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Greetings, Parents and Scholars,

1am glad summer break is finally here!

As we reflect on this academic year and segue into the sﬁmmer; science is all around us. | have prepared the
Middle School Science packets so that learning may continue during summer break. This packet includes a
study guide and review questions. Completed packets are due on or before September 10, 2020.

We will conduct a Science Fair check-in on September 09, 2020. Students are to compléte his/her Science Fair -
Project Proposal prior to this date. For the 2020-2021 academic year, students in sixth, seventh, and

eighth grade will concentrate on engineering and the following areas, respectively: Earth’s Place in the
Universe, Earth’s Systems, Earth and Human Activity; Structure and Function of Organisms, Inheritance and
Variation of Traits, Ecosystems: Interactions, and Dynamics; Matter and its Interactions, Motion and Forces,
and Energy and Waves.

If you have any questions or concerns, please feel free to contact me via email at starrerespers@gmaif.com.

I wish you a safe and fun summer!

Sincerely,

Mrs. Respers,
Middle School Science Teacher
Middle School Science Fair Coordinator

starrerespers@gmail.com
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Grade 6 Study Guide

Evolution

Evolution is a theory that describes the changes that living things have undergone over time. If scientists are
correct in their measurements and calculations that the earth is at least 4.5 billion years old, that the oceans are 3
billion years old, and that multicellular life is 750 million years old, the present day environment appears much
different than it did billions of years ago. The earth's life forms have evolved in this changing environment
over millions of years. Students should understand the concepts that make up the theory of evolution.

As living things are affected by changes in the environment around them, they adapt to survive in the new
environmental conditions. Adaptations are characteristics that help organisms survive in their environment.
Evolution is a change in genes that favors successful adaptations. Adaptations that are favorable may stay in
the population, while those that are less favorable will cause the organism to be less fit in its environment and
will not likely be passed on for very long, if at all.

As living things adapt, they, in turn, change their environment in an ongoing cycle. As a result, nothing in the
cycle stays the same and, according to the theory, everything on the earth has evolved. Extinction, which
means the end of a species' existence on the planet, is as much a part of evolution as adaptation. Both are
necessary for life on the earth to continue to exist and change. Extinction is a result of a failure to adapt.

Scientists learn about the earth's past from fossils, which are the remains of plants and animals solidified in
rock. In the fossil record, there is evidence that many organisms still alive today look different than they did
millions of years ago. Furthermore, there were many living things that existed on the earth millions of years
ago that are now extinct. The most well known extinct animals are the dinosaurs, but many other animals and
plants, also identified in fossils, are extinct as well. There is also evidence of evolution in different species of
organisms with similar internal structures and genetic patterns. For example some members of a population
adapt, while others do not. This can eventually result in two new species of organisms that look different
externally, but have similar internal structures.

The theory of evolution is used to explain how life on earth has changed over time. When fossils are
discovered that show differences in animal and plant structure, evolution helps to explain how environmental
changes caused these adaptations. As changes in the environment continue to be recorded today, evolution is
used to explain what the impact of those changes may be for all life in the future.

To help students understand the theory of evolution, they can find pictures of dinosaurs and other organisms
that lived long ago and make a list of which animals and plants of today look like extinct organisms. In the list,
they should include notes as to which characteristics are similar and the reasons why the ancient organism may
have evolved into the current organism. Also, to increase students' understanding of fossils, they can make
their own "fossils" using clay, shells, leaves, and plaster of Paris. Have them firmly press a shell or leafinto a
flattened ball of clay to make an impression. Remove the shell or leaf, then spoon some plaster of Paris into
the impression. After the plaster has dried, the student can remove the clay and a "fossil" will remain.

Acid Rain
Acid rain is a term used to describe precipitation that contains acids. Acids are corrosive liquids and have a pH
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value of less than 6 on a scale from 1 to 14. The pH scale is used to measure the acidity of liquids, where
neutral water has a value of 7. Students should understand what causes acid rain and what its effects are.

Pollutants in the air, such as sulfur dioxide and nitrogen oxide, combine with water in the atmosphere to form
acids. These acids fall to the earth as precipitation, such as rain, snow, or fog. The cause of this air pollution
is the burning of fossil fuels, including coal, oil, and natural gas. Since automobiles, power plants, and even
outdoor grills burn fossil fuels, they all contribute to air pollution. In the United States, power plants are the
leading contributors to this type of air pollution. ' '

Acid rain causes many problems. Many plants can only grow in soils within a certain pH range. Acid in the
soil removes the nutrients plants need. This can slow a plant's growth or kill it. In addition, acid rain can
damage a plant's leaves, causing the plant to turn yellow or brown and die. Organisms that live in or near water
bodies, such as lakes, rivers, and wetlands, are also affected by acid rain. Many aquatic organisms are very
sensitive to the pH of the water and certain fish, insects, and al gae will die in acidic water. Also, animals that
depend on these organisms will suffer a decline in their food source. Finally, acid rain can damage buildings,
statues, and other structures that are exposed to the weather. These structures can change colors or deteriorate
because of acid rain's corrosive nature,

To learn more about the causes and effects of acid rain, students can test the acidity of the rain in their area. A
PH test kit can be purchased from a swimming pool supply store or a discount store that sells swimming pool
supplies. Have them collect some rainwater and use the test kit to determine the water's pH by following the
kit's instructions. After collecting and testing the water's pH, students can add an acid, such as lemon juice,
and test the pH once again. This will show how the pH has changed due to the addition of an acid to the water.
Finally, students can water a plant with a mixture of water and lemon juice for several weeks to see the effects
of "acid rain."

Photosynthesis and Respiration

Photosynthesis and respiration are processes that all living things depend on for survival. Students should
understand the basic processes and chemical reactions of respiration and photosynthesis, the relationship
between these two reactions, and the similarities and differences between photosynthesis and cellular
respiration.

