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The problem of using a state adopted textbook written 

to apply to a large body of students with varying interests 

and needs was overcome by using a detailed syllabus that 

arranged course content in a meaningful sequence that 

appealed to student interest. The outlined syllabus 

prepared a two semester life science curriculum to be used 

by the teacher to guide lesson planning. Both semesters 

were divided into three units each. Materials included in 

the syllabus were given to actual student groups in real 

classroom settings. Since hands on learning was an 

important part of classroom instruction, two laboratory 

sections were included in the appendices to be used with the 

syllabus. 
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PREFACE 

This thesis deals with the problem of using a state 

adopted text in the teaching of the life science curriculum 

in the public schools of Texas. The goal for this writing 

project is to design a workable syllabus which can be used 

in preparing a seventh grade life science curriculum. The 

ideologies and philosophies which helped originate this 

document have been ten years in the making through actual 

teaching experience. Materials were used with different 

groups of students in actual classrooms then reworked, 

reorganized, and in some cases discarded entirely. 

It is the hypothesis of this thesis that the problem of 

using a state adopted text can be overcome by constructing a 

well written syllabus which organizes content and sequences 

material appropriately. Book organization of materials is 

often poorly structured and not written in the best learning 

sequence. For example, ecology materials usually placed in 

the back of a textbook were frequently skipped because of 

lack of time at the end of the year; and if covered at all, 

done so in a hurried abbreviated manner. By arranging 

course sequence in a different manner, not only can the 

material be covered in a less hurried atmosphere but proper 

time can be devoted to an important part of the curriculum. 

Merrill Life Science by the Glencoe Division of MacMillan/ 
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McGraw-Hill, 1994 edition, appears to have overcome some of 

the problems; however, a syllabus is still needed. 

In the teaching of seventh grade students, organization 

and placement of materials is critical to their 

understanding and acceptance of materials. It becomes a 

slow, laborious task to select materials which spark student 

interest and then to organize those same materials into a 

meaningful sequence which captures their attention and 

maximizes student achievement. Even with the use of this 

syllabus, it will be necessary for each teacher to divide 

the outline into appropriate segments with regard to lecture 

time as well as the number of days,to be spent on each 

topic. Ability levels, prior learning experience, and 

maturity of the students will determine the presentation 

pace. It is important to note that there is less emphasis 

on teacher lecture and more focus on student involvement. 

Lecture notes are delivered in brief introductory periods of 

no more than 15 minutes in length with the rest of the 

period devoted to reinforcement activities such as labs. 

This syllabus is written using a basic life science 

curriculum, divided into two semesters of three segments 

each. The first semester covers "A Scientist Studies the 

Outside World" and is organized into the following three 

segments: "The Nature of Science", "Life in the Biosphere", 

and "Classification of Living Things". The second semester 

covers "A Scientist Looks Inside Body Systems" and is 



organized into three more segments as follows: "The Human 

Body at Work", "Health Hazards Which Affect the Body", and 

"Patterns of Inheritance". 

This organization and sequencing of materials 

capitalizes upon student interest and introduces the 

important parts of the curriculum in a logical way. Thus, 

the problem of using a state text written to be widely used 

throughout the state with all types of student groups, in 

many geographical areas with varied economies, and in places 

with differing degrees of opportunity for intellectual 

enrichment has been overcome. Once again, it should be said 

that the success of the curriculum guided by this syllabus 

rests exclusively with the teacher as appropriate choices 

are made, enthusiasm is engendered in the student, and as 

appropriate reinforcement activities are selected for 

enrichment from materials available in this document and 

from other sources. 
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A TWO SEMESTER LIFE SCIENCE SYLLABUS 

FIRST SEMESTER: A SCIENTIST STUDIES THE OUTSIDE WORLD 

Section I: The nature of science 

A. Methods of scientists 

1. Who are scientists? 

a) If you have a question about the world 

where you live, you think like a scientist. 

Have you ever wondered if your brand of 

toothpaste really is the best; or, have you 

ever asked yourself why some trees lose 

their leaves in the winter while others 

stay green? Scientists are the persons who 

try to find answers to their questions. 

b) Some scientists ask questions more related 

to the study of our planet. This branch of 

science is called Earth Science. Other 

scientists ask questions about how 

chemicals affect the human body and are 

referred to biochemists. Life scientists 

usually study living organisms and their 

needs. Many life scientists study only one 

kind of living thing such as botanists who 
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work with plants or zoologists who work 

with animals. Ecologists study how many 

living things relate to one another. 

Genetists try to find out how one 

generation of organisms passes traits on to 

the next. 

c) What does a scientist look like? Most 

people think a scientist is one who wears a 

lab coat, has a pocket protector and pen, 

is a male and surrounds himself with a lab 

full of exploding chemicals. Many 

scientists dress in ordinary clothes and 

seldom stay indoors. Shirley Mah Kooyman 

is a plant scientist who does research on 

questions like "What makes wild wheat grow 

on the roadside?" She works inside an 

arboretum in an inside space where plants 

are grown for study in Chanhassen, 

Minnesota. (Watkins and Leto 1994, 313) 

George Washington Carver, born of slave 

parents, revolutionized farming by 

developing over 300 different products from 

peanut oil. He taught farmers how to 

rotate crops and restore nutrients to the 

soil during post civil war days. (Watkins 

and Leto 1994, 312) In 1986, Rita Levi-
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Montalcini became the fifth woman to 

receive the Nobel prize for finding a 

special nerve growth factor in higher 

organisms. (Watkins and Leto 1994, 201) 

Solving scientific problems 

Scientists do not always find the answers to 

their questions, but they always try to solve 

the problem in an organized way. The procedure 

which they use is called the scientific method. 

All scientific experiments follow the steps of 

this method, see appendix 1, page 160. 

a) The problem is always stated in the form of 

a question being asked. If a question 

cannot be phrased, then the problem is not 

specific enough. The topic "photosynthesis" 

is too general; it would be hard to devise 

an experiment unless a question such as "Do 

plants need light to grow" is asked. It is 

important to get as much information about 

the problem as possible before starting. 

This research helps avoid mistakes in the 

beginning of an experiment. 

b) The next step scientists take is to form a 

hypothesis or guess about the answer to the 

problem. A hypothesis is something which 

can be tested by doing an experiment. 
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c) Scientists list all of the materials needed 

for the experiment. They are very specific 

so that everything needed to do the 

experiment is listed. 

d) Carefully, scientists write down the steps 

of the experiment. This is called the 

procedure. Only one variable at the time 

can be tested. The variable is the factor 

or condition which is being changed or 

varied. The variable is tested using 

controlled conditions . This means using 

one group or sample as the standard which 

does not receive the variable. The other 

group receives the variable and is called 

the experimental group. Penicillin could 

be the variable tested on a plate of 

streptococcus bacterium. The results of 

this experimental group is compared to the 

control plate of streptococcus bacterium 

which does not receive any penicillin. 

e) As the experiment is performed, information 

or data is collected. Direct observation 

using one of the five senses may be used. 

In the case of the streptococcus bacterium, 

simply looking at the dish will give 

valuable information. However, in many 
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experiments, scientific instruments such as 

a microscope or metric ruler are necessary 

to observe results. This is referred to as 

indirect observation. Data are collected 

and stored in charts or graphs using 

metric measurements. 

f) After the data are analyzed, a conclusion 

is drawn. This is the answer to the 

question that began the experiment. A 

conclusion tells whether the hypothesis is 

supported by the data gained during the 

experiment. 

How scientists measure 

a) Measuring in SI 

Scientists must use measurements which are 

understood throughout the world and are 

uniform in all countries. This system of 

measurements is known as the International 

System of Units or SI. This system can be 

understood in all countries and is based on 

certain metric units. All units are based 

on powers of ten and multiplying and 

dividing are easily accomplished by moving 

the decimal place. Prefixes added to a 

unit help describe the size of the 

measurement like centimeter where centi 
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means 1/10Oth of a meter. 

b) Units in SI 

Measurements of length, mass, volume, and 

temperature are easy to use in the metric 

system. See appendix 1, page 161, for a 

comparison of English and metric units. It 

is helpful to note that a large mayonnaise 

jar is almost a liter, the eraser on the 

end of a drinking straw is about half a 

centimeter, the edge of a penny is almost 

the size of a millimeter, a penny weighs 

just about 2.5 grams, and a meter is just 

about the distance of most doorknobs from 

the floor. 

(1) Measurements of length are based on 

the meter. A metric ruler or 

meterstick is divided into 100 

centimeters; and, each centimeter is 

divided into 10 millimeters which 

means that the meter contains 1000 

millimeters. It takes 1000 meters to 

equal a kilometer, the unit that is 

used for large distances. 

(2) The amount of matter in an object is 

called mass. A balance is the 

scientific instrument used to measure 
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mass. Small units like grams and 

milligrams are measured on the 

balance. Larger masses are measured 

in kilograms. 

(3) Volume measures the amount of space 

that an object occupies. Volume can be 

calculated by measuring the length 

times the width times the height of an 

object. Since cubic meters are too 

large to use in most laboratory 

experiments, the cubic centimeter is 

used. Liquids are usually measured in 

liters which are 1000 cubic 

centimeters. Very small liquid 

quantities are measured in 

milliliters, one thousandth of a 

liter. A graduated cylinder is one 

kind of scientific instrument used to 

measure liquids. 

(4) Temperature is measured in degrees 

using a thermometer. The Kelvin scale 

is used in the SI system. However, 

since most experiments do not need the 

great range of temperatures that the 

Kelvin scale offers, the simpler 

Celsius scale is often used. It is 
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based on the fact that water boils at 

100 degrees and freezes at 0 degrees 

at sea level. 

Recording data using graphs 

a) After scientists gather data in charts, the 

information is usually displayed in a graph 

for quicker easier viewing. There are 

three kinds of graphs used. A line graph 

is usually chosen to show the relationship 

between two variables. One variable is 

placed on the x-axis or the horizontal side 

of the graph and the other variable is 

placed on the vertical side or y-axis of 

the graph. See appendix 1, page 162. 

b) A bar graph may be used to display a 

variable that does not continuously change. 

A thick bar is drawn from the x-axis up to 

the y-axis where it stops at an imaginary 

line running across the y-axis to show the 

proper measurement or count of that 

variable. See appendix 1, page 162. 

c) Another type of graph is the pie graph. In 

this type of graph a circle is divided into 

sections or pie slices to show the percent 

of the whole. All the parts of the pie 

must equal 100 percent. A protractor and a 
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compass are needed to draw this type of 

graph. See appendix 1, page 162. 

5. Laboratory safety 

Getting to do an experiment is certainly more 

interesting than reading about the same 

experiment. Safely using scientific equipment 

is important to avoid injury. Lab safety rules 

are listed as follows: 

a) Never work in the lab alone. 

b) Use safety glasses or goggles and wear an 

apron when using chemicals or heating 

materials. 

c) Know where safety equipment is located such 

as first aid kit, fire extinguisher, 

emergency telephone, and eye wash station. 

d) Report any dangerous occurrences or 

chemical spills to the teacher immediately. 

e) Never eat or drink in the lab unless it is 

part of the lab procedure instructed by the 

teacher. 

f) Keep work area neat. Be sure all 

electrical cords are fastened in a safe 

way. 

g) Turn off all equipment when not in use. 

h) When heating test tubes, keep openings 

pointed away from any person. 
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i) Do not use glassware that is cracked or 

chipped. 

j) Tie back hair and roll up sleeves while 

working. 

k) Always study the procedure before beginning 

the experiment. 

1) Return all materials to the proper place. 

m) Never pour chemicals down the sink. 

Discard all chemicals and broken glass into 

appropriate containers. 

B. Scientists study a changing world 

1. The chemical basis of life 

a) Anything in the world which takes up space 

and has weight is called matter. Matter is 

made up of small units called atoms. If an 

atom is divided, it is made up of several 

unlike pieces. Protons are positively 

charged pieces that are found in the center 

of the atom. The number of protons that an 

atom has is its atomic number. There are 

also neutrally charged pieces in the center 

of the atom called neutrons. Revolving in 

spaces or imaginary shells outside the 

center are negatively charged electrons. 

Electrons weigh very little but are 

important in determining the properties of 
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the atom. Usually, the atom has the same 

number of protons, neutrons, and electrons 

unless it is involved in some kind of 

chemical reaction with other atoms. The 

weight of all pieces of the atom is called 

its atomic mass. 

b) Like or similar atoms which are grouped 

together are called elements. All the 

known elements are grouped into families 

with like properties in a chart called the 

Periodic Table. 

(1) Each element is given its own symbol. 

H for hydrogen. 0 for oxygen. 

(2) Elements are arranged in order of 

increasing size by their atomic mass. 

The first atom in the Periodic Table 

is hydrogen with an atomic number of 

one denoting its one proton. It has 

the smallest atomic mass. Uranium is 

the largest naturally occurring atom 

with an atomic number of 92. There 

are only a few larger manmade 

elements. 

(3) Elements are grouped according to 

similar properties. Each row in the 

Periodic Table represents the filling 
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of energy shells with electrons. The 

end of each row marks a filled energy 

shell. Helium, for example, fills the 

first energy shell with two electrons. 

Neon fills the first shell with two 

electrons and a second shell with 

eight electrons making a total of ten 

electrons in all. The emptying and 

filling of these energy shells result 

in chemical reactions which determine 

the nature of the world. As a general 

rule, elements to the left side of the 

chart give up electrons to become more 

positively charged. Elements to the 

right side of the chart usually accept 

electrons from other elements. Sodium 

chloride, NaCl, is an example of a 

chemical reaction caused by the 

movement of electrons in energy 

shells. Some elements near the 

chart's center share electrons more 

evenly as does carbon. 

c) Types of compounds 

The chemical basis of life cannot be broken 

down into a single substance. Instead, 

living things are made up of combinations 
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of many different substances or chemicals. 

Combinations of at least two of these 

chemicals are called compounds. Water is an 

example of a compound made up of hydrogen 

and oxygen. Different compounds make up the 

both the living and non-living portions of 

the world. Nonliving compounds are said to 

be part of the abiotic portion of our 

world. Living things make up the biotic 

portion of our world. Almost all compounds 

can be described as one of the three forms 

or phases of matter: gases, liquids, or 

solids. Adding energy in the form of heat, 

light, or motion may cause a change in the 

phase of matter. 

(1) Organic compounds 

Compounds made by living organisms 

possess carbon and are called organic 

material. Coal is an example of 

organic material formed millions of 

years ago and left behind to form a 

record of earlier time. There are four 

basic types of organic material: 

carbohydrates, lipids, proteins, and 

nucleic acids. 

(a) Carbohydrates are sugars, 
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starches, and cellulose which are 

made up of carbon, hydrogen, and 

oxygen. These products are broken 

down to produce energy. 

(b) Lipids are fats, oil, and waxes 

which store and release an even 

greater supply of energy. 

(c) Proteins are used as building 

materials and chemical regulators 

for the cell. These protein 

regulators are called enzymes. 

(d) Nucleic acids store and carry 

information for the cell as RNA 

and DNA. 

(2) Inorganic compounds 

Inorganic compounds without carbon are 

found in both living organisms and 

nonliving substances. Water is a good 

example of an inorganic compound found 

everywhere. Some inorganic compounds 

are dangerous to life and would be not 

be found in living tissues. 

2. Characteristics of living things 

a) All living things need energy. Green 

plants make food which both plants and 

animals use to make energy. Releasing 
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energy by using food is called respiration. 

b) Organisms externally respond to changes in 

their environment. Any change in the 

environment is called a stimulus. For 

example, the response of a potted plant 

sitting near a window is to turn toward the 

stimulus of light. 

c) Movement is also a characteristic of living 

things. There is great variety in the 

method used, from the slow crawling snail's 

foot to the wings on a butterfly. Even 

plants move, like the runner on a 

strawberry plant. 

d) Internal changes are also made as organism 

try to keep their bodies in balance. The 

steady state that the organism maintains is 

called homeostasis. Sweating to keep the 

body cool is an example. 

e) All organisms reproduce. Simpler organisms 

reproduce by fission, making two exact 

copies of themselves. More complex 

organisms reproduce sexually by sharing 

genetic information between two parents and 

producing offspring which are not exactly 

like either parent. 

f) Growth and development is also a 
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characteristic of all living things. The 

body's building up and breaking down 

processes are called metabolism. 

g) Organisms use adaptations to survive. A 

bird's beak or fingers on a hand are some 

examples of adaptations which help an 

organism survive. 

h) All living things have a life span. After 

which they die and once again become a part 

of the cycle of life. (Daniel, Ortleb, and 

Biggs 1994, 6-8) 

3. Questions about life's origins 

a) In ancient times, people believed that 

living things frequently developed from 

nonliving natural elements of the earth. 

This ancient belief is called spontaneous 

generation. For example, raindrops falling 

to the earth becoming tiny frogs and 

horsehairs in a water trough becoming worms 

were common beliefs. Jan Baptist van 

Helmont wrote a recipe for mice by 

combining grain and old rags.(Daniel, 

Ortleb, and Biggs 1994, 10) 

b) In 1668, an Italian doctor, Francesco Redi 

conducted one of the first controlled 

experiments to disprove the theory that 
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maggots came from decaying meat. He showed 

that maggots came from flies laying their 

eggs on the meat. 

c) Lazzaro Spallanzani, experimented with a 

boiled soup mixture which he sealed in a 

flask to prevent spoiling. People argued 

that the soup did not generate tiny 

organisms to spoil the broth because air, a 

"vital force", could not get in the sealed 

flasks. 

d) In the mid 1800"s spontaneous generation 

was finally refuted by Louis Pasteur who 

designed special flasks to hold boiled 

broth that had curved necks which trapped 

dust particles and let air into the flask. 

The flasks with broth were heated to 

boiling and stayed fresh, even though open 

to the air until the curved neck was broken 

off. Spontaneous generation was replaced 

with biogenesis, the belief that life comes 

from life. 

e) In 1953, an American, Stanley Miller, 

designed an experiment which sent an 

electric charge through chemicals to create 

amino acid like substances using a 

hypothesis by a Russian, Alexander Oparin 
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about the earth's early atmosphere which 

stated that no free oxygen was present only 

gases like hydrogen, ammonia, methane, and 

water. Abiogenists feel that in the 

earth's early atmosphere certain nonliving 

materials were transformed into living 

substances. They believe that spontaneous 

generation had to happen at least once for 

life to begin. There are still many 

unanswered questions about how life began. 

(Daniel, Ortleb, and Biggs 1994, 11-12) 

C. Scientists study the units of life 

1. The history of the microscope 

a) In 1590, Zacharias Janssen, a Dutchman who 

made reading glasses, made the first 

compound microscope by putting two lenses 

together. These first large images were 

not very clear. 

b) Another Dutchman, Anton von Leeuwenhoek, in 

the 1600's designed a simple hand held 

microscope made from a glass bead for a 

lens that magnified 270 times and showed 

tiny organisms in pond water that no one 

had ever seen before. (Daniel, Ortleb, and 

Biggs 1994, 31) Von Leeuwenhoek called 

these first microorganisms "animalcules". 
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c) Modern microscopes are either use light or 

electrons to view objects. 

(1) Light microscopes can be grouped into 

simple, one lens, microscopes or 

microscopes that use two lens at the 

time and are called compound. In the 

compound microscope, one lens is in 

the eyepiece and another is in the 

objective. To calculate the total 

magnification of an object, the power 

of the eyepiece usually 10X is 

multiplied by the power of the 

objective lens usually either 10X for 

the low power objective and 4OX for 

the high power objective. On high 

power the total magnification would be 

close to 400X. See appendix 1, page 

163 and 164, for the identification of 

microscope parts. 

(2) There are two basic kinds of electron 

microscopes. The transmission 

electron microscope (TEM) studies the 

inside of a cell by slicing thin 

sections and placing them in a vacuum 

where rays of electrons guided by 

magnets pass through the sample. The 
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image is enlarged up to 1 million 

times and viewed on a television 

screen. Only dead samples can be 

studied. (Maton and others 1994d, 67) 

In the scanning electron microscope 

(SEM) the surface of living cells is 

shown. Magnification is up to 

300,000X. (Daniel, Ortleb, and Biggs 

1994, 32) 

The cell theory 

a) In 1665, an English scientist, Robert 

Hooke, viewing cork under the improved 

compound microscope saw tiny empty boxes 

which he called "cells", which reminded him 

of the "cells" where monks prayed. 

b) Two Germans, Matthias Schleiden in 1838 

studying plants and Theodore Schwann in 

1839 working with animals, became convinced 

that cells were the basic units of all 

living things. 

c) Rudolf Virchow, a German doctor, in the 

late 1800's stated that any cell which now 

exists came from another cell that already 

existed. His work combined with work from 

others like Louis Pasteur helped provide 

evidence for the making of the cell theory. 
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(Daniel, Ortleb, and Biggs 1994, 31-34) 

d) Summary of the cell theory: 

(1) All organisms are made up of one or 

more cells. 

(2) Cells are the unit of structure and 

function for all living things. 

(3) All cells come from preexisting cells. 

3. Studying the cell 

a) Types of cells 

(1) Prokaryotic cells have a simple 

structure without a nuclear membrane 

separating the nucleus from the rest 

of the cell. Bacteria are one 

example. 

(2) Eukaryotic cells are more complex and 

have a nucleus surrounded by a nuclear 

membrane. Plants and animals have 

eukaryotic cells. 

b) Cell structure 

(1) The cell membrane surrounds the 

outside of the cell and controls the 

movement of substances into and out of 

the cell. Diffusion, the movement of 

substances from areas of higher 

concentration to areas of lower 

concentration occurs through the cell 
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membrane. For example, the movement 

of carbon dioxide out of the cell 

membrane is passive requiring the 

addition of no energy and is 

accomplished through diffusion. Some 

substances are pulled through the cell 

membrane and require the addition of 

energy to get inside the cell this is 

called active transport. Most of the 

time materials are taken inside the 

cell by water. This kind of transport 

is called osmosis. Wastes are also 

eliminated through this outside 

membrane. The control of the cell 

membrane is accomplished by a double 

layer of fat and protein that make up 

the membrane. Substances too large to 

pass through the membrane may be 

folded up into the membrane and 

pinched off into the cytoplasm in a 

special sac. This process is called 

endocytosis. The opposite process by 

which wastes are released is called 

exocytosis. (Daniel, Ortleb, and 

Biggs 1994, 60) 

(2) Just inside the cell membrane is the 
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gel-like material which makes up the 

cytoplasm. Water and many nutrients 

which nourish the cell make up this 

flowing material. There are many 

organelles which are found in the 

cytoplasm as follows: 

(a) A folded membrane which snakes 

around the cell like canals in a 

river is called the endoplasmic 

reticulum. The ER moves 

materials like proteins made by 

the ribosomes around the cell. 

(b) Ribosomes are often located in 

eukaryotic cells in the ER. 

Cells are then described as 

having rough endoplasmic 

reticulum. Other ribosomes are 

also scattered around the cell's 

cytoplasm. Proteins are made 

here. 

(c) Special stacks of membrane 

covered sacs that control 

proteins that are secreted from 

the cell are called Golgi bodies. 

This organelle loads, packages, 

and removes protein products from 
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the cell. 

(d) The producing "power plant" of 

the cell supplying energy as 

needed are the mitochondria. 

Muscle cells have a large number 

of mitochondria. 

(e) Lysosomes produce chemicals to 

get rid of waste products and 

worn out cell parts. 

(f) Often taking up much of the space 

in the cytoplasm is the storage 

area or vacuole. Water, 

undigested food, or wastes may be 

stored in the vacuole. 

(g) Plant cells may also contain an 

additional organelle, the 

chloroplast. It is here that the 

sun's energy is trapped by 

chlorophyll in the stacked rows 

of the chloroplast. The 

chlorophyll gives the plant its 

green color. (Daniel, Ortleb, 

and Biggs 1994, 39-41) 

(3) Separated from the cytoplasm by the 

nuclear membrane the nucleus controls 

and directs all the cell's activities. 



25 

"Blueprints" giving genetic 

instructions for the cells operations 

are found in long threads called 

chromatin. Proteins and 

deoxyribonucleic acid, DNAf make up 

the chromatin threads. In a dividing 

cell, these threads shorten and 

thicken to make cell division easier 

and are called chromosomes. 

c) Cell organization 

(1) Cells which have specific jobs have a 

unique shape and design. Transport 

cells in plants, bone cells in the 

skeleton, and nerve cells in the 

spinal chord are all examples of 

specialized cells. 

(2) Cells doing the same job join together 

to form a tissue. Tissues work 

together to form organs which carry 

out larger tasks. Organs can be 

grouped together into body systems 

which coordinate together to make up 

the whole organism. 

d) Energy for the cell 

The process of trapping and releasing 

energy which allows the organism to stay 
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alive, grow, and reproduce is called 

metabolism. 

(1) Trapping energy is accomplished by 

producers, plants, that make their own 

food. The changing of light energy 

into chemical energy is called 

photosynthesis. During this process 

energy trapped from the sun by 

chlorophyll is used to make glucose 

from carbon dioxide and water. Green 

plants use up some of this energy but 

the rest is stored. The equation for 

this process is as follows: 

6C02 + 6H20 --> 602 + C6H1206 

(2) Releasing energy by breaking down food 

is called cellular respiration. In 

most organisms, glucose is the food 

source used and, combined with oxygen, 

releases energy for the cell. The 

equation for this process is as 

follows: 

602 + C6H1206 --> 6C02 + 6H20 

In some cells, when oxygen levels are 

low, glucose can be changed into 

energy by the process of fermentation. 

Certain yeasts, bacteria, and muscle 
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cells can function without oxygen. In 

muscles, lactic acid, a byproduct of 

energy production without oxygen, 

makes muscles ache. In yeasts, carbon 

dioxide and alcohol are released. 

