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Genetic Variation

An Envirormental Investigation

BY
NATIONAL WIHLDLIFE FEDERATION

MINNESOTA ENVIRONVMENTAL SCIENCES FOUNDATION, INC.
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Desipn and Nlustrations by

JAN BLYLER

Genetic Variation introduces children to some possible ex-
planations for diversity in the biological world. As an outgrowth
of the activities in this unit. the students will be able-—-and
should be encouraged— to develop their own explanations for
this diversity.

Your role will be to guide the students’ reasoning, when
necessary. and to provide a classroom climate which is condu-
cive to student speculation. In fact, 2 major e mphasis th- sugh-
out the unit is speculation, because many of *he questions the
students explore have no answers which are ag. eed on by every-
one in the scientific community.

Although Genetic Variation might be considered a science
unit. many of the activities relate to problems in social studies,
while others would be appropriate for use in a mathematics cur-
riculum. The possibilities are limited only by your imagination
and interest. Everything in our environment relates to every-
thing else. and the activities of this unit are no exception.
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INTRODUCTION

In the ea ly sections of Genetic Variation, the students will study them-
selves and thewr neers. They will do this while collecting data on a single
population variation  one's tongue-rolling ability. The later sections of this
st deal with the variation in the physical properties of several seed popu-
ations. And. in the finai section. the students will consnlidate their data by
coneralizing about thewr expeniences in the unit,

Instead of tying all the ideas together for them with @ summary state-
ment. Ict the students make their own conclusions at their own pace. The
story, * Johannson and the Bean Seeds,” will provide a finai opportunity for
speculation. Although written in a light tone, the story is intended to offer
data for discussion mn a context which the students will understand.

A minimum of three weeks should be spant to cover the material in this
unit. {This time estimate assumes that an a erage of ninely minutes per
week will be devoted to the activities.) As you read through this unit, though,
try to envision some cross-curriculum applicatons of the activities, and,
where appropriate, point these out to the students. The unit could be a
aunching pad for investipations and discoveries in many other fields ..
because all things vary, and everything relates.

MATERIALS
grid paper lima beans (11b.)
pan balances pinto beans (1 1b.)
centimaer rulers red kidney beans (1 1b.)
fieldcoin (11b.) dried peas, unsplit (1 ib.)
Great Northern heans, castor beans (1 1b.)
number one and number any other dried vegetables (1 1b. each)
two grades {1 1b. each) paper sacks (1 dozen)
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Genetic Variation

Human Populations

Faon studentain vowr class e difterent from every
Theyv have d Herent personahtieg: they
vary an onteteence gand they preosent a vanety of
shooh g distoibuted over a owade
ranse At (atieey Gt daes not make sense to speak of
A Uhecal tad T I can mase sense 1o speak of &

ather e

Phyy ot trats

“npr Al group of children”

But how does one describe a group of dissimilar
individuals? Scientists have been concerned with
this question for a long time, because no two speci-
mens they hind and no two measurements they make
are completely ahke ANl things exhibit variation.
Of course, it the differences are very small, such as
those among gramns of rnice in a bowl, it is easy to
ignore the differences altogether and think that the
grauns are roally abke. But even the smallest difter-
ences can be examined closely. The variations that
are found may reveal unsuspected and important
information.

In seleching: a croup of dissimitar individuals for
study. one usuaiiy has in mind some things the ins
dividuals have in common. All the students in your
class are at the came prade ievel, for example. and
all the gramns in the bowl were rice grains. Once this
15 recocnized, one can turn to the differences among
the members of a group. or. more specifically. the
trants which show variation. 1t i< easy 1o describe a
trait which varies within g group. For example, if the
students’ height is of interest, simply list the heigint
measurement of each student: that list will consti-
wte a descnphion of the varying trait. If the weight
of the prains of rier is of interest. give the weight of
each grain. In general then, to describe a trait which
varies among meanrbers of a group, list the measure
of that trait for each individual in the group. Since
the group consisis of individuals. the description
ol the group is the description of all the individuals
il

Here. for instance. 15 3 table of data for a tirst
grade class:

No. in Height  Weight Birth
Name  Sex Family (inches) (pounds) (month)
John M 2 46 48 Apr.
MaryF. F 1 40 41 Jun.
James M 3 45 a6 Oct.
Richard WM 2 44 48 Jun,
Joan F 2 41 40 Mar.
Alice F 1 51 54 Aug.
Frances F 3 4 49 Feb.
Kevin M 6 47 42 Mar.
TohmS. M 2 49 47 Oct.
Linda F 1 42 40 Apr.
Barbara F g 42 46 Jan.
Ruth F 3 50 53 Jul.
David M 1 41 41 Feb.
MaryP. F 2 50 5 Apr.
TomA. M 2 46 48 Dec.
Robert M 3 43 45 Apr.
Michael M 1 4, 46 Mar.
Martha F 3 46 45 Mar.
Peter M | 52 51 Jan.
Betsy F 2 46 53 Oct.