Cellular respiration is a process that converts stored energy in glucose, a sugar, into useable energy for
cells.  All organisms undergo cellular respiration to obtain useable energy so that their cells can
function. Organisms obtain glucose in different ways. Animals get glucose from eating food, whereas
plants make glucose using a process called photosynthesis, which is explained later in this study guide.
In respiration, glucose is broken down with oxygen from the air to produce carbon dioxide, water, and
release energy. The energy released is in the form of a molecule called ATP. The chemical equation
for cellular respiration is as follows:

CH;0, + 60, —  6CO; + 6H,0 +2ATP
(glucoss)  (axygen) {carbon dioxide) (water)  {energy)

Cellular Respiration

There are two types of cellular respiration, aerobic and anaerobic. Aerobic respiration occurs in the
presence of oxygen and anaerobic respiration occurs when oxygen is not present.

In the first type of respiration, aerobic respiration, there are three series of reactions: glycolysis, the

Krebs cycle, and the electron transport chain. During glycolysis, two ATP molecules are combined

with glucose to form the compounds pyruvic acid and NADH, as well as four ATP molecules. The
Page 4



pyruvic acid produced in glycolysis is then broken down by the compound NAD+ into a chemical called
acetyl-coenzyme A.

During the Krebs cycle, acetyl-coenzyme A joins oxaloacetic acid, a four carbon compound, to form
citric acid, a six carbon compound. Citric acid then changes back into a four carbon compound again
and the cycle repeats. Carbon dioxide and NADH are given off and one molecule of ATP is produced
each cycle. The following is an illustration of the Krebs cycle.

Krebs Cycle

NADH ¢,
Coenzyme A —P

Two-carbon compuund
(acetal coeneyme A)

Faur-carbon campound Stv-carhion compound
(ritric acid)

ATP NADH

Four-carhon componnd

During the final stage, the electron transport chain, most of the ATP is produced. This is the same
process that occurs in photosynthesis. Here, NADH gives off a proton (a positively charged particle)
and an electron that bind with hydrogen and oxygen to form water molecules and ATP.

The second type of respiration is anaerobic respiration, also called fermentation, This type of
respiration also begins with glycolysis. However, once ATP and pyruvic acid are produced, the pyruvic
acid is converted to either carbon dioxide and alcohol during alcoholic fermentation, or a compound
called lactic acid during lactic acid fermentation. Alcoholic fermentation is used in the production of
alcohol. Lactic acid fermentation sometimes occurs in the human body and causes soreness in muscles.
The chemical equations for alcoholic fermentation and lactic acid fermentation are shown below.

CH;0 - 2GH,0H + 2C0, + 2ATP
(glucose)  (eliyl slcohol) (carbon  (energy)
dioxide)

Alcoholic Fermentation

CgH;;0; = 2CH,CHOHCOOH -+ 2ATP
(glucose) (lactic acid) (enerzy)

Lactic Acid Fermentation

Photosynthesis is the process in which plants use sunlight and carbon dioxide to produce glucose. This
process is important because it not only provides plants with the sugar they need to grow, but it also
produces oxygen that animals need for cellular respiration. The reactants, or materials that are needed
for this process to begin, are water and carbon dioxide. During photosynthesis, sunlight hits the leaf of
a plant and enters the cells. The plant cells contain a green pigment called chlorophyli, which gives
plants a green color. Chlorophyll captures the energy in sunlight to help convert water and carbon
dioxide into glucose and oxygen. The glucose is stored in the plant and can be used for respiration
while the oxygen is released into the air. The photosynthesis reaction is shown below.

Page 5



6H,0 + 600, + sunlight — _ C,H,0, + 60,
(water)  (carbon dioxide) (energy) (glncose) (oxygen)

Phatosynthesis

Photosynthesis occurs in two stages, the light reactions (also called light dependent reactions), and the
dark reactions (light independent reactions). The light reactions require light energy and dark reactions
do not.

The light reactions begin with light energy from the sun being absorbed into the chloraplasts.
Chloroplasts are structures inside of plant cells that contain chlorophyl! and are where photosynthesis
occurs. The energy from the sun excites the electrons in the chlorophyll. Electrons are negatively
charged particles in atoms. Excited electrons are electrons with extra energy. The excited electrons
cannot keep the excess energy, so they undergo a process called the electron transport chain. The
electron transport chain is the process by which excited electrons give off energy, one by one, down a
chain of molecules, to retum to their normal, unexcited state. The energy given off is ATP.

Another reaction that takes place during the light reactions is the splitting of water molecules. A water
molecule is composed of two hydrogen atoms and one oxygen atom. Water molecules present in the
leaf cells separate into hydrogen and oxygen. The hydrogen atoms combine with electrons from the
electron transport chain to form a compound called NADPH. The oxygen atoms are released into the
air as a waste product of photosynthesis.

The dark reactions of photosynthesis do not require sunlight. The ATP and the NADPH produced
during the light reactions are used in the Calvin Cycle, which is part of the dark reactions. During the
Calvin Cycle, carbon dioxide in the air is absorbed by cells in the leaves and forms a compound called
PGA. PGA combines with ATP and NADPH to form the compound PGAL. PGAL is then converted
to glucose. Plants use glucose for energy. The following is an illustration of the light and dark
reactions of photosynthesis.

Photosynthesis
Light Reactions Dark Reactions
Light |
Energy
Lo
\-\.’l_ \f

lLl NADPS
-

MA”’“'

There are many similarities between photosynthesis and respiration. They are both important processes
that produce ATP, they both use the electron transport chain, and they are both are part of the ongoing
cycle between plants and animals.

