navigation can be modeled and tested using human 
subjects. In the experiment described below, researchers designed a series of experiments to test the influence of 
group size and directional uncertainly on navigation. 

Method
Target landmarks (1-16) were arranged around the 
perimeter of a circle with a 10 m diameter (right). 
Before each trial, a destination point was randomly 
chosen by the experimenter.

Within a trial, participants were each given a card with 
a consecutive sequence of landmarks printed on them 
(e.g. 15, 16, 1, 2 or 2, 3, 4, 5 ). Each participant's card 
always contained the target number. For example if the 
target was 2, all the participants' cards had sequences 
containing the number 2.

The participants all started in the center of the circle 
(spots labeled A-J) and were instructed to begin 
walking towards any number printed on their card. 
However, they were not allowed to communicate with 
each other and they had to stay together as a group. 
This was achieved by having each person stay within 
an arm's length of another person.

Researchers varied the number of people in the groups 
(1, 2, 3, 6, or 10) and varied the number of numbers 
in the sequence to reflect navigational uncertainty 
(in °). Longer sequences reflected a higher level of 
navigational uncertainty than smaller sequences.

10 m
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Results
The results showing median navigational accuracy 
for the largest directional uncertainty tested 
(112.5°) are presented in the graph (right).  A 
measure of spread in the data is included.

Do it yourselves!
You can replicate this experiment for yourselves 
as a class. Go to BIOZONE's resource hub for 
complete instructions. What did you find? Did you 
reach similar conclusions?

3. Why do you think the participants were not allowed to communicate with each other?  

4. (a) What could have happened if the participants were not required to stay in contact with each other?  

 

 (b) How might this have affected the time taken for the group to reach the target?  

5. (a) Is there a significant difference between any of the groups (remember to account for spread in the data)? 

 (b) Do the results support the many-wrongs principle? Explain:  
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6. (a) What are the advantages of migration to a population?  

 (b) Can you think of any risks involved in an animal undertaking a migratory journey?  

7. How does grouping together increase navigational efficiency and how does this benefit the individual and the species?

8. (a) Using the information above, explain how flying in V formation helps an individual bird during migration:  

 (b) How would this help survival of the population as whole?  

 (c) What evidence is there that migrating birds cooperate during their migration and how would this help them?

EXPLAIN: Why do migrating birds fly in V formation?

Migrating flocks generally fly in a V formation (photo, right). There 
are two complementary explanations for why birds fly in formation.

`` The first reason is to help navigation, coordination, and 
communication between individuals. The V formation places the 
birds in close proximity, allowing them to hear and see others.

`` The second reason is that the V formation provides the best 
aerodynamics for all in the flock except the leader and those 
trailing at the tips of the V. Each bird gains lift from the movement 
of the air caused by the bird ahead of it and this saves energy. 
Moreover, birds regularly take turns at the front where they 
receive no energy savings.

How do we know?

`` Evidence #1: Research on great white pelicans has shown that 
the V formation helps the birds conserve energy. As the wing 
moves down, air rushes from underneath the wing to above it, 
causing an upward moving vortex behind the wing. This provides 
lift to the bird flying behind and to one side, requiring it to use less 
effort to maintain lift. Energy savings come from increased gliding.

`` Evidence #2: Research on the critically endangered Northern 
bald ibis showed that the flying behavior is cooperative and the 
amount of time a bird is leading a formation is correlated with the 
time it can spend flying behind another bird. Overall, individuals 
spent an average of 32% of their time behind another bird, and a 
similar amount of time leading a formation (right). 

The wingtip vortex provides 
lift for the trailing bird.