There may be circumstances under which it would
be important to know if this class is “typical”—does
1t show variation typical of a first grade class? There
are ten boys and ten girls. As far 35 sex distribution

"y



cOvs thae sondd e e ool T Hinder fanidy 2o
v linon weven are from fanmu-
hes with Beo ~haldien, Bivn ane trom famihies waith
three “ao are brom taanbes ath four, and one s
fiom a -l sath e chaidren To find whether this
distribution s “typcal”, one has to consult census
data for a laroer popelation Nete that in making
these summanes we have merely counted the stu-
dents 1in each catecory. disregarding the names of
the children and all their other charactenicstics. This
1s the simplest kind of analvsis. The results can be
displayed in histograms  oraphs with a cross drawn
for sach child,
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The height and weight data can be treated in the
same way.

VARIATION IN WEIGHY
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This graph does not give a very complete picture,
however, because the waights of the children are so

vaned, making ceneralizations difficult 1t s helptul
i osuch 3 case o “hoose the weit o lues ina
range of several pounds. For instance. 43.45 pounds
could be used as a category along one axis. For this
sample. the results cluster in the intervals from d0-
42 pounds and J36-38 pounds.
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Charles Darwin's study o: vanation in plants and
animals led him to propose the mechanism of na-
tural selection to account for the evolution and
origin of species. This theory proposes that the van-
ation of characteristics within one species living in
a particular environment will allow some individuals
in that species to survive better and reproduce more
than other individuals of that species. But those
other, less suited individuals may be more effectively
adapted to life in an environment different from the
o e they are living in. It a change occurs, altering
conditions of the first environment so that the new
conditions are more favorable to the previously less-
suited individuals, then that portion of the popula-
tion that was originally doing well will probably have
10 alter and become more hke the newly flounishing
individuals, In succeeding generations, more and
more of the animals or plants will extibit the traits
which became advantageous to living in their en-
vironment. Eventually the “typical” member of the
species may be quite diferent trom the “typical”
member of the species betore the environmental
change. One can say. theretore, that variation is the
“raw material” ot evolution- the selection process
operates on a populstion of differing organisms.
Vanation 1s, therciore, a very significant property ot
popuiations.”

“Parts of thiy have been tepnnted with permassion from
Vanation and Measurement Teacher's Manual wnilen and
published by the Scence Curniculum Impro.ement Study,
Berkeley, Copynight 1964 by the Repents of the Umversity
of Cabrtorma,

8



1. Variability in Physical Characteristics
A _Vanaton among Class Members

Recon 1o G0 ten By e the stgdenty an the
This wall
A the andhividuals in

Cns o Ll e them dives a3 oy

By e Yo e e o an
Rrayhe e Ghadends have plaved  the

thedonge of worveene (o semethang)”

tl\., ‘\,\\\':\

S och L e, aniiar Y thes The (\?‘jv‘(‘t ot this
o Uiy Ay sy ahiesdaal ha oo o mand
N 1 b g e Gehle o all parto o pantsY by

Caconge thyt ndec 0o e iy the pinacal char
Syostery person In plavingy the
Same the argdenty beoome more anare of some of
varaabtilit, ahech exasts amaong the
CTany e bags O cograe) this vaniety, s chvious
1o v on amnd probatd, o the stedents, but they may
never e hsctiesed it an 3 foermal sense. The
nmane students to prasp s that no
mdncdual has precisely the same characteristies
as amene clse This concept is applicable to every
species  man oo amaet aorose, or ogk tres,

Deoscnhane A croup s an achvity similar to that
o desonbane andividuals, but the description must
ne suthowertly ceneral to include 3l the individuals
in the croup Thes s not an easy task since each
charastorscthe chasen wal be represented by a
range of values, rather than by a single value Thus,
it the class desenibed height. each adividual’s
heht would have to be guven. The descniption of a
group must be the desorphion of ail the andiendaaly
inat

A<k the students 1o hepin thewr group description
with these wdeas in mind. Restnict the desanptions
to observable phy=ical charactenstics, avoiding, for
example intellipence or personahty. Hewpht, weight,
shoe size, hair color and texture, and eye color are
some of the traits which can be descnbed.

The class may construct a chart hke the ones on
page 5 hsting the charactenstics and the values
tound for each studert Most of the students will
know their approximate height and weight. i they
are unsure. they can take neasurements or they
may check with the othce or nurse to obtain the
information.

When the charts are complete, you will want to
discuss them with the class.

ASK THE STUDENTS:

What do the charts seem to reveal about the
class? For the characteristics chosen, are ~ny two
students exarntly alike?