Organisms which use the food produced 

by plants are called consumers. 

(Daniel, Ortleb, and Biggs 1994, 64-

65) 

e) Cellular growth and reproduction 

(1) Mitosis is the process of regular body 

cell division. This is the process 

that would create new red blood cells, 

replace worn out skin cells, and heal 

skin cuts or bruises. Most of the 

cell's life is spent in interphase, a 

period of growth and development. 

During this phase homologous 

chromosomes, one inherited from each 

parent carrying like genes, make 

copies of themselves so that later 

cell division is possible. At some 

point in the cell•s life it becomes a 

parent cell by separating identical 

chromosomes groups into two nuclei and 

dividing the cytoplasm. It then 
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ceases to exist as a single cell and 

becomes two identical new cells. This 

process is called mitosis and is 

divided into prophase, metaphase, 

anaphase, and telophase. 

(a) In prophase chromosomes become 

visible and the nucleolus, an 

area of concentrated genetic 

material, and nuclear membrane 

disappear. In animal cells, 

spindle fibers stretch from the 

centriole, a rod shaped body at 

the poles of the cell, toward the 

individual chromosomes. Plant 

cells do not have centrioles. 

(b) During metaphase, chromosomes 

line up at the center of the cell 

and spindle fibers connect to the 

centromere, the point where the 

double-stranded chromosome is 

held together. 

(c) As the process of division 

continues, the centromere divides 

and the two strands of the 

chromosome separate. Spindle 

fibers pull the two groups of 
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chromosomes toward the 

centrioles. This stage is 

anaphase. 

(d) In the last stage, telophase, 

centrioles and spindle fibers 

disappear while the two identical 

groups of chromosomes bunch 

together forming a reappearing 

nucleolus and nuclear membrane. 

Animal cells seem to pinch apart 

their cytoplasm and rebuild the 

cell membrane. Plant cells form 

a cell plate between the two 

nuclei where the cell wall is 

rebuilt. ( Daniel, Ortleb, and 

Biggs 1994, 76-78) 

(2) Meiosis is the type of cell division 

during which sex cells are formed. 

Normal body cells contain copies from 

both parents of each chromosome and 

are called diploid. Human body cells 

have 46 chromosomes, 23 from each 

parents. Sex cells receive only one 

copy of each chromosome from only one 

parent and are described as haploid. 

Human sperm and egg cells have 23 
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chromosomes each. All 23 chromosomes 

are double-stranded having 2 copies of 

the DNA material. When they join, the 

complete number of 46 is found in each 

cell of a developing embryo. In 

meiosis, there are two divisions 

necessary to complete the separation 

of chromosomes. 

(a) Meiosis I 

i) During prophase I, double-

stranded chromosomes, 

spindle fibers and 

centrioles appear. 

Homologous parent 

chromosomes pair up and the 

nuclear membrane and 

nucleolus disappear, 

ii) Chromosomes line up at the 

center of the cell in 

metaphase I. 

iii) In anaphase I, each double-

stranded chromosome is 

separated from its parent 

pair. 

iv) The reforming of the cell 

membrane defines telophase 
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I. Each chromosome is still 

in its double-stranded 

state. 

(b) Meiosis II 

i) In prophase II, each one of 

the newly formed cells has 

visible double-stranded 

chromosomes and spindle 

fibers. 

ii) Chromosomes line up at the 

cell's center during 

metaphase II. 

iii) As anaphase II begins, the 

centromere splits and each 

chromosome strand separates 

moving to the opposite end 

of the cell. 

iv) During the last stage, 

telophase II, the nucleus 

reappears as four new cells 

form with half the number of 

the original cell. 

Chromosome combinations have 

been reshuffled adding 

genetic variety. (Daniel, 

Ortleb, and Biggs 1994, 84) 
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f) The cell's code of life 

(1) DNA structure 

Life is passed on generation to 

generation in a chemical code called 

DNA. This large molecule discovered 

by James Watson and Francis Crick in 

1953 using x-ray techniques. It has a 

spiral ladder configuration. The 

handrails of this winding staircase 

are made up of sugar and phosphate 

molecules while the steps of the 

staircase are four kinds of nitrogen 

bases arranged in combinations of two 

interlocking bases for each step. 

These bases are adenine, thymine, 

cytosine and guanine represented by 

letters A, Tf C and G. Adenine always 

pairs with thymine and cytosine with 

guanine. By the arrangement and 

number of steps on the DNA ladder, 

protein synthesis is determined. The 

directions for a specific protein, 

represented by thousands of base 

pairs, is called a gene. 

(2) DNA replication 

When a cell divides, the DNA code 
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found in the chromosome must be copied 

and passed on to the new cells. As 

the process begins, the DNA ladder is 

broken apart leaving one base attached 

to each side of the ladder as an 

enzyme cuts apart the base pairs. New 

bases supplied in the cytoplasm attach 

to the remaining base on each side of 

the ladder, phosphate and sugar 

molecules form new sides, and two new 

ladder strands are completed. 

(Daniel, Ortleb, and Biggs 1994, 86-

88) 

(3) The protein code 

The actual message or code for making 

the protein must be carried to the 

ribosomes in the cytoplasm. RNA is 

the messenger which accomplishes the 

task. RNA is a single stranded 

nucleic acid with uracil substituting 

for the thymine in DNA. There are two 

different kinds of RNA, messenger RNA, 

mRNA, which picks up the information 

from DNA in the nucleus and transfer 

RNA, tRNA, which delivers amino acid 

pieces to the ribosome to carry out 
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the instructions for assembling the 

protein. During protein synthesis, 

the DNA ladder unwinds and temporarily 

separates its two sides long enough 

for the mRNA to pick up the message by 

copying the order of the bases in the 

ladder segment. The message is taken 

to the ribosome where tRNA assembles 

the protein be instructions on mRNA. 

(Daniel, Ortleb, and Biggs 1994, 90) 

(4) Mutations 

The protein code must be accurately 

passed on from cell to cell in order 

for the organisms to grow, develop, 

and maintain life. A change in the 

order of base pairs alters the gene's 

instructions. A permanent change in 

the gene is called a mutation. Some 

mutations are not harmful. A change 

in the instructions of a body cell may 

not be critical. A change in a sex 

cell, however, will be passed on to 

the next generation. Some mutations 

are actually beneficial by adding 

variety to life. Most are harmful. 

In humans, Down's syndrome occurs when 
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an extra twenty first chromosome is 

formed. Mental retardation and 

physical changes are the result. 

(Daniel, Ortleb, and Biggs 1994, 91) 

Section II: Life in the biosphere 

The biosphere makes up all areas of the world where 

life exists. It includes deep ocean communities, far 

into the earth's crust, and high into the atmosphere. 

A. The biotic potential 

Living things make up the biotic potential of the 

earth from tiny soil bacteria to towering sequoia 

trees. 

1. Population size 

A population is the number of individuals of 

one species that live in one place. 

Populations are often studied by counting the 

number of individuals in a particular space. 

This count is the population density. 

Population size is constantly changing due to 

births, deaths, and movement. 

2. The community 

The sum of all the populations in a particular 

area is the community. The community refers to 

only living species. The few species that 

number the greatest are referred to as the 
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dominant species. No two species have the same 

role in the community and are said to have 

different niches. A niche includes what that 

species eats, where it lives and special ways 

in which it survives and relates to other 

species. No two species can have the same 

niche for very long. Competition will 

determine the organism which survives. 

(Daniel, Ortleb, and Biggs 1994, 608-610) 

a) Relationships in a community 

(1) An example of a feeding relationship 

in the community is the predator-prey 

relationship. Predators eat prey. If 

prey vastly outnumber the predators, 

the population size of the predators 

may increase. If the increase is too 

large, the prey population may dwindle 

causing the death of a large number of 

predators. Thus one population size 

has a great effect upon the population 

size of another. 

(2) Symbiotic relationships are the 

providing of food, shelter, 

transportation or support for one or 

more organisms that live together in 

the community. Parasitism is an 



37 

example of this kind of relationship 

where one organism is helped and the 

other is harmed. The animal which is 

harmed is called the host. Tapeworms, 

mistletoe, and ticks are examples of 

parasites. Another kind of symbiosis 

is mutualism. Here both organisms 

profit from their relationship. 

(Daniel, Ortleb, and Biggs 1994, 614) 

Beneficial bacteria in the human 

intestinal tract are an example of 

this type of relationship. 

b) The transfer of energy 

(1) The food chain is a simple way to show 

the flow of energy through the 

community. The chain starts with a 

producer and moves on to the primary 

consumer which is a herbivore or plant 

eater. From the herbivore the chain 

continues with a secondary consumer 

which is the carnivore or meat eater. 

Decomposers end the chain by returning 

nutrients to the soil to be used 

again. 

(2) Since there are many food chains in 

the community, the linking of the 
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chains together is called a food web. 

This gives a better picture of the 

whole community because some organisms 

have many food sources. 

(3) Another representation of energy flow 

is found in the energy pyramid. A 

food chain is represented in a pyramid 

shape with producers forming the base, 

herbivores forming the mid section, 

and carnivores composing the top of 

the pyramid. This figure is a way to 

show the larger numbers of organisms 

needed at the bottom of the pyramid 

that will support a fewer number of 

organisms at the top of the pyramid. 

(Daniel, Ortleb, and Biggs 1994, 615-

616) 

B. Cycles of abiotic factors 

The ecosystem is the community plus the abiotic 

parts of the environment. It is indeed important 

that abiotic factors needed for life are cycled 

through the biotic portion of the biosphere and 

then returned to the earth for use over and over 

again. 

1. The water cycle 

Water in the soil, ocean, lake, river and 
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smaller bodies of water are heated to evaporate 

into the atmosphere. The water vapor in the 

atmosphere is then cooled and condensed to form 

clouds. As clouds become heavy, water droplets 

fall as precipitation in the form of rain, 

snow, sleet or hail. This cycle of 

evaporation, condensation and precipitation 

keeps a constant supply available to meet 

biotic needs. 

The carbon-oxygen cycle 

During photosynthesis, plants absorb carbon 

dioxide and release oxygen. Animals, on the 

other hand, use oxygen and release carbon 

dioxide. Many carbon compounds are stored in 

the bodies of living things. Decomposers 

provide a necessary link to return carbon 

dioxide to the air breaking down wastes. 

Burning fossil fuels releases carbon dioxide 

stored millions of years ago. 

The nitrogen cycle 

An important part of the nitrogen cycle is 

played by soil bacteria which combine nitrogen 

with other elements in a process called 

nitrogen fixation. Even though about 78 

percent of the atmosphere is made up of 

nitrogen gas, living organisms cannot use it to 
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make protein until it is changed by the action 

of bacteria associated with plants. Animals 

eating plants are supplied with nitrogen. 

Decomposing bacteria return nitrogen back to 

the air to start the cycle again. (Daniel, 

Ortleb, and Biggs 1994, 617-619) 

C. Changing ecosystems 

1. Factors that effect ecosystems 

a) A limiting factor is condition that effects 

the survival of any population in the 

ecosystem. Temperature of a lake may 

influence the survival of a given species 

of fish. Types of food are other examples 

of limiting factors. The biotic potential 

of a population is the greatest number of 

offspring that can be produced at any given 

time under the best conditions. The 

combination of limiting factors and biotic 

potential determines the size of a 

population. The most number of individuals 

that the environment will support is called 

the carrying capacity and is effected by 

limiting factors as well as the biotic 

potentials of the populations concerned. 

b) Succession is the gradual change that 

occurs over time as a community matures. 
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One population may replace another as the 

dominant species over long time periods. 

The community that remains constant over 

many years balancing abiotic and biotic 

needs is said to be the climax community. 

(Daniel, Ortleb, Biggs 1994, 629-631) 

Land biomes 

A biome is a major land ecosystem with a 

consistent climate, including temperature and 

rainfall, and dominant plant and animal 

species. There are six main types of biomes. 

a) Tundra is found near the poles of the 

earth. It is characterized by low 

temperatures dropping to below -40 degrees 

Celsius, precipitation of about 25 cm per 

year and permanently frozen ground called 

permafrost. The growing season is only a 

few short months long and consists of small 

plants such as lichen, moss, and a few 

flowering plants. Many animals migrate 

during the winter months. Ducks, geese, 

caribou, reindeer, musk ox, snowy owls, 

Arctic hare, Arctic fox, black flies and 

mosguitos are animals found here. (Daniel, 

Ortleb, and Biggs 1994, 633) 

b) The desert receives less than 25 cm per 
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year of precipitation with great extremes 

of temperature and a high rate of 

evaporation. Plants and animals adapted to 

desert life use water saving techniques to 

survive. Many rodents get all the water 

they need from seeds while plants develop 

thick stems with water storage tissues. 

Cold deserts have average temperatures of 

10 degrees Celsius while hot deserts reach 

an average of 21 degrees Celsius. 

Temperatures at night may drop as much as 

40 degrees. Rodents, snakes, insects, 

birds, and cactus make up some of the 

predominant species. (Maton and others 

1994a, 85-87) 

c) Grassland makes up about one fourth of the 

land type on earth. The predominant plants 

include grasses and grains. Some large 

animals may be found here such as bison, 

antelope, zebras, wildebeest, giraffes, and 

kangaroos. Smaller animals like ground 

squirrel, birds, and insects also live 

here. Grasslands have between 25 to 75 cm 

of rainfall per year and temperatures range 

from hot on a summer's day to freezing in 

the winter at night. Fire is a necessary 
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part of the ecosystem in helping some 

plants to germinate. 

d) Four growing seasons and plentiful rainfall 

of 75 to 150 cm of precipitation per year 

characterize the deciduous forest. 

Deciduous forest cover much of North 

America. Deer, fox, racoon, black bear, 

rodents, snakes and birds characterize the 

animals of this biome. Many trees in the 

deciduous forest have beautiful colored 

leaves in the fall that drop as winter 

approaches. 

e) The coniferous or boreal forest has a 

colder climate than the deciduous forest 

characterized by much snow. Even though 

summers are short they are warmer than the 

tundra. Pine, spruce, cedar and fir trees 

dominate the landscape. Many animals 

hibernate or become less active during the 

winter surviving on stored body fat. 

Animals such as wolves, lynx, moose and 

bear are found here. Rainfall reaches 50 

to 125 cm per year on the average. 

(Daniel, Ortleb, and Biggs 1994, 633-635) 

These areas are often called taiga meaning 

"swampy forest" because of the swamps that 
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develop during the spring thaw. (Maton and 

others 1994a, 78) 

f) The greatest variety of life is found in 

the tropical rain forest. An average of 

over 200 cm of rainfall and consistently 

hot, wet weather provide an environment 

where over 50 percent of the world's 

species are found. There is no change of 

seasons here. The soil is very poor 

because most of the nutrients are tied up 

in the vast amont of plant species. Tree 

ferns reach heights of 30 meters. 

Amphibians, monkeys, apes, reptiles, birds 

and insects flourish in this biome. 

(Daniel, Ortleb, and Biggs 1994, 635-636) 

3. Water ecosystems 

a) The largest biome on the earth is the ocean 

making up more than 70 percent of the 

surface of the earth. Salinity or the 

amount of salt in the water is the major 

limiting factor. Oceans contain as much as 

3.5 percent salt. Light, temperature, 

quantity of dissolved oxygen and pressure 

are also other limiting factors. Organisms 

near the shore must be able to adapt to 

changing tides, temperatures, amount of 
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salinity and wave force. Life is difficult 

in this intertidal zone. An estuary is 

where the ocean and freshwater ecosystems 

meet. This is the breeding ground for many 

fish and crustaceans as well as birds and 

mollusks. 

b) Freshwater ecosystems include lakes, 

rivers, streams, ponds and swamps. The 

primary limiting factor in this ecosystem 

is the amount of dissolved oxygen in the 

water. Temperature also plays an important 

role. The amount of organic nutrients 

washed into the water determines the amount 

of life the ecosystem will support. 

(Daniel, Ortleb, and Biggs 1994, 637-639) 

D. Global issues 

1. Use of natural resources 

There are two types of natural resources, those 

that are renewable like trees, wildlife, air, 

water, and sunlight and those that are 

nonrenewable like fossil fuel products such as 

gasoline, certain types of plastic, coal, and 

oil. 

2. Pollution problems 

a) The greenhouse effect is the trapping of 

the sun's rays and reflected heat from the 
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earth's surface by gases such as carbon 

dioxide. The earth then heats up much like 

a greenhouse for growing plants. Air 

pollution caused by the burning of fossil 

fuels in industry and automobiles may be 

causing a continuous rise in the earth's 

temperature. 

b) Scientists have been concerned over a 

"hole" that seems to be developing in the 

ozone layer above Antarctica. The ozone 

layer protects the earth from harmful 

ultraviolet rays of the sun. As the size 

of the hole increases, more of the sun's 

rays will reach the surface of the earth. 

Radiation reaching the earth can cause an 

increase in the number of cases of skin 

cancer and cataracts in the eye and 

contribute to global warming which could 

melt the polar ice caps. (Watkins and Leto 

1994, 93) Chlorofluorocarbons (CFCs), 

chemicals found in freon and aerosols, are 

the major cause of the loss of ozone. 

c) Water in some places on the earth is a 

treasured resource. Only about 0.003 

percent of the earth's water is considered 

clean and safe to drink. Water pollution 
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is caused by careless dumping of sewage and 

industrial products, temperature 

fluctuations by power plants, and runoff of 

pesticides and fertilizers. 

d) Land pollution is a growing problem. 

Wastes that cannot be broken down through 

time and weathering are said to be 

nonbiodegradable. Landfill sites are 

filling up with these types of waste 

products. Some wastes are toxic chemicals 

released by industrial processes and can 

cause health problems such as cancer and 

birth defects. 

e) Another international problem is the 

releasing of sulfur dioxide and nitrogen 

oxide gases from the burning of fossil 

fuels which combine with water vapor to 

form acid rain. The balance of lakes, 

growth of forests and maintenance of 

building structures and art work are all 

effected by acid rain. Decline in the 

maple sugar production in the United States 

and Canada over the last ten years is 

probably due to the increase of industrial 

pollution. An estimated 75 percent of 

Canada's acid rain is due to U.S. industry. 
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(Daniel, Ortleb, Biggs 1994, 268) 

f) Forest depletion and erosion are big 

problems in the rainforest areas of the 

world. As trees are cut down for fuel or 

farming, large areas of soil are lost due 

to erosion. This large cutting of forest 

areas also causes climates to vary and a 

loss of one of the greatest sources of 

oxygen, trees. 

g) Endangered plant and animal species are a 

growing problem as human populations move 

into areas and develop the land. An 

estimated 100 species are lost each day as 

man disturbs the balance of the earth's 

ecosystems. With man's help some species 

like the California condor have been 

brought back from near extinction. Species 

in other areas are not so fortunate; today, 

less than half of the rainforest remains. 

This area rich in medicines, woods, spices, 

and wildlife in another fifty years may be 

gone. 

Section III: The classification of living things 

A. The history of taxonomy 

Taxonomy is the branch of science that deals with 
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the naming and classifying of living things. 

1. Over 2000 years ago, a Greek philosopher named 

Aristotle developed a system to classify living 

things into two large groups, the plant and 

animal kingdoms. The kingdom is still used 

today to represent the largest taxonomic group. 

Aristotle, then, divided the animal kingdom 

based on the place where the animals lived on 

land, air or water. Plants were divided into 

three groups based on size and physical 

characteristics. Many organisms did not fit 

into his classification system such as 

amphibians that lived on both land and water. 

2. In the late 1700's, a Swedish physician, Karl 

von Linne, devised a system of classification 

based on body structure and adaptations. In 

his system, a two-word name described every 

organism. This system is called binomial 

nomenclature for the two part name given every 

organism is still used today. Believing that 

Latin should be used for naming, he latinized 

his own name calling himself Carolus Linnaeus. 

He argued that Latin names would have worldwide 

meaning and would remain unchanged through 

time. The first word is the genus and always 

begins with a capital letter while the second 
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name, the species, begins with a lowercase 

letter. Both are written in italics or 

underlined. Felis tigris is the name which 

describes a Bengal tiger. (Daniel, Ortleb, and 

Biggs 1994, 156-157) 

3. Today's system of classification, devised by 

Robert Whittaker in 1965, separates all living 

things into one of five large kingdoms: 

Monera, Protist, Fungus, Plant, or Animal. 

Characteristics that help place organisms into 

a kingdom include the type of cell, prokaryotic 

or eukaryotic, whether the organism has one or 

many cells, how it gets its food, and type of 

movement. The kingdom is then divided into 

smaller and smaller groups or categories having 

like characteristics until the last division is 

finally made and only one kind of organism the 

species remains. Appendix 1, page 165, lists 

the seven groups all organisms are placed into 

for classification and gives and example. 

B. Identification of organisms 

Common names can be very confusing to use. In 

different parts of the world, a gopher is described 

as a turtle, a ground squirrel, and a snake. (Barr 

and Leyden 1986, 116) A robin in the United states 

is a brown bird with a red breast. In Europe, the 
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robin is a blue bird with a rust colored breast; 

and in Australia, the robin is blue with a yellow 

breast. Using scientific names avoids confusion. 

The dichotomous key is a helpful field guide used 

to discover the scientific taxonomic group or name 

of an organism. The key is arranged by choosing 

between two descriptive statements in continuing 

steps until an identification is made. At first 

the descriptions are very general and get more and 

more specific as the key progresses. (Daniel, 

Ortleb, and Biggs 1994, 166-167) 

C. The five kingdoms 

1. The moneran kingdom 

a) Characteristics of this kingdom include 

simple one-celled structure, possession of 

a single circular piece of DNA not 

contained in a nuclear membrane and the 

presence of ribosomes in the cytoplasm as 

one of the few organelles contained in the 

cell. 

b) Two groups of monerans exist, bacteria and 

cyanobacteria. 

(1) Bacteria are found everywhere on 

earth. Bacteria are classified by 

their shape, round or cocci, spiral or 

spirilla and rod or bacilli. Many 
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bacteria simply float on currents of 

air or water, but some bacteria 

possess long whiplike tails called 

flagella that help them move. Some 

bacteria use oxygen during the process 

of respiration and are called aerobes. 

Others called anaerobes produce energy 

by fermentation and do not need 

oxygen. 

(a) Helpful bacteria 

Important soil bacteria decompose 

wastes and recycle nutrients. 

Some bacteria living in the 

digestive tracts of humans and 

other animals make the digestion 

of food possible and provide 

nutrients for the body. Certain 

industrial products such as 

cleansers, medicines, and vinegar 

are made by bacterial action. 

Milk products are also made by 

the action of certain bacteria. 

(b) Harmful bacteria 

Some bacteria cause disease and 

are called pathogens. Diseases 

caused by harmful bacteria 
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include strep throat, diphtheria, 

tetanus and whooping cough. 

Botulism is caused by improper 

food preparation. If food is not 

heated long enough before it is 

canned, certain bacteria that 

develop protective coatings 

called endospores survive and 

produce chemicals that are toxins 

to the body. 

(2) Cyanobacteria were formerly but no 

longer called blue green algae. These 

prokaryotes contain chlorophyll and a 

blue pigment but some even have yellow 

and red pigments. These producers 

start the food chain in lakes and 

ponds. An overproduction of 

cyanobacteria creating a matlike scum 

across any lake or pond choke the 

oxygen from the water and kill 

organisms. (Daniel, Ortleb, and 

Biggs 1994, 189-195) 

2. The protist kingdom 

a) All of the protists are eukaryotic, have a 

nucleus, and most are one-celled except for 

a few types of algae. Some are plantlike 
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and others animallike. 

b) The protists can be grouped into three 

types of organisms: protozoans which are 

animal-like heterotrophs, algae which are 

autotrophs, and slime molds which are 

unusual heterotrophs resembling fungi. 

(Curtis 1983, 415) 

(1) Plantlike protists 

These protists are classified into 

phyla by the kind pigments they have 

and by the method in which they store 

food. The plantlike protists are 

called algae. 

(a) Euglenas are classified in the 

phylum Euglenophyta possessing 

characteristics of both plant and 

animal, they can move with 

whiplike flagella yet possess 

chloroplasts and make food. 

Another animallike feature of 

this group is the red eyespot 

that responds to light. 

(b) Diatoms belong to the phylum 

Chrysophyta and are the most 

numerous of the algaelike 

protist. Members of this group 
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all have a golden brown pigment 

that covers the green 

chlorophyll. The outside shells 

of diatoms contain silica, an 

element of glass, and in 

beautiful patterns fit together 

like a box with a lid. Found in 

both fresh and salt water bodies, 

they provide a major food source 

for many organism. Produced in 

vast numbers, the abrasive shells 

are used in many products like 

toothpaste, insulation, and 

scouring powder. 

(c) Green algae are one-celled and 

many-celled producers in the 

phylum Chlorophyta. Not all live 

in water. Some are found on the 

trunks of trees and other 

organisms. Volvox is an example 

of a green algae growing as a 

large ball-shaped colony while 

Spirogyra is found in long-

stranded chains. Ulva called sea 

lettuce grows in sheets. 

(d) Dinoflagellates, the "fire 
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algae", contain a red pigment and 

spin and turn using two flagella 

on the sides of their bodies. 

This phylum called Pyrrophyta is 

responsible for the poisonous red 

tides which cause massive fish 

kills in ocean waters. The 

toxins they secrete have a nerve 

poison that effect organisms 

coming in contact with their 

floating numbers. 

(e) Red algae are many-celled and 

live deep in the ocean where 

their red pigments enable them to 

absorb the filtered light. They 

are in the division Rhodophyta. 

Carrageenan, a product from these 

kinds of algae, is used to 

thicken puddings and other 

products. 

(f) Certain brown algae called kelps 

can grow to heights of 100 meters 

in the ocean depths. This 

phylum, Phaeophyta, is 

multicellular and varies greatly 

in size. Algin, a product from 
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brown algae, is used in ice cream 

and marshmallows. Fertilizers 

also contain this kind of alga. 