Migrating geese
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Individuals in Groups Often Cooperate18

Drone technology has captured footage showing how orca (Orcinus orca) use cooperative hunting behavior to 
successfully catch prey. Off the coast of Norway, a pod of five orca were filmed swimming calmly with synchronized 
surfacing behavior. One of the pod suddenly showed drastic behavioral changes, turning sharply and diving. The 
behavior was quickly adopted by other members of the pod. During this time they stayed in a relatively restricted 
area. The drone footage revealed that the pod were circling a seal on the ocean's surface. Their circling prevented 
it escaping. When the seal dived to attempt an escape, the orca also dived. They remained submerged for long 
periods of time, surfacing one by one to breathe. This ensured that the seal was being closely monitored at all times. 
Eventually the oldest female surfaced with the dead prey. One by one the orca took turns in eating the seal, taking a 
few bites and then dropping the carcass for the next orca to feed  .

1. The orca example above illustrates how working together cooperatively can improve the chances of a successful 
outcome. Can you think of any other examples where cooperative behavior helps animals achieve the desired outcome:

2. (a) Describe how the cooperative behavior of the orca contributed to their successful hunt:  

 (b) Once captured, the pod shared the prey amongst themselves.  What do you think the benefit of this is: 

  i) to the individual:  

  ii) to the survival of the population:  

3. What do you think the benefits of group hunting are over hunting individually:  

ENGAGE: Orca improve the chances of a successful hunt when they work in groups

LS2.DSSMEM
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EXPLORE: Examples of cooperative behaviors within species
`` Cooperative behavior involves behavior in which two or more individuals work together to achieve a common 
goal such as defense, food acquisition, or rearing young. Examples include hunting as a team (e.g. wolf packs, 
chimpanzee hunts), responding to the actions of others with same goal (e.g. migrating mammals), or acting to 
benefit others (e.g. mobbing in small birds). Cooperation occurs most often between members of the same species.

`` Altruism is an extreme form of cooperative behavior in which one individual disadvantages itself for the benefit 
of another. Altruism is often seen in highly social animal groups. Most often the individual who is disadvantaged 
receives benefit in some non-material form (e.g. increased probability of passing genes onto the next generation).

Coordinated behavior is used by many 
social animals for the purpose of both 
attack (group hunting) and defense. 
Cooperation improves the likelihood of a 
successful outcome, e.g. a successful kill.

Animals may move en masse in a 
coordinated way and with a common 
goal, as in the mass migrations of large 
herbivores. Risks to the individual are 
reduced by the group behavior.

Kin selection is altruistic behavior towards 
relatives. In meerkats, individuals from earlier 
litters remain in the colony to care for new 
pups instead of breeding themselves. They 
help more often when more closely related.

4. How do cooperative interactions enhance the survival of both individuals and the group they are part of?  

5. Why do you think animals are more likely to help each other if they are related?  

EXPLORE: Evidence of cooperation between species

`` Many small birds species will cooperate to attack a larger predatory 
species, such as a hawk, and drive it off. This behavior is called 
mobbing. It is accompanied by mobbing calls, which can communicate 
the presence of a predator to other vulnerable species, which benefit 
from and will become involved in the mobbing. 

`` One example is the black-capped chickadee (right), a species that 
often forms mixed flocks with other species. When its mobbing calls 
in response to a screech owl were played back, at least ten other 
species of small bird were attracted to the area and displayed various 
degrees of mobbing behavior. The interspecific communication helps 
to coordinate the community anti-predator mobbing behavior.

6. What evidence is there that unrelated species can act cooperatively? Why would they do this?  
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Gunnison's prairie dogs 
Gunnison's prairie dogs live in large 
communities called towns in the 
grasslands of western North America. The 
towns are divided into territories which 
may include up to 20 individuals. During 
their foraging, above-ground individuals 
may produce alarm calls (right) if a 
predator approaches, at which nearby 
prairie dogs will take cover. 

However, whether or not an alarm call 
is given depends on the relatedness of 
the individuals receiving the call to the 
individual giving it. Gunnison's prairie 
dogs put themselves at risk when giving 
an alarm call by attracting the attention 
of the predator. Apparently altruistic 
(self-sacrificing) behavior involving close 
relatives is called kin selection.