A o et the

the nhyaral

wle for the

Through discussion, 1t should become obvious that
all children are notidentical. even though they may
have similar charactenstics. Even identical twins,
while shanng many traits, are not exactly alike,

Most of the charactlenstics described by the class
will noct be permanent charactenstics—in other
wonls. they will change with age. Normally, varna-
ticn within a speces 1s studied only in @ mature
population. Since it would be unreasonable to ex-
pect students to gather sufficient data on variation
in mature human populations, they will have to
pursue their study ot continuous variation in the
second major section of this unit, *"Seed Popula-
tions,” by substituting seeds for people.

B. Variation in the Ability to Roll L 2's Tongue

The charactenstics examined so tar are variable
over a rather wide range of values, as the class
charts indicate. Tn provide contrast, the students
will now examine tongue rolling® --a characteristic
which does not range in value, but 1s either present
or absent in the population. The mechanism of in-
heritance of this trait is less complex than taose
previously examined. The appearance of this trait
1s determined by the presence of a single dominant
gene rather than by many genes.

*The tongue is rolled lengthwise, with the sides turning
upward

9



Students «:1! find they are either capable of roll-
g ther tonpues or incapable of doing it. There is
no intermediate atihty. and it cannot be learned
throuph peactice. (Note: Physical characteristics
lacking measurable intermediate values seem to
be the except:on rather than the rule in terms of
bwlogical vanaton. The reason tfor devoting time to
studying, cne ot these trats is simply to provide
contrast tor other inveshigations. The sigmficance
of this contrast will be further developed in later
sections of this unmit)

Start thie actunty hy askang how many class
members are abie to roll their tongues. Some will
know what you mean immediately, others will need
a demonstration. If you cannot do it, ask a student
who can ‘o demonstrate. Some students may have
difficulty in rolling their tongues. These children
are probably the ones who are unable to move the
proper muscles

Allow the class a3 suficient amount of time for
experimentation; then count the number of children
who can roll their tongues 1f some of the students
who are unable to roll their tongues feel that prac-
tice will help. let them do so for a while. You may
have to tell them that practice will not affect their
performance.

Discuss with them the possibility of conducting a
school-wide survey to discover something about the
occurrence of tongue rolling among the rest of the
students,

ASK THE STUDENTS:

What might be learned it such a survey were to
be conducted? How many students will be able to
roll their tongues? Of what value might it be to collect
additional data? Have any of you conducted sur-
veys before? Are you famliar with any of the na-

tional surveys and poils? if so, what do you think
such canvasses accomphsh and how are they made?

1. Taking the School Survey

In taking 2 school survey. ask the cooperation
of the other teachers and of your principal. Select a
specific time so that the students do not cause any
interruptions.  Developing  specific procedures tor
the survey-takers will minimize the amourt of time
spent in each class.

Surveys are a means of sampling the prnpulation.
There are rather firm mathematical proredures tor
selecting a sample to insure its rando'n ature, but
vor sheuldn't expect your class to use these tech-
niques. You may wish, however. t¢ discuss some 0.
the reasons for systematic rather than haphazard
sampling. For the purpose of this survey. your class
is the sample and the schoo!l is the population,
Additional ideas of samples and populations will be
discussed later in the unit.

Before beginning the survey, you might want to
ask the students to predict what their findings will
he. They can use the findings of their own class as
a basis for their predictions. After the completion
of the survey. compcre the class predictions with
the data they've gathered. This wouid be a good
time to discuss the vahdity of using the class as a
sample of the school population.

It is advisable for the students to keep records
ot the information they collect. Encourage them to
make notebooks and enter all data in them. Recorg-
keeping is »s much a part of the process of science
as is experimentation or measurement. Accuracy is
also important. If information is recorded correctly.
fewer arguments will result when it is discussed.
Talk with the students about these ideas. It is im-
portant that they perceive record-heeping as a very
significant part of these environmental activities.

A. The Survey

Befo.e the students determine how they will con-
duct their survey, they will need to understand
scmething about populations and samples. You can
begin this section by asking them if they think
there will be as many people in each ciass surveyed
who are able to roll their tongues as there are in
their own clase. After a brief discussion of this
question, ask them to consider:

if you were to conduct a survey to determine the
height of the average American adult male, which of
the following groups would you choose for your
survey and why?

1. Basketball players
2. Your own fathers
3. Jockeys

10 ’
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Throueh Wi coons establich the adea that
avather Bankett b plaers e pocheys ane apt o
ne representatiee o the pepulahion, One roup o
On e dverace, far Biller than mest men The atbher
15 Much shaetor While these groups are samp'es
of the populatien. they are inadequate for survey
purposes minve they tepresent the extremes, Fathers
are prabably the most representative of thy theee
Could all three proups be used for cortam type
of surveys?