(Daniel, Ortleb, and Biggs 1994, 

203-205) 

(2) Animallike protists 

This group of protists is classified 

on the basis of their ability to move. 

(a) Sarcodines stretch and flow as 

arms of cytoplasm called 

pseudopods (false feet) ooze in 

the direction the organism needs 

to go. Their shape constantly 

changes with the moving 

cytoplasm. Amoebas are members 

of this phylum called Sarcodina. 

They obtain food by engulfing it 

with a pseudopod forming a 

vacuole in which the material 

will be digested. Most amoebas 

are harmless except for the one 

which causes Amoebic dysentery a 

disease causing severe diarrhea 

in humans. 

(b) The phylum Ciliophora is a varied 

group of the animallike protists 
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that move by means of tiny hair 

called cilia. The rhythmic 

beating of the cilia propel the 

organism through the water 

sweeping food into a mouthlike 

oral groove. Paramecia are the 

most common example of ciliates 

with a characteristic "slipper-

like" shape. 

(c) Flagellates move by using a long, 

whiplike tail. Many in this 

phylum called Mastigophora are 

parasites living in the body of a 

host like the flagellate which 

causes African sleeping sickness 

spread by the tsetse fly. 

(Daniel, Ortleb, and Biggs 1994, 

206-207) Another lives in the 

body of termites making the 

digestion of wood possible in a 

mutually beneficial relationship. 

(Curtis 1983, 429) 

(d) Members of the phylum Sporozoa do 

not move to get food because all 

members of this group are 

parasites and live in the body of 
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a host. The most famous example 

is the sporozoan spread by the 

Anopheles mosquito that causes 

malaria. The spores of this 

protist reproduce in red blood 

cells of the host. (Daniel, 

Ortleb, and Biggs 1994, 208) 

(3) Funguslike protist include several 

smaller phyla. 

(a) Mildew and water molds have cell 

walls and produce spores yet have 

simple cell structure like the 

protozoans. The great Irish 

potato famine was caused by a 

water mold in 1846 was caused by 

a water mold, Phvtophthera 

infestans. 

(b) Slime molds spend part of their 

life cycle like that of an amoeba 

with a flowing mass moving by 

pseudopods and the other part as 

a stationary fungus-like organism 

bearing spores. While creeping 

along feeding on decaying matter, 

it moves until unfavorable 

conditions cause its 
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metamorphosis into a stalklike 

spore-bearer. (Daniel, Ortleb, 

and Biggs 1994, 209) 

The Fungi kingdom 

a) Even though fungi appear to be plantlike, 

they do not possess the ability to make 

food because they lack chlorophyll. Fungi 

feed on decaying matter growing best in 

warm, moist environments. Spores are the 

reproductive cells of fungi that are formed 

asexually without fertilization. The body 

of fungi is made up of a mass of 

intertwined individual threads called 

hyphae. The mass of hyphae taken together 

is called mycelium. 

b) Members include a wide variety of spore-

producing methods. 

(1) Sporangium fungi, so called because of 

the spore cases called sporangia which 

sit atop aerial hyphae, are in the 

division Zygomycota. The black fuzzy 

growths on molded bread are these 

sporangia. 

(2) Sac fungi are grouped together by the 

sacs in which the spores form. These 

sacs, called asci, help name the 
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division called Ascomycota. Morels, 

yeast, and truffles are examples of 

sac fungi. Many of this group are 

edible. One yeast is used in the 

baking industry to make bread rise 

while other yeasts cause disease in 

the urinary tract. Many millions of 

dollars of crop damage occurs each 

year due to this type of fungi. 

(3) Club fungi produce spores in gills in 

a clublike structure called the 

basidium. Both poisonous and edible 

mushrooms make up this division called 

Basidiomycota. Examples include cap 

mushrooms, puffballs, bracket or shelf 

fungi. 

(4) Imperfect fungi in the division 

Deuteromycota are composed of a group 

of fungi where the sexual part of the 

life cycle has not been observed. 

(Daniel, Ortleb, and Biggs 1994, 211-

214) In 1928, Sir Alexander Fleming 

discovered that the mold Penicillium 

produced a chemical that destroyed a 

certain bacteria. The antibiotic, 

penicillin, has saved millions of 
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lives. (Maton and others 1994c, 93) 

Penicillium, athlete's foot, and 

ringworm are all examples of imperfect 

fungi. Many antibiotics are made from 

this group and new ones developed to 

conquer strains of resistant bacteria. 

(5) A composite group, lichens, are the 

combination of a fungus and a 

photosynthetic organism, which may be 

an alga or a cyanobacterium. This 

mutualistic relationship provides 

protection for the alga and food for 

the fungus. (Daniel, Ortleb, and 

Biggs 1994, 215) 

The plant kingdom 

a) Characteristics of the plant kingdom 

All plants are many-celled producers and 

possess chlorophyll. Plant cells have a 

rigid cell wall which gives them support 

and structure and are eukaryotic. 

(1) Behavioral adaptations 

They have develop complicated patterns 

of response to stimuli. This response 

is called a tropism. Plants 

responding to light experience 

phototropism. Stems and leaves 
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turning toward light exhibit positive 

phototropism while roots respond 

negatively. Geotropisra is the 

response to gravity. Here roots 

respond positively while stems and 

leaves respond negatively. Other 

types of tropisms include 

thigmotropism, a response to touch, 

and hydrotropism, a response to water. 

(2) Structural adaptations 

Simple plants living in or near water 

obtain nutrients by diffusion. More 

complex plants developed vessels, 

called vascular tissue, to transport 

nutrients through the plant. This 

made survival in drier areas possible, 

b) Divisions of plants are based on the 

absence or presence of vascular tissue. 

Bryophytes are the nonvascular or simple 

plants, and tracheophytes the vascular or 

complex plants. (Daniel, Ortleb, and Biggs 

1994, 230-234) 

(1) Bryophytes 

(a) Characteristics of simple plants 

Bryophytes do not possess roots, 

stems, or leaves, all of which 



64 

contain vascular tissue. 

Instead, this group has 

characteristics that include 

rootlike filaments called 

rhizoids that anchor the plant, 

short stalks of only a few 

centimeters in height, and 

leaflike food-producing 

structures. All bryophytes are 

spore producers. Their life 

cycles include a sexual and an 

asexual stage of development. 

This repeating cycle is called 

Alternation of Generations. The 

sporophyte generation produces 

haploid spores which are released 

and germinate to finally develop 

into the gametophyte generation 

which then produces sperm and egg 

cells that join together to 

produce a zygote. The zygote is 

diploid and develops into the 

sporophyte generation, 

(b) Examples of bryophytes 

Liverworts and mosses are called 

pioneer species because they are 
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the first to grow in disturbed 

areas. Their rhizoids actually 

produce chemicals that weather 

rocks and make soil as they grow 

and decay. Liverworts have 

broad, flat scaly leaves and 

mosses have tiny velvety leaves. 

(Daniel, Ortleb, and Biggs 1994, 

236-239) Sphagnum moss from bogs 

for centuries has been dried and 

used for fuel called peat. 

(Daniel, Ortleb, and Biggs 1994, 

246-247) 

(2) Tracheophytes 

These plants can be divided into 

spore-producers and seed-producers. 

All plants in this division possess 

vascular tissue. Xylem is a water 

conducting vascular tissue which moves 

dissolved minerals and water upward 

toward the leaves. Phloem is another 

type of tissue which takes food 

dissolved in water downward from the 

leaves to the rest of the plant. 

Cambium is another tissue which 

produces the xylem and phloem. All 
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tracheophytes have roots, stems and 

leaves. Roots anchor the plant, 

conduct water to the plant and often 

provide storage for food. Stems 

support the plant and allow movement 

of materials through the vascular 

tissue. Soft green stems are called 

herbaceous while stems with bark are 

called woody. Some stems like those of 

cacti carry on photosynthesis and 

store food. The leaves of 

tracheophytes are the main food 

producing part of the plant. Tiny 

openings called stomata let carbon 

dioxide, oxygen, and water move in and 

out of the leaf. Guard cells open and 

close the stomata regulating the rate 

of transpiration or water loss and 

photosynthesis. These complex plants 

can be placed into two groups based on 

whether they produce seeds or spores, 

(a) Seedless Vascular Plants include 

horsetails, club mosses, spike 

mosses and ferns. These are some 

of the oldest living species of 

plants. All reproduce by spores. 
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i) Spike and club mosses are 

found in a variety of 

areas. Certain spike mosses 

living in the desert 

survive dry conditions by 

curling up and looking dead 

only to resurrect when 

conditions are once again 

favorable. Many tropical 

species of club mosses are 

epiphytes that grow on 

other plants for support, 

ii) Horsetails have a unique 

jointed structure with a 

hollow stem. Leaves spiral 

around each joint section 

which can be popped apart. 

Pioneers used this plant 

containing silica to scour 

pots and pans because of 

the special structure of 

its stem. 

iii) Ferns belonging to the 

division, Pterophyta, make 

up the largest group of 

seedless vascular plants 
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with about 12,000 known 

species. The fern also 

reproduces by Alternation 

of Generation, but the 

sporophyte and gametophyte 

generations are not 

dependant on each other. 

Both stages carry out 

photosynthesis. The large 

fern leaf is called a frond 

and is part of the 

sporophyte generation which 

releases spores from bumps 

on the undersides of its 

leaves. These rough bumps 

are called sori and are 

found only on mature 

leaves. Spores falling on 

the ground quickly 

germinate to form the 

heart-shaped prothallus, 

the name of the 

gametophyte. On the 

prothallus both sperm and 

egg cells are released and 

sexually unite to form the 



69 

rhizome, an underground 

stem from which the frond 

develops and character-

istically unfurls its 

fiddle-shaped head. 

(Daniel, Ortleb, and Biggs 

1994, 241-244) 

(b) The seed plants 

Seeds are the reproductive 

structure in this plant group. 

A seed contains a growing embryo 

and stored food in a protective 

covering. Around 235,000 species 

of seed plants have been 

classified. There are two 

different methods in the 

production of seeds forming the 

basis for the next divisions, 

angiosperms and gymnosperms. 

i) Gymnosperms 

These plants produce seeds 

in cones. The term 

gymnosperm means "naked 

seed". The seeds of these 

plants are not contained in 

a fruit. They do not 
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produce flowers and many are 

evergreens. There are four 

divisions of gymnosperms: 

conifers, ginkos, cycads, 

and gnetophytes. The most 

common are the conifers like 

pines, firs, cedars and 

spruces. Fertilization is 

accomplished by blowing 

pollen carried from male 

cones to female cones where 

it sticks to the sticky 

ovule or egg cells atop 

female cones. The 

fertilized egg develops into 

the seed. 

ii) Angiosperms 

All of these plants produce 

reproductive structures in 

the form of flowers. Some 

flowers contain both male 

and female structures and 

are called perfect. Other 

flowers contain only one sex 

and are called imperfect. 

Many plants pollinate 
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themselves and are called 

self pollinators. Others 

must receive pollen from 

another plant and are called 

cross pollinators. 

Reproduction is accomplished 

in two stages. First, in 

pollination, the male sperm 

cell in the pollen grain is 

carried to the female cell 

or ovule by the development 

of a pollen tube which grows 

down the pistil and into the 

ovary. Second, the sperm 

and egg cells unite during 

fertilization to form the 

seed containing the dormant 

embryo. In angiosperms, the 

ripened ovary becomes a 

fruit protecting seeds. 

Seed dispersal is 

accomplished in many ways as 

the fruit is eaten and 

passed through the digestive 

tracts of animals, carried 

on clothing or fur or 
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released on the wind. 

Angiosperms are grouped in 

the division Anthophyta and 

are further classified into 

two classes, monocots and 

dicots. Monocots such as 

corn have one cotyledon or 

seed leaf in their seeds. 

Monocots also have petals in 

multiples of threes, 

vascular tissue scattered in 

bundles throughout the stem, 

parallel veins in their 

leaves and many small 

branching fibrous roots. 

Dicots have two cotyledons, 

petals in multiples of 4's 

or 5's, vascular tissue 

arranged in a ring, netted 

veins in leaves and a large 

central root. (Daniel, 

Ortleb, and Biggs 1994, 254-

266) 

5. The animal kingdom 

a) Characteristics all animals share 

All animals share the common 
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characteristics of being consumers unable 

to make their own food, multicellular 

organisms with eukaryotic cells, motile 

feeders able to move around to get food or 

flee unfavorable conditions, and 

metabolizers of larger molecules of 

proteins, fats, and carbohydrates for 

energy. The kingdom is divided into many 

invertebrate phyla and one vertebrate 

phyla. Classification is based on body 

characteristics such as symmetry. Animals 

like the starfish which radiate from a 

central point are said to have radial 

symmetry. Most animals have matching sides 

and are called bilaterally symmetrical. 

Some organism have no definite shape and 

are described as asymmetrical. (Daniel, 

Ortleb, and Biggs 1994, 302-305) 

b) Classifying animals 

(1) Invertebrate animal phyla 

(a) Sponges have simple bodies with 

no organs or tissues. Their 

phylum name, Porifera, means 

"pore-bearer". They have two-

layer saclike bodies which suck 

in and filter water by the action 
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of certain collar cells with 

beating flagella. Sponges 

reproduce both sexually by egg 

and sperm and asexually by 

budding, breaking off small tiny 

pieces which regrow into new 

sponges. (Daniel, Ortleb, and 

Biggs 1994, 308-310) 

(b) Cnidaria is Latin for "stinging 

cells". This phylum of animals 

uses stinging tentacles to 

paralyze prey and pull the food 

into a central mouth cavity. 

Cnidarians have two cell layer 

bodies with radial symmetry. 

They also possess a digestive 

cavity where enzymes break down 

captured food. Small fresh water 

hydra as well as salt water 

organisms like the jellyfish and 

Portuguese man-of-war are members 

of this phylum. This group 

reproduces sexually in the free-

floating medusa stage and 

asexually in the polyp stage as 

tiny buds break off a vaselike 
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structure. (Daniel, Ortleb, and 

Biggs 1994, 311-313) 

(c) Flatworms, members of the phylum 

Platyhelminthes, have a three-

layered bilateral body with 

organs of digestion. Planaria, 

free-living freshwater organisms, 

and tapeworms, intestinal 

parasites of mammals, are 

examples of this group. Planaria 

reproduce both sexually and 

asexually by regeneration. If a 

planarian is cut in two pieces, 

both halves can regrow into a new 

worm. Most flatworms are 

hermaphrodites possessing both 

male and female parts and thus 

can fertilize themselves. 

Tapeworms reproduce as fertilized 

egg segments drop off from the 

parent and pass out of the body 

of the host to be eaten and 

picked up by another host. 

(Daniel, Ortleb, and Biggs 1994, 

315-316) 

(d) Roundworms are the largest worm 
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phylum called Nematoda with an 

estimated half a million species. 

They have a complex digestive 

tube with two openings, a mouth 

and anus. Reproducing only 

sexually, these worms are 

parasitic and free-living. Soil 

roundworms recycle nutrients by 

breaking down decaying matter. 

Many harmful human parasites are 

found in this phylum like the 

hookworm which can pass through 

the soles of bare feet, move to 

the throat, and finally settle in 

the intestine feeding on blood, 

as well as Ascaris picked up in 

contaminated food or water that 

block the intestine, and 

Trichella eaten in undercooked 

pork which infect the muscle 

cells. Heartworms are roundworm 

parasites of dogs. (Daniel, 

Ortleb, and Biggs 1994, 317-318) 

(e) Segmented worms are in the phylum 

Annelida and are the most complex 

of the worms with three tissue 
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layers and simple nervous, 

muscular, circulatory, and 

digestive systems. Its body is a 

tube within a tube with many 

segments. A segmented worm moves 

by bristle-like structures called 

setae attached to muscles. 

Earthworms are free-living 

detritus feeders that contribute 

greatly to the aeration and 

fertility of the soil. These 

worms are hermaphrodites but must 

mate with another worm to 

sexually reproduce. Earthworms 

have five pairs of pumping 

muscles or primitive "hearts" 

that circulate blood. Gases 

diffuse into and out of its most 

skin. Also found in this phylum, 

the leech has adapted to a 

parasitic lifestyle. Secreting 

chemicals that stimulate blood 

flow, it may absorb two to ten 

times its own weight. Medical 

leeches are still used in plastic 

surgery. (Daniel, Ortleb, and 
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Biggs 1994, 327-330) 

(f) The word "mollusk" means soft 

body. All members of the 

Mollusca phylum are soft-bodied 

invertebrates with bilateral 

symmetry. All mollusks have a 

mantle, a layer of tissue 

surrounding their soft bodies, 

for protection. This layer often 

secretes material to form a 

shell. Gills exchange gases in 

the water. All mollusks have a 

muscular foot or feet. Univalve 

mollusks like the snail and slug 

obtain food by a scraping tongue 

or radula. Bivalve mollusks like 

the clam, scallop, oyster, and 

mussel have a two part shell and 

use a muscular foot to burrow 

into the sand. Cephalopods or 

"head-footed" squid and octopus 

use tentacles with suckers for 

catching prey. Cephalopods move 

by the jet propulsion of water. 

(Daniel, Ortleb, and Biggs 1994, 

324-326) 
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(g) Arthropoda is the largest and 

most successful animal phylum. 

The name means "jointed foot", 

and all arthropods have three or 

more pairs of legs. They possess 

a hard outside body shell called 

an exoskeleton. It provides 

great protection, but growth is 

accomplished by molting or 

shedding the old shell before it 

is replaced by a new one. The 

bodies of arthropods are divided 

into sections. Classes of 

arthropods include arachnids, 

centipedes, millipedes, 

crustaceans, and insects, 

i) Arachnids have two body 

regions, the head-thorax and 

the abdomen. They have four 

pairs of legs and no 

antennae. Spiders, 

scorpions, mites, and ticks 

are all part of this group, 

ii) Centipedes have a many 

segmented body with one pair 

of legs per body segment, 
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antennae, and simple eyes. 

Their bite is poisonous to 

humans. 

iii) Millipedes have a body plan 

similar to the centipede 

except for the two pairs of 

legs per segment. Millipedes 

are not poisonous and move 

more slowly. 

iv) The class crustaceans include 

crabs, lobsters, crayfish, 

shrimp, daphnia, and pill 

bugs. All crustaceans have 

one or two antennae and five 

pairs of legs. The first 

pair of legs act as claws to 

catch food. The other pairs 

aid in swimming. If a 

crustacean loses a leg 

another will grow in its 

place. Barnacles are an 

unusual crustacean spending 

most of the time in a hard 

shell. 

v) Insects are the largest group 

of complex invertebrates with 
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over 700,000 species. They 

are the only invertebrates 

that fly. All insects have a 

three-segmented body with 

antennae and eyes. Many 

insects have two sets of 

eyes, simple for seeing dark 

and light, and compound for 

seeing color and movement. 

Insects reproduce sexually 

and many metamorphose, go 

through a series of changes 

to adulthood. In complete 

metamorphosis, insects go 

through four stages of egg, 

larva, pupa and adult. 

Butterflies, moths, flies, 

beetles, ants and bees go 

through complete 

metamorphosis. Grasshoppers, 

silverfish, and crickets go 

through incomplete 

metamorphosis having only 

three stages: egg, nymph, and 

adult. Some insects spread 

disease and ruin crops and 
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clothing. Man could not 

exist without the help of 

pollinating insects. Honey 

is a product made by bees, 

and in other parts of the 

world insects are used as a 

direct food source. (Daniel, 

Ortleb, and Biggs 1994, 332-

338) 

(h) Echinodermata is the phylum whose 

name means "spiny-skin". Members 

of this phylum have bodies made 

of hard plates covered by spiny 

skin. All echinoderras move by a 

water-pumping system and tube 

feet. They are also radially 

symmetrical. Sea stars, sea 

urchins, sand dollars, and 

brittle stars make up this 

unusual group. A sea star feeds 

by extending its mouth through 

its stomach into the shell of an 

oyster, pried open by its strong 

tube feet. An arm broken off the 

sea star will completely 

regenerate if the piece is large 
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enough. A female sea star may 

release as many as 2.5 million 

eggs into the ocean at one time. 

The male then sprays sperm over 

the eggs which will develop if 

fertilized. (Daniel, Ortleb, and 

Biggs 1994, 342-344) 

(2) The vertebrate phylum: Chordata 

(a) Characteristics 

Chordates are separated into this 

phylum based on the possession of 

at least three things during 

some part of an animal's 

development: a dorsal nerve 

chord, nerves which eventually in 

most animals develop into the 

spinal chord; a notochord, hard 

flexible material lying below the 

nerve chord which in most 

chordates goes on to become the 

backbone; and, gill slits, 

openings near the throat which go 

on to become gills in fish or 

disappear after the embryonic 

state in other organisms. Most 

chordates are vertebrates except 
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for two small subphyla, the 

tunicates and the lancelets. 

Both are filter feeders in ocean 

waters. Vertebrates are grouped 

into seven classes. Three 

classes are fish and the other 

classes include amphibians, 

reptiles, birds, and mammals. The 

vertebrates are often described 

as cold-blooded having a body 

temperature that varies with the 

outside environment or warm-

blooded having a body that can 

regulate itself to a constant 

temperature independent of the 

environment. Fish, reptiles, and 

amphibians are considered cold-

blooded. Birds and mammals are 

considered warm-blooded, 

(b) Classes of vertebrates 

i) Fish are vertebrates that 

spend their entire lives in 

water. Adaptations for water 

dwelling include gills for 

the removal of oxygen from 

water, fins used for balance, 
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movement, and guidance, and 

scales for protection. Fish 

make up three of the chordate 

phyla. Jawless fish like the 

lamprey belong to the class 

Agnatha. Sharks and rays are 

examples of the class 

Chondrichthyes because they 

have skeletons made of 

cartilage. Bony fish make up 

about 95% of all species and 

belong to the Osteichthyes 

class. Osteon is the Greek 

word for bone. A few fish 

have both gills and lungs 

like the lungfish. All fish 

have two-chambered hearts. 

Most fish fertilize eggs 

outside the body. Large 

numbers of eggs must be 

produced in order for a few 

to survive. Spawning is a 

term that describes the egg 

laying and fertilization 

process. 

ii) Amphibians live part of their 
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lives in water and part on 

land. In fact, their name 

means "double life". They 

have smooth, moist, scaleless 

skin through which gases 

diffuse. To cope with the 

extremes of temperature, many 

amphibians go through periods 

of inactivity until 

temperatures are more 

favorable. This is called 

hibernation in the winter and 

estivation in the summer. 

Most amphibians return to 

water to lay eggs which hatch 

into larvae. Only as mature 

adults do they move upon the 

land. The gradual 

metamorphosis of larva to 

adult is accomplished by 

glands in the neck. During 

this process, lungs replace 

gills and legs develop. 

Adult amphibians such as 

toads, frogs, and salamanders 

have three chambered hearts. 
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Amphibians are considered 

good biological indicators 

because their skin can easily 

absorb toxins from the 

environment. 

iii) Reptiles are grouped into 

three orders: turtles, 

lizards and snakes, and 

crocodiles and alligators. 

Their skin is specialized for 

land dwelling with thick, 

dry, waterproof skin. They 

breathe through lungs 

throughout life even water-

dwelling turtles and possess 

three chambered hearts. 

Reptiles have internal 

fertilization of eggs with 

hard leathery coverings. The 

eggs contain a complete 

environment for the growing 

embryo with layers of 

protective membranes that 

cushion, nourish, and remove 

wastes. Pores in the shell 

allow for exchange of gases. 
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This type of egg is called an 

amniote egg. Newly hatching 

reptiles look almost like the 

adults. 

iv) Birds are the only organisms 

whose skin is covered with 

feathers. Contour feathers 

help birds fly while soft 

down feathers provide 

insulation. A process called 

preening helps birds spread a 

layer of oil from glands 

above the tail to the body 

feathers making them water 

repellent. A bird's body 

stays about 40 degrees 

Celsius just a few degrees 

warmer than the human body. 

All birds have two wings and 

two legs. They keep amniote 

eggs warm until hatching in a 

process called incubation. 

Birds have a four-chambered 

heart that in some birds 

beats almost 1000 times a 

minute. A few common orders 
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of birds include flightless 

birds, perching birds, water 

birds, and birds of prey, 

v) Mammals are warm-blooded 

vertebrates with hair that 

feed milk to their young. 

All mammals have well 

developed circulatory systems 

with a four-chambered heart. 

A larger brain with spinal 

chord and nerves characterize 

their nervous systems. 

Mammals may be described by 

the food they eat. 

Herbivores eat only plant 

material, omnivores eat both 

plants and animals, and 

carnivores eat meat. Mammals 

are classified into three 

groups by the way their young 

develop. These three groups 

include placental mammals, 

monotremes, and marsupials. 

Placental mammals develop 

inside the mother in an organ 

called the uterus. The 
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placenta, a network of blood 

vessels inside the uterus, 

provides nourishment and the 

exchange of wastes and gases 

between the mother and 

growing embryo while keeping 

their bloods separate. The 

umbilical cord attaches the 

placenta to the embryo. At 

birth, the placental mammal 

is well developed. Most 

mammals are placental 

including humans. Monotremes 

are egg layers. The duck-

billed platypus and the spiny 

anteater are the only two 

known examples. Marsupials 

are pouched mammals that give 

birth to tiny immature 

offspring that must crawl 

into a pouch and attach to a 

nipple to develop. The 

opossum is the only North 

American. Other examples 

include the kangaroo and the 

koala. There are 18 orders 
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of mammals. The marsupials 

and the monotremes are two of 

the orders. The other 

sixteen are types of 

placental mammals. Humans 

are in the order of primates 

grouped together because of 

the five fingered hand with 

opposable thumb. Apes and 

monkeys are other primates. 