EXPLAIN: Why does survival increase when animals live in groups?
Living in a group can improve the survival of the members, e.g. improving foraging success or decreasing the 
chances of predation. Animals such as meerkats, ground squirrels, and prairie dogs decrease the chances of 
predation by using sentries, which produce alarm calls to alert others when a predator approaches.

A Gunnison's prairie dog 
sentinel screams a warning

7. Use the prairie dog example to explain how living in a group improves individual and population survival:  

8. The level of help between group members often depends on relatedness. Using the example above, explain how 
relatedness to the helper affects the level of help given:

White fronted bee-eaters (left) live in family groups which include a breeding pair and non-
breeding pairs. All adults help provide for the chicks. Graph 1 shows the relationship between 
the number of adults in the nest and the number of chicks fledged. Graph 2 shows how 
relatedness affects the amount of help the pairs give the chicks.
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Red colobus monkey defense
Red colobus monkeys are a common 
target during chimpanzee hunts. 
They counter these attacks by fleeing 
(especially females with young), hiding, 
or mounting a group defense. The group 
defense is usually the job of the males 
and the more defenders there are the 
greater the likelihood of the defense 
being successful.
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Group defense in musk oxen  
In the Siberian steppes, which are extensive grasslands, musk oxen must find novel ways to protect themselves from 
predators. There is often no natural cover, so they must make their own barrier in the form of a defensive circle. When 
wolves (their most common predator) attack, they shield the young inside the circle. Lone animals have little chance 
of surviving an attack as wolves hunt in packs.

EXPLAIN: How does cooperative defense aid survival?
Group defense is a key strategy for survival in social or herding mammals. Forming groups during an attack by a 
predator decreases the chances of being singled out, while increasing the chances of a successful defense.

9. Use the evidence presented here to explain the advantages of cooperating as a group to defend against predators:  

Young safely 
protected in center Attack pattern 

by wolves

Circular defense with 
heads facing outwards

Japanese honeybees
Japanese honeybees are often 
attacked by the aggressive 
Asian giant hornet (right), which 
also steals the bee colony's 
honey. When a hornet scout 
enters the honeybee hive the 
honeybees mob it with more 
than 100 bees, forming a bee-
ball (far right). The center of the 
ball can reach 50°C, literally 
baking the scout to death.
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The mountain caracara in Peru (above) 
forages in groups of three or four, looking 
for prey hidden around rocks. Working 
together, the birds are able to overturn 
rocks far bigger than any individual could 
move. If a bird finds a rock that is worth 
turning over, it produces a high pitched call 
to attract the others. In most cases, only 
one bird (usually the initial caller) benefits 
from overturning the rock. However, the 
other birds may benefit when other rocks 
are overturned later (reciprocal altruism).

Role specialization also occurs in 
bottlenose dolphins. In groups of three to 
siz, a designated 'driver' dolphin herds 
fish in circles towards the others, which 
are tightly grouped to form a barrier. The 
driver slaps the water with its flukes, 
causing the fish to leap out of the water 
where they can be easily caught. Similarly, 
orca will cooperate to create a wave-wash 
large enough to knock their seal prey off 
icebergs where they are resting.

10. (a) Explain the relationship between number of male colobus monkeys mounting a defensive attack and its success:

 (b) How many colobus males are needed to effectively guarantee a successful defense against chimpanzees?

Cooperative food gathering in ants often 
involves division of labor. Leafcutter ant 
societies are based on a on an ant-fungus 
mutualism. Foragers cut parts of leaves 
and transport the fragments to the nest 
where other worker castes use them 
to cultivate a fungus. Workers that tend 
the fungus gardens have smaller heads 
than the foragers. Other castes defend 
the foragers during their work. The very 
largest workers defend the nest itself.

`` Cooperating to gather food can be much more efficient that finding it alone. It increases the chances of finding food 
or capturing prey.