Relate these 'deas to the survey the class is about
to conduct. The students have already made a sur-
vey of their owvn class. It they think of their own
class as a sample, and if, as a group. they are
representative o. the schoo! population, ask what
results they could expect to obtain through the
schoo! survey? This 1s a good time to have each
student make his orediction of the results anc
record 1t in his notzbook. Now return to a con-
sideration of the survey.

The students must first determine it they wish
to poll the entire school.

ASK THE STUDENTS:

What are some of the problems you will face in
making a poll of the entire school? How will you
collect your information? Could you develop some
kind of chart or survey form so that each student

8

RIC

Aruitoxt provided by Eic:

involved in collecting data does so in an orderly
fashion? How wiil you approach teachers and enter
their classrooms in a way which wi!l not be disrup-
tive? Should vou first speak with the principal?

The class should consider all of these questions
betore they begin. Schoo! policy must be checked,
especially if the students are to proceed unaccom-
pan:ed throughout the school.

Developing the survey torm should not be difh-
cult. There must be a place on the form for each
student polled. A scparate torm for each class in
the school can be prepared and distnbuted to your
students, who, in turn, can take one form around to
each class to be surveyed. The survey torm for each
class needs only basic information:

(Note: Below are sample survey forms. Blank copies
are provided in the bick of the book so that you can
duphicate them for your students.)

When the survey 1s completed, the results should
be tallied and discussed in class.

B. Discussion

After the whole school has been surveyed, and
results tabulated, examine these results with the
class. How many students could roll their tongues?
How many could not? it would be heipful if the

11



class could corcert the data into percentaees. Re-
sults expressed as pen entages will enable them to
more easth, compare class results with those of
the entire schacl Percentages could then bhe put
into praph form

One source of intformation states that 7 ou! of 10
peaple are able to roll their tongues, or. 704 of the
total world population It the class is a representa.
tive sample of the population then, approximetely
70° shaula be ahle to roll thewr toangues.

ASK THE STUDENTS:

How did the class predictions compare with the
actuai results of the survey? Was our own class a
representative sample of the school population?
Were any classes found to be more representative
than others? Was the total school population any
more representative of the total world population
than our class was? Why?

. Developing Hereditary Patterns

The children have compared and discussed the
incidence of tongue-rolling among themselves and
throughout the school. In this section they will
gather additionat data at home. Parents, brothers.
sisters. and prandparents if possible, will be sur-
veyed. and family “trees” or pedigrees will be con-
structed to discover something of the inheritance
pattern of the trait. The more compiete the intorma-
tion each child is able to gather about his family,
the easier it will be to understand why he himselt
does or does rot exhubit the tongue-rolling trait.

The point of the section is to uncover the netion
that charactenstics are inherited rather than to de-
velop a detailed genetic theory of inheritance. While
the class will work with some simplified techniques
for depicting possible means of inheriting the trait,
these methods should not be stressed at this time.

It the students have worked with matrices n
mathematics. they should be familiar with the use
of gnds. A p* d 15 3 usetul device for showing pos-
sible types of inhenitance. A sample tollows.

PARENT

ONIYESI40

One impartant paint 1o emphasize 1s that each
parent contributes ong Qene tor each character-
isthie o cach offzpning  The contnbuting penpes n
the case of tongue raliinge may be either domimant
(1) or recessive (1 there as ene larpe T pene, it
will contral the mamifestation of the trait. That is.
while the offspning may have both a larce and
small T, as in the case above. they will still be able
1 rall thear tongues because the larpe T owill done
nate the small one. This explains why larpe T has
been termed “donunant” 1t dominates smaid t As
can he seen in the pnd. the mother has only re-
cessive penes tor tonpue rolhing. She tas no domi-
nant tongue-rolling genes, and she cannot, these-
tore. roll her tongue. The father can roll his tongue
and contributes only dominant genes. Theretfore.
all ot the children can roll their tongues {each
possesses a dominant gene).

Suppose one of the children. a “Tt" marned
someone who could not roll his or her tonpue. The
gnd depicting the cross between these two would
be:

FATHER

ONIddS330

In this instance, two of the ofispring are tongue
roilers, two are not. This 1s a cne-to-one (1:1) ratio.
Should one of the children, a Tt, marry another Tt,
the odds would be that three offspring would be
tollers and one would not. yielding a three to one
ratio:

PARENT

ONIBdS340



These precedinge pnds show three ot hve pos-
sible Ccrosses o atines dlustrating the inhen-
tance ot the tongue rolling trait. But much of the
»orkings of the actual process of inhentance has
been left unsaid. In the tirst piace. not all families
produce tour oHspring Even it each did, it 15 pos-
sible that not all theoretical types would appear.
For example, in the case of the last cross (Tt with
TH four chiddren maght be produced. all of whom
cou!d roll thewr tongues. The theoretical cross, a
three to one ratio. merely states that tor every four
children produced the possibiiity 1s that three will
be rollers. and one will not. Taking this further, six
out of eight children should be rollers in such a
cross. Baut. f the first four children born were
rollers, the three to one ratio would not appear to
hold. i1t nught take twelve or sixtesn children before
the ratio appeared to take hold.