(Daniel, Ortleb, and Biggs 

1994, 379-383) 

c) Animal behavior 

The way an animal reacts to different 

stimuli in the environment is its behavior. 

Some behaviors are learned because they 

develop over time through the experiences 

of life. Other behaviors are inherited 

from birth and are called innate. Many 

behaviors are a combination of the two. 

(1) Types of innate behaviors 

(a) Reflex behaviors are simple 

nervous responses like the 

movement of a planarian away from 

light. They do not involve the 

brain. Blinking is another 
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example. 

(b) An instinct is a more complex 

pattern of behavior and involves 

the brain and nervous system like 

the web spinning of spiders. 

(2) Examples of learned behavior 

(a) The forming of a social 

attachment by baby animals like 

chicks to their mother is called 

imprinting. 

(b) Behavior modified over time by 

experience is called trial and 

error. Learning to ride a bike 

is a good example. 

(c) Conditioning is the linking of 

behavior previously associated 

with one kind of stimulus to a 

new stimulus. A Russian 

scientist called Pavlov was the 

first to recognize this behavior 

as he changed a dog's salivating 

behavior. At first, the dog 

salivated at the sight and smell 

of food. Using a bell, Pavlov 

conditioned the dog to salivate 

before seeing or smelling the 
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food when the bell was rung. 

(d) Insight is the reasoning ability 

that enables certain animals to 

solve new problems based on past 

experiences. Chimpanzees 

stacking boxes to reach a bunch 

of bananas just out of reach is 

an example of insight. 

(3) Other behaviors 

(a) In territorial behaviors, an 

animal will defend an area from 

other members of its own species. 

Many animals exhibit aggression 

as part of their defense. 

(b) Courtship of males and females 

before mating is another type of 

behavior involving many unusual 

responses such as variations of 

color, patterns of movement, 

sight and sound clues, and 

chemical messages. 

(c) Social behaviors such as the 

schooling of fish or the family 

structure of wolves are other 

types of complex behaviors. 

(d) Behaviors which occur in cycling 
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patterns which are repeated over 

and over are called cyclic 

behavior. If the behavior is 

based on a 24-hour cycle it is 

called a circadian rhythm. 

Migration of birds and 

hibernation of mammals are two 

examples. (Daniel, Ortleb, and 

Biggs 1994, 394-399) 

SECOND SEMESTER: A SCIENTIST LOOKS INSIDE BODY SYSTEMS 

Section IV: The human body at work 

A. Support and motion 

1. Components of the skeletal system 

a) The 206 bones of your body are each living 

organisms requiring food and oxygen. 

b) Each bone is made of many layers of cells. 

(1) The periosteum is a tight membrane 

with many small blood vessels carrying 

nutrients needed for growth and repair 

into the bone. 

(2) Compact bone is a hard, strong layer 

of bone filled with mineral deposits, 

blood vessels, elastic fibers, and 
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bone cells. 

(3) The ends of bones contain spongy bone 

tissue filled with pores to make the 

bone lighter in weight and a fatty 

tissue called marrow. 

(4) Marrow is also found in the hollow 

center of long bones. Red marrow in 

the sternum, ribs, and ends of long 

bones produce red blood cells at the 

rate of 2 to 3 billion per second. 

Yellow marrow also produces 

white blood cells and red blood cells 

in smaller amounts. 

2. Functions of the skeletal system 

a) The skeleton supports the body and gives 

shape and form to the body. 

b) Internal organs like lungs, heart, and 

brain are protected from injury. 

c) Bones provide attachment for muscles so 

that movement can be accomplished. 

d) Red blood cells and white blood cells are 

produced in the marrow. 

e) Minerals like calcium and phosphorus are 

stored in the hard parts of the bone. 

3. Types of joints 

a) Immovable joints allow little or no 
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movement and provide protection for 

delicate organs. The bones forming the 

skull are not completely closed at birth to 

allow for growth and movement out of the 

birth canal. 

b) Moveable joints allow a variety of 

movements. 

(1) A pivot joint allows turning of bones, 

one ring inside another. Your neck is 

an example. 

(2) In a ball-n-socket joint one bone with 

a rounded end turns in the cuplike 

cavity of another bone. Two examples 

are the hip and shoulder joints. 

(3) Knees, elbows, and fingers are hinge 

joints. These joints move like a door 

hinge in only one direction 

(4) Gliding joints like wrist and ankles 

move by the action of one bone rolling 

over the end of another. These joints 

get a lot of wear. 

(5) Some bones move only slightly like the 

lifting of ribs attached to vertebrae 

and the bending of the backbone 

vertebrae. (Daniel, Ortleb, and Biggs 

1994, 420-424) 
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The power to move 

a) How muscles work 

The ability to move is accomplished by some 

600 muscles making up 35 to 40 percent of 

the body's weight. As muscles contract, 

they get shorter making body parts move. 

b) Types of muscle control 

1) Voluntary muscles are muscles that are 

controlled by thought. Muscles of 

arms, legs, and face are voluntary. 

2) Involuntary muscles cannot be 

controlled at will. Breathing and 

heartbeat as well as the digestion of 

food are controlled by involuntary 

muscles. 

c) Types of muscle tissue 

1) Skeletal muscles have many muscle bands 

and are called striated. These 

voluntary muscles are the most numerous 

in the body. Tendons attach these 

muscles to the bone and cause movement. 

2) Smooth muscles form the linings of body 

tubes like blood vessels and tubes of 

the urinary and digestive systems. 

This tissue has no striations. 

3) Found only in the heart, cardiac muscle 
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is involuntary but contains striations. 

Each muscle contraction is a heartbeat. 

Your heart contracts about 70 times a 

minute. 

d) Steroid abuse 

Anabolic steroids containing varying 

amounts of testosterone are used to build 

muscle bulk. In women, steroids cause 

breasts to shrink, the voice to deepen, and 

facial hair to develop. Steroids, in 

males, cause shrinkage of testicles and 

development of breast tissue. 

Hypertension, mood swings, water retention, 

and acne are symptoms of this kind of drug 

usage. (Daniel, Ortleb, and Biggs 1994, 

426-431) 

B. Body protection and control 

1. Sensing the environment: the five senses 

a) The skin and protection for the body 

The skin is the body's largest organ. Two 

layers only a few millimeters thick form a 

complete covering for the body. 

1) Layers of the skin 

(a) The surface called the epidermis 

produces a chemical called melanin. 

This dark pigment helps the skin 
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reflect damaging ultraviolet rays 

of the sun. Skin with less melanin 

is lighter and burns more easily. 

(b) The underneath layer, the dermis, 

is a thicker layer of oil and sweat 

glands, nerves, and blood vessels. 

Extra body fat is stored here. 

2) Functions of the skin 

(a) The skin protects the body from 

injury and disease. 

(b) The skin regulates body temperature 

through sweating to cool the body 

or contracting to hold in the heat. 

Blood vessels play a part in the 

warming and cooling process. 

(c) Sweat glands help the body remove 

wastes as well as controlling 

temperature. Urea, a protein 

product, as well as water and 

sodium chloride are removed in 

sweat. 

(d) Nerve endings help the skin receive 

sensory input. 

(e) Vitamin D is produced by the 

epidermis in the presence of 

sunlight. This vitamin is needed 
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to absorb calcium. (Daniel, 

Ortleb, and Biggs 1994, 432-435) 

b) The eye and the sense of sight 

Light stimuli are bent by the cornea, a 

clear section in the white, protective 

sclerotic coat which surrounds the eye, and 

focused by the lens onto retinal cells at 

the back of the eye. Two kinds of cells 

called rods and cones receive sensory 

information. Rods pick up images of dark 

and light in dim light. Cones pick up 

color images in bright light. Impulses are 

then carried to the brain from these cells 

through the optic nerve. 

c) The Ear and body control 

(1) The sense of hearing 

Sound waves pass into the ear setting 

up vibrations which stimulate nerve 

endings in the inner ear. The outer 

ear funnels sound into the middle ear 

where the eardrum causes three tiny 

bones to vibrate. These bones rest 

upon the cochlea, a fluid-filled 

structure shaped like a snail shell. 

Stimulated nerve endings in this fluid 

are changed to impulses sent to the 
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brain through the auditory nerve. 

(2) The sense of balance 

Three canals above the cochlea receive 

messages about the position of the 

head. These semicircular canals help 

control balance as fluids move and 

touch tiny hairs that stimulate nerve 

endings and send messages to the 

brain. 

d) The nose and the sense of smell 

Olfactory cells in the nasal passages 

stimulated by gas molecules help the body 

detect odors. Most of tasting is really 

accomplished by smelling. 

e) The tongue and the sense of taste 

Taste buds on the tongue respond to four 

basic flavors: sweet, sour, bitter, and 

salty. Chemical receptors in the tongue 

send messages to the brain to help 

interpret stimuli necessary for survival. 

(Daniel, Ortleb, and Biggs 1994, 515-518) 

Reacting to the environment: The nervous 

system 

a) Cells that communicate 

Neurons are the working cells of the 

nervous system. These branching cells may 



102 

grow to as much as a meter in length. 

Branching nerve endings called dendrites 

pick up sensory information and deliver it 

to the cell body of the neuron which 

contains the nucleus. The impulse or 

message is then sent to an elongated, 

insulated cell part called the axon. The 

myelin sheath, a fatty material makes up 

the insulation material surrounding the 

axon. Impulses move in only one direction 

through the neuron from the dendrite to the 

axon. Messages must jump from one neuron 

to another across a small space called the 

synapse. This is accomplished by the 

production of a nerve transmitting chemical 

released by the axon. Three kinds of 

neurons pass along the message. 

(1) Sensory neurons located in the five 

sense organs outside the brain and 

spinal chord pick up the information 

and deliver it to the spinal chord. 

(2) Association neurons or interneurons 

relay the message through the spinal 

chord to the brain where the 

information is processed and then 

returned via the spinal chord. 
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(3) Motor neurons pick up the message from 

the spinal chord and deliver it to the 

muscles or glands in the body that 

need to respond. 

b) Divisions of the nervous system 

(1) The Central Nervous System consists of 

the brain and spinal chord. The brain 

is make up of three main portions: 

the cerebrum where sensory 

information, memory, and voluntary 

muscle control are located; the 

cerebellum which coordinates voluntary 

movement, balance, and muscle tone; 

and the brainstem which contains the 

pons, midbrain, and medulla that 

controls heartbeat, breathing, and 

blood pressure. The CNS is protected 

by the skull, vertebrae, and three 

membranes called the meninges. Between 

the meninges is cerebrospinal fluid. 

(2) The Peripheral Nervous System is made 

up of nerves outside the CNS leading 

from the brain and spinal chords. 

There are two controlling systems 

within the PNS. The somatic system 

connects the brain and spinal chord 
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with skeletal muscles. The autonomic 

nervous system controls automatic 

responses including breathing, 

heartbeat, digestion, and glandular 

functions. (Daniel, Ortleb, and Biggs 

1994, 508-513) 

The quest for homeostasis: the endocrine 

system 

Ductless glands throughout the body are called 

endocrine glands. Secretions from these glands 

are called hormones and reach particular sites 

called target tissues by movement through the 

bloodstream. For example, the pancreas 

secretes insulin, a hormone that regulates the 

amount of glucose available to the cells by the 

blood. When the level of glucose is too high, 

the secretion of insulin causes the liver, the 

target organ, to store glucose in the form of 

glycogen. When the level of glucose in the 

blood falls too low, glucagon, another hormone, 

is released from the pancreas to cause the 

liver to change glycogen back into glucose. 

Diabetes is a disease where the amount of 

insulin produced is too low. The glucose 

builds up to a dangerous level unless the 

diabetic takes in extra insulin from another 
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source. By using a negative feedback system, 

chemical messages from target tissues stop the 

activity of the endocrine gland and regulate 

the amount of hormone released. Appendix 1, 

page 166, describes other endocrine glands and 

the processes they regulate. (Daniel, Ortleb, 

and Biggs 1994, 522-524) 

C. Waste disposal: the respiratory and excretory 

systems 

During cellular respiration, the body needs oxygen 

to transform nutrients into energy. As a result, 

waste byproducts of carbon dioxide and other 

nitrogen-containing chemicals build up in the 

cells. The respiratory system is responsible for 

the acquisition of the needed oxygen as well as the 

removal of carbon dioxide, a waste. The excretory 

system is involved in the disposal of other wastes 

accumulated during the energy transformation 

process. 

1. The Role of the respiratory system in gas 

exchange 

a) Two stages of respiration 

(1) External respiration or breathing is 

the first stage of the respiratory 

process. 

(a) Parts of the respiratory system 
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(i) Air enters the nostrils 

where it is cleaned by hair 

and sticky mucus and warmed 

by blood vessels near the 

surface of the nasal 

cavity. Dust particles and 

pollen as well as germs 

trapped by the mucus are 

moved to the back of the 

throat and swallowed, 

(ii) Cleaned air that is warm 

and moist moves down the 

pharynx, a passageway for 

food and air that leads to 

the trachea or esophagus. 

When food is swallowed, a 

flap of tissue called the 

epiglottis folds over the 

trachea to prevent food 

from entering. 

(iii) At the top of the trachea 

is a structure containing 

vocal chords. This 

structure is commonly 

referred to as the Adam's 

apple or more 
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scientifically labeled the 

larynx. Muscles in the 

larynx tighten or loosen 

the chords to produce 

higher and lower pitches as 

speech is accomplished 

through the movements of 

the mouth and tongue, 

(iv) Air continues to move 

through the trachea, a 12 

cm tube kept open by rings 

of cartilage. Mucus and 

tiny hair called cilia 

continue to sweep debris 

from the air. The trachea 

finally forks into two 

shorter tubes called 

bronchi where air is 

carried to the lungs, 

(v) The bronchi keep dividing 

into smaller and smaller 

tubes. These small tubes 

called bronchioles carry 

the air into grape-like 

clusters of tiny sacks 

called alveoli. 
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(vi) Capillaries wrapping around 

the alveoli provide for gas 

exchange as oxygen diffuses 

into the blood and is 

picked up by hemoglobin in 

red blood cells and carbon 

dioxide diffuses out of the 

blood into the tiny air 

sacs. 

(b) The mechanics of breathing 

The lifting action of rib muscles 

and the contraction of the 

diaphragm moving it downward 

create space in the chest cavity 

which pulls in air. As the 

diaphragm and rib muscles relax, 

pressure by the reduction of space 

forces air out from the body. 

About 500 mL of air is exchanged 

when a normal breathe is taken. 

(2) Internal or cellular respiration is 

the production of energy by the cells 

as oxygen is taken in and combined 

with glucose. As a result, the waste 

product carbon dioxide is produced. 

The accumulation of higher carbon 
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dioxide levels in blood vessels 

signals the brain to increase 

breathing while lower levels cause 

breathing to slow. 

b) Problems of disease 

(1) The tearing and stretching of alveolar 

sacs is a condition known as 

emphysema. This disease is usually 

caused by chemicals in cigarette smoke 

which affect the delicate lung tissue. 

Loss of alveolar elasticity causes 

shortness of breath and heart problems 

due to the inability to take in enough 

oxygen. 

(2) An overproduction of mucus in the 

bronchial tubes is called bronchitis. 

Chronic bronchitis is often caused by 

smoking. Coughing to clear air 

passages further harms the ciliated 

lining of the tubes. 

(3) Constriction of bronchial tubes 

usually caused by an allergic reaction 

is a disorder called asthma. The 

inability to breath, short breath, 

wheezing, and coughing are symptoms of 

asthma. Food and pollen allergies 
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often cause asthma attacks. 

(4) Cancer is a serious disease which 

affects many areas of the respiratory 

system. There are about 100 different 

types of cancer. Lung cancer is the 

leading cause of cancer related 

deaths. Tars and chemicals absorbed 

into the body during smoking cause 

tumorlike growths to occur in the 

mouth, lungs, and other areas of the 

body. (Daniel, Ortleb, and Biggs 

1994, 488-493) 

Waste removal by the excretory system 

a) Organs of the Urinary System 

The urinary system has the job of 

controlling blood volume by removing excess 

water and regulating blood composition by 

getting rid of toxic chemicals accumulated 

during cellular respiration and metabolism. 

Two bean-shaped kidneys are the major 

filtering organs. Located in the lower 

back, these organs work by a series of 

millions of collecting tubules called 

nephrons which empty into the central 

chamber of the kidney. The nephron is made 

up of a cuplike structure called Bowman's 
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capsule and a long collecting tubule. 

Water, salts, sugar, and other cellular 

wastes are passed into the capsule. This 

liquid mixture is forced into the narrow 

tubule where water, salts, and sugars are 

reabsorbed by capillaries that wrap around 

the tubule and the remaining liquid waste 

mixture is passed on through the tubule 

into the central funnel-shaped collecting 

area of each kidney. This waste material 

called urine leaves the kidney by way of a 

long tube called the ureter. Both ureters 

empty into the urinary bladder, a muscular 

bag. The urethra is the tube that drains 

the liquid from the bladder. Most adults 

eliminate about 1 liter of urine a day. 

b) Other excretory organs 

The skin and lungs are also effective in 

the removal of wastes. Most adults lose 

0.5 liters of water a day and some salt as 

the skin perspires. During the process of 

breathing, about 350 mL of water are lost 

as well as carbon dioxide from the lung. 

(Daniel, Ortleb, and Biggs 1994, 498-500) 

D. Obtaining and circulating nutrients 

1. The digestive system obtains nutrients 



112 

a) Nutrients needed by the body 

Any substance used by the body for growth 

and repair is called a nutrient. Nutrients 

needed by the body can be placed into six 

groups: carbohydrates, proteins, fats, 

vitamins, minerals, and water. 

Carbohydrates, fats, and proteins are said 

to be organic and are produced by living 

organisms. Vitamins, minerals, and water 

are inorganic nutrients. These essential 

nutrients are obtained by eating a variety 

of foods. Usually a diet including four 

servings of the dairy group, two servings 

of the meat group, four servings of the 

bread-cereal group, and four servings of 

the vegetable-fruit group provides for good 

health. 

(1) Carbohydrates are used in cellular 

respiration as the major source of 

energy for the body. Complex starches 

and longer sugar molecules are broken 

down into glucose which can be used by 

the cell for energy. Cellulose is a 

carbohydrate found in the walls of 

plants that the body cannot digest. 

It is used by the body instead as 
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fiber that helps push out wastes from 

the intestine. (Barr and Leyden 1986, 

325) Natural sugars are found in 

fruits and starches such as those 

found in bread, pasta, potatoes, and 

rice are great sources of energy for 

the body. White table sugar is an 

example of a refined carbohydrate 

which has been stripped of nutritional 

value in the refining process. It 

provides energy without nutrition and 

foods rich in refined sugars are said 

to provide "empty calories". (Barr and 

Leyden 1986, 351) 

(2) Fats are also excellent sources of 

energy. They provide twice as much 

energy for the body when metabolized. 

Because most people have a diet high 

in carbohydrates, fats are often a 

secondary source of energy and are 

usually stored in the form of fat 

tissue that cushions and insulates the 

body. Saturated fats from animals can 

contribute to high cholesterol levels 

that are dangerous to blood flow and 

may result in higher blood pressure. 
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Unsaturated fats from plant sources 

and fish oil do not produce unhealthy 

cholesterol buildup. In fact, fish 

oil seems to have a healthy 

cholesterol cleaning effect. Fats are 

broken down into fatty acids and 

glycerol. 

(3) Proteins are made up of small units 

called amino acids which are the 

building units needed by the cell for 

growth, repair and maintenance. Your 

body uses some 20 different kinds of 

amino acids to make over 100,000 

different kinds of proteins. (Barr 

and Leyden 1986, 78) The body makes 

some 10 of these building blocks but 

the other 10 must come from foods that 

are eaten. These 10 are called 

"essential amino acids". Special 

proteins called enzymes control many 

chemical reactions in the body. Beef, 

pork, poultry, fish, dairy products, 

eggs, and beans are foods that supply 

proteins. 

(4) Vitamins are needed in small amounts 

for important body processes. Vitamin 
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A is needed for healthy skin, good 

eyesight, and growth. Many of the 

vitamin B group are responsible for a 

healthy nervous system, red blood cell 

production, and growth. Vitamin C 

promotes the development of healthy 

teeth and bones, growth, and wound 

healing. Absorption of calcium and 

phosphorous by the bones and teeth are 

the work of vitamin D. Vitamin E is 

responsible for cell membrane 

formation while vitamin K is a 

necessary agent for blood clotting. 

Some vitamins taken in large 

quantities are stored in fat tissue 

and can be damaging if taken in 

excess. These fat-soluble vitamins 

include A, D, and K. Water-soluble 

vitamins like B and C are not damaging 

to the body because higher amounts are 

flushed out of the body. 

(5) Minerals needed by the body include 

calcium and phosphorus for strong 

bones and teeth, potassium and sodium 

for nerve transmission, iron for the 

making of hemoglobin essential to the 
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oxygen-carrying capacity of the red 

blood cell, and iodine for metabolism 

regulation by the thyroid. Minerals 

control chemical reactions that are 

important to the body's health. 

(6) Water is the most essential body 

nutrient. About 70 percent of the 

body is water. Water is largely 

responsible for the diffusion of 

nutrients into the cell and the 

elimination of wastes. Usually about 

two liters of water are lost each day. 

(Daniel, Ortleb, and Biggs 1994, 442-

448) 

b) The digestive process 

The breaking down of food into tiny 

particles that can enter the cell to be 

used during body processes is called 

digestion. There are two types of 

digestion: chemical by the addition of 

digestive enzymes or secretions in the 

mouth, stomach, and small intestine and 

mechanical by the mashing action of the 

teeth and tongue, the churning and mixing 

of the stomach, and the fat-breaking action 

of bile in the small intestine. 
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c) Stages of digestion 

(1) In the mouth, food is mechanically 

broken into small pieces and chemical 

digestion of starch is begun. Three 

glands produce a secretion called 

saliva, a mixture of mucus and the 

digestive enzyme called salivary 

amylase. Starch is broken down into 

sugar in the aqueous mass that is 

pushed on toward the stomach in the 

soft 25 cm tube called the esophagus. 

Muscles in the walls of the tube 

contract moving food downward in 

wavelike contractions called 

peristalsis. 

(2) In the muscular J-shaped bag called 

the stomach, food is mechanically 

churned and mixed with lubricating 

mucus and chemically affected by the 

addition of hydrochloric acid and 

protein-digesting enzymes until a thin 

watery liquid called chyme is 

produced. Food usually stays in the 

stomach about four hours before moving 

onto the small intestine; then, a 

little at the time, it is released by 
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a valve at the end of the stomach into 

the duodenum, the first few inches of 

the intestine. 

(3) Most of digestion takes place in the 

first part of the small intestine. 

Bile, released from the liver and 

stored in the gall bladder, breaks 

down fat molecules; and enzymes from 

pancreatic juice digests 

carbohydrates, fats, and proteins. 

Finger-like projections called villi 

absorb small digested food particles 

that are picked up by the capillaries 

and taken where they are needed by the 

cells. 

(4) The small intestine, 6.5 m long and 2-

3 cm wide, actually frames the large 

intestine which stretches to just over 

2 m long and 8 cm wide. This last part 

of the digestive tube functions merely 

to absorb water from the undigested 

food material. This material may 

remain in the large intestine up to 

three days while the symbiotic 

relationship of bacteria living on 

undigested cellulose produces vitamins 
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needed by the body. Solid wastes 

leave the body in the form of feces 

through the anus, an opening in the 

last few muscular inches of the large 

intestine called the rectum. (Daniel, 

Ortleb, and Biggs 1994, 451-455) 

The circulatory system disperses nutrients 

a) The pumping system 

Nutrients are dispersed through a closed 

system of blood vessels containing blood 

which is pumped to all parts of the body by 

the heart. It is called the cardiovascular 

system because the heart and vessels work 

together. The system can be divided into 

three pathways of blood flow: pulmonary, 

systemic, and coronary circulations. 

(1) Pulmonary circulation begins as 

oxygen-poor blood in the right atrium 

is delivered through a one way valve 

to the right ventricle and is pushed 

into pulmonary arteries going to the 

lungs. In the lungs these large 

arteries branch into smaller 

arterioles that lead to capillary beds 

where oxygen is picked up by red blood 

cells. The now oxygen-rich blood is 
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returned to the left atrium of the 

heart which pushes the blood into the 

next most muscular chamber, the left 

ventricle. 

(2) Systemic circulation begins as the 

left ventricle pumps the oxygen-rich 

blood into the aorta, the largest 

artery in the body, where it is taken 

to all parts of the body. Carotid 

arteries disperse blood to the head 

while brachial arteries go to the 

arms, femoral arteries go to the legs, 

and vital organs are fed through other 

important arteries. Arteries 

eventually branch into smaller vessels 

called arterioles. These tiny vessels 

end in branching capillaries that have 

walls which are one cell thick. Here 

oxygen and nutrients easily diffuse 

out of the blood to get to the cells 

while solid wastes and carbon dioxide 

move into the blood. Capillaries 

rejoin to form small vessels called 

venules, low in oxygen. These venules 

join to form larger veins which take 

blood back to the heart through the 
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superior vena cava, a large vein 

collecting blood from the top of the 

body, and the inferior vena cava, a 

large vein collecting blood from the 

lower body. Blood enters the heart as 

the vena cava empties blood low in 

oxygen into the right atrium to start 

the pulmonary circulation process 

again. 

(3) Coronary circulation is the pumping of 

blood to the heart muscles. A clot in 

these vessels can result in a heart 

attack, a very serious problem for the 

bodies vital pump. The heart weighs 

about a pound and is nestled in 

between the lungs under the sternum. 

Because of the room taken up by the 

heart, the left lung only has two 

lobes while the right lung has three. 