`` Cooperative hunting will evolve in a species if the following circumstances apply: 

• If there is a sustained benefit to the hunting participants
• If the benefit for a single hunter is less than that of the benefit of hunting in a group
• Cooperation within the group is guaranteed

Bottlenose dolphins
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EXPLAIN: How does cooperative food gathering aid survival?

Foraging leafcutter ants

Swarm raider
E. burchelli

Food 
caches

Multiple 
advancing fronts

Temporary nestColumn raider
E. hamatum

Food 
caches

Single, broad 
advancing front

Army ants foraging
Like leafcutter ants, army ants (right) have several distinct worker castes. The smaller castes collect small prey, and 
larger porter ants collect larger prey. The largest workers defend the nest. Through group cooperation, the tiny ants 
are able to subdue prey much larger than themselves, even managing to kill and devour animals such as lizards and 
small mammals. This would not be possible if they hunted as individuals.

`` There are two species of army ant that have quite different raiding patterns (below): Eciton hamatum whose 
columns go in many directions and Eciton burchelli, which is a swarm-raider, forming a broad front. Both species 
cache food at various points along the way. 
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Number of 
hunters

Number 
of hunts

Hunting 
success (%)

Meat per 
hunt (kg)

Net benefit per 
hunter (kJ)

1 30 13 1.23 4015

2 34 29 0.82 1250

3 39 49 3.12 3804

4 25 72 5.47 5166

5 12 75 4.65 3471

6 12 42 3.17 1851

>6 10 90 9.27 5020

Number of 
hunters

Number 
of hunts

Hunting 
success (%)

Meat per 
hunt (kg)

Net benefit per 
hunter (kJ)

1 30 50 1.23 4245

2 13 61 1.85 3201

3 9 78 1.61 1837

4 7 100 2.86 2494

5 1 100 3.00 2189

6 2 50 2.00 861

Cooperative hunting in chimpanzees
Chimpanzees benefit from cooperative hunting. Although they may hunt alone, they also form hunting groups of 
up to six members or more. Chimpanzee hunts differ from the cooperative hunting of most other animals in that 
each chimpanzee in the hunt has a specific role in the hunt, such as a blocker or ambusher. Studies of chimpanzee 
hunting show that different groups employ different hunting strategies. 

The hunt information in table 1 was gathered from chimpanzees in the Tai National Park in Ivory Coast.
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The hunt information in table 2 was gathered from chimpanzees in the Gombe 
Stream National Park in Tanzania.

ELABORATE: Chimpanzees benefit from cooperative hunting

11. What is cooperative food gathering?  

12. What conditions favor cooperative food gathering?  

13. Using examples, describe how cooperative food gathering provides an advantage to survival or reproduction:  
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14. Use the information in the table to discuss the differences between the two groups of chimpanzee in the extent of 
cooperation and how it relates to hunting success. You should plot graphs to help illustrate reasons for differences:

Number of 
hunters

Mean number of 
hunters eating

Mean number 
of bystanders

Mean number of 
bystanders eating

1 0.7 3.5 3.0

2 1.6 3.6 2.6

3 2.5 3.6 3.0

4 2.5 2.7 2.1

5 3.5 2.7 2.3

6 4.7 2.4 2.2

Sharing and bonding in chimpanzees
In Tai chimpanzees, hunting is a chance to form social bonds. Study the information below showing the number of 
chimpanzees taking part in a hunt and eating afterwards and the mean (average) number of bystanders during the 
hunt and eating afterwards. 

19. Explain what the information is showing and discuss the reasons why this might occur:
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An Endless Swarm Revisited19

The anchoring phenomenon for this chapter was the swarming behavior of locusts. Now that you have completed this 
chapter you should be able to apply the knowledge you have gained to answer the following questions.