Inhentance 18 rarely so simple a matter as
straight donunance versus recessiveness. In some
cases a “dominant’ gene appearing with a reces-
sive for a particular traat will “combine™ with the
recessive to produce an intermcediate type. But this
situation. which 13 referred to as incomplete domi-
nance. does not anse with tongue rolhing.

By necessity this discussion has been brief. (Refer
to the bibliography for a more thorough treatment
of the subject of simple Mendelian inheritance.)
But what has been discussed may be related to
the family trees the chidren will make. it is pos-
sible to theorize about the genes of the parents and
the children and to construct grnids to illustrate the
pattern in a <ingle family. Children may infer from
pedigree patterns who has what genes.

These activities should be interesting to the class
because they deal with something about the stu-
dents themselves. The extent to which you pursue
the grid achwvities will depend upon the students’
interest and understanding. Rather than stressing
the science of genetics, you should emphasize the
fact that characteristics are inherited. Something of
how this occurs can be learned through constructing
a pattern of inhentance— the family “'tree.”

Encourage the students to seek their own an-
swers to the discussion questions, providing only
information you are certain they cannot possibly
have g¢ ‘ned through past experience.

A. The Family Trees

Each student should first ask his parents if they
are able to roil their tongues. Then brothers and
sisters should be included. )t your students can
question their uncles, aunts, or grandparents this
also would be helptul.

When each class member has the information, he
may begin to construct his family tree or ancestry.
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Below is an example of one such possible tree,
vith grandparents and uncles from one side of the
family also shown.

Fust Step

‘ Grandparents O

Uncles

I
Oémm

The circles represent women. the squares men,
the darkened symbols indicate tongue rollers and
the undarkened indicate non-rollers. The symbols
are ‘hose conventionally employed by geneticists,
but you might want to recommend others to the
students. This “tree” depicts three generations.
Most of the family members can roil their tongues,
but two cannot.

When each member completes his chart as best
he can, display it tor the entire class. Are there any
tamilies with all members unable to roll their
tongues? Or, are there any in which every individual
can do it? These are the two extremes. It 1S more
likely that a mixture w ' ve found within most
families.

Ask the students if tongue rolling among class
members seems to depend on whether or not the
parents are able to roll their tongues. 1t may take
some further discussion in order for the students
to agree xmong themselves that "yes” is the answer.
Since this is so, something must be passed from
parent {o child which determines the child's
characteristics.

How does each child explain the differences
among the children in his family? in other words,
how does he explain that he might be able to roll
his tongue, but his brother cannot? If both parents
exhibit the tongue rolling trait, does it follow that
all the children will exhibit it? Here, the answer
should be “no."” How can students account for the
variations? Ask them if it is possible that something
is happening which is, in effect, unseen?

Select a single ancestry or line of ancestors of
one student to illustrate a discussion of this last

13
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guestan Yo ocl aana the students to beain to
Dy Hroe y ped cree ome ot the pere iypes which
create e pattern in arder to make such nter-
encess ey will need to hknow some of the back-
cracnd ntarmation presented earher in this section,
The stdents will especially need to be aware that
the trart of tongue roiling abihty s dominant and
that th:s dominance s represented by a capitat T,
Bemn by selecting, as a discussion example, an
ancestny ain whach one parent cannot roll his tongue.
Us:ne the symbaols vour have developed, draw the
parental condihion on the board.

Above ecarh svmbol. descnibe the trait ot each
parent as follows: male, "Tongue does rell” {use a
capital Ty femals, “tongue does not roll™ ().

tongue (temale) does
not roll

Then, sugeest 1o the class that instead of wniting
this information out, there may be a simpler way to
represent the data Eras: the cescriptions and re-
place them with a capital T and a small t to indi-

cate the condition. Make sure that eacn student
understands the meaning of the new symools.

Tongue (main does roll

T t

Refer back to the idea of parents “passing on"
something to the children. Allow T and t tr stand
for that “unsesn something” which 15 transimitted,
In other words. the father (1) can roll his tongue
and the mother (1) cannot, and they have a child
(the student) who receives cne gene from each
parent. What would the child of these parents re-
ceive? Hopefully the children will respond with
“both T and t." {Remember, the picture is not com-
plete as yet) Now. if this 1s the case, ask if this
child would be able to roll his tongue. If some say
yes, inquire why they think so.