The two upper chambers are called 

atria while the two lower chambers are 

called ventricles. The push of blood 

into the arteries as the heart 

contracts is called the pulse rate. 

The heart usually contracts about 70 

times a minute. During exercise, the 
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number of beats can reach 200 per 

minute. 

b) Components of blood 

(1) The liquid part 

About five liters of blood are 

contained in the closed circulatory 

system of the body. This tissue 

contains a watery liquid called plasma 

that makes up more than half of the 

blood's volume. Nutrients and oxygen 

are carried by the plasma. 

(2) The solid part 

The other portion of the blood is made 

up of solids: red and white blood 

cells and platelets. 

(a) More than five million red blood 

cells are contained in a cubic 

millimeter of blood. These round 

cells with indented centers have 

a life span of about 120 days. 

Mature cells lack a nucleus. 

Hemoglobin delivers oxygen to the 

cells and picks up carbon dioxide 

to take back to the lungs. 

(b) White blood cells battle invading 

bacteria, viruses, and other 
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foreign substances. Usually 

needing about five to ten 

thousand per cubic millimeter, 

the body makes more when fighting 

an infection. White cells 

usually last about 30 days, 

(c) Platelets are actually fragments 

of blood cells that number around 

400,000 in a cubic millimeter. 

Their short life span is only 

five to nine days. Platelets 

release chemicals that cause 

sticky threads of fibrin to trap 

and clot escaping blood cells at 

a wound site. 

c) Typing blood 

Giving the blood or part of the blood of 

one person to another is called a blood 

transfusion. Blood transfusions are 

necessary to save lives. The blood donor's 

blood must be typed to see if it is 

compatible with the recipient's blood. 

(1) There are four main blood types; A, B, 

AB, and O. Each type of blood is 

labeled by a particular protein, 

called an antigen, that is found on 
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the red blood cells. For example, 

type A blood has A antigens; type B 

has B antigens; type AB has both 

antigens; and type 0 has neither of 

the antigens. Each blood type will 

develop antibodies against proteins 

that are not present. For example, 

type A blood will have antibodies 

against type B blood. Type 0 will 

have antibodies against both proteins 

and can only receive blood from 

another type 0 person. However, type 

AB will not develop either antibody 

and is called the universal receiver 

because it can accept any of the four 

blood types. Type 0 is called the 

universal donor because it can give 

blood to all other types, but clotting 

would result if it received blood from 

any group except another 0. 

(2) This typing is repeated for another 

group called the Rh factor. A person 

is classified as positive if they have 

the Rh protein and negative if they do 

not. The most common blood type is 0+ 

and the least common is AB-. Rh-
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blood types will develop the antibody 

to the Rh+ factor. When an Rh- mother 

carries an Rh+ baby, the mother often 

develops antibodies that attack the 

child's blood if she is not given a 

special shot, called Rhogam, to keep 

these antibodies from developing. If 

the mother is not given a shot, the 

baby will often require a transfusion 

before or right after birth, 

d) Diseases and disorders of the circulatory 

system 

(1) Problems in the blood 

(a) Leukemia is a type of cancer found 

in the blood. Certain white blood 

cells greatly increase in number 

but are too immature to fight 

infection. 

(b) Too few red blood cells is called 

anemia and may be caused by 

insufficient diet, loss of blood, 

or a related illness. Sickle cell 

anemia is cause by malformed 

elongated red blood cells that 

cannot carry oxygen properly. 

(2) Problems in the cardiovascular system 
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Heart disease describes any illness 

that affects the workings of the 

heart. It is a major cause of death 

in this country. 

(a) Atherosclerosis where fat deposits 

clog artery walls is one of the 

major types of heart disease. If 

the clogged artery happens to 

supply the heart muscle itself 

with blood, this can cause a heart 

attack. If the clot is in the 

brain, it can cause a stroke. 

(b) Hypertension is another disorder 

of the cardiovascular system. 

Hypertension may be caused by 

clogged artery walls or being 

overweight. Eating a diet high in 

salt can aggravate this problem. 

Smoking and stress are also 

factors in raising blood pressure. 

Normal blood pressure is usually 

120 over 80, 120/80. The top 

number records the pressure as 

blood is pushed from the heart 

when ventricles contract. The 

bottom number is the pressure as 
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the ventricles relax to fill and 

pressure falls in the arteries. 

(Daniel, Ortleb, and Biggs 1994, 

464-476) 

3. Collecting and recycling intercellular fluid 

The lymphatic system has the job of collecting 

excess fluid around the cells and returning it 

through the circulatory for recycling. 

a) As plasma leaves the capillaries and passes 

out into the intercellular space, it is now 

called lymph as nutrients are passed to the 

cells and wastes are collected in this 

fluid. Lymph enters special lymphatic 

capillaries in body tissues and is pushed 

back toward the heart by the squeezing 

action of muscles and valves. 

b) The lymph also contains special white blood 

cells called lymphocytes that fight against 

foreign materials like invading bacteria or 

viruses. Lymphocytes produced in the 

thymus just under the sternum circulate 

throughout the system. Macrophages are 

one kind of lymphocyte that eats up waste 

materials. The HIV virus that causes AIDS 

in partnership with some other co-factors 

such as Mycoplasma affects another 
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lymphocyte called the T-helper cell. The 

T-helper cell helps the body produce 

antibodies to fight off infection. With 

fewer and fewer T cells, the person is less 

and less able to fight off invading 

microorganisms. These repeated infections 

weaken the body and eventually lead to 

death. 

c) Along the way, special structures called 

lymph nodes filter away harmful 

microorganisms and waste material until the 

lymphatic capillaries enter large veins 

near the heart. During the filtering 

process, a lymph node may become the sight 

of infection, enlarge, and become tender to 

touch. Lymph nodes are usually about 3 cm 

in diameter and are found around the body 

under arms and legs and in the neck. The 

tonsils, spleen, and thymus are three 

larger groups of lymph nodes. The tonsils 

protect the nose and mouth area from 

invading microorganisms. The spleen 

filters out old, damaged red blood cells as 

well as filtering out foreign materials. 

(Daniel, Ortleb, and Biggs 1994, 480-482) 

E. Human reproduction and growth 
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1. The release of reproductive cells 

a) The male reproductive system 

The male reproductive cell is called sperm 

and is produced by two reproductive organs 

called testes. Each sperm cell has a small 

head and a long whiplike tail that propels 

the cell along. The testes are held 

outside the main body cavity in a sac 

called the scrotum. This lowers the 

temperature slightly for the developing 

sperm cells. After sperm cells are 

produced, they are conducted from the 

testes through tubes that lead behind the 

bladder into the seminal vesicles and the 

prostate gland where nourishing fluid that 

gives the sperm energy and mobility are 

added. This fluid is called semen. Sperm 

exits the body through the urethra, a tube 

inside the penis. Urine and sperm leave 

the body through the same tube but never at 

the same time. A muscle in the bladder 

shuts off the flow of urine while semen is 

passing through the tube. The male can 

produce viable sperm throughout his 

lifetime unless the system is damaged by 

disease. 
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b) The female reproductive system 

(1) The maturation of the egg cell 

The egg is the female reproductive cell 

that is released in an alternating 

cycle from one of two ovaries, female 

reproductive organs located in the 

abdominal cavity. Once a month, an egg 

matures and is released from one of the 

ovaries. This is called ovulation and 

is part of the menstrual cycle. A 

female contains at birth all the egg 

cells which will develop during her 

lifetime. About 500 egg cells will 

mature. As the egg cell matures, a 

thick nourishing lining builds up in 

the uterus. The egg is released at 

about the 14th day of the cycle. It 

passes through a tube called the 

oviduct or fallopian tube where it can 

be fertilized if sperm are present up 

to 48 hours before or after ovulation. 

A fertilized egg will move down to the 

uterus and implant itself in the thick 

lining. If the egg is not fertilized, 

it will dissolve and the lining will 

peel away from the uterus and bleeding 
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will begin. The lining is passed out 

through the vagina, a tube that leads 

from the uterus to outside the body. 

The urethra, another tube for 

eliminating wastes, is a separate tube 

in the female and is not connected to 

the reproductive system as in the male. 

(2) The menstrual cycle 

The menstrual cycle is usually about 28 

days in length and charts the changes 

in the female reproductive system that 

occur around the maturing and releasing 

of the egg cell. The shedding of the 

uterine lining is called menstruation. 

The menstruation period usually lasts 

four to six days. The first day of 

bleeding is the first day of the cycle. 

Ovulation occurs around the fourteenth 

day of the cycle. Monthly cycles 

usually begin during the ages of 8 to 

13. Between the ages of 45 to 55, most 

females will experience hormonal 

changes that will cause the cycle to 

become irregular and then to finally 

stop. This is called menopause. 

(Daniel, Ortleb, and Biggs 1994, 530) 
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Development of the fertilized egg cell 

a) The Zygote 

Out of the 200 to 300 million sperm that 

are deposited in the vagina, only one will 

penetrate the released egg cell moving down 

the oviduct toward the uterus. The 

combining of 23 chromosomes from both sex 

cells to form a total of 46 chromosomes 

make possible the development of the 

zygote. This rapidly dividing ball of 

cells moves slowly down the oviduct until 

about the seventh day when it implants in 

the wall of the uterus as the outer cells 

develop into a thick network of blood 

vessels called the placenta. If two egg 

cells happen to develop at the same time, 

both can be fertilized by separate sperm 

cells. Fraternal twins are the result and 

have only the usual similarity of brothers 

and sisters. If the developing ball of 

cells already fertilized by a single sperm 

cell happens to separate, then each ball 

forms a baby having the same original 

genetic material. These babies will look 

alike and be the same sex. Two babies 

formed in this way will be called identical 
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twins. (Daniel, Ortleb, and Biggs 1994/ 

535-539) 

b) The embryo 

The enveloped zygote is referred to as an 

embryo during the first two months of 

development. The umbilical cord develops 

and connects the embryo to the placenta at 

the navel. Nutrients pass from the 

mother's blood to the baby's blood while 

wastes from the baby's blood are returned 

to the mother at the placenta. Drugs or 

alcohol ingested by the mother can 

drastically affect the growing baby causing 

mental and physical defects. Even aspirin 

can cause embryonic bleeding. (Watkins and 

Leto 1994, 557) Three weeks after 

fertilization, a fluid filled sac forms 

around the growing embryo to cushion and 

protect delicate tissues. After five 

weeks, the embryo is about the size of a 

rice grain and has a recognizable head with 

tiny eyes and a beating heart. During the 

next week, arms and legs with fingers and 

toes are evident. 

c) The fetus 

After two months, all body organs are 
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formed and the embryo is now called a 

fetus. At three months, it is 8 to 10 cm 

long and sucks its thumb. Movements of the 

embryo can be felt by the mother and 

heartbeats can be heard. After 7 months, 

the fetus can usually survive on its own 

because its development is complete. 

During the next two months it will merely 

grow and get stronger. At the end of nine 

months, the fetus will rotate and turn head 

downward. At about 50 cm and 2.5 to 3.5 

kg, it is now ready for birth. (Daniel, 

Ortleb, and Biggs 1994, 537-538) 

Birth of the baby 

Muscular contractions force the baby out of the 

mother's body. This is usually proceeded by 

the breaking of the amniotic sac that surrounds 

the fetus. This process is called labor. 

There are three stages in the birth process: 

dilation, expulsion, and placental. 

a) Dilation is the expansion of the mother's 

cervix to allow room for the baby to pass 

out of the uterus. This stage may last 

several hours. 

b) Expulsion is accomplished when the baby is 

pushed down the vaginal canal and out of 
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the mother's body. If the mother's pelvis 

is too small, the doctor will take the baby 

by making an incision in the mother's 

abdomen into the uterus. This is called 

Cesarean section. 

c) During the placental stage, the placenta 

peels away from the mother's uterus and is 

delivered shortly after the baby. This is 

often called "afterbirth". The umbilical 

cord is still attached to the baby and must 

be cut and tied. (Barr and Leyden 1986, ) 

Maturation into life's stages 

a) The first four weeks of development are 

called the neonatal period. During this 

stage the baby adjusts to the outside 

environment. Unlike many other mammals, 

the human baby is very dependant upon 

others to survive. 

b) Infancy is the period from four weeks to 

one year. The child is rapidly growing 

both physically and mentally. Walking and 

talking are achievements during this stage. 

c) Childhood lasts until age twelve. Growth 

continues at a slightly slower pace and 

body coordination improves. Mentally, 

emotionally, and socially the child 
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develops. 

d) Adolescence is the period between ages 

twelve to about age seventeen. During this 

period, secondary sex characteristics 

appear at the onset of puberty when the 

body begins to produce sex hormones. In 

males, muscle enlargement, a deepening 

voice, and facial hair are evidences of 

these changes. Breast development and 

figure changes caused by the addition of 

fatty tissue are present in females. Pubic 

and underarm hair growth are also changes 

in these teens. 

e) Between the ages of eighteen to twenty most 

adolescents enter adulthood as the body 

becomes fully grown. After the age of 

thirty, bones become more brittle and skin 

begins to lose elasticity. Increased 

responsibility characterizes this stage as 

many adults choose careers and family. 

Women from the ages of 45 to 55 experience 

menopause. As adults approach seventy, 

there are often changes in health as the 

body ages. Diseases such as arthritis, a 

stiffening of the joints making movement 

painful, often affect older adults. Many 
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adults enjoy decreased responsibilities as 

they retire. (Daniel, Ortleb, and Biggs 

1994, 540-545) 

Section V: Health hazards which affect the body 

A. The body resists disease 

1. Finding the source of disease 

Louis Pasteur, a French chemist, first proposed 

that microorganisms cause disease. The 

pasteurization process that killed 

microorganism by heat was named after this man. 

Evidence produced by his discovery of rabies 

and other diseases formed the basis for the 

germ theory which proposed that specific 

microorganisms cause any disease. Robert Koch, 

a German physician, developed a way to isolate, 

grow, and study disease causing organisms on a 

solid gelatin like medium called agar. 

(Daniel, Ortleb, and Biggs 1994, 558-559) 

2. Types of disease 

a) Communicable disease 

Diseases that can be spread from one person 

to another are said to be communicable. 

Communicable diseases are caused by 

bacteria, viruses, fungi, and protists. 
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These organisms are called pathogens. 

These diseases are spread in many ways. 

(1) Contaminated food can spread diseases 

like botulism, food poisoning. Dented 

cans can let harmful bacteria into the 

can to grow. Improper heating methods 

during the canning process is another 

way that food poisoning occurs. 

(2) Poor sanitation and unclean drinking 

water also cause diseases like 

cholera, hepatitis, and typhoid fever. 

(3) Animals and insects also spread 

disease. One of the most famous 

examples is the Black Death during the 

1300's in Europe. One fourth of the 

population died from this disease 

spread by fleas on rodents whose bite 

carried a deadly bacterium. This same 

bacterium, Yersinia pestis resurfaced 

this year in India and turned out to 

be one of the worst pneumonic plagues 

in recent times. Ticks carry Lyme 

disease and Rocky Mountain spotted 

fever. (Maton and others 1994b, 204) 

Rabies can be spread by the bite of an 

infected animal such as a squirrel or 
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raccoon. Malaria is spread by a 

sporozoan in the body of the mosquito. 

(4) People also transmit disease. 

Coughing and sneezing spread diseases 

like colds, flu, measles, mumps, and 

tuberculosis. A sneeze may contain as 

many as 5000 droplets filled with 

virus particles that may travel up to 

3.7 meters away. Maton and others 

1994b, 204) Some diseases are 

sexually transmitted like gonorrhea, 

syphilis, genital herpes, and AIDS. 

(5) Many diseases are spread by agents 

called viruses. Most scientists do 

not classify viruses in any kingdom 

because they do not fit the pattern of 

living organisms. They are special 

kinds of parasites that must live 

inside a host cell in order to 

replicate. Viruses consist of a 

protein coat that surrounds a piece of 

RNA or DNA and are classified by 

shape. Many viruses are resistant to 

antibiotics and are hard to kill. 

Most viruses must use the following 

steps to survive: 
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(a) Attaches to surface of host cell 

(b) Invades the host cell by 

injecting its DNA or RNA into 

the cell 

(c) Copies its DNA by taking over 

host cell 

(d) Releases hundreds of copies of 

itself as host cell is destroyed 

(Daniel, Ortleb, and Biggs 1994, 

182-184) 

b) Noncommunicable diseases 

These diseases are not spread by 

microorganisms which are passed from 

person to person. Causes of this kind of 

disease include improper diet, poorly 

functioning body systems, chemical 

irritation, allergic responses, and stress. 

Arthritis, high blood pressure, and 

emphysema have been mentioned earlier. 

(1) Cancer is the second leading cause of 

death in the United States. In this 

disease, cells multiply out of control 

and form masses, called tumors, which 

absorb nutrients from other healthy 

tissues. Some tumors are not 

cancerous and are said to be benign. 
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Other tumors are cancerous and destroy 

good tissue and are said to be 

malignant. The tendency to produce 

cancerous growths seems to be locked 

in the genetic material. The key to 

fighting cancer is early detection. 

Chemotherapy and radiation as well as 

surgery to remove the cancer are 

traditional treatments. New drugs 

called monoclonal antibodies made by 

combining cancer cells with antibody-

producing white blood cells seem to 

boost the immune system and may offer 

new hope to cancer patients. (Daniel, 

Ortleb, and Biggs 1994, 570-571) 

(2) Diabetes is caused by the inability of 

the pancreas to make enough insulin to 

regulate the amount of glucose in the 

bloodstream. Without the help of 

insulin, the body's tissues are not 

able to make energy by the burning of 

glucose, so the cells seek other 

supplies of food from its own tissues. 

Weight loss, muscle weakness, and 

hunger are all symptoms of this 

disease. In young people under 25 who 



142 

have little or no insulin production, 

the type of diabetes is called 

juvenile-onset diabetes. Treatment 

includes regular insulin injections 

and strict diet. Adult-onset diabetes 

occurs in people over 25 who produce 

enough insulin but are ineffective in 

using it for the cell's absorption of 

glucose. This is less severe and can 

often be regulated by diet. (Maton 

and others 1994b, 208) 

(3) Allergies are reactions of the immune 

system to some substance not produced 

by the body like certain foods, insect 

stings, pollen, or commercial 

products. The immune system responds 

by producing histamines, chemicals 

that cause redness and swelling of 

tissues. Treatment often includes 

antihistamines, drugs that counteract 

the allergic response. 

3. Natural defenses against disease 

a) Keeping germs out 

(1) The first line of defense against 

invading germs includes the skin and 

mucus membranes that guard the 
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openings of the body. Dust, pollen, 

and foreign substances can be trapped 

in the sticky mucus and swallowed 

where secretions of the mouth and 

other parts of the digestive system 

kill germs. Tears also contain 

chemicals which destroy 

microorganisms. Reflexes like 

blinking and sneezing work to keep 

germs from the body. 

(2) The second line of defense is 

accomplished as plasma containing 

white blood cells bathes a wound. The 

white blood cells try to kill all 

invading microorganisms continually 

roving around the cells engulfing and 

destroying pathogens that may harm the 

body. Often a fever is produced as 

the body's defenses spring into 

action. 

b) Antibody defenses against invaders 

When natural defenses fail, the body may 

spring into action by producing proteins 

call antibodies in a third line of defense. 

Antibodies work by binding to the antigen, 

the foreign substance that has entered the 
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body, and rendering it harmless. Active 

immunity is where the person makes their 

own antibodies. Passive immunity is where 

antibodies from another source are used to 

protect the body. During the first few 

months of life, the infant has passive 

immunity from the antibodies made by the 

mother. Tetanus boosters produced by 

horses give several years of passive 

immunity. These injections must be 

repeated for continual protection. 

Vaccinations are used to encourage the 

formation of natural antibodies so that 

invading pathogens are met and fought 

quickly before they can multiply. 

Vaccinations contain killed or weakened 

forms of germs that cannot harm the body 

but are sufficient to generate the antibody 

line of defense. 

Failure of the immune system 

a) The AIDS virus 

An example of immune system failure is 

found in humans who have Acquired Immune 

Deficiency Syndrome, or AIDS. Generally, 

this virus attacks patients with impaired 

immune systems caused by conditions such as 
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treatments of radiation, blood 

transfusions, alcoholism, and constant drug 

consumption including illegal drugs like 

cocaine. This disease is a life 

threatening condition that is rapidly 

spreading in the human population. The 

word "acquired" suggests that the disease 

is not part of the original genetic makeup 

of the individual, but it invades the body 

from another source. The disease is caused 

by a virus named Human Immunodeficiency 

Virus, or HIV. Once this virus enters the 

body, it attacks certain helper-T white 

blood cells taking them over and making 

them viral replicating factories. The T 

cells cannot then reproduce their own 

genetic material; and eventually filled 

with viral particles, they explode, 

releasing multiple copies of the HIV virus 

which invade and destroy other T cells. 

The shortage of helper-T cells causes a 

failure in the immune system by 

deactivating these cells which turn on the 

antibody defenses for other invading 

microorganisms. Slowly the immune system 

weakens and kills the AIDS victim. The 
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words, "immune" and "deficiency" describe 

the affected system. Syndrome refers to 

collection of multiple diseases that attack 

the defective immune system. 

b) How the virus spreads 

AIDS is spread by direct contact with the 

body secretion of an infected individual. 

Prior to 1985, the blood supply was not 

screened for this disease. Some 

individuals were infected during 

transfusion. Blood supplies are now 

checked for contamination by the virus. 

Sexual contact spreads the virus in vaginal 

secretions and semen. Drugs users who 

share needles risk infection. Unborn 

babies receive the virus from their mother 

as the virus moves across the placenta. 

There is also some risk of infection to 

babies through nursing if the mother has 

the HIV virus. 

c) Prevention and treatment of AIDS 

Drugs are used to slow the progress of 

AIDS, but at this time there is no cure. 

The virus may live in the human system many 

years before symptoms appear. Most HIV 

positive people show signs of the disease 
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in three to ten years. Cases of AIDS are 

growing at an alarming rate because people 

without symptoms of the disease are 

spreading it to others. Multiple sexual 

partners among teenagers and adults greatly 

increase the risk of infection. Use of 

condoms provide only a limited amount of 

protection. Mutual monogamy where both 

partners choose to have a sexual 

relationship with only each other if both 

persons are not carrying the virus is the 

best means to stop the sexual transmission 

of the disease. (Daniel, Ortleb, and Biggs 

1994, 186-187) 

B. The effects of drugs on the body 

A drug is any chemical that affects the body and 

provides no nutritional value. Some drugs are 

beneficial and used to combat disease. Other drugs 

harm the body by speeding up or slowing down the 

nervous system or affecting other body functions. 

Even helpful drugs can be misused. Intentional 

misuse of a drug is called drug abuse. A person 

who mentally believes they need a drug is said to 

be psychologically dependent. Physical dependence 

results when the person chemically needs the drug. 

One side effect of physical dependence is needing 



148 

more and more of the drug to produce the same 

effect. This is called tolerance. Another effect 

is withdrawal symptoms. This illness occurs when 

the drug is removed from a chemically dependant 

person. This can cause painful body changes. 

(Daniel, Ortleb, and Biggs 1994, 580-581) 

1. Helpful drug use 

Medicines.are given to help the body fight 

infection and disease. There are two kinds of 

medicines: prescription and over-the-counter 

drugs. 

a) Prescription drugs must be taken under the 

supervision of a doctor. Antibiotics are 

an example of these drugs. Bacterial 

infections are usually treated with 

antibiotics. Penicillin was the first 

group of antibiotics used to fight disease. 

(Barr and Leyden 1986, 344) 

b) Over-the-counter medicines such as aspirin 

may be purchased without a doctor's 

prescription. Even these drugs have 

directions that must be carefully followed. 

2. Dangerous substances 

a) Legal drug use 

Some drugs speed up the body's system and 

are called stimulants while other drugs 
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called depressants slow the body's 

responses. Even though legal, taken in 

large amounts, even these drugs are 

dangerous. 

(1) Caffeine is a legal stimulant 

contained in many beverages. Coffee, 

tea, chocolate, and cola drinks all 

have caffeine. Too much of this 

substance can increase heartrate, 

effect urine output, cause 

nervousness, and decrease the ability 

to sleep. Headache and nausea are 

often withdrawal symptoms. 

(2) Tobacco products contain the chemical 

nicotine which is known to be one of 

the most addictive substances in any 

dangerous drug. Nicotine restricts 

the bloodflow and increases blood 

pressure and the pulse rate. 

Increased cholesterol buildup and 

blood clot formation are also other 

side effects. Carbon monoxide found 

in smoke attaches to red blood cells 

affecting their ability to carry 

oxygen. Tar, a sticky byproduct of 

burning tobacco harms the delicate 
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lung tissue and paralyzes cilia that 

sweep the respiratory system. Other 

chemicals from the smoke are cancer-

causing agents. Passive smoke 

breathed in by the nonsmoker also 

contains these same dangerous 

chemicals that harm the body. 

(Daniel, Ortleb, and Biggs 1994, 583-

548) 

(3) Alcohol is a depressant drug that 

dulls the senses and slows body 

reactions. This drug poisons liver 

and brain cells. Heavy use of alcohol 

can cause death. Alcohol is carried 

by the bloodstream and enlarges blood 

vessels. The person who drinks often 

feels warm as capillaries near the 

surface lose heat. (Daniel, Ortleb, 

and Biggs 1994, 584) Many people 

develop physical and psychological 

dependence on this drug. There are 

about 200,000 alcohol related deaths 

in our country each year. About 

25,000 of those are highway 

fatalities. (Maton and others 1994b, 

220) 
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b) Illegal drug use 

(1) Marijuana is a dangerous drug from the 

stems, leaves, and flowers, of the 

hemp plant. If only the top of the 

plant is used, a more potent version 

called hashish is produced. Marijuana 

smoke has many dangerous chemicals 

among which is THC a powerful mind-

altering drug. Use of this drug 

causes memory loss, decreases 

coordination, slows reaction time, and 

alters judgement. Damaged lung tissue 

and elevated heart rate are other 

physical changes that occur with use. 