There are, however, three main differences between photosynthesis and aerobic respiration. First, the
products of one reaction are the reactants of the other. The water and carbon dioxide created during
cellular respiration are used in photosynthesis. The glucose and oxygen created during photosynthesis
are used in cellular respiration. As shown in the following diagram, their equations are reversed.
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6H,0 + 6CO, + smlight — — CH,0, + 60,
twater}  (carban diaxide) (energy) {glucose) {oxygen)

Photasynchasis

Ceiip0; + 60; — 6CO;, + 6H,0 + ZATP
(glucuse)  (oxygen) {carbon diaxide) {water)  (energy)

Cellular Respiration
Secondly, not all organisms undergo both processes. All organisms undergo cellular respiration, but
only autotrophs undergo photosynthesis. Autotrophs are organisms that can make their own food, like
plants. Heterotrophs cannot make their own food; they must obtain energy from an outside source by
eating. Thirdly, the location where the two processes occur in the cell are different. Photosynthesis
occurs in the chloroplasts, while cellular respiration occurs in the mitochondria.

To help students understand the processes of photosynthesis and cellular respiration, as well as how
these two are dependent upon each other, they can create a terrarium. A terrarium is a closed container
that holds plants and animals. They can find information on how to set up a terrarium in books or on
the Internet. The terrarium should contain plants, soil, some water, and small animals such as snails.
Even though the terrarium stays completely closed at all times, the plants and animals inside can survive
if it is set up correctly, because the photosynthesis and cellular respiration cycles allow the organisms to
meet all of their needs. Also, to learn the chemical reactions of photosynthesis and cellular respiration,
have the students write each of the components of these reactions on an index card. Then, mix them up
and have the students reassemble them correctly to form the photosynthesis and cellular respiration
reactions. Another activity that will help students study the differences and similarities between these
two processes is having them make a table. They should include different characteristics, steps, and
reactions of each process, and then highlight the ones that occur in both photosynthesis and cellular
respiration.

Flow of Energy in Ecosystems

Producers are organisms, mainly plants, that make their own food from the sun's energy. A consumer is an
organism that cannot make its own food, so it eats producers or other living things. Decomposers are
organisms that break down the tissues of dead organisms for energy. Mushrooms, molds, yeasts, and certain
types of bacteria are all decomposers. Students should understand the flow of energy in an ecosystem, among
producers, consumers, and decomposers.

Producers get their energy directly from the sun. They use this energy to live and grow. As consumers
eat producers, the energy from the producer is passed on to them. Consumers that eat other consumers
get their energy from the animals they eat. Decomposers are an important part of the environment
because as they help decay, or break down, dead organisms, they return the nutrients back to the
environment. This relationship is illustrated in the diagrams below. The arrows represent energy
being transferred, or passed on, from one component to another.

“euns sun

187 pn 2
[igiN )

l |

producers : %\
) / \ ‘j)/ 1I1
decomposers +— consumers M :

To help students understand the flow of energy in an ecosystem between producers, consumers, and
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decomposers, have them make several diagrams like the ones shown above. They can use pictures of a
different producer, consumer, and decomposer for each diagram, and can include their favorite animal or
themselves.

More than half of all of the animals known in the world are insects. Insects are special animals that have
unique characteristics. Students should understand these distinguishing characteristics and be able to identify

There are several characteristics that all adult insects possess. They are listed below.

* They are invertebrates.

» They have an exoskeleton.

* They have a segmented body with three main parts (head, thorax, and abdomen).
* They have six jointed legs.

* They have antennae.

An invertebrate is an animal without a backbone. There are other animals that are invertebrates, but are
not insects because they do not possess all of the characteristics that are listed above. Insects do not
have soft bodies. They have a hard outer covering called an exoskeleton. The body of an insect
contains three main parts: the head, the thorax, and the abdomen. A pair of antennae, which are sensory
structures, are located on the head of an insect. The thorax is where the legs and wings of an insect are
attached. The abdomen is the body segment in which the digestive and reproductive organs are located.
Insects have six jointed legs, which means the legs are able to bend at certain points. Also, most insects
have wings. Ants, bees, beetles, butterflies, moths, flies, and crickets are all insects. Spiders, which
have eight legs instead of six, are not insects. The picture below shows the parts of two different
insects.

Many young insects look different than adult insects. For example, the first stage of life of a butterfly is
a caterpillar. Caterpillars do not have the characteristics of adult insects as described above. They
eventually grow, mature, and change forms through a process called metamorphosis during which they
become adult butterflies. If you would like to learn more about metamorphosis, refer to the study guide
entitled "Life Cycles - B."

To help students understand the characteristics of insects so they can identify them, have the students
search their yards for different animals. They can use a magnifying glass to examine the smaller
characteristics of the animals they find. Using the information they have learned about the
characteristics of insects, they can identify which animals are insects and which are not. For each
animal observed, students should discuss the reasons why the animal is or is not an insect.
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- Interpreting Concept Maps and Diagrams

In many subject areas, including science, visual representations, such as concept maps, models, drawings,
blueprints, and other diagrams, are often used to convey or explain information. Students should be able to
interpret concept maps and diagrams.

A concept map usually consists of shapes connected by lines or arrows, The shapes contain ideas or
headings, and they are connected by lines to show how each shape is related to the others The concept
map below shows the different types of organisms that live in Lee's back yard.

The oval in the center connects to three types of organisms; animals, plants and fungi. Each type of
organism connects to specific living things in its own category. For instance, oak trees, grass, and
daisies are the plants in Lee's yard. One can also tell by this concept map that mold is a type of fungus
that is found in Lee's back yard. Even though there is no title for this concept map, it is clear that the
map is displaying the different types of living things found in Lee's yard.

Diagrams, such as blueprints and drawings of models, are another type of graphical representation.
Like concept maps, they can also show relationships between different parts or ideas. In addition,
diagrams can show sizes, scale, shapes, locations, distances, or processes. The diagram below is of an
electrical circuit. It shows the parts of a particular circuit and their locations.

Electrical Circuit

600
—VV— Key
e ] N —gwntch
4.00
{J AN mrenstor
—l i— -banery
11

This diagram includes a key, which is common in diagrams. A key describes or defines symbols found
in the diagram. In this diagram, the key shows what each symbol means.