1. (a) Describe how the emergence of a large number of locusts would affect a pyramid of numbers at that time within the 
grassland ecosystem they inhabit:

 (b) What effect might this increase in locust numbers have on food web stability in the ecosystem? Explain:  

2. (a) How does the movement of a locust swarm benefit the locust population?  

 (b) Explain, using the concept of carrying capacity, why the incredibly large numbers of locusts contained within a swarm 
can not be sustained indefinitely by the environment:

3. (a) Swarming increases the level of intraspecific competition in the locust population. Describe the resources that the 
insects are competing for: 

 (b) Do you think a locust swarm increases the level of interspecific competition in an ecosystem? Explain your answer: 
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Summative Assessment20
Analyzing model predator-prey system

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 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.

Gause's experiments 
`` Gause's experiments examined the interactions of 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.

Huffaker's experiments
`` Huffaker built on Gause's findings and attempted to design artificial systems that would better model a real 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. 

`` In a simple system, such as a small number of oranges grouped together, predators quickly ate all the prey and 
then died out.

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

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

 (b)  In a different color, mark the lag in the predator population response to change in prey numbers.
 
 (c) What does the lag represent?  

3. (a) What was the purpose of patchiness in the environment Huffaker created?  

 (b) How well do you think Huffaker's model system approximated a real ecosystem?  

 (c) Study the two artificial environments below, set up as per Huffaker's mite experiment. Which of the two set ups do 
you think would produce a larger number of predator prey cycles. Justify your answer.

4. Using Huffaker's experimental evidence, discuss the factors that could affect diversity and long term stability of predator 
and prey populations in real ecosystems:

A B

Rubber balls

Oranges

Bridges
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5. The energy budgets of two agricultural systems (4000 m2 area) were 
measured over a growing season of 100 days. The results are tabulated right. 

 (a) For each system, calculate the percentage efficiency of energy utilization 
(how much incident solar radiation is captured by photosynthesis):

 
  Corn:  

  Mature pasture:  

 (b) For each system, calculate the percentage losses to respiration:

  Corn:  

  Mature pasture:  

 (c) For each system, calculate the percentage efficiency of NPP:

  Corn:  
 

  Mature pasture:  

 (d) Which system has the greatest efficiency of energy transfer to biomass?  

Corn 
field

Mature 
pasture

kJ x 106 kJ x 106

Incident solar 
radiation 8548 1971

Plant utilization

Net primary 
production (NPP) 105.8 20.7

Respiration (R) 32.2 3.7

Gross primary 
production (GPP) 138.0 24.4

Estimating NPP in Brassica rapa

The gross primary production of any ecosystem will 
be determined by the efficiency with which solar 
energy is captured by photosynthesis. The efficiency 
of subsequent energy transfers will determine 
the amount of energy available to consumers. 
These energy transfers can be quantified using 
measurements of dry mass.

In questions 5-12, you will calculate and analyze 
energy and biomass transfers in real and 
experimental systems.

Corn field Mature pasture

Brassica rapa (right) is a fast growing brassica species, which can complete its life cycle in 
as little as 40 days if growth conditions are favorable. A class of students wished to estimate 
the gross and net primary productivity of a crop of these plants using wet and dry mass 
measurements made at three intervals over 21 days.

`` Seven groups of three students each grew 60 B. rapa plants in trays under controlled 
conditions. On day 7, each group removed a random selection of 10 plants with roots intact. 
The 10 plants were washed, blotted dry, and weighed collectively to determine wet mass.

`` The 10 plants were placed in a ceramic drying bowl and placed in a drying oven at 200°C 
for 24 hours, then weighed (to determine dry mass).

`` The procedure was repeated on day 14 and again on day 21 with a further 10 plants 
(randomly selected).

`` The results for group 1 are presented in Table 1 below. You will complete the calculation columns.