The proot. of course, resides with the child whose
pedigree .8 under discussion. Suppose that that
child cannot roil tus tongue or perhaps a hrother
or sister cannot. while one «  the siblings can. This
would appear to contradict the above reasoning.
Re-examine the pedigree and assign imtials to it
as follows. (assuming there are three children in
the family):

Tt ? Tt

He .. only two out of three chuldren exhibit the
traait. How can this be explained? Two letters are
assigned to the chuldren, but only one to each
parent. Ask it here might be something not in
cluded as yet which ought to hbe considered. How
can bwo letters be assigned 1o parents with some
certainty that they are the correct two?

First. observe the mother. Ask if it is possible for
her to “carry™” 3 large T but stiil not be able to roll
her tengue This cannot be the case, because when-
ever the larpe T appears. the indwidaal can roli
his tongue. Ask then what the only alternative
would be, “opefullv, the students will realize that
there maust be two small U's. The tather’s type pre-
sants a more complicated situation, At this point
you may wish to introduce the grd and indicate
how it can be of use.

FATHEZR
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The class can be certain of the mother's type and
ol the type of the three offspring. Complete the
grid for the known types, explaining how it is done.
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e mather™ tpe s 1t and she cannot roll her
toncue. then ene ot the olsproing must also be tt
because one of them, according to the pedigree,
cannot roll his. A<k: From whom does this other
snall tocone? Coulld ot be that the father’s type
15 Tt as are the Bypes of his children? Replace the
question mark with 3 small t and see what crosses
now result. Tao ot the coaldien, theorehically, will
be tt and unable to roll ther tongues. Does this
analysis help to explain the prdigree?

Examine other pedigrees in much the same way
to sex at the students can arnmve at the possible
qenetic tvpes of thewr parents and themselves.
Some of the students might want to further expand
the information in thesr hine of ancestry charts. The
example helow s a completed version of the chart
on pagce 10

B O

7 1t
{or 1)
Tt Tt Tt T Tt

tt Tt Tt 17
for TT) {or TT)  {or TV

B. Discussion

What can now be said of the actiwities to date?
Review the following points in discussion:

1. People can be described in terms of physical
charactenstics.
2. 1f measured, these charactenistics are found
to vary from person to person.
3. Some charactenshics are either present o
absent 1in a popuiation.
4. The population may be surveyed and some
estimate of the incidence of the characteristics
can be obtained.
5. What 1s true about the population may not
be true of the sample.
6. Certain characterishics are inherited.
7. 1t 15 possible to discover some ot the history
of an inhented charactenstic through examin-
ing several penerations.

The next set of activities will provide the children
with a contrasting situahion 1in whic,y indeterminate
variation 1s studied.

Seed Populations

. Observing and Measuring
Physical Characteristics of Seeds

So far, students have observed both wide rang-
ting and linuted vanation 1n human physical char-
actenistics. Height and weight were examples of
continuous variation. whereas tongue rolling is an
example of limited variation—it 15 a vanauon found
to be either present or absent in an individual
population. 1t would seem that the characteristics
having significance in terms of the evolution of
new plant and animal forms are those which vary
widely rather than those whose variation is limited.

Seeds are chosen for this next study because
they are easily obtainable, exhibit great variation,
and are available in many species.

While there is little comparison between man
and seed, measuring and graphing the heights of a
representative group of adult males will yield about
the same shape graph as that of the weights of a
sample of cora seeds. Both graphs might appear
similar to the one below:

or

Number of Males
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Weight of Seeds or Height of Males

This is a normal or frequency gistribution curve.
Its beli shape is the same as a trequency distribu-
tion curve of intelligence.

Thus, the objects of study are not important.
What is important is the fact that all biologiuval
species exhibit a similarity in the frequency distni-
bution of certain characteristics.

In beginning this section, the students may be-
come bewildered by what seems to be an abrupt
change of pace. Seeds riaight appear to have little to
do with the preceding activities. Explain that you
wish them to describe their ceeds much as they de-
scribed themselves in the section “Human Popu-
lations.” {You might also tell them that they will
return to their discussion of tongue-rolling after
they have finished with the seed study.)

o 12 '
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P73

BEST COPY AVAHABLE

The (b Lo e sectan weli be to e ntro-
Qe At oo st yanation throuch the stp iy of
Sove e e ! peoperties of ceeds and. to aintreduce
the reocias ot measurement. Betore the students
wATure the el they et eamine them for
thiar maas rable propertes. The <tudents waell also
doternine methods tor takeng these measure™ents,