Example: Use the diagram of the electrical circuit shown above to answer the following question.
How many resistors does this circuit have?

oawp
— b N

Answer: C. Thekey shows that the symbol for a resistor is a j'agged line. There are two of these
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symbols in the circuit, so there are two resistors.

To help students understand concept maps, have them make concept maps of their families. Their
concept maps should be similar to family trees with grandparents or great-grandparents in a central
location, branches out to each of their children, more branches representing their children's children, and
so on. So that students may better understand diagrams, have each student draw a simple diagram of
his or her bedroom. The student can draw what the bedroom looks like from above, using symbols for
the different types of furniture and items in the room. Make sure students include a key that defines

each symbol in the diagram. Finally, have them write the distances between different pieces of
furniture in the room.

Linear Relationships in Data

A linear relationship between two sets of numbers in data is a pattern of increasing or decreasing values in one
set of numbers that matches an increasing or decreasing pattern in another set of numbers. These relationships

can often be used to make predictions and conclusions about the data being analyzed. Students should be able
to identify linear relationships in data.

When two sets of numbers in a chart appear to be increasing or decreasing in a relatively uniform
manner, and the increments are generally consistent, the data can be considered linear. The possible
combinations of changes that can occur in linear relationships between two sets of data are as follows:
both sets of numbers increase, both sets of numbers decrease, one set of numbers increases while the
other set decreases, one set of numbers increases while the other stays exactly the same, or one set of
numbers decreases while the other stays exactly the same. Perfectly linear relationships, where the
increments between values are exactly the same each time, are rare in data, but relationships that are
close to linear are often just as useful and still considered linear.

The following charts include data that show linear relationships. As one set of numbers increases or
decreases, the matching set of numbers also increases or decreases

Amaunt of Fl.nlm
Fertillze: [ Grass
oG Depth | Temp.
8oz, 6in.
Week [Height! - 2m | 27°C
1 T 7 oz, Sin 4m | 23°C
2 din 4 oz 3in. Im | 21°%C
. Sm . 12m | 19°C
4 | Tm 2oz 2in. 20m | 16%
(both scts merease) {both sets decrease) (one tet increases

one set decreases)

The charts below include data that does not show linear relationships. One of the number sets in each
chart does not uniformly increase or decrease.

Water | Air Weight | Speed royeme
Ip' T':" : 2oz, 12 infsee b i
$4F | &F Jor 30infsec 2m | 28°C

[
64°F | 82°F dor | 10 insec ;: ;ﬁ.,g
66°F | 73° Soz. 8 infsac 12m | 19°C

Goz 35 in'sec
Soz 18 in'sec

&4°F | 70°F

20m | 14°%C

To help students learn to identify linear relationships in data, have them make three charts with data that
show a linear relationship and three that do not show a linear relationship. Their charts should look
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similar to the six shown above. They can make the charts from data they find in graphs, or they can
collect data from an actual experiment and record it in a chart.

Animal Structure and Function - B

By looking at various features, such as the skin, feet, and mouths on different animals, and by observing the
~locations of certain body parts on these animals, students should be able to determine the habitat in which each

animal lives and describe how a specific body part or characteristic helps the animal survive within that habitat.

The shapes, locations, and colors of an animal’s physical structures help the animal survive and meet its
basic needs in the environment. Certain parts of the body help each animal eat, breathe, move, and/or
protect itself. For example, most animals that live in cold habitats, like the Arctic, have thick fur or
feathers to keep them warm. In a desert where it is hot and dry, animals may have scales instead of fur
because having scales helps their bodies conserve water. Animals that live in the water often have
scales, fins, shells, or webbed feet to help them swim and protect themselves. Tails, strong toes, and
claws are common in animals that live in trees so that they can hold onto branches.

Example 1: Which animal would survive best in a pond?

Answer: The frog. While any one of these animals may live near a pond, the frog has skin that is
moist and is adapted to living in water. A frog also has eyes located on the top of its head for seeing
above the water in the pond, along with powerful back legs and webbed feet to help it swim in water. A
frog would live best in a pond because of its physical structure.

One way an animal improves its chances for survival is by using camouflage. Camouflage results when
an animal's skin or fur color, the pattern in which the colors may appear, or the location of certain colors
on the animal's body allow the animal to blend into its environment. For example, a lion hunts other
animals for food. Camouflage helps the lion sneak up on the animals it eats because its fur blends in
with its surroundings and makes the lion hard to see. Students should recognize other physical
structures that help various animals survive in their habitats.

To help students learn about how physical structures help animals survive in a particular environment,
have them look at pictures of animals in their natural habitats and note the special body parts the animals
have that help them to survive in that environment. To help students learn about other animal structures
and their functions, have them point out special body parts on animals in their community and in
pictures, communicating the ways in which those features help each animal survive. Observing animals
at a zoo or in an aquarium will also help students understand animal body parts and their functions.

Skeletal and Muscular Systems
The skeletal and muscular systems are the systems of the body that help us move. Students should know the
functions of these systems, know their component parts, and understand that they work together.

The skeletal system gives the human body shape, rigidity, and structure. There are over two hundred

individual bones that make up the human skeleton. Bones have a hard exterior with a softer center

called the bone marrow. A spongy material, called cartilage, cushions the ends of bones. In addition,
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it is cartilage, not bone, that shapes the ears and the nose on humans. The following diagram shows the
location and general shape of some of the major bones in the human body, including the skull, clavicle,
vertebrae, humerus, rib cage, stemum, pelvis, and femur bones in the human skeleton.