Table 1: Group 1's results for growth of 10 B. rapa plants over 21 days

Age in 
days

Wet mass of 
10 plants (g)

Dry mass 
of 10 plants  

(g)

Percent 
biomass

Energy  in 10 
plants (kJ)

Energy per 
plant (kJ)

NPP 
(kJ plant-1 d-1)

7 19.6 4.2

14 38.4 9.3

21 55.2 15.5

6. Calculate percent biomass using the equation: % biomass = dry mass ÷ wet mass  x 100. Enter the values in Table 1.

7. Each gram of dry biomass is equivalent to 18.2 kJ of energy. Calculate the amount of energy per 10 plants and per plant 
for plants at 7, 14, and 21 days. Enter the values in Table 1.

8. Calculate the Net Primary Productivity per plant, i.e. the amount of energy stored as biomass per day (kJ plant-1 d-1). 
Enter the values in Table 1. We are using per plant in this exercise as we do not have a unit area of harvest.
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9. The other 6 groups of students completed the 

same procedure and, at the end of the 21 days, 
the groups compared their results for NPP. The 
results are presented in Table 2, right.

 Transfer group 1's NPP results from Table 1 to 
complete the table of results and calculate the 
mean NPP for B. rapa.

10. (a) What is happening to the NPP over time?

 (b) Explain why this is happening:  

11. What would you need to know to determine the gross primary productivity of B. rapa? 

12. In a second set of experiments, students determined the net secondary production and respiratory losses using 12 
day old cabbage white larvae feeding on Brussels sprouts. Of the NPP from the Brussels sprouts that is eaten by the 
larvae, some is used in cellular respiration, some is available to secondary consumers (this is net secondary production) 
and some is lost as waste (frass). The students accurately measured and recorded the wet mass of 10 larvae and ~ 
30 g Brussels sprouts and placed the larvae and Brussels sprouts into an aerated container. After three days, the plant 
material, larvae, and frass were separated and the wet mass and the dry mass (after drying) determined for each. 
Students were given the energy values (in kJ) per gram of plant, animal, or waste material.  Assume the proportion 
biomass of Brussels sprouts and larvae on day 1 is the same as the calculated value on day 3. Results are given below.

Time in 
days (d)

Group NPP (kJ plant-1 d-1)

1 2 3 4 5 6 7
Mean 
NPP

7 1.05 1.05 1.13 1.09 1.13 1.09

14 1.17 1.21 1.25 1.21 1.25 1.17

21 1.30 1.34 1.30 1.34 1.38 1.34

Table 2: Class results for NPP of B. rapa over 21 days
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 (a) Complete the calculations in the highlighted cells of Table 3 below. 
 
 (b) Net secondary production per larva (S) is:

 (c) Write the equation to calculate the percentage 
efficiency of energy transfer from producers 
to consumers (use the notation provided) and 
calculate the value here:  

 (d) Is this what you would expect?  

  Explain:  

 (e) Write the equation to calculate respiratory 
losses per larva (use the notation provided): 

 (f) Calculate the respiratory losses per larva: 

 (g) What percentage of the energy consumed by 
each larva is lost in respiration?

 (h) Why must we assume the proportion biomass 
of Brussels sprouts and larvae on day 1 is the 
same as the calculated value on day 3?

Table 3: Results for secondary production experiment

Frass Day 3

Dry mass frass from 10 larvae 0.5 g

Frass energy (waste) = frass dry mass x 19.87 kJ

Dry mass frass from 1 larva (F)

Day 1 Day 3

Brussels sprouts

Wet mass of sprouts 30 g 11 g g consumed  = 

Dry mass of sprouts _ 2.2 g

Plant proportion biomass 
(dry/wet) 

Plant energy consumed 
(wet mass x proportion 
biomass x 18.2 kJ)

kJ consumed 
per 10 larvae = 

Plant energy consumed ÷ 
no. of larvae

kJ consumed per larva 
(E) = 

Larvae

Wet mass of 10 larvae 0.3 g 1.8 g g gained  =

Wet mass per larva g per larva =

Dry mass of 10 larvae – 0.27 g

Larva proportion biomass 
(dry/wet)