Distrihate g hand ul of seeds to each student.
one type per tuden Ty to avend distnbuting more
than three raaerrule of cach vanety throughout the
cliss, Heoo the swueeants spread the seeds out an
their @ ke ¢or tables for observation. If the children
have slanted desk tops. sugoest that they arrange
the sends abave 3 book edpe to prevent them trom

colb g enty the t o Alsn pave one of cach kend of
<o ot o each atndent Gooooone hernel o corel one
of vach size of Great Northern bean, one ima bean,
et Y andg have them keep the seeds in a sepaaate
pado an they desh

To shmuiate heervation, the students may wish
to plav 3 cave < melar 10 the descnplion pame in
the secthion “Human T oowlations 7 On separate
sheets of paper. have  ~sch student descnbe his
handtul of seeds which are all ahke, Have the class
write down abgervable properties, Remind the stu-
dents that the ahyect of the game is o avaid con-
funing another porson cho mepht read the list or
description. They should strive to write the most
complete descnption they can for immediate wden-
tiication. When they have fimished with their de-
scrniphions ask them to wnte their names on the
back of their papers and pass them to the Tront ot
the class Then re.dwtnbute the hists to the stu-
dents 30 that no one recenes tis own paper. By
reading the de cripho they now have. and refer-
nng to thewr e of assorted seeds. they should
try to determine which seed their sheet describes.
After evervone has had time to work on this ques.
tion, each student can check with the person who
wrote the description 1o see if he was able to de-
ternine the seed which the paper really attempted
to descnbe. You can have several exchanges ot this
sort, since there will be a number of different types
of seeds distnbuted.

After thic artivity, ciach student will need to take
a closer lank at the seeds te descnbed anginally

ASK THE STUDENTS:

What variations can be chserved from one seed to
another within that handful or population? More
specifically, what properties vary? Which of these
are measurable? What are some means of measur-
ing vanabihity?

Measurable properties nught be length, width,
weight, thickness. etc. Means of measurement
would include the use ol centimeter rulers. pan
balances, and placement on gind paper tor measur-
ing length in umits other than centimeters. Addi-
tional means may be suppested; hist them all on
the bhoard alonge wiith the adentihed measurable
properhes

Thers may he o hironssien as to whether or
not colur 15 a traly measarable property. 1t can be.
but ordimanly only very soplushicated equipment
will do an adeguate ph However, i the students
wish 10 devise a o ontinuous spectrum. assigning
successive numbers to adjcent colors. they will
be able 1o estabhsh at least one arbitrary means
tor quantitying colcr.
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When the hsts of pronerhes and measuring Sys-
tems are placed on the board, have each child
select a property and then devise a means of meas-
unng it. using about 50 of his seeds. The larger
the number of seeds measured, the closer the stu-
dent will come to defining the limits of a single
measurable vaniable within the population.

Although 1t is suggested that each student select
his own means of measuring, perhaps you could
encourage the class to use a variety of methods.
Some shouid weigh the beans, some use rulers,
others might use the gnd paper (or anything else
suggested).

B. Discussion

One of the first questions which might be raised
is “Do the seeds vary (in the property measured) or
are they the same?” Often the children do not pei-
ceive slight differences as being significant vana-
tions. Ask: Since the seeds within each set measured
are of the same species, should there be any reason
for variation from one seed to another? (If the chil-
dren do not know aboui “species,” you might want
to supplement this unit with Ditferences in Living
Things another unit in this series.) If so, how could
the students account for this variation? To answer
this last gquestion, one must consider both environ-
mental and genetic factors. Encourage the children
to speculate about the answer, listing possible sug-
gestions on the board. Can any of the suggestions

Q m

be readily investigated? Some children will prob-
ably want to plant the seeds to discover, for ex-
ample, if small seeds develop into small plants. and
large seeds into large plants. Encourage any sug-
gestions they have for investigation. These may be
undertaken as time permits.

Il. Distribution of Physical Characteristics
of Seeds

In this section the students will develop and use
a histogram for recording and ordering quantitative
data concerning vanation. The histogram will show
that measurements or counts are distributed around
the average measurements or counts.

The students will use the data collected in Part |,
“Observing and Measuring Some Physical Charac-
teristics of Seeds" tor the construction of the histo-
gram. When the graphs are completed, the students
will compare their results. Through comparisons,
they should be able to generalize about the distri-
bution of variable inherited tr2.ts.

The importance ot this distribution is pointed out
by comparing it with the distribution of tongue
rolling within the population. Widely distributed
variability in a trait provides much raw material for
the process of natural selection. For example, the
wide variety observed among cultivated roses is a
result of the careful and purposeful selection of
preterred types from a varying natural population.
If all of the characteristics of a natural population
of ruses had been the same, no selection couid
have occurred. In contrast, tongue rolling is roughly
analogous to coin flipping. One can or cannot roll
the tongue; one gets either heads or tails when a
coin is flipped. There is limited variety. As was seen
in Section 111 of the first part of this unit. only one
set of genes controls tongue rolling, whereas among
roses many genes act to produce variation. You
should ask the students to give some thought to
these ideas at the end of this unit.