A joint is formed where bones come together. There are four basic types of moveable joints: ball and
socket, hinge, pivot, and gliding. Ball and socket joints allow movement in all directions. The
shoulder and hip are examples of ball and socket joints. Hinge joints allow bones to move together and
apart, like in the knee and the elbow. The skull and vertebrae come together and form a pivot joint.
Pivot joints allow movement up and down and rotation from side to side, like the bones in your neck.
Gliding joints can be found in the ankles and wrists, where bones move back and forth, and from side to
side. Stretchy, rubber band-like ligaments hold the bones together at the joints. The following
diagrams show the four types of joints, with arrows indicating the directions of their movement.

@ ba gl

Ball and Socket Hinge Gliding Fivot

The skeletal and muscular systems are dependent on one another. Muscles are attached to the skeleton
in many places because the muscles of the body help the skeleton move. They are attached to bones by
bands of tissue called tendons. Without muscles, the body could not move.

Muscle tissue contracts, or squeezes together, and relaxes in order to move the parts of the body. An
example of this is the relationship between the bicep muscles in the front of your arm and the tricep
muscles opposite to the biceps. When you touch your right shoulder with your right hand, your biceps
contract, while the triceps on the other side relax. To stretch the arm back out and hold it flat, the
triceps must contract while the biceps relax. Many muscle groups throughout the body share this same
type of relationship.

The following diagram shows the location of the abdominal muscles, the bicep, the quadricep, the tricep,
the hamstring, and the gluteus muscles in the human body:.
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There are three different types of muscle tissue. They are smooth muscle, cardiac muscle, and skeletal,
or striated, muscle. The muscles shown in the diagram above are all skeletal muscles. Skeletal
muscles are attached to bones and help move the skeleton. They are voluntary muscles, meaning you
can consciously make them move. Smooth muscle is found in internal organs. These muscles are
involuntary, which means that you are not able to consciously control their movement; they help organs
perform certain functions. For example, the smooth muscles of the stomach chums food during

- digestion. Finally, cardiac muscle is only found in the heart. This type of muscle also moves
involuntarily.

To help students understand the skeletal system, have them try to find items around the house or at

. school that look or work like the different types of joints. A door hinge (hinge joint) and a nut and bolt
{pivot joint) are two examples. Another activity students can complete, to help them learn muscles and
bones in the muscular and skeletal systems, is to draw a picture of a person. On the picture, they should
label the major bones and muscles. Finally, students can make different movements and try to guess
which bones, muscles, and joints are moving.

Circulatory and Respiratory Systems

The circulatory and respiratory systems work together to provide the body with the oxygen and nutrients it
needs to survive. Students should understand the relationship between these two systems, as well as the
systems' responses to different situations.

The circulatory and respiratory systems are dependent on one another. The respiratory system brings
oxygen into the body. Oxygen is a gas in the air that the human body must have to live and grow.
When humans breathe, they are using the respiratory system to get the oxygen they need. Then, the
circulatory system moves the oxygen to all parts of the body. It also moves carbon dioxide, a waste
product that the body needs to get rid of, from all parts of the body back to the lungs. To learn about
these processes, one must first understand the parts of the respiratory and circulatory systems.

The respiratory system is composed of several parts. The trachea is a tube located in the middle of the
chest, near the heart. This tube branches into two separate parts, called bronchial tubes. Each
bronchial tube branches even further, into an organ called a lung. In the respiratory system, the lungs
are the main organs. The human body has two lungs, one located on either side of the chest. The lungs
are made of a material that can expand as air enters. Finally, there are millions of tiny sacs called
alveoli inside the lungs. The diagram below shows the parts of the respiratory system.

The main organ of the circulatory system is the heart. The heart is a muscle located near the center of
the chest. The heart pumps a liquid called blood through the body using contractions and relaxations.
Small, tube-like "roads," called veins, arteries, and blood vessels, carry the blood to different parts of the
body. Circulation is the transportation of materials in the blood throughout the body. The diagram
below shows the parts of the circulatory system.
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When a person inhales, air from the nose and mouth moves into the trachea, through the bronchial tubes,
and into the lungs. Then, the air enters into the tiny alveoli. This is where the oxygen from the air is
transferred into the circulatory system. Carbon dioxide from the blood is transferred into the alveoli at
the same time. Tiny blood vessels called capillaries cover the alveoli in the lungs, and the blood in the
capillaries picks up the oxygen there. The blood then travels into the heart to get a "push” so it can
move to the other parts of the body. Next, the blood is pumped out of the heart to all parts of the body
to deliver oxygen to the cells. When cells pick up oxygen from the blood, they exchange the oxygen
for carbon dioxide. The blood then takes the carbon dioxide, moves back into the heart for another
push, and travels to the lungs once again. In the lungs, the blood will get rid of the carbon dioxide and
pick up new oxygen. After the carbon dioxide is deposited in the alveoli, it travels back through lungs
and out of the mouth, where it is exhaled. Breathing out is called exhalation, while breathing in is
called inhalation.

Certain activities will cause these processes to speed up or slow down. When the body needs more
oxygen, the respiratory system must take air in faster, causing a person's breathing rate, or respiration, to
increase. Also, the circulatory system must move the blood around the body faster to provide cells with
the extra oxygen they need, so the heart must beat faster. This increase occurs when someone is
involved in physical activities like running, swimming, and biking. It can also occur when someone is
afraid or surprised. This is why a person may feel "out of breath” when he or she is startled oris
exercising. When a person is resting or sleeping, his or her body does not need as much oxygen, so the
person's breathing and heart rate are slower.

To help students learn about the circulatory and respiratory systems, have them trace the outlines of their
bodies on butcher or bulletin board paper. Inside the outlines, students can draw the organs of the
circulatory and respiratory systems. Then, with a different colored marker or crayon, draw arrows
tracing the pathway of air from the time it is inhaled, through the respiratory system, into the circulatory
system, to all parts of the body, then back out when it is exhaled.

Digestive System

The purpose of the digestive system is to break down the food we eat into nutrients that the body can use to live
and grow. Students should understand the purpose of the di gestive system and know the functions and
locations of the main organs involved.