Energy production per larva 
(wet mass x proportion 
biomass x 23.0 kJ)

kJ gained 
per larva (S) = 
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Sentinel behavior in meerkats

Meerkats are highly social carnivores that live in mobs 
consisting of a dominant (alpha) breeding pair and up 
to 40 subordinate helpers of both sexes who do not 
normally breed but are usually related to the alpha pair. 
They are known for their sentinel behavior, watching for 
predators and giving alarm calls when they appear. 

The graphs right show the likelihood of female or male 
meerkats standing sentinel when pups are either in 
the burrow or outside in the sentinel's group. The scale 
represents a statistical measure from a large number of 
observations. Error bars are ± standard error.

Hawk predation on pigeons

13. Discuss the evidence that meerkat sentinel behavior is altruistic in its nature:  

14. The graph below shows the effect of pigeon flock size on the success of hawk attacks:

 (a) What is the effect of flock size on attack success by hawks?  

 (b) What is the effect of pigeon flock size on the ability to detect hawks?  

 (c) Explain why living in a flock increases the probability of survival of each individual and the population as a whole. 
Include references to predation, feeding, and navigation.
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Page Activity Hub SEP DCI CCC PE

1 IS1: Ecosystem interactions and energy

2 1 An Endless Swarm  Anchoring phenomenon

3 2 The Earth’s Systems  2 LS2.A 4

5 3 Abiotic Factors Influence Distribution  4, 5 LS2.A 2

9 4 The Ecological Niche  4, 6 LS2.A 2

13 5 Populations Have Varied Distributions  2 LS2.A HS-LS2-1

15 6 Population Growth  4, 5, 6 LS2.A 4, 7 HS-LS2-1, HS-LS2-2

20 7 Modeling Population Growth  2 LS2.A 2, 7 HS-LS2-1, HS-LS2-2

22 8 The Carrying Capacity of an Ecosystem  2, 4, 5 LS2.A 2, 3, 5, 7 HS-LS2-1, HS-LS2-2

26 9 Species Interactions Can Regulate Populations  LS2.A 2

28 10 Predation Can Control Some Populations  4 LS2.A 2, 3, 5

31 11 Organisms Compete for Limited Resources  2, 4 LS2.A 2, 3, 5

36 12 Human Activity Alters Populations  6 LS2.C 2, 5

39 13 Producers, Consumers, and Food Webs  2 LS2.B 5

45 14 Energy in Ecosystems  2 LS2.B 5 HS-LS2-4

51 15 Nutrient Cycles  5 LS2.B 5 HS-LS2-4

55 16 Humans Intervene in Nutrient Cycles  8 LS2.C 5

59 17 Group Behavior Improves Survival  7 LS2.D 4, 5 HS-LS2-8

63 18 Individuals in Groups Often Cooperate  7 LS2.D 4, 5 HS-LS2-8

70 19 An Endless Swarm Revisited

71 20 Summative Assessment HS-LS2-2, HS-LS2-4, HS-
LS2-8

Welcome to a synopsis of BIOZONE's new integrated titles for the Next 
Generation Science Standards for California Public Schools (CA NGSS). 
The series been designed and written following the High School Three-
Course Model for California but has relevance to the wider NGSS audience 
interested in an approach integrating Earth and Space Science with Life 
Science, Chemistry, or Physics. Each of these phenomena-based titles takes a 
three-dimensional approach to provide an engaging, relevant, and rigorous 
program of instruction. These student-friendly resources approach the 
learning experience in the same way as the student, through engagement 
and exploration. From the outset we wanted BIOZONE's new integrated 
books to be:  •  phenomenon-based  •  engaging and of high interest to 
students  •  easy to use in not being too dense or difficult to navigate  •  
academically rigorous  •  capable of providing the challenges required to 
deepen understanding  •  able to provide opportunities for both formative 
and summative assessment.
In developing content, we have focused on providing varied and 
engaging experiences through which students can demonstrate their 
existing understanding of phenomena and move towards deepening 
that understanding as they investigate, explain, interpret, and analyze the 
material presented. To this end, the books provide a range of familiar and 
less familiar phenomena around which we have developed a wide range 
of activities including but not limited to:   •  using and making physical and 
computational models  •  collection of first hand data through suggested 
experiments involving basic, readily available equipment and materials  •  
collaboration in designing solutions to environmental and resource-issue 
problems  •  analysis of second-hand data and historical experiments.