(2) There are several kinds of illegal 

stimulants. Amphetamines include 

drugs called uppers and speed. All of 

these increase blood pressure and 

cause physical and psychological 

dependence. Cocaine is another 

amphetamine linked to heart attack 

deaths. Users can develop dependence 

in just a few days. Crack is an even 

stronger form of cocaine that is 

smoked. The high feeling of the drug 

quickly passes leaving the user in a 
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period of depression. Crack has an 

even greater and more dangerous effect 

on the circulatory system. 

(3) Depressants slow reflexes by 

preventing nerve transmission form one 

neuron to the next. Dilating blood 

vessels lower blood pressure and 

breathing slows. High amounts of 

depressants can cause coma and death. 

Sleeping pills, tranquilizers, and 

barbiturates are types of depressants. 

(4) Hallucinogens are drugs that bring 

about severe body changes and are said 

to be mind-altering drugs because they 

change the person's perception of 

reality. Under the use of 

hallucinogens, the person may live in 

a fantasy world where senses are 

highly stimulated. PCP or angel dust 

and LSD are two commonly used 

hallucinogens that produce geat 

changes in personality. Violent 

behavior is often a symptom of this 

kind of drug use. 

(5) Opiates are often called narcotics and 

cause a dreamlike state of awareness 
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and dulled senses. Made from the 

white poppy, this is one of the oldes 

known form of drugs dating back to the 

Greeks empire. Opium and morphine 

were used as painkillers in the Civil 

War. The physical addition caused by 

these drugs led scientists to develop 

other drugs for relief of pain. 

Heroine, a derivative from morphine, 

is a much stronger drug. It is one of 

the most widely abused drugs in the 

United States. Because these drugs 

are usually injected, diseases like 

AIDS, hepatitis, and tetanus are found 

among its users. (Daniel, Ortleb, and 

Biggs 1994, 586-593) 

Section VI: Patterns of inheritance 

A. The science of genetics 

The passing of traits from parent to offspring is 

called heredity. This inheritance is contained on 

the DNA in the nucleus of every body cell in the 

organism's body. This heredity is passed to the 

organism in the sex cells that combine during 

conception. The location of a trait on the DNA 
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structure is called a gene. Each parent may pass 

different forms of the gene to the offspring. 

These different forms are called alleles. The 

study of how the combining of different alleles 

will affect future generations of offspring is the 

study of genetics. 

1. Early work in genetics 

Gregor Mendel, an Austrian monk who lived in 

the 1800's, is called the father of genetics. 

He made careful detailed studies of the 

inheritance of plants learning how to predict 

types of offspring produced in pea plant 

crossings. When he crossed tall pea plants 

with short ones, he noticed that tall offspring 

were produced. He concluded that the tall form 

was dominant or always expressed if present. 

Shortness was recessive. This trait was masked 

by the tall trait. Short plants could only be 

obtained from two short parents. When he 

crossed hybrid plants, those with mixed 

alleles, there were three tall plants produced 

for every short one. Working with many other 

traits as well, he saw patterns develop which 

enabled him to predict probable offspring for 

each kind of crossing. 

2. Solving genetic problems 
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The Punnett Square is a tool used by 

geneticists to predict offspring crosses, 

appendix 1, page 167, shows the results of the 

tall and short plant cross-pollination. A 

capital letter is used for the dominant case 

and a small letter of the same type as the 

capital is used for the recessive case. Two 

letters represent both alleles carried by each 

plant. Each plant has two alleles because one 

allele is inherited from each parent. This is 

called the organisms genotype and represents 

the types of genes carried. If an organisms has 

two alike alleles, it is said to be homozygous 

for the trait. It is called heterozygous if 

the alleles are different. The expression of 

the gene in the organism such as tallness or 

shortness is called the phenotype of the 

organism. 

Different types of inheritance 

a) Dominant-recessive inheritance is the 

combining of genes where the dominant form 

if present is always expressed hiding the 

recessive trait. The recessive trait is 

hidden unless the organism is homozygous 

for the recessive form. 

b) Incomplete dominance can be found where 
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there is a blending of traits in the 

heterozygous form. Red flowers and white 

flowers crossing to have pink offspring is 

an example. Coat colors in animals are 

often incompletely dominant. 

c) Multiple alleles, more than two alleles, 

control some traits. Blood types in humans 

are found on three alleles. A and B 

alleles are incompletely dominant over each 

other, but both of these alleles are 

completely dominant over the 0 allele. A 

person who is type AB possesses both the A 

and B alleles. Type A blood can have two 

different allele combinations, AA and AO. 

To get type 0 blood, the person must carry 

both recessive alleles, 00. 

d) Polygenic inheritance occurs when multiple 

gene pairs control a particular trait. 

Examples are skin color, height, eye color, 

and the shape of facial features. 

e) Sex-linked traits are associated with the X 

and Y chromosomes. These traits are 

usually carried on the X chromosome and not 

found on the Y chromosome. Colorblindness 

is an example. A female is rarely 

colorblind because she carries two X 
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chromosomes, XX; and, the colorblind gene 

carried on one X is usually dominated by a 

normal gene on the other chromosome. A 

male carrying the XY combination who has a 

colorblind gene on the X chromosome has no 

normal gene on the Y chromosome to allow 

him to be normal. In fact, the allele is 

missing on the shorter Y chromosome. 

Hemophilia is another example of a sex-

linked gene and is inherited in the same 

manner. The only way a female can express 

the condition is to have inherited the 

defective gene on both X chromosomes. 

(Daniel, Ortleb, and Biggs 1994, 108-116) 

4. Studying human genes 

Scientists are seeking to discover a map of all 

human chromosomes called the genome. It is 

predicted that there are about 100,000 genes 

located on the 46 chromosomes in each human 

body cell. At this time codes for about 5000 

genes have been discovered. By identifying 

problems such as inherited heart disease, 

diabetes, or alcohol addiction, doctors will be 

able to suggest strategies to avoid the 

problems of the disorder. Already, techniques 

are used to recover cells in blood and semen at 
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crime scenes so that chromosome bands can be 

mapped to help identify criminals. This 

technique is called DNA fingerprinting. 

Genetic engineering that allows scientists to 

replace damaged genes or put in new 

characteristics is now being developed. 

Bacteria that make large quantities of medicine 

and clean up oil spills are already being 

genetically engineered. (Daniel, Ortleb, and 

Biggs 1994, 120-123) 
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L u n v e r t i n g U n i t s From E n g l i s h t o M e t r i c 

r \ 

Table B-l 

When you want 
to convert; 

Length 

Volume 

Area 

Muftipfy by: To find: 

inches 
centimeters 
feet 
meters 
yards 
meters 
miles 
kilometers 

2.54 
0.39 
0.30 
3.28 
0.91 
1.09 
1.61 
0.62 

Mass ounces 20.33 
and grams 0.04 

Weight* pounds 0.45 
kilograms 2.2 
tons 0.91 
tonnes (metric tons) 1.10 
pounds 4.45 
newtons 0.23 

cubic inches 
cubic centimeters 
cubic feet 
cubic meters 
liters 
liters 
gallons 

16.38 
0.06 
0.02 

35.3 
1.06 
0.26 
3.78 

square inches 
square centimeters 
square feet 
square meters 
square miles 
square kilometers 
hectares 
acres 

centimeters 
inches 
meters 
feet 
meters 
yards 
kilometers 
miles 

cubic centimeters 
cubic inches 
cubic meters 
cubic feet 
quarts 
gallons 
liters 

6.45 square centimeters 
0.15 square inches 
0.09 square meters 

10.76 square feet 
2.59 square kilometers 
0.39 square miles 
2.47 acres 
0.40 hectares 

Temperature Fahrenheit 
Celsius 

Weight as measured in standard Earth gravity 

5 / 9 CF - 32) 
9 /5 *C + 32 

Celsius 
Fahrenheit 

210 

200-

190 -

180-

170-

160 

140-

grams 
ounces 
kilograms 
pounds 
tonnes (metric tons) 
tons 
newtons 
pounds 

130-

110 

90-

8 0 -

7 0 - f - E 

6 0 -

50 

40 

30 

20 

10 

- 6 0 

-30 

- 2 0 

• 1 0 

-10 

-20 

Copied by p e r m i s s i o n f rom t h e G lencoe D i v i s i o n 

o f McGraw/Hi 11 
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R e c o r d i n g D a t a i n a T a b l e or Graph 

Grading 
Period Average Science Grade 

First 81 

Second 85 

Third 86 

Fourth 89 

Average Grades of Students 
in Study Program 

First Second Third Fourth 

Grading Period 

Line Graph 

Data Table 

800-
T> C o 700-
o a 
</i 600-
a> a 500-
« c o 400-
2 
-Q 300-
> 

200-

Wing Vibration Rates 

-

(750) i 

- (440) 

iH 11 O 
Mosquito Honey House Beetle 

Bee Fly 
Insects 

Not germinating 
' 35% 

Germinating 
325% 

Bar Graph P i e Graph 

Cop ied by p e r m i s s i o n f rom t h e G l e n c o e D i v i s i o n 

o f M c G r a w / H i l l 
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Identifying Parts of a Microscope 

A. Eyepiece 
B. Body tube 
C. Revolving nosepiece 
D. Low-power objective lens 
E. High-power objective lens 
F. Stage 
G. Stage clips 
H. Base 
I. Mirror 
J. Diaphragm 
K. Arm 
L. Fine adjustment knob 
M. Coarse adjustment knob 

Copied by permission from the Glencoe Division 

of McGraw/Hi 11 
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NAMc UAit 

LABORATORY SKILLS ASSESSMENT 

The Microscope 

USING A MICROSCOPE 

Microscopes are optical instruments, much like a pair of glasses. The purpose of the micro-
scope is to help you see things that are very small. In life science, the microscope can introduce you 
to organisms that you would otherwise not see. Beeause it is a delicate instrument, a microscope 
requires careful handling. 

Show that you are aware of how to handle a microscope correctly by completing the following statements. 

1. Always carry a microscope with one hand on the and the other hand on 

the . 

2, A microscope should be stored with the objective in place. 

3. Always bring a specimen into focus using the objective. 

4. Never use the adjustment to focus the high-power objective. 

5. Do not allow direct sunlight to fall on the . 

6. Use only the adjustment when focusing with the high-power objective. 

7. Lenses should be cleaned with . 

Identify the parts of the microscope on the lines to the left, 

A . 

B . 

C . 

D. 

E . 

F . 

G . 

H . 

I. 

j . 

K. 

L. 

M. 

Copyright Giencoe Division of Mocmiflon/McGrow-Hitl 
U»n of MtmK life Scwnc* hove publisher's permission to rtproduct (his pogt. 



165 

Classification Divisions Example: Arctic wolf 

Kingdom 
Phylum 
Class 
Order 
Family 
Genus 
Species 

Animal 
Chordata 
Mammalia 
Carnivora 
Canidae 
Canis 
lupus 
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C N » O C f t l N C 4 L A N M 
Gland Regulates 

Parathyroids 

Adrenal 

Pancreas 

V 

Enables other endocrine glands to 
produce hormones 

Milk production 
Growth 

Carbohydrate use 

Calcium 

Parts of immune system 

Blood sugar; metabolism 

Biood sugar 

Production of eggs; development 
of sex organs in females 

Production of sperm; development 
of sex organs in males 

A Negative Feedback System 

Hormone 
level 
low 

ON Hormone 
production Hormone 

slowed production 
down Increases 

Hormone 
level 
hijih 

OFF 
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Punnett Square 

Alleles 
from 

homozygous 
» ho it 
parent 

Alle les f r o m h o m o z y g o u s tal l p a r e n t 

T F 

T ^ 7" T 

T t T t 

Zygotes of 
all possible 
offspring 

T t T t 

Genotypes of offspring: All H 
Phenotypes of offspring: All tall 

Copyright Gfertcoe Division of Mocmtllan/McGravHfil 
Users of Merriff life Science hart the publisher's permission to reproduce this poge. 
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NAME DATE CLASS 

BASIC SKILLS 

Scientific Problem Solving 

TABLES AND GRAPHS 

A. Making Tables 
As you study life science, you will find that often information is presented in a table. You will 

organize data and observations in tables. You will be asked to use information given in tables. 
Knowing how to make and use tables is an important skill. 

Tables have a tide, rows, columns, and heads. The tide is found at (the top of the table. The tide 
tells you what information is contained in the table. Columns are the sections that run up and 
down. At the top of each column is a head that tells you what information is in the column. Rows 
are sections that run from one side to another on the table. 

Use the information in this paragraph to complete the table below, When you complete a table, 
you must record the information in the proper column and row. There are 5000 species in Phylum 
Porifera, 11 000 species in Phylum Coelenterata, 26 000 species in the (three phyla of worms, 80 000 
species in Phylum Mollusca, 826 000 species in Phylum Arthropoda, 47 000 species in Phylum 
Chordata, and 5000 species in Phylum Echinodermata. 

Number of Animal Species 

Phylum 

B. Making Graphs 
A graph is a picture that shows data in a way that helps you understand the information. There 

are several different types of graphs. Line graphs show data plotted as points that are connected by 
a line. Line graphs often are used to show change. The graph here shows the increase in world 
population over time. The dashed part of the graph line is an estimate of the population in future 
years based on current rate of increase. 

c 
.9 
j5 
c 
c o 

3 a & 
"O 
"C 

oS? •J* * ^ 
Year 

Copyright Glencoe Division of Mocmllan/McGrow-HiH 
Users of Merrill Uh Science haw the publisher's permission to reproduce this ipoge. 
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You will use the information provided in Part A and the able you completed to make three 
other types of graphs: a bar graph, a pictograph, and a circle graphr A batr graph always has^two 
axes, a horizontal and a vertical, and these axes are labeled and divided. On the bar graph below,^ 
the vertical axis is labeled and divided into ten thousands. The horizontal axis is labeled "Phylum" 
and divided by different animal phyla. Indicate the number of species in each phylum by shading 
the bars on the graph. The column for Phylum Porifera has been done for you. 

A pictograph shows data in pictorial form. Use the letter A to represent 10 000 species of 
? n i n » ) t on the pictograph provided below. Phylum Mollusca has been completed for you. Note 
that the number of arthropod species is shown at the bottom. The ndinber is too large to show on 
the graph. 

& 
E 

60000 

70000 

60000 

50000 

40000 

30000 

20000 

10000 

0 

Number of Animal 
Species 

(less than) Porifera 
Coelenterata 
Platyhelminthes 1 
Nematoda ) 
Annelida 
Mollusca 
Arthropoda* 
Echinodermata fless than) A 
Chordata 

AAAAAAAA 

Each A means 10 000 species. 
'There are 826 OOQ.spechs in phyium Arthropoda. 

Phylum 

Circle graphs allow you to compare parts of a whole. The data on most circle graphs usually is 
expressed in percentages. Examine the graph below and determine the percentage of the total 
number of species for each phylum. 

Porifera _ 

Mollusca 

Coelenterata 

Arthropoda ^ 

Worms 

Chordata 

Echinodermata L 

[7?] = Arthropoda 

| H =* Chordata 

I | = Echinodermata 

2 3 = Mollusca , 

fTTTl = all worms 

[ U = Porifera 

S i = Coelenterata 
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LABORATORY SKILLS ASSESSMENT 

Using Laboratory Measuring Devices 

Balance: Determining Mass 
1. What mass is shown on each of these balances? 

Q 

f n H r " n > 

• i a 
fWii.l pmHwr »T "• ]' 
•I «i « ft 

f= 

WE / 
r\ 

a. The mass of the object would be read as. 

b. The mass of the object would be read as. 

Metric Ruler: Determining Length 
2. What lengths are indicated on this ruler? 

y | i r n p T T T | i I 111 n M 11111 

\ 10 11 1 

/ ! 1 I 1 1 1 i 1 I 1 1 1 1 1 1 t I 1 1 M 1 1 I I 1 

1 1 1 1 | 

2 

i i i i 

| 1 11 1 

1 

1 J J J l 

• m i " 1 1 1 1 1 1 1 1 1 1 1 1 1 i ' l 

3 14 I 

I t I ! 1 M ! ! 

b. 

c. 

d. 

e. 

Copyright Gteocc* Division of Mocmillon/McGraw-Hifl 
User* or Merrill lift Scienct have lt*» pobfisWs permission to reproduce ifiis poge. 
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Graduated Cylinder: Measuring Liquid Volume 
3. What volume is indicated on each of these graduated cylinders? 

* i 

d._ e.. 

so 

so 

I 

f._ 

Thermometer: Measuring Temperature 
4. What temperature is indicated on each of these thermometers? 

10 

-10 

b._ c._ d._ e«. 

Copyright Glencoe Division of MocmlJIon/McGrcrw-Hill 
Uteri of Merrill l/fo Soence h a w the poblijher'$ permission to reproduce this poge. 



174 

a 
* 
I 

i 

i | i i i i*| i i t i | miinni j{ 

I l*| I I I l*| I I I 1̂1 I I I b 

11111 • I ' _L-J-1LL " 
» 

V i i 1 "'V T : *? i 

j T \ 

Q S 1 

17 

<3 

§ S* 

r I 

tfZZtr 

i I •* 2 
JS S>a 
1 II 
! ?| 

JI 

g glf E 
<0 0> , n 

I! 



NAME DATE CLASS 
1 7 5 

MINI-LAB 

How are filings measured? 

Working in pairsV measure the mass 
of the following items:]a smalt paper 
clip, a small glass of water, a metal 
spoon, and a rock. Use a pan bal-
ance. Record your data in the tabled 
Are these items best measured in 
Idfograms, milligrams, or||rt}ms?3Mar 
did you choose the unif you aid?~ 

Materials 
• paper clip 
• small glass of water 
• a metal spoon 
• a rock 
• pan balance 

Chapter 1 

Text Page 21 

Procedure 
1. Working in Paired Partners, measure the 

mass of the following items: a small paper 
clip, a small glass of water, a metal spoon, 
and a rock. Use a pan balance. 

2. Record your data in the table below. 

Data and Observations 

I 

Item Mass 

paper clip 

glass of water 

metal spoon 

rock 

Conclude and Apply 
Are these items measured in kilograms, milligrams, or grams? Why did you choose the unit you did? 

Copyright Glencoe Division of Mocmilkm/McOow Hil 
User* of Merrif lift Science hove the publisher's permission to reproduce this pope. 



NAME DATE CLASS 176 

MINI-LAB 

How are objects magnified? 

Early scientists used various tools to 
help view objects. Try looking at a 
newspaper through me curved side of 
an empty glass, tne flat bottom of an 
empty glass, a bowl filled with water, 
ana,a magnifying glass. Compare 

. h<W-Wellyou can see through each. 
V^feSjfiwCtples did earlyscientisfs 
leanttjjTusing such tools? ; 

Materials 
• newspaper pages 
• drinking glass 
• dear glass bowl 
• magnifying glass 
• water 

Procedure 
1. Look at the newspaper through the curved 

side of the empty glass. 
2. Look at the newspaper through the flat 

bottom of the empty glass. 
3. Look at the newspaper through the bowl 

filled with water. 
4. Look at the newspaper through the mag-

nifying glass. 
5. Record your observations in the table at the 

right. 

Chapter 2 

Tex! Page 31 

Data and Observations 

Tool Observations 

glass 
with flat 
bottom 

glass 
with curved 
bottom 

bowl filled 
with water 

magnifying 
glass 

Conclude and Apply 
1. How are objects magnified?. 

2. What principles did early scientists learn by using such tools? . 

Copyright Glenco* Division of Mocmfflon/McGrow-Ktl 
UMMY cf Mrri8 IJfe Science have tfw puWisWs permission to REPRODUCE (hiit pop*. 
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n ACTIVITY 1-1 

Using a Scientific Method 

178 

Chapter 1 

Text Page 24 

LAB PREVIEW 
1. What is a hypothesis? 

2. How can you test a hypothesis? 

Problem: How does vinegar affect milk? 

Materials 
• whole milk (300 mL) 
• water (15 mL) 
• vinegar (15 mL) 
• 250-mL beakers (2) 
• 50-mL graduated cylinder 

Procedure 
1. Use a reference book to find out what kind 

of substances milk and vinegar are. 
2. Based on what you have read about milk 

and vinegar, make a hypothesis about how 
vinegar affects milk. Write your hypothesis 
in the table below. 

3. Use the following experiment to test your 
hypothesis: 
a. Label one beaker A and a second beaker 

R. Pour 150 mL of milk into each beaker. 
b. Add 15 mL of water to Beaker A and 15 

mL of vinegar to Beaker B. 
c. Allow the beakers to remain undisturbed 

for three or four minutes. 

Data and Observations 

4. Record what you observe about each beaker 
in the data table. 

5. Using your observations, write a conclusion 
about each test in the data table. 

VINEGAR aoE£? 

m, 

Effect of Vinegar on Milk 

Test Observation Conclusion 

A 

B 

Hypothesis 

Copyright Glencoe Division of Mocmitlon/McG row-Hill 
Users of Merrill life Science hove the publisher's permission to reproduce thh poge. 



Activity J-1 (continued) 

Analyze 
1. Which beaker was the control? , 

2. Which beaker was the variable?. 

3. Why did you use the same amount of milk in both beakers? 

179 

4. Why did you use the same amount of water arid vinegar? 

Conclude and Apply 
5. How did vinegar affect the milk? . 

6. Why didn't water have an affect on the milk? . 

7. How does a variable differ from a control? 

Copyright Glencoe Division of MocmRlon/McGraw-Hii 
Users of MerriB Ufa Science hove the publisher's permission to reproduce ibis pope. 
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ENRICHMENT Chapter 1 

Living Things 

THE FEATURES OF UFE 

Tex! Pages 6-9 

Modern science has changed the way people understand their world. In the past, the people of 
many societies thought that mountains, rivers, and forests were "alive" in much the same way that 
animals and plants are alive. Today, most people recognize a difference between living and non-
living things. The features of life listed in your textbook help to make that distinction. 

Fill out the table below. Use complete sentences to evaluate a dog and a fast-moving stream according to the 
features of life. Then answer the questions that follow 

Features of Life Dog Fast-moving stream 

made of cells? 

uses energy? 

moves? 

responds and adjusts 
to changes? 

reproduces? 

grows? 

develops? 

adapts? 

life span? 

1 - n i H e i t h e r l Vie rfng n r t h e s t r e a m m e e t e v e r y c o n d i t i o n o f t h e f e a t u r e s o f l i f e ? 

2. Did the stream meet any of the conditions?. 

3. Why must all conditions be met to determine whether something is living or nonliving? 

Copyright Clonco* Division of MocmiNon/Mc{tarw4fl 
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1 ACTIVITY 2-1 

Comparing Plant and Animal Cells 

182 

Chapter 2 

Text Page 43 

LAB PREVIEW 
L What safety symbols are associated with this activity?. 

2. What is a chloroplast? 

Problem: How do plant and animal cells differ? 

Materials W&A E 3 
• dropper 
• Elodea plant 
• prepared slide of 

human cheek cells 

• microscope 
• 1 microscope slide 
• 1 coverslip. 
• forceps 

Procedure 
1. Follow the directions in Appendix A for use 

of low and high power objectives on your 
microscope and for making a wet-mount 
slide. 

2. With forceps, remove a young leaf from the 
tip of an Elodea plant. Place it on a micro-
scope slide. Add a drop of water and a 
coverslip. 

3. Place the slide on the microscope stage and 
observe the leaf on low power. Focus on the 
top layer of cells. Make a drawing of what 
you see on the next page. 

4. Carefully focus down through the top layer 
of cells to observe the layers of cells. 

5. Focus on one cell. Observe the movement of 
chloroplasts along the cell membrane. 

6. Observe the cell nucleus. It looks like a clear 
ball. Look at the nucleus on high power. 

7. Make a drawing of the Elodea cell on the next 
page. Label the cell wall, cytoplasm, chloro-
plasts, and nucleus. Return to low power and 
remove the slide. 

8. Place a prepared slide of cheek cells on the 
microscope stage. Locate the cells under low 
power. 

9. Switch to high power and observe the cell 
nucleus. Draw and label the cell membrane, 
cytoplasm, and nucleus on the next page. 
Record your observations in the table. 

Data and Observations 

Cell Part Elodea Cheek 

cytoplasm 

nucleus 

chloroplasts 

cell wall 

cell 
membrane 

Copyright Glencoe Division of MocmiSon/McGraw-Hili 
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Activity 2-1 (continued) 

Drawings 

Elodea leaf Cheek cell 

low power 

high power 

Analyze 
1. What parts of the Elodea cell were you able to identify?. 

2. How many cell layers could you see in the Elodea leaf? _ 

3. Describe any movement you observed in the Elodea leaf. 

4. What parts of the cheek cell were easy to identify?. 

Conclude and Apply 
5. Compare and contrast the shape of the cheek cell and the Elodea cell. 

6. Identify the cell part that determines the shape of a plant cell. An animal cell. 

7. What can you conclude about the differences between plant and animal cells?. 

Copyright Gtencoe Division of MoemiUqn/McG row-Hill 
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n ACTIVITY 3-1 

Observing Osmosis 

185 

Chapter 3 

Text Page 62 

LAB PREVIEW 
1. What safety symbols are associated with this activity? _ 

2. What is osmosis?. 

Problem: How does osmosis occur in an egg ? 

Materials Wdi 
• raw eggs in shells (2) 
• 600-ml beakers with lids (4) 
• white vinegar (600 mL) 
• distilled water (900 mL) 
• 20% salt solution (900 mL) 
• graduated cylinder 

Procedure 
1. Place one egg in each of two beakers la-

beled A and B. Cover each egg with white 
vinegar. Observe the eggs after 30 minutes. 