The locations of the main organs of the digestive system are shown in the following diagram.




Digestion starts in the mouth. The teeth chew food, mechanically breaking it down into smaller pieces.
Saliva contains chemicals that also begin breaking down the food. In addition, saliva coats the food so
it can travel through the rest of the digestive system and break down more easily. Once the food leaves
the mouth, it moves into the esophagus, a tube leading into the stomach. The esophagus has muscles in
its walls that push the food into the stomach. Once in the stomach, the food is coated with stomach
acids that help liquify the nutrients in the food. From the stomach, the liquid food moves into the small
intestine. There, the nutrients from the food are further digested. The liver is an organ that secretes
bile. Bile in the small intestines helps break down the food even more. Then, the nutrients are
absorbed into the blood through the wall of the small intestine. Whatever is not absorbed into the
bloodstream goes into the large intestine. The large intestine absorbs the water from the remaining
food; this water will be used by the body. Whatever remains in the large intestine is considered "waste"
and exits the body through the rectum.

To help students learn about the digestive system, its organs, and their locations, ask them to trace the
outlines of their bodies on butcher or bulletin board paper. Inside the outline, students can draw and
label the organs of the digestive system in their correct locations. Also, students can make a flow chart
tracking the pathway of food from the time it enters the mouth until it exits the body.

Food Webs

A food chain is a diagram that shows how the energy in food is passed from one organism to another.
Most food chains start with a plant. The next "link" in the chain is an animal that eats that plant, and
the following "link" is an animal that eats the previous animal. The arrows in a food chain indicate the

direction in which the energy is passed between the organisms. For example, a forest food chain might
look like this:

pross ——e deer — nountain lion

A food web is a series of interconnecting food chains, showing how organisms get energy within their
environment. The food web expands the idea of a food chain by showing that animals get energy from
a variety of foods and that many animals share the same food sources. The relationship between
predator and prey is also shown in a food web. Animals that hunt and eat other animals are called
predators. Animals that are hunted by other animals are called prey. Some animals are both predators
and prey because they hunt other animals and are hunted themselves.

Example 1: The diagram below shows a food web in a meadow.

Which animals are predators in the meadow? Which animals are prey?

Answer: The snake, hawk, lizard, and bluebird are all predators in the meadow because they eat other
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animals. The gopher, mouse, and caterpillar eat plants; they do not hunt other animals for food. The
gopher, mouse, and caterpillar are all prey, since the predators in the meadow hunt and eat them. All of
the animals in the meadow are prey for the hawk.

All the organisms in a food web are very important to all other organisms in that food web. If the
population, or number of a certain species of living thing, changes by getting bigger or smaller, the other
populations in the food web are affected. For example, if the number of a certain predator in a food
web increases, then the number of prey it hunts will most likely decrease, since more predators are
hunting them. Or, if there is not enough prey to sustain the higher predator population, some of the
predators will not survive. On the other hand, if the number of a certain predator decreases, its prey
will increase in number, since fewer animals are hunting and eating them. Sometimes, the populations
in a food web change because new animals are added to the environment. In other cases, populations
may change because humans have over-hunted a species, leaving the other living things in the
environment that depend on that species to suffer.

Example 2: If gophers disappeared from the meadow, which of the following would be true?

There would be more hawks.

There would be fewer caterpillars.

The snake would have less food.

The bluebird would leave the meadow.

SOw»

Answer: C. The snake would have less food if there were no gophers, since the food web shows that
mice and gophers are the main energy source for snakes in the meadow. If there were fewer gophers,
there would be no reason that the hawk population should grow or that the caterpillar population should
decrease. The bluebird is not relying on the gopher for food, so there would be no reason for it to leave
the meadow if gophers disappear.

To better understand food webs, students can create their own food webs, using pictures of living things
from magazines and drawing energy arrows between the organisms to show where they get their energy.
Have students discuss what would happen to the organisms in their food webs, if an organism from
another food web is added. Students can also choose an organism to take away from another student's
food web and then discuss how the organisms that remain would be affected.

Arthropods

Arthropods are animals that have hard shells, called exoskeletons, covering their soft bodies and jointed legs.
As they grow, they molt, shedding their hard outer covering. Arthropods have special sense organs, called
antennae, attached to their heads, and modified feet at the end of their jointed legs. Some of these
modifications include claw-like hands that allow arthropods to grab prey or surfaces for climbing. All
arthropods lay eggs to reproduce. Students should know the basic features of all arthropods, and be able to
distinguish between the three types of arthropods: crustaceans, arachnids, and insects,
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Crustaceans, such as barnacles, crabs, lobsters, crawfish, and shrimp, are arthropods that are usuaily
found in water. Their bodies are divided into two or more sections, and they have ten legs, five on each
side of their body. The front legs have claws for grabbing prey or surfaces.

Arachnids are spiders, ticks, and scorpions that have eight jointed legs, four on each side of the body.
Their bodies are divided into two parts. The front part has a mouth with fang-like structures.
Arachnids have venom, or poison, that they use on their prey.

Insects are the most plentiful arthropod. Insects have three pairs of legs, and three distinct body parts.
Most insects also have two pairs of wings. Many insects live in colonies and have mouths built for
piercing or sucking.

Example 1: Which of these living things is an arthropod?

Answer: The crab. The dolphin and snake are not arthropods since they do not have hard
exoskeletons or jointed legs. The seaweed is a plant, not an animal. The crab has an exoskeleton and
jointed legs which are characteristics of arthropods.

Example 2: Which of these is an arachnid?
snake tarantula barnacle hermit crab

Answer: The tarantula. The bamacle and hermit crab are crustaceans. The snake is not an arthropod,
but is a reptile.

To help students learn about the variety of arthropods and their characteristics, students can cut out
pictures of different arthropods and group them according to their characteristics. Students can research
some of the arthropods native to their environment and observe them, being careful not to harm
themselves or the animals.