So what does it look like?
The first title in the series, The Living Earth, is in production. Its structure is 
based on the prescribed Instructional Segments for CA NGSS. The integrated 
series employs the 5E instructional model with its components (engage, 
explore, explain, elaborate, evaluate) clearly identified and unfolding within 
a sequence of activities. This sequence is an iterative spiral in which student 
explanation leads to further exploration and so on. In this way, related 
activities build connections and deepen understanding.
Emphasis throughout is in leading the student, through initial engagement 
and exploration, towards developing sound explanations of phenomena 
based on scientific thinking. Through their use of Science and Engineering 
Practices and application of Crosscutting Concepts, students deepen their 
understanding of the Disciplinary Core Ideas. They are encouraged, through 
the activities, to collaborate with their peers and be open to modifying their 
models and explanations based on evidence.

A phenomenon-based structure
A chapter introduction provides a bullet-point outline for each IS 
(instructional segment), organized under the guiding questions. Each point is 
associated with one or more activities. By completing the activities, students 
address the points and can tick them off when they (or their teacher) feel 
they are satisfied with their responses. The chapter introductions in the 
Teacher’s Edition have the relevant CCCs, SEPs, DCIs, PEs, and CaEP&Cs 
identified and embedded within the text for easy reference.
For each chapter, students are engaged through (1) the use of an anchoring 
phenomenon at the opening of each IS and (2) the use of relevant everyday 
and investigative phenomena within each activity as prompts for further 
engagement in relation to the anchoring phenomenon. Phenomena are 
explored through examples, student investigation, analysis and interpretation 
of data, and historical accounts. Students generate explanations for 
phenomena based on the understanding they have developed though 
exploration. They are then given opportunities to apply and deepen their 
understanding by elaborating on new phenomena or to use their experience 
to develop engineering solutions to relevant problems.

Navigation
There is full integration of DCIs, SEPs, and CCCs within activities as identified 
in the chapter introduction (for the teachers) and through the use of the 
tab system (students and teachers). Color-coded page tabs for each activity 
allow easy identification of related concepts and ideas within and between 
instructional segments. As an important part of the CaNGSS program, 
California’s Environmental Principles and Concepts (CaEP&Cs) are integrated 
throughout the text, identified within color-coded target boxes and explored 
through their incorporation into activities. Formative and summative tasks 
are designed to address performance expectations and assess students in all 
three dimensions. Proficiency in mathematics and computational thinking is 
strongly supported throughout, including with a key skills chapter, which is 
referred to often throughout the text so students are continually supported 
to develop confidence in this area. While there are many snapshots and case 
studies from California, there are many North American and international 
examples too. This reflects a global view and recognizes that science is 
internationally collaborative and the problems faced by humanity and 
the solutions that must be found to those problems are not restricted by 
geographical location.
‘The Living Earth’ is still in production and we welcome any comments, 
queries, or suggestions you may have. If you wish to receive material with a 
view to purchasing, simply download a sample booklet or contact us to find 
out more about classroom trials.

This sample packet from 'The Living Earth' is a small snapshot of the chapter covering the material for Instructional Segment 1. 
The activities in the intervening sequences are identified below for your information. Feel free to contact us for more information.

Authors’ Comments
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