2. After 24 hours observe the eggs. Record 
your observations. Pour the vinegar off each 
egg and rinse with plain water. 

3. Add 300 mL of distilled water to the egg in 
beaker A. 

4. Add 300 mL of 20% salt solution to the egg 
in beaker B. Predict what will happen to each cgg-

5. On the third day, carefully remove the egg 
from beaker A. Measure and record the 
volume of distilled water in the beaker. 
Discard the distilled water and add 300 mL 
of fresh distilled water. Return the egg to 
the beaker. 

6. Remove the egg from Beaker B. Measure the 
volume of salt water remaining. Record the 
amount in the data table. Discard the salt 
water and add 300 mL of fresh salt water to 
the beaker. Return the egg to the beaker. 

7. On the fourth day, repeat Steps 5 and 6. 
8. On the fifth day, repeat Steps 5 and 6. Then 

give the eggs to your teacher for disposal. 

Data and Observations 
Day 1 2 3 4 5 

Salt water 
volume 

Observations 

Distilled water 
volume 

Observations 
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Activity 3-1 (continued) 

Analyze 
1. What did you observe after 30 minutes? — 

186 

2. After 24 hours, what did you observe? 1. 

3. What happened to the size of the egg in distilled water? In salt water 

Conclude and Apply 
4. Does the egg membrane allow everything to move in and out ' Explain your answer. 

5. Explain why water was able to move into one of the eggs. Which egg:* 

6. Infer why water moved out of the eggs. Which egg?. 

7. What can you conclude about how osmosis occurs in an egg?. 

Copyri^i Glencoe Division of MocmHlon/McGrow-HiO 
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1 ACTIVITY 4-1 

Mitosis in Plant and Animal Cells 

Chapter 4 

Text Page 79 

LAB PREVIEW 
I. What is mitosis? 

2. Why is mitosis necessary? 

Whitefish embryo cells 

Problem: How is mitosis in a plant cell different from mitosis in an animal cell? 

Materials 
• prepared slide of an onion root tip 
• prepared slide of a whitefish embryo 
• microscope 

Procedure 
1. Obtain prepared slides of onion root tip and 

whitefish embryo. 
2. Set your microscope on low power and 

examine the onion root dp. Move the slide 
until you can see the area just behind the 
root tip. Turn the nosepiece to high power. 

3. Use Figure 4-4 on pages 76-77 to help you 
find a cell in interphase. In the data table on 
the next page, draw and label the parts of 
the cell you observe. 

4. Repeat Step 3 for prophase, metaphase, 
anaphase, and telophase. 

5. Turn the microscope back to low power. 
Remove the onion root dp slide. 

6. Place the whitefish embryo slide on the 
microscope stage under low power. Focus 
and find a region of dividing cells. Turn the 
microscope to high power. 

7. Use Figure 4-4 to help you find a cell in 
interphase. In the data table, draw and label 
the parts of the cell you observe. 

8. Repeat Step 7 for prophase, metaphase, 
anaphase, and telophase. 

9. Return the nosepiece to low power. Remove 
the whitefish embryo slide from the 
microscope. 

{ _ -1 is* | 

A •llf 
L 

"•*&' j ,«K \ *•»' 

iwtf J \m 
y V ' ! — 

^ J 
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\<5£> • 
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Uvpl 

Onion root-tip cells 
m\ 
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Activity 4-1 (continued') 

Data and Observations 

Stage Onion root tip cells Whitefish embryo cells 

interphase . 

prophase 

metaphase 

anaphase 

telophase 

Analyze 
1. How are the cells in the region behind the onion root tip different from those in the root up? 

2. What is the shape of the cells in the onion root tip? 

3, In which stage do the chromosomes move to the center of the cell? 

4, When do the chromosomes move to opposite ends of the cell? 

5, What is the shape of the cells in the whitefish embryo? 

6. When do the spindle fibers appear in both the onion root tip and the whitefish embryo? 

Conclude and Apply 
7. How do the whitefish embryo cells and the onion root tip cells compart in size? 

8. How do the chromosomes of the whitefish embryo compare with thos>e of an onion root tip? 

9. What can you conclude about mitosis in the onion and in the whitefish embryo?. 

Copyright Gtencoe Division of Mocmilbn/McGrow-Hfll 
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MINI-LAB 

How does an animal enter into 
hibernation? 

Some animals respond to their cold 
environment by lowering the thermo-
stat of their boa/. Use the data of a 
ground squirrel to graph this reaction. 

Temperature 

37®C 
25'C 
30°C 
15°C 
14°C 
13°C 
10°C 

Hours 
1 
2 
3 
4 
5 
6 
7 

Bod/ temperature is maintained be-
tween 5°C and 10°C. If the tempera-
ture drops below this level, the animal 
becomes active. How is this helpful? 

Materials 
• pencil 

Chapter 17 

Texf Page 405 

Procedure 
Some animals respond to their cold environ-
men by lowering the thermostat of their body. 
Use the data of a ground squirrel to graph this 
reaction. 

Temperature Hours 
37°C 1 
25°C 2 
30°C 3 
15°C 4 
14°C 5 
13°C 6 
10°C 7 

Data and Observations 

40*i 

© 30'* 

2 

f a r -

J 
10'-

0' 
3 4 
Hours 

Conclude and Apply 
Body temperature is maintained between 5°C and 10CC. If the temperature drops below this level, 

the animal becomes active. How is this helpful? __ 
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n ACTIVITY 26-1 

Counting Populati 

192 

Chapter 26 

ions Text Page 609 

LAB PREVIEW 
1. What is a population? 

2. What is population density? 

Problem: How can you determine the size of a population? 

Materials 
• permanent marker 
• clear plastic sheet 

Procedure 
1. Estimate the number ofladybird beetles 

below and record the number in the table. 
2. Place a clear plastic sheet over the diagram. 

Make a population count by placing a check 
mark next to each ladybird beetle. Record 
the actual number of beetles in the table. 
Next to this number, record the amount of 
time it took to make the count 

3. Count the ladybird beede population a 
second time by sampling. A sample is made 
by selecting and counting only a portion of 
the population. Count the number of 
ladybird beetles in the top left square and 
record this number in the table. 

4. Enter the total number of squares in the 
table. Multiply the number of ladybird 

beetles in the top left square by the total 
number of squares. Record this estimated 
total number in the table. 

5, At the top of the table record the amount of 
time it took to make the sample count. 

Data and Observations 

Predicted number Time 

Number in Total Estimated 
top left x number of = total 
square squares 

X 
number 

s 

Actual number Time 

©© © % 

< # > § © 

© 
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Activity 26-1 (continued) 

Analyze 
1. How did the estimated and actual numbers of ladybird beetles compare? 

193 

2. How many ladybird beetles did you estimate were shown?. 

3. Which way was fester—making an actual count or sampling?. 

Conclude and Apply 
4. Compare and contrast the methods of making an actual population count and sampling. 

5. What can you conclude about determining the size of a population?. 

Copyright Glencoe Division of Mocmilton/McGrow-Hilt 
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ENRICHMENT Chapter 7 

What Is Classification? 

CLASSIFYING PATTERNS 

Text Pages 156-158 

Small children classify things when they sort blocks into piles according to color, shape, or 
texture. Scientists have many ways of classifying both organisms and information. 

In this exercise, you will classify 12 different patterns. As pictured, these are different shapes in 
varied orders on a "string.w You could just as easily use a specific color of bead to represent each 
shape. This would make it easier to work with the groups. Pretend the beads or shapes are different 
patterns of genetic information on a chromosome and it is your job to devise a way of classifying 
these differences in a meaningful way. 

1 - O O A O D 2 , 00 A D A 3.QOAAOD < OOADDO 

8 DDAOOD 
lo-DDOQAA 

i. Can you divide these into two groups?. 

have in common? 

• • • A D O 
" • • O O A 

. What would each group 

2. Examine the two groups and find another way to divide them each into two groups. What does 

each group now have in common? 

3. Repeat these steps until you have separated all twelve patterns into different categories. Draw a 
"tree" that splits into two at each choice, and write a short description indicating what the 
choice is at each step. 
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ACTIVITY 7-1 Chapter 7 

Classifying Seeds Text Page 159 

LAB PREVIEW 
1. What is a seed? 

2. Name a seed plant. 

Problem: In what ways can seeds be classified? 

Materials 
• packet of 10 different seeds 
• hand lens 
• metric ruler 
• 2 sheets of paper 

Procedure 
1* Empty the packet of seeds on a sheet of 

paper. Observe each seed carefully. 
2. Divide the 10 seeds into two groups, I and II. 

The seeds in each group must have at least 
one thing in common. For example, you 
could classify round seeds in Group I and 
seeds that are not round in Group II. 

3. Record the characteristic that Group I seeds 
have in common in the table below. Record 
the characteristic that Group II seeds have 
in common. 

Data and Observations 

4. Now, divide the Group I seeds into two 
groups. Again, the seeds in a group must 
have something in common. Record in the 
table the characteristic that the seeds in 
each group have in common. 

5. Divide the seeds into two groups again. 
Record the characteristic that the seeds in 
each group have in common. 

6. Repeat Steps 4 and 5 with Group II. 
7. Give the seed packet and chart to another 

person. Ask that person to identify each 
seed using your classification system. 

Characteristics of Seeds 
Group 1 Group II 

Group la Group lb Group lla Group lib 

Group la-1 Group la-2 Group lb-1 Group ib-2 Group ila-1 Group lla-2 Group llb-1 Group ilb-2 
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NAME DATE CLASS 

Activity 7-1 (continued) 

Analyze 
1. What characteristic did you use to divide the seeds into the first two groups? 

2. In what ways can groups of different types of seeds be classified? 

Conclude and Apply 
S. How is classifying helpful? 

4. Why is it an advantage to scientists to use standardized classification systems? What observations 

did you make that support your answer? 
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MINI-LAB 

Where does water move in 
a plant? 

Make a clean cut across the bottom of 
a celery stalk that has leaves. Put the . 
cut ena in a glass of water to which red 
food coloring has been added, let the 
stalk stand overnight. Observe to see 
where the colored water has traveled in 

Vour Journal, refofe the 
movement ot the water through the 
stalk K&escular tissue and describe 
.wnere vascular tissue is located. 

Chapter 10 

Text Page 241 

Data and Observations 
Drawing ot celery stalks 

Materials 
• water 
• glass 
• food coloring 

• celery stalks, with leaves attached 
• sharp knife 
• hand lens 

Procedure 
1. Add food coloring to a glass of water. 
2. Make a clean cut across the bottom of a celery stalk that has leaves. 
3. Put the cut end of the celery into the glass of colored water. 
4. Let the stalk stand overnight. 
5. Observe to see where the colored water has traveled in the plant. 
6. Draw the celery stalks. 

Conclude and Apply 
1. Where does the color appear?. 

2. Relate the movement of the water through the stalk to vascular tissue and describe where vascular 

tissue is located. ——— 
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MINI-lAB 

Oo«« momm hold much water? 
Place * fow teaapoona of IflhlBfiy 
momm on a piece of chMf«cloth. 
Twist the cheeeecloth to fora * 
ball and tfto it aecurely. Weight 
the ball* Put 200 il. of water in 
a beaker. Add the ball. Predict 
how ouch wator tha ball will ab-
sorb. Wait 15 iinut««| rmmovm 
tha ball9 draining off •xctat 
watar. Weigh tha ball and 
•easure tha aaount of watar 
laft in tha baakar. Calculate 
how auch watar tha SPhlflnul •oaa 
aoaked up. 

Chapter 10 

Text Page 246 

Materials 
• Sphagnum moss 
• teaspoon 
• cheesecloth 
• rubber band 

• water (200 mL) 
• beakers 
• glass dish 
• graduated cylinders 

Procedure 
1. Place a few teaspoons of Sphagnum moss on 

a piece of cheesecloth. Twist the cheese-
cloth to form a ball and tie it securely. 
Weigh the ball. 

2. Put 200 mL of water in a beaker. Add the 
ball. Predict how much water the ball will 
absorb. Wait 15 minutes. 

S. Remove the ball, draining off excess water. 
4. Weigh the ball and measure the amount of 

water left in the beaker. 

Conclude and Apply 
Calculate how much water the Sphagnum moss soaked up. 

Copyright Glencoe Division of Mocmiflan/McGrow-Hifl 
Users of Merrifl life Science Kovt the publisher's permission to f t prod wet ihis page. 



201 

1 

I 

i I 
ill! 

iii ii !i 
MS JS! H 

II M 

iil ililii 
ttlUt-Jj* 

c?-s£<s2j££! 
— « m + 

& 

i 
I 
i 
<?> 

•s . >$ $ 

«! 
\ i l 
1 § 6 

!1§ 

II 

ll 

i 

i 

a } 
1 

fii 
III 

-a I 

J i l l 
J * bC<£ 

Jf I i 

iii ! U i 
lis1 

lift!, 
, Ii!!! 
jilHt! 
£ - m * * * « 

I| 
!' 

i! 

I 
i 



NAME DATE CUSS 202 

i ACTIVITY 10-1 

Comparing Mosses and Liverworts 

Chapter 10 

Text Page 240 

LAB PREVIEW 
1. Why is it important to be careful when using coverslips? 

2. What do mosses and liverworts have in common?. 

Problem: How are mosses and liverworts similar? 

E'3 Materials 
• hand lens • mosses 
• forceps • liverworts 
• dropper • water 
• 2 microscope slides • 2 coverslips 
• microscope 
• dissecting needle 
• prepared slides of moss 

and liverwort gametophytes 

Procedure 
1. Obtain a moss. The leafy part of the moss is 

the gametophyte. With a hand lens, observe 
the leafy body of the moss. Locate and 
observe the rhizoids. 

2. Remove a piece of the leafy portion of the 
moss with a forceps and make a wet mount. 
Observe under low power and examine the 
cell layers. 

3. Examine prepared slides of sections of the 
sporophyte and gametophyte moss plants 
under low and high power. Draw these 
structures in the table below. 

Data and Observations 

4. On the moss gametophyte, locate the cap-
sule at the tip of the stalk. Remove the 
capsule and place it in a drop of water on a 
slide. Place a coverslip on the capsule. Using 
the eraser of your pencil, gently crush the 
capsule to release the spores. CAUTION: Do 
not break the coverslip. Observe the spores 
under low and high power. Draw and label 
the spores. 

5, Obtain a liverwort. Repeat Steps 1-3. 

Structure Liverwort Moss 

Sporophyte 

Gametophyte 

Spores 

Copyright Gieocoe Division of Mocmtflon/McGrowHilt 
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Activity 10-1 (continued) 

Analyze 
1. How many ccll layers were you able to observe in the moss? in the liverwort?. 

203 

2. What function do the rhizoids haye? 

3. Where are spores formed in a moss? 

4. Where are spores formed in a liverwort? 

Conclude and Apply 
5. Compare the leafy structures of the mosses and liverworts. 

6. Compare the rhizoids of mosses and liverworts. 

7. How are the gametophyte structures of mosses and liverworts different? _ 

8. How are the sporophytes of the mosses and liverworts different? 

9. How can you tell the difference between a moss and a liverwort? 

Copyright Glencoe Division of MocmiHon/McGrow-H3l 
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ACTIVITY 11-1 Chapter 11 

Inside a Seed Text Page 267 

LAB PREVIEW 
1. What safety symbols are associated with this activity? 

2. What is a seed? 

Problem: What can you see inside a seed? 

Materials 
• soaked lima bean 
• soaked seed corn 
• forceps 

• scalpel 
• iodine solution 
• hand lens 

Procedure 
1. Examine the soaked corn seed. Place the 

seed flat on the table and, using a scalpel, 
cut through the center of the light-colored 
area on the front of the seed. CAUTION: 
Always be careful when handling a scalpel 

2. Hypothesize which part or parts contain 
starch for food. Place a drop of iodine 
solution on different parts of the seed to 
test for starch. A blue-black color indicates 
the presence of starch. CAUTION: Iodine is 
poisonous and may stain and burn the skin. 

3. Locate and observe the embryo corn plant 
with its single cotyledon. Find the embryo 
stem and the embryo root. Draw and label 
the seed in the data table below. 

4. Using the hand lens, observe the lima bean. 

5. Locate the two thick cotyledons and the 
embryo plant. Separate the cotyledons. Draw 
and label the seed in the data table. 

6. Test the lima bean for starchy Which part or 
parts contain starch? 

Data and Observations 
Number of 

leaves 
Size of 

endosperm Drawing 

Monocot 

Dicot 

Copyright Glencoe Division of Mocmilkm/McGarw-HiH 
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Activity 11-1 (continued) 

Analyze 
1, What is the function of the outer covering of the seed? 

2. What parts tested positive for starch? 

3. What is the function of the endosperm?. 

4. What parts are found in both monocot and dicot seeds? 

Conclude and Apply 
5. Which seed had the larger cotyledon? Is there an adaptive advantage for a seed to have a larger 

cotyledon? Explain. 

6. How can you tell the difference between a monocot and a dicot by dissecting the seed? 

7. Design an experiment to show which parts of the embryo become roots, stems, or leaves. 

Copyright Giencoe Division of Moemilkm/McGrow-HSI 
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ACTIVITY 11-2 

208 

Chapter 11 

Parts of a Flower Text Page 270 

LAB PREVIEW 
L What safety symbol is associated with this activity? 

2, What is an angiosperm?. 

Problem: What are the parts of a flower? 

Materials Eh1 
• gladiolus flower 
• scalpel 
• hand lens 
• black paper 
• microscope 

• microscope slide 
• coverslip 
• dropper 
• water 

Procedure 
1. Examine a gladiolus flower. Remove the 

outer row of colored leaflike parts called the 
sepals. Use the figure to identify common 
flower parts. Record the number and color 
of sepals in the data table at the right 

2. The leaflike structures inside the sepals are 
the petals. Remove the petals and record 
their number and color. 

3. Locate the stamens and remove them. Look 
at one of the stamens with a hand lens. 
Observe the top part, called the anther, and 
the stalk, called due filament. Record the 
number and color of stamens in the table. 

4. Tap the anther on a piece of black paper to 
knock out the pollen grains. Observe under 
a microscope. Draw what you see on the 
next page. 

5. The structure that remains is the pistil. 
Identify the three parts. The three-part 
stigma is at the top. The stalklike part is the 
style. The ovary is the swollen base of the 
pistil. Record the number and color of pistils. 

6. Use a scalpel to make a cross section of the 
ovary. CAUTION: Always be careful with sharp 
instruments. Use a hand lens to look at the 
ovules inside the ovary. Make a drawing on 
the next page. 

Data and Observations 

Flower part Number Color 

Sepals 

Petals 

Stamens 

Pistils 

stigma 

t stamen 

petal 

pollen grains 

Copyright Glencoe Division of Mocmillon/McGrow-Hifl 
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Activity 11-2 (continued) 

Drawings 

Pollen grains Ovules 

Analyze 
I. How do the numbers of stamens, petals, and sepals compare? 

2. Describe the appearance of the stigma. 

3. How many compartments are in the cross section of the ovary? 

Conclude and Apply 
4, What functions might the petals have? 

5. How is the stigma adapted for trapping pollen grains? 

6. How might pollen travel to the stigma? 

7. Observe further and compare pollen from other flowers. 

Copyright Glencoe Division of MocmlBon/MeGrowH# 
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n ACTIVITY 16-2 

Classifying Vertebrates 

Chapter 16 

Text Page 388 

LAB PREVIEW 
1. What is a dichotomous kev? 

2. What is the scientific name for modern humans? 

Problem: How do scientists classify vertebrates? 

Materials 
• paper 
• pencil 
• animals or pictures of animals 

Procedure 
1. Write the name of each animal you are 

studying in the first column of the table 
below. 

2. Predict the class of the animal and write the 
predicted class in the second column of 
the table. 

3. Write the characteristics of the animal that 
helped you decide its class. 

4. Use the key to find the class of each 
animal. Write the class name in the last 
column. 

Data and Observations 

1. Does the animal have a backbone? 
YES Go to 2. 
NO Invertebrate 

2. Does the animal have feathers? 
YES Class Aves 
NO Go to 3. 

3. Does the animal have jaws? 
YES Go to 4. 
NO Class Agnatha 

4. Does the animal have paired fins? 
YES Go to 5. 
NO Go to 6. 

5. Does the animal have a bony skeleton? 
YES Osteichthyes 
NO Chondrichthyes 

6. Does the animal have fur? 
YES Mammal 
NO Go to 7. 

7. Does the animal have skin scales? 
YES Reptilia 
NO Amphibia 

Animal Predicted class Characteristics Actual class 

Copyright Gtervcoe Division of Mocmition/McGrow-Hill 
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Activity 16-2 (continued) 

Analyze 

1. How many of your predictions were correct? 

Conclude and Apply 

3. How do scientists classify vertebrates? 

Copyright Glencoe Division of Mocmfllan/McGraw-Hill 
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2. What characteristics of each vertebrate class are used to identify the animals?. 
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n ACTIVITY 5 - 2 Chapter 5 

Determining Polygenic Inheritance TextPag« 124 

LAB PREVIEW 
I . What is polygenic inheritance? 1 

2. What are some traits polygenic inheritance controls?. 

Problem: How can the effect of polygenic inheritance be determined? 

Materials 
• metric ruler 
• graph paper 
• pencil 

Procedure 
1. Make a hypothesis about what a bar graph 

will look like that shows the heights of the 
students in your class. 

2. Measure the height of every student in the 
class to the nearest centimeter. 

3. Record the height of each student. 
4. Count the number of students for each 

interval and complete the table. 

Data and Observations 

Height (cm) Number of Students 

A:101-110 

B: 111-120 

C: 121-130 

D: 131-140 

E:141-150 

F:151-160 

G:161-170 

H:171-180 

5. Plot the results from the table on the bar 
graph. The height should be graphed on 
the horizontal a>us and the number of 
students of each height along the vertical 
axis. 

CO 

c 
4> 
3 
25 
o 

5 
E 
3 
z 

A B C D E F G H 
Height (cm) 

6. The range of a set of data is the difference 
between the greatest measurement and the 
smallest measurement. The median is the 
middle number when the data are placed in 
order. The mean is the sum of all the data 
divided by the number of addends. The 
mode is the number that appears most often 
in the measurements. Calculate each of 
these numbers. 

Copyright Gfencoe Division of Mocmilkm/McGrow-Hill 
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Activity 5-2 (continued) 

Analyze 
1. What is the range of the heights in your class?. 

2. What is the median height in your class?. 

3. What is the mean of the heights in your class?. 

4. What is the mode of the heights in your class?. 

Conclude and Apply 
5. What does the bar graph look like? 

6. How can you tell if a trait is controlled by more than one gene?. 

7. Can you infer from your data that height is controlled by more than two genes? 

Copyright Giencoe Division of MooniHon/McGrow-Hill 
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1 ACTIVITY 25-1 Chapter 25 

Interpreting Drug Label Information Text Page 582 

LAB PREVIEW 
I. What are drugs?. 

2. What is drug misuse? 

Problem: What information is on the label of an over-the-counter drug? 

Materials 
• paper 
• pencil 

Procedure 
1. The illustration below shows a label from an 

over-the-counter drug. Read it carefully. 
2. Complete the data table below using the 

information on the label. 

Arthritis Strength Caplets 
PROVIDE FAST PAIN RELIEF AND HELP PROTECT AGAINST ASPIRIN STOMACH UPSET. 
• Provides effective temporary relief of the minor aches and pains, stiffness, swelling, and inflammation of arthritis. 
• Buffered formulation which helps prevent the stomach upset that plain aspirin can cause. 
• Coated caplets for easy swallowing. 
DOSAGE: Adutts—2 caplets with water every 4 hours as needed. Do not exceed 8 caplets in 24 hours, or give to children under 12 unless 
directed by physician. CAUTION: If pain persists for more than 10 days or redness is present, or in arthritic or rheumatic conditions affecting 
children under 12, consult a physician immediately. Do not take without consulting a physician if under medical care. WARNING: Children 
and teenagers should not use this medicine for chicken pox or flu symptoms before a doctor Is consulted about Reye syndrome, a 
fare but serious Illness reported to be associated with aspirin. KEEP THIS AND ALL MEDICINES OUT OF CHILDREN'S REACH. IN 
CASE OF ACCIDENTAL OVERDOSE, CONTACT A PHYSICIAN OR POISON CONTROL CENTER IMMEDIATELY. If dizziness, Impaired 
hearing, or ringing In the ears occurs, discontinue use. As with any drug, If you are pregnant oir nursing a baby, seek the advice of 
a health professional before using this product. ACTIVE INGREDIENT (PER CAPLET): Aspirin (500 mg) in a formulation buffered with 
Calcium Carbonate. Magnesium Oxide, and Magnesium Carbonate. Other Ingredients: Benzoic Add, Camauba Wax, Citric Acid, Corn 
Starch. FDAC Blue No. 1, Hydroxypropyl Methylcellulose, Mineral Oil, Polysort>ate 20, Povidone, Propylene Glycol, Simethicone Emulsion, 
Sodium Phosphate, Sort*tan Monolaurate. Titanium Dioxide. May also contain: Glyceryl Behenate, Magnesium Stearate. Sodium Lauryl 
Sulfate, Sodium Stearyl Fumarate. Stearic Add, Zinc Stearate. Remove cotton and recap bottle. Store at room temperature. 

Data and Observations 

Information Drug label 

Product 

Number of pills 

Ingredients in the medicine 

Directions for use 

Warnings 

Possible side effects 

Expiration date 

Storage of drug 

Copyright Glencoe Division of Mocmfflan/McGraw-Hili 
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Activity 25-1 (continued) 

Analyze 
1. What is an over-the-counter drug? 