Fish, Reptiles, Amphibians

Fish, reptiles, and amphibians are cold-blooded animals. This means their bodies do not maintain a regular
body temperature. They must rely on the surrounding environment to warm up or cool down. Students should
know the basic characteristics of fish, reptiles, and amphibians, and be able to distinguish among them.

Fish are animals that live in fresh or salt water. There are many species of fish, but all fish share certain
characteristics. All fish breathe underwater using gills on the sides of their bodies, and all fish have fins, which
help them move about in the water. Sharks are fish and the whale shark is the largest fish in the ocean. Most
fish reproduce by laying eggs, but some give birth to live offspring.

Reptiles are a very diverse group of animals that includes snakes, lizards, alligators, crocodiles, and turtles. All
reptiles have scaly, dry skin and tails. Turtles have very hard scales that form a shell on their body. As they
grow, reptiles molt, or shed, their outer skin, replacing old scales with new ones. Most reptiles have legs, but
snakes do not. All reptiles breathe using lungs. Most reptiles lay leathery-shelled eggs to reproduce, but some
reptiles give birth to live offspring.
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Amphibians are animals such as frogs, toads, and salamanders. The skin of these animals is smooth and moist.
All amphibians are born from eggs laid underwater. They hatch first as fish, complete with fins and gills. In
their next stage of growth, they grow legs. Finally, the fins disappear, lungs replace the gills, and the
amphibian emerges from the water to live on land and breathe air. Adult amphibians continue to live near
watery areas as they get older.

Example: Which of these living things is a reptile?
alligator whale frog goldfish

Answer: The alligator. The frog is an amphibian because of its skin texture and the way it was born. The
goldfish is a fish due to its body structure and the fact that it breathes underwater with gills. Thewhaleisa
mammal, having no characteristics of reptiles at all. The alligator has the rough, dry skin of a reptile and began
its life in a leathery-shelled egg. The alligator is the only reptile in the group.

To help learn about these animals and their different characteristics, students can cut out pictures of different
fish, reptiles, and amphibians and group them according to their characteristics. Students can research some of
the fish, reptiles and amphibians native to their environment and study them, being careful not to harm
themselves or the animals.

Birds and Mammals

Birds and mammals are warm-blooded animals. This means their bodies keep a regular temperature by cooling
or heating themselves from the inside. Mammals and birds breathe air using lungs. Air enters their bodies
through a nose or blowhole, and lungs help the animal get the oxygen it needs from the air it breathes.

Students should know the basic characteristics of birds and mammals and be able to distinguish between them.

Birds are animals that have feathers covering most of their body. They also have wings, usually for
flight. Certain birds, like the ostrich, cannot fly because their bodies are too large and their wings are
too small. Feathers provide covering for the bird's body and are somewhat water repellent and
insulating. Feathers also help with flight. The bones in the skeleton of a bird are light, making flight
easier. All birds have hard beaks in front of their mouths that they use to feed themselves, as well as
special adaptations on their feet to help them walk, wade, perch, or grab prey. All birds reproduce by
laying eggs.

Mammals are animals that have fur, or hair, covering the outside of their bodies. Fur provides warmth
for the animals. Bears, cats, dogs, rodents, deer, elephants, apes, and monkeys are some examples of
mammals. Mammals usually have live births and nurse (feed) their young with milk made within their
bodies. Humans are mammals because we share these characteristics with other mammals. Whales
and dolphins are mammals that live in the ocean. The duck-billed platypus and the spiny anteater from
Australia are mammals that have fur and nurse their young, but they give birth by laying eggs.

Example: Which of these animals is NOT a bird?

N vy

Answer: The butterfly. The songbird, hawk, and ostrich are all birds since they have feathers. The
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butterfly has wings, but has no feathers. The butterfly is an insect, not a bird.

To help students learn about these animals and their characteristics, students can cut out pictures of
different birds and mammals and group them according to their characteristics. Students can research
some of the birds and mammals native to their environment and observe them, being careful not to harm
themselves or the animals.

Life Cycles - B

Animals reproduce, or make more of their kind, at different rates and in different ways. Some animals have
live births while other animals lay eggs. All birds, most reptiles, amphibians, insects, arachnids, mollusks, and
fish lay eggs to reproduce. Their eggs come in many shapes, colors, and sizes, and the way animals lay and
care for their eggs varies. Spiders wrap their eggs in silky web sacks. Birds build nests to hold their eggs and
cover them with their bodies to help keep them warm. Some fish and insects lay their eggs attached to plants
or rocks, while other fish and insects scatter their eggs in many places. Some insects, like bees, build nests,
called hives, where they lay their eggs. Amphibians always lay their eggs underwater, while reptiles lay
leathery-shelled eggs on land. Students should be able to identify animals that lay eggs to reproduce as well as
where and how those eggs are laid.

Example 1: Which of these animals does NOT reproduce by laying eggs?
birds bees butterflies bears

Answer: Bears. Birds lay eggs to reproduce. Bees and butterflies are insects, which also lay eggs to
reproduce. Bears are mammals, and they have live births rather than lay eggs.

When insects and amphibians hatch from eggs, they go through stages of growth during which their bodies
change dramatically. This process of change is called metamorphosis. Each of the stages of metamorphosis
has a name. Students should know the stages of metamorphosis and be able to sequence the stages in their
proper order.

When young insects first emerge, they look like a soft worm, called a larva. The larva needs food that is easy
to get, because the larva cannot move around very much. Many insects surround their larvae with food, like
bees do with honey, so that each larva is protected and can eat when it wants. When the larva enters the next
stage, it becomes a pupa. As a pupa, the young insect grows body parts necessary to protect it. With
butterflies, the pupa is covered with a hard coating, or cocoon. Not all insects have a cocoon at the pupa stage.
When the insect emerges from the pupa stage, it becomes an adult and is able to reproduce.