218 

2. What is a side effect? What side effects are caused by this drug? 

S. What information is given on the label of this over-the-counter drug? 

4, For whom does the label specify the drug is intended? 

5. Wlio should not take this drug without consulting a physician? 

6. What is the maximum number of doses that should be taken in 24 hours? 

Conclude and Apply 
7. Explain how over-the-counter drugs differ from prescription drugs. 

8. Why should a person never take any kind of drug without reading die label? 

9. Infer why the age of a person would determine drug dose. 

10. Why should a person never take more than the recommended amount of an over-the-counter 

d rug? _ 

Copyright Glencoe Division of Mocmifton/McGrow-Htll 
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A ACTIVITY 25-2 

The Effect of Drugs on Heartbeat Rates 

220 

Chapter 25 

Text Page 594 

LAB PREVIEW 
1. What safety symbols are associated with this activity? 

2. What organism is being studied in this activity?. 

Problem: How do drugs affect the heartbeat rate of an animal? 

Materials G H C 9 O 
• dilute solutions of coffee, cola, ethyl alcohol, 

tobacco, and cough medicine (dextromethor-
phen hydrobromide) 

• Daphnia culture 
• microscope 

• dropper 
• aged tap water 

Procedure 
1. Use a dropper to place a single Daphnia 

crustacean on a culture slide. 
2. Place the slide under the microscope. Use 

low power and count the number of times 
the heart of the Daphnia beats in one min-
ute. (See illustration for location of the 
animaTs heart) Record your observations in 
the table below. 

3. Predict whether the drugs are stimulants or 
depressants. 

4. Add two drops of one of the drug solutions 
to the Daphnia in the culture dish. 

5. Count the heartbeat rate again. Record your 
observations. 

Data and Observations 

6. Use a dropper to remove the solution. Flush 
the slide and Daphnia carefully with aged 
tap water. CAUTION: Flush the used Daphnia 
into a beaker of aged tap water provided by your 
teacher. 

7. Repeat Steps 1 through 6 for each of the 
drug solutions provided. CAUTION: Use a 
new Daphnia for each step. 

8. Record the effects of each drug on heart-
beat rate. 

compound eye 

mouth 

anus 

Drug solution Heart rate per minute Stimulant or depressant 
No drug 

Coffee 

Cola 

Ethyl alcohol 

Tobacco 

Cough medicine 

Copyright Giencoe Division of Mocmillan/McGraw-WJl 
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Activity 25-2 (continued) 

Analyze 
1. What was the control in the experiment? What were the variables? 

2. How did the drugs affect Daphnia? 

3. Which drugs caused the greatest change in the number of heartbeats per minute? 

Conclude and Apply 
4. Which drugs are stimulants? 

5. WTiich drugs are depressants? 

6. Compare your predicted results with the experimental results. 

221 

7. How do drugs affect the rate of heartbeat of an animal? . 

8. How do you think the drugs used in this activity affect people who use them? 

Copyrighf Gfencoe Division of Mocmiflan/McGrow-Hfll 
Uwi of Merrill life Science have the publisher's permission to reproduce lfw» poge. 
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n ACTIVITY 4-2 

Making a Model 

Chapter 4 

Text Page 94 

LAB PREVIEW 
1. What safety symbol is associated with this activity? 

2. What are the parts of a DNA molecule? 

Problem: What does a model of DNA look like? 

Materials 
• tracing paper 
• scissors 
• heavy paper 
• crayons 

Procedure 
1. Trace the four DNA parts shown. 
2. Cut out the four tracings. CAUTION: Always 

be careful when using scissors. 
3. Copy each of the tracings onto heavy paper 

six times. Label each tracing as shown. 
4. Color the phosphate brown. Color the sugar 

orange. Color the A bases red, the T bases 
blue, the C bases green, and the G bases 
yellow. 

5. Cut out all 24 parts. 
6. Use the following order of bases to model a 

DNA molecule: ATCCGT. Use your desk as 
a work space. 

7. Separate the bases in the molecule and 
replicate the original molecule. 

8. Use any combination of DNA parts to create 
other model molecules. Compare your 
molecules with those of your classmates. 

p 

s 

p , 

Ky\ 
s 

M 

s 

p , 

s 

Copyright GWtco* Division of MocmiSan/McGraw-Hil 
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NAME DATE CLASS 

Activity 4-2 (continued) 

Analyze 

L What does each DNA part represent? 

2. What does the A base pair with? _ 

3. What does the C base pair with? 
4. What is the order of bases in the second strand of the DNA molecule in Step 6? 

5. Were the molecules you created in Step 8 the same as your classmates? Explain. 

Conclude and Apply 
6. Using the model, explain why T only matches with A. 

7. Based on your observations of the DNA model, infer why a DNA molecule seldom copies itself 

incorrectly. _ — 

8. Explain why scientists use models. 

Copyright Giencoe Division of Mocmilton/McOrowKil! 
Users of Merrill Life Science hove the publisher's permission to reproduce this pocfe. 
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McGraw-Hill 
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Gail Edwards 
1020 Georgian Road 
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and worksheets from our Merrill Life Science program in your 
thesis for the University of North Texas, provided that you 
agree: 
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copyright and publisher. 

2) To reprint the material as published, without alteration 
or deletion. 

3) To make and distribute only enough copies of your 
dissertation to satisfy the requirements of the 
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4) That this permission is non-exclusive, not transferable, 
and pertains solely to the particular usage and 
distribution specified above. 

Please feel free to contact me if you have any questions. 
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P.O. Box9609 
Mission Hills, California91346-9609 
Telephone 818/89&-1391 
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SCIENTIFIC 
AMERICAN 
FRONTIERS 

BUILD A BETTER TOWER! 

Have you ever imagined yourself as an engineer? Have you ever wanted to build 

something from the ground up? Do you secretly yearn to create structures that 

others would admire as they pass by? Well, here's your opportunity. 

Using common materials found around your home, school or office, your challenge is 

to build a tower at least 11 inches high. The main building material? Index cards, 

which you may staple and/or fold to complete your structure. The goal? Your 

structure must be capable of sustaining the weight of a brick. The twist? It must 

be built as cost-efficiently as possible. 

M A T E R I A L S 

4x6 index cards 
(unlimited quantity allowed) 

staples and stapler 

1 standard brick 

R U L E S 

The tower must be at least 11 inches high. 

It must be able to hold a brick on top for at 

least S seconds. 

The folds must be discrete. 

You cannot use the brick to test the tower's 

strength before the final event. 

P R O D U C T I O N 

To make the challenge more interesting and authentic, you need to consider cost 

factors. Imagine that the cards represent building material costs; the staples 

represent assembly costs; the folds represent production costs;. 

Every card, fold and staple you use costs you a hypothetical $1. Obviously, you 

want to build the most cost-efficient tower using the fewest number of cards and the 

cleverest design. You can either keep track of the cards, folds and staples used as 

you go along, or add them up at the end by observing your structure (carefully). 

Good luck! 
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THE BATTLE OF THE CUPS 

Teacher note: This lab is performed by students as an 
opportunity to learn how to write up an experiment using the 
steps of the scientific method. The students are asked to 
write down the steps of the experiment as they watch the lab 
being performed. This is a demonstrat ion copy used by the 
teacher to conduct the lab. The student writeup is done on 
notebook paper and in the student's own words. The writeup 
may be done in cooperative groups where the students 
collaborate toqether or alone. ~THIS IS A TEACHER COPY NOT 
TO BE GIVEN TO THE STUDENTS. 

Problems Which cup holds heat longer? 

Hypothesis: The cup holds heat 
longer, (glass, metal, styrofoam} 

Materials: 600 mL water 
3 -• 250 mL beakers 
3 celsius thermometers 
3 hot plates 
3 hot pad holders 
clock with second hand 
3 cups of about same size (must hold 200 mL): 
:L glass, 1 metal, 1 styrofoam 

Procedure: 1. Place each of the three beakers filled with 
200 mL of water separately on the hot plates 
and bring water in each to boiling. 

2„ Pour the boiling water from each beaker into 
one of the three cups. 

3. Record start temperature as 100 degrees 
eel sius. 

4. Take temperatures of water in each cup every 
minute for 20 minutes and record. 

5. Compare data from the three cups. 

Data: Metal Cup Glass Cup Styrofoam Cup 
0 m i n. 
1 min. 

20 min. 



Conclusions My hypothesis was 
<r iqht y wronq) 

The cup holds heat longer « 
C g1 ass y met al? st yr o f oam) 

ftpp1icat ion s I would choose a cup 
for holding hot beverages. 



POND WATER ORGANISMS LAB 

L Purposes To investigate types of organism found in 
pond water and other stagnant pools of water, 

II. Materials! Microscope,, glass slides,, eye droppers, 
pond water samples, drawing paper„ pencil, 
and identification key. 

III. Procedure; 1. Using the eye dropper, place a drop of 
the water sample on the slide-

2. Look at the water through the microscope 
and focus. 

3« Draw the organisms that you see on your 
drawing paper-

IV. Record Deltas A« Number of different organisms found 

B« Descr ibe one or gan ism in detail that 
you thought was interesting. 

C, Sketch at least 4 organisms on the 
drawing paper. Label the type of 
or g an i sm i n c1udi n g str uct ures that 
helped in the identification. 



PASTEURy S BROTH EXPERIMENT 

Purposes To perform an experiment similar to Pasteur 
famous broth experiment in order to discover what 
causes f ood t o spo i1« 

Problems Which test tube with broth will spoil the 
quickest? and 
Will the test tube with the bendable straw spoil? 

Hypothesis: 

Hater ials: 1 can soup broth 
5 test tubes 
3 test tube stoppers with no holes, 1 hole, and 

2 holes 
pan 
hot plate 
1 bendable drinking straw 
plastic wrap 
funnel 

Procedures 1. Carefully boil or autoclave the stoppers and 
test tubes. 

2m Boil a can of soup broth for two minutes-

3. Immed i at e1y pour five equal p or t i on of b r ot h 
into the five test tubes. 

4. Stopper test tubes labeled A, C, and D with 
no hole, one hole, and two hole stoppers 
respect ively. 

5« Leave test tube B uncovered,, 

6. Put the plastic straw in test tube E with the 
bendable part of the straw outside the test 
tube and secure with plastic wrap keeping the 
straw open but the top completely sealed. 

7- Record observations for two weeks, 
changes in sight and smell. 

Look for 

Datas Which flask spoiled first? 

Which flask shows the least spoilage?^ 



Conclusions What caused the broth to spoil? 

Why was it necessary to boil the broth, test 
tubesf and stoppers? 

Applications What factors would need to be considered when 
garden vegetables are home canned? 
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Name. Ptrtod 

I . 

II. 

THE BEST BEAK 

Problem: Which type of bird beak is the most effective for obtaining 

different kinds of foods? 

Backgrounds All beaks_, 

Some beaks 

III. Hypothesis: Beaks which best pick up grubs (cheetos) are like the 

Beaks which best pick up snails <M & Ms) are like the 

Beaks which best pick up worms (raisins) are like the 

Beaks which best pick up waterbugs (styrofoam) are 
like the . 

IV. Materials: 1 plastic spoon 
1 plastic straw 
1 toothpick 
1 clothespin 
4 styrofoam cups 
water 
watch with second hand 

raisins 
M & Ms 
Cheetos 
styrofoam pieces 
4 plastic baggies 
large pan 

Procedure: 1. Divide students into groups of four. 
2. Place about 60 pieces of each food into separate 

baggies. (Do not mix the food types.) Give the food 
bags, cups, water pan, and "beaks" to the students. 

3. The Cheetos represent grubs; the styrofoam represents 
f waterbugs; the raisins represent worms; and the M&Ms 
f represent snails. The spoon, soda straw, toothpick, 

and clothespin represent different types of bird 
beaks. The cup represents the bird stomach. 

4. Each student will keep the same beak for the entire 
activity. 

5. Begin with the "grubs" by dumping all of them into 
the center of the table where all the "beaks" have 
equal access to them. Each "beak" will attempt to 
pick up as many "grubs" as possible in a 20 second 
period. The "grubs" are to be placed in each 
member's "stomach". After 20 seconds, stop and 
record the number of "grubs" picked up by each 
"beak". 

6. Repeat this procedure for each of the other types of 
food. For the waterbugs, float the styrofoam pieces 
on water in the pan. 

7. One hand should be placed on the "beak" used and the 
other hand should be placed on the cup. DO NOT USE 
FINGERS TO PICK UP FOOD TYPES. 



VI- Results: 1. Chart 

Spoon 
Straw 
Toothpick 
Clothespin 

Grubs Waterbugs Worms Snai1s 

2. Graph the results from the chart in bar graph form. 

3. Explain which beaks were best for each type of food. 

4. Was it difficult to pick up food with any of the 
"beaks"? Would another food source have been more 
appropr iate? 

VII. Conclusion: Was your hypothesis for each beak correct or 
incorrect? 

VIII. Application: On the basis of this experiment, could you classify 
birds with different beaks into separate classification groups? 
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REACTION TIME LAB 

Purpose: To determine reaction times under different 
conditions. 

Material: 13 X 9 inch pan 
1 inch circles numbered 1 — 20 
2 students 

Procedures 1) Place the circles inside a pan, lined up in 
order from 1 - 20. 

2) With the index finger, have one student touch 
all the circles in order. The other student 
keeps record of the time. 

3) Record the time in a chart as trial 1 and 
repeat steps 1) and 2) and record time as 
trial 2. 

4) Touch the circles in order again and record 
as trial 3. 

5) Mix the circles by gently shaking. 

6) Touch the circles in order and record time as 
trial 4. 

Data: 

Name Tr ial 1 Tr ial Trial 3 Tr i al 4 

Cone 1 usion: 1) List steps that your nervous system went 
through in order to touch the circles in 
order. 

2:> How much did the time differ between trials 
1 and 2. 

What was the time difference between 1 
and 3. 

What time difference was there between 1 
and 4. 
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TASTE LAB 

Purpose: To show where the four taste centers are on the 
tongue. 

Material: 4 toothpicks 
1emon juice ( sour > 
salt solution (salty) 
tonic water (bitter) 
honey (sweet) 
paper cup 
water 

Procedure; 1. Using one sample at the time, dip one of the 
toothpicks in the sample. 

2. Holding the tongue outside the mouth, touch 
the toothpick with sample on the tip, sides, 
center, and back. 

3. Before placing the tongue back inside the 
mouth, record where that particular taste 
center is located. 

4. Draw a map of the flavor centers found on 
the tongue. 

5. Rinse mouth between flavor tests. 

Data: 

F1 avor Tip Sides Center Bac k 

Conclusion: Draw a taste map of the tongue. 
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THE EFFECT OF EXTRA WEIGHT ON THE HEART 

Purpose: To demonstrate how the heart must work harder when 
a person is heavier. 

Materials One 20 pound weight or two ten pound weights 
Test subject 

Procedures 1. Take the student's pulse rate at rest and 
r ec or d. 

2. Have the student walk back and forth across 
the room ten times. Take the student's pulse 
rate after activity. 

3. Let student rest for 2 minutes. Check to be 
sure the student's pulse rate has returned to 
normal. 

4. Have the student walk back and forth across 
the room ten times while carrying the extra 
weight. Take the student's pulse rate after 
ac t i v i t y. 

5. Compare the pulse rates to determine if extra 
weight affects how hard the heart must work. 
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DIFFICULTIES WITH RESPIRATION 

Purpose: To show the effect of emphysema on breathing and to explain the 
relationship to heart and circulatory function 

Equipments (I) Bell jar; (2) Forked gloss tubing; (3) One-holed rubber stopper; (4) 
Rubber sheet or membrane; (5) Three balloons similar in size and 
elasticity 

Procedures (I) Blow up one balloon and allow it to remain inflated for a day or 
two. When ready for demonstration, deflate the balloon and note it 
remains enlarged and stretched. 
Insert an unused balloon into the used one. 
Attach a new single balloon to one of "the ends of the forked glass 
tube and the double balloon to the end of the other tube. Fasten a 
rubber sheet or membrane across the bottom of the jar to simulate 
the diaphragm. 
Pull down on the center of the rubber membrane and observe the 
balloons f i l l with air. Note the amount of expansion that takes 
place in both balloons. Push the rubber membrane back up into the 
jar a short way to simulate exhaling. Note the difference in the 
deflation of the "lungs." 
The action of fi l l ing and emptying the balloons may be compared to 
respiration. If both lungs are functioning properly they inflate and 
deflate properly. But if the alveoli of the lungs have been 
destroyed or have lost their elasticity, as in emphysema, the 
individual has difficulty in getting oxygen into the circulatory 
system because blood vessels in the alveoli have been destroyed. 
Too, the individual has difficulty in exhaling air because some of 
the alveoli have lost their ability to contract and push air out. All 
of this causes an added strain on the heart and circulatory system. 

(2) 
(3) 

W 

(5) 

AIR TUBE 

I" HOLE 0 
RUBBER 
STOPPER 

SINGLE 
BALLOON 

DOUBLE 
BALLOON 

RUBBER MEMBRANE 
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ACTIVITY 

Problem: How much oxygen is enough? 
Material: Data chart below 
Procedures Compare your oxygen needs to your weight. Get data 

from younger brothers or sisters and from adults. See 
if oxygen needs are related to body size. Try this out 
on your classmates. Compare results with your 
classmates. Fill in the chart at the bottom of this 
page. 

Observation: Is the amount of oxygen needed related to body weight? 
Explain. [ 

501bs. 601bs. 1001bs. 1201bs. 
Derson person person person 

Restine 
Runr£ no 
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E y e D i s s e c t i o n If you dont mind being stared at while you work, you will 
find this eye dissection to be fascinating. It may be difficult obtaining a sheep or beef 
eye, but it's worth the trouble. If you have no luck with your local butcher, try a 
slaughterhouse or meatpacker. 

rum o tAkatw£ m- YOU mu FM w 
earn we m&Au> $ns IN A MAX OF 

MUtae ANP FAT WHICH 
MOrt ANP CUSHION M 
m* Tmi n- omm 
ftu win tte m 
orncNwe: 

MUSCLC 
FAT 

® CAttfUW CUTAWAY <?F 7tfS V$f(/£ 
fzom me etz ball.t/pncSrtvw we 

mtrfcr 

<f 9UCZ A6X0& Ttft 
TPU&tl C0X/IEA. A 
WIN UmP CALCFP 
m aqueous HWOZ 
mi tftfour. me 

Lens &t$ ufi/m m 1x1$. te-
rn if-

MK6 a cms me atr to 
wat m 6/m me ikis . 

§ wme we mrs 50 w 
CAN SEE mi term 
AT TtlZfiACKPFTM 
EYE. SCOOP OUT THE 
Cliht iTtLLY (VtTKEOUS 
HUMOR). FIND THt UW 
s?ot mm the optic 
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,comA 
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ACTIVITY 

24' 

Problem: 
Materials: 

Procedures 

Observation s 

Is smelling really tasting? 
tweezers, knife, blindfold, cutting board, potato, 
apple, pear, and onion. 
You know that you taste with your tongue. You don't 
usually think of yourself as tasting with your ncse. 
1. Blindfold a partner. 
2. Cut small pieces of potato, apple, pear and onion. 
3. With your partner blindfolded, pick up each of your 

four food samples with clean tweezers and touch it 
to your partner's tongue. 

4. Repeat procedure, but this time have your partner 
hold his or her nose shut. 

5. This time, let your partner smell the apple and 
taste the pear (be sure to use the blindfold). 
Record your results. 

Snipllinq is Tasting 

II 

• •name w/o holding ncse taste 
1 ves no 

potato 
apple 

on ion 
• pes *" 

name holding nose 
yes no 

taste 

potato 
apple 

onion 
pear 

Conclusion: 1. Do you taste with your nose?_ 
2. Were you able to identify each of the tastes? 

Why? " 

3. Could you identify the pear by tasting it?. 

Bitter Soar 
Taste 
Your taste "buds" laceptor 
consist of groups **** 
ofreceptor cells in (Tfffc 
your tongue which *" 
are sensitive to 
chemicals 
dissolved in your 
saliva. 

Taste bud 
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Brain Dissection Unlike looking at a heart or an eye, examining the brain 
won't give many clues to how it operates. Still, you might find it interesting to take a 
closeup look at the most complex and mysterious of organs. Beef brains come to the 
butcher in big bags. By the time they arrive they are somewhat scrambled, so you 
might have to settle for two halves and assorted parts. Better, order one from a meat 
packer. Ask for one with the stem attached. 
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BLOOD PRESSURE ANALOGY 

Purpose: 

Equipment: 

Procedure: 

GLASS 
BEAKER 

To demonstrate the effect of reducing the diameter of simulated blood 
vessels 
(I) Two equal size plastic beakers; (2) 1/2" tubing; (3) I/V tubing; (4) 
1/2" plug; (5) 1/4" plug; (6) water; (7) sink or container to collect 
water 
(1) Insert I tube with plug in each beaker I" from the bottom. 
(2) Fill beakers with equal amounts of water. 

Have students remove plugs from tubing. 
Compare the distance and force of the water leaving the tubes 
(blood pressure). The beaker with l/A" tube (similar to a 
constricted blood vessel) will empty with o greater force, as 
measured by the distance of the stream of water leaving the tube. 
In a human this constriction would increase resistance to blood flow 
resulting in an elevated blood pressure. 

GLASS 
BEAKER 

(3) 
(4) 

I N -
FLEXIBLE 
TUBING 

f / 4 " 

FLEXIBLE 
TUB ING 

SINK OR 
CONTAINER 

SINK OR 
CONTAINER 



2 4 6 

VEIN FLOW AND ARTERY FLOW 

Purpose; To demonstrate the difference in blood flow in artery and vein 
Equipments (I) Flexible tubing; (2) Two beakers; (3) One-way hand pump; (4) Water 
Procedure: Artery flow -

(1) Place flexible tubing on both ends of one-way hand pump. 
(2) Insert intake end of tubing into beaker filled with water. 
(3) Place outlet end of tubing over sink or container. 
(4) Begin squeezing hand pump in a rhythmic action simulating heart 

beat. 
Vein flow -
(1) Place one end of flexible tubing into beaker filled with water. 
(2) Place other end of tubing below the water filled beaker so that 

water can be siphoned off . 
(3) Note slower, smooth flow of water as it leaves tubing. 
(4) Explain to class that this is similar to vein flow in the body. 

Note: If one-way hand pump cannot be obtained, the spurting action 
of arterial blood flow can be demonstrated with a syringe, a 
gravy baster or a water pistol. 

Artery flow 

RUBBER ONE-WAY 
HAND PUMP 

f - a t 

t 
OUTLET 
FLEXIBLE 
TUBING 

BEAKER 

— c . 

\ J 

1 1 

INLET 
FLEXIBL 
TUBING 

Vein flow 

FLEXIBLE 
TUBING 

SINK 
(BELOW HATER BEAKER) 
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HFART DISSECTION 

You can get a good look at the inside parts of the heart by 
dissecting one. A lamb heart is a good subject because it is 
similar in size and shape to the human model. However, if you 
cannot locate the heart of the lamb, you can use a beef heart. 
Meat markets tend to trim all the connecting veins and arteries 
away. Pick one that is as intact as you can find. Look for one 
that isn't split open. 

PROCEDURE: 

fuiwm/ 
A nreft/ 

1. Find the front of the heart. The back side looks 
different. 

2. Looking down from the top, try and identify the main 
blood vessels. Most likely the butcher will have 
trimTed most of them away. Yours will probably look 
so^ething like this: 

'Bins Rom 
LunGS FAT 

DEPOSITS 

Slice the hea^t in he 1 f to see the inside. Cut s?o*ly. 
Notice how things are attached before you cut the'", a 
clearer cut will be possible with a longer kni*e. 

LEFT ATR\um 

FRONT S IDF 
4. See if you can find the four chambers, the valves anc 

the main arteries and veins. 

VfiLvF 
CCuf 

'Right \/£A/TA 
SEPTUm 

(Qw/Vtrt6 U/fl//) 

Aortic MLt/F 
L£fr ftrxim 

VALE 

LETT 
VEA/Tfi/CL£ 
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Group I 

GO OUTSIDE INTO THE ENVIRONMENT AND DO THE FOLLOWING: Record and 

bring back sounds that illustrate.... 

1. the ugliness of the environment 

2. the beauty of the environment 

3. the sadness of the environment 

4. the power of nature 

5. the effect of man on the environment 

Group II 

GO OUTSIDE INTO THE ENVIRONMENT AND FIND OBJECTS THAT ARE REPRESEN-
TATIVE OF THE FOLLOWING PAIRS OF WORDS... 

1. ugly/beautiful 

1. ugly/beautiful 4. vant/need 

2. threatening/calming 5. justice/injustice 
3. useful/wasteful 

Group III 

GO OUTSIDE INTO THE ENVIRONMENT AND BRING BACK PICTURES THAT. 

1. are of the oldest thing you can find 

2. are of the youngest thing you can find 
3. represent the beauty of the environment 
4. show power 
5. illustrate hate 

Group IV 

GO OUTSIDE INTO THE ENVIRONMENT AND USE TRASH OR DISCARDS TO CREATE 
ART TO SHOW... 

1. the 

2. the 

3. the 
4. the 

5. the 

Group V 

GO OUTSIDE INTO THE ENVIRONMENT AND... 

1. collect evidence of three different populations 

2. find two things, one of which is responsible for the other 

3. find a change that is predictable 

4. find a change over time 

5. find something increasing in number 

Group VI 

GO OUTSIDE INTO THE ENVIRONMENT AND COMPOSE A SONG, A RAP, OR 
A POEM THAT ILLUSTRATES THE EFFECTS THAT MAN HAS ON HIS 
ENVIRONMENT OR THE EFFECTS OF ENVIRONMENTAL CONDITIONS ON MAN. 
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