Amphibians, such as frogs, toads, and salamanders, have different names for their stages of metamorphosis.
When amphibians emerge from the egg they are tadpoles, and resemble fish. Then, they grow legs and lungs
in their next stage before emerging from the water as adults.

Example 2: Put these stages of insect metamorphosis in order:

1 - pupa
- adult
3 -larva

4 egg

Answer: 4-3-1-2. Firstthe insect hatches from the egg (4) then it is a larva (3), then becomes a pupa (1),
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and finally, an adult (2).
These activities will help students learn about the stages of metamorphosis:

Activity 1: Have students make flashcards with the stages of insect or amphibian metamorphosis drawn on
one side, and the name of the stage on the other. Students should be able to sequence the stages of
metamorphosis, associate the stage with its name, and know what types of animals undergo metamorphosis.

Activity 2: Encourage students to watch metamorphic changes in insects and amphibians in the wild, in a
tank, or in a bug box, being careful not to harm themselves or the animals.

Activity 3: Using pictures of animals, have students sort them into the two ways they reproduce: by live birth,
or by egg.

Invertebrates and Vertebrates
Students should understand that animals are organized into two categories, vertebrates and invertebrates,
Vertebrates are animals that have a backbone and invertebrates are animals that do not have a backbone.

Vertebrates have an endoskeleton, which is an internal skeleton that supports and protects the organism's body.
Vertebrates, such as humans, dogs, snakes, fish, and birds, can be further categorized as warm-blooded or
cold-blooded vertebrates. A warm-blooded animal maintains its own body temperature. Humans and dogs
have a specific body temperature because their own energy is used to keep it constant. Cold-blooded animals
have a body temperature that is controlled by the temperature of their surroundings. Snakes and fish are both
cold-blooded vertebrates. To keep their bodies warm, they must live in warm environments or bask (lay) in the
sun,

Invertebrates do not have an internal skeleton. Many invertebrates have a shell, or exoskeleton, that protects
the organism's soft body. Many types of invertebrates live in the ocean, such as sponges, coral, starfish, sea
anemone, jellyfish, crabs, octopi, clams, and snails. The largest and most common group of invertebrates is the
insects.

Example: Which of the following is an invertebrate?

A. snake
B. bird

C. octopus
D. fish

Answer: C. The octopus does not have a backbone, so it is an invertebrate. The snake, bird, and fish all
have backbones so they are vertebrates,

To learn more about vertebrates and invertebrates, students can find pictures of animals in books and magazines

and classify them as vertebrates or invertebrates, and cold-blooded or warm-blooded.

Flower Parts and Functions
Students should understand the process of reproduction in flowering plants, including the flower parts necessary
for reproduction.
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The following diagram shows the general shape and location of the parts of a flower.

Petal

The petals protect the interior flower parts and attract insects.

The sepal is a small leaf-like part on the bottom of the flower that protects the young flower (bud).
The stamen is the male reproductive structure of the flower and is made up of the anther and filament.
It produces powdery pollen grains which are the male sex cells of the flower.

The filament holds up the anther.

The anther produces and holds pollen.

The pistil is the female reproductive structure of the flower and is where seeds are produced. It is made
up of three parts: the stigma, style, and ovary.

The stigma is the opening of the ovary.

The style is a tube connecting the stigma to the ovary.

The ovary is where the eggs, the female sex cells of the flower, and seeds are produced.

Flowering plant reproduction begins with a process called pollination, during which pollen is carried to
the stigma by wind, insects, or other means. Insects and other animals often carry pollen between
flowers. They are attracted to the petals' bright colors and perfumes. After pollination, the pollen
grain makes its way down the style into the ovary. Once in the ovary, the pollen grain will unite with
the egg. This union is called fertilization. After fertilization, seeds begin to develop inside the ovary.
As the seeds grow, the ovary swells and hardens to protect the seeds.

To study the process of plant reproduction, students can make a flow chart showing the steps of
reproduction, including the parts of the flower involved. Also, students can find various flower samples
and identify their parts. The interior parts of a flower can be observed by removing one or two petals.
Different flowers have different forms of flower structures. After identifying the structures inside the
flowers, students should discuss each structure's role in reproduction.

Energy Pyramid

The energy pvramid is a model that shows the relationships between trophic levels in an environment and the
amount of energy that is passed from organism to organism. A trophic level is a group of organisms
performing a specific role in an environment. The trophic levels are producers, primary and secondary
consumers, and scavengers.

Students should know the definitions and apply an understanding of the energy relationships between primary
and secondary consumers, producers, and scavengers.
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Producers are plants; they make their own food from the sun. A consu er is an organism that cannot
make its own food, so it feeds on plants or other animals. Primary ¢ nsumers eat only producers and
secondary consumers eat other consumers. A scavenger is a seco dary consumer that feeds on dead or
decaying organisms. Here are some examples of the interactions between these trophic levels:

A sparrow (secondary consumer) eats a seed (producer).

A vulture (scavenger) eats a dead lion (secondary consumer).
An owl (secondary consumer) eats'a mouse (primary consumer).
A mouse (primary consumer) eats grass (producer).

An energy pyramid shows most of these relationships in pyramid form. Producers are on the bottom of
the energy pyramid. They get all of their-energy from the sun. -The next level is the primary
consumers. They get their energy from eating the producers, but there is less energy at this level
because some energy was lost in the exchange as heat. Secondary consumers get energy from eating
primary consumers. There is the least amount of energy at the top level of the pyramid because energy
is lost in each exchange. As you can see in the following diagram, the higher you go in the pyramid,
the less the amount of energy.

Energy Pyramid

Sec  dary Consumers

Scavengers nergy
Primary ffme
5 Constgners
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clas ifyth asp ducers,p mary consumers, secon ary consumers, or scavengers. On a piece of
blank ape they an create their own energy pyrami y pasting the organisms in the proper trophic
level and1 eling e trophic evels on the pyram'd.