A. Histograms

Distribute several sheets ot gnd paper to eaca
student. Have the students exanmine their seed
measurements and think of some methods for or-
ganizing them. They might order them on the basis
of increasing magnitude of the values. Ask them o
this method of orgamization makes the data any
more meaningtul. What observations can now be
m: e about these measurements?

Some students will observe that measurements
are not all identical. yet there are many which are
the same or at least close in vaiue. Perhaps another
observation might be that there are fewer small
and large values than there are intermediate values.
For example. in a measured sample of lima beans.
three out of thitty-seven were seven urits in length:
two were ten un'ts while the remaining thirty-two
ranged in valie from seven and one-half to nine
and one-halt units,

Suggest that each student exami.e his data and
report his tindings. 1f a pattern occurs repeatedly
throughout the class. what does this suggest about
vanabihity?

It might be helptul at this point to develop the
histograms. Presumably each student has ordered
his data according to the increasing value of *he
measurements. This order may now be transferred
to the grid paper. Below is an exampie of one type
ot histogram representing the length of lima beans
in terms of the arbitrary units by which they were
measured.

X
X
X
X
X
X
X
X
X

X % X X
X %X X X X X X X X

Bl < ¢
x ¥ X

The horizontal line is, in reaity, a segment of a
nu:nber line with 14 unit intervals. The X's repre-
sent the number of beans found for each length.
Theie are other types of histograms or techniques
for -onstructing them. Perhaps the children have
mace them before but not in the same fashion. Use
your own judgment in selecting the best technique

for your class. The resulte will be essentially the
same regardless of the methwo i

After each student comp eles his histogram, dis
play it for the rest of the cla 5.

ASK THE STUDENTS:

Is there any similarity among the histograms? (i
s0. ask the class to describe that similarity) Are
graphs of the same kinds of seeds more alike than
graphs of different kinds? How can you account for
the likenesses?

Direct the students’ attention to the one thing all
the graphs should have in common. the tendency
for most of the measurements to be distributed
about a central point. Ask them to examine their
histograms and determine the location of the
majority of their measurements. Ask if they arc at
either end or if they fall in the middle? Once they
have determined this answer, ask them to suggest
reasons for their obseivations. Maybe they will say
that most “things” are midcle-sized rather than
small or large. if this is the case, are they able to
give additional examples to further quaify that
generalization?

ASK THE STUDENTS:

How about people? Are most of them middie-
sized? Are most of the students in the class middle-
sized for their age? What are some other examples ¢f
the tendency to be middle-sized?

If time permits, you might ask them to measure

the length of their index fingers. Collect the meas-
urements and construct a histogram on the board.
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The length ot index tingers 1s also distributed
normally about a central point. There are many
other exampies of this type of distnbution. See how
many the children are able to suggest before you
proceed further.

Some final questions for the class to conswder
m ght be: Why are there measurable differences
among teeds which are members of the same ponu-
1alion? How can the students account for the varia-
tion? Of what importance is the variation?

lil. Variation and Diversity

In this section, the students will examine the
concept of variation more closely. They should ar-
rive at some cvnclusions as to the biological im-
portance of variation and be reasonably able to
account for biclogical diversity. This section begins
with a game intended to reveal, throush analogy.
something of the process of natural selection.

B. The Game

Place the varieties of beans, peas, etc,, into sep-
aral. sacks. Distnbute the gnd paper and write on
the board the ranges previously found, in weight
or length, for each seed vanety. Ask the class to
review these ranges and keep in mind some of the
ideas discussed during Section 1, “Distribution of
Physic * Charactenstics of Seeds.” Explain that you
are going to give them the opportunity te select one
seed from each sack. Sut before selecting. they
are going to predict somethirg about the physical
properties of that seed. For example, if lima beans
were originally measured on gnd paper for length.
the students must predict how many grid units in
length the selected seed might be. Or, if they were
weighed, they must predict how many grams the
selected seed wouid weigh. {Note: You may find
that some of the seeds of the same variety were
measured for more than one quality. In other words,
one student may have measured length of lima
beans while another student measured weight. You
will probably want to put all o* the histogram data
on the board and let the students choose the prop-
erties they wish to predict.)

Once they understand how the game is played.
they need only refer to the ranges for the particular

property measured and the units of measure em-
ployed. in order to make a prediction. Have them
write dowi, thewr predictions first, taking all seed
varieties into consideration. After they have done
this. have each student take one seed out of each
sack and ver'y his prediction by measuring the seed.
Record the r 2asurement next to the prediction and
compare the result with the actual data recorded
on the histograms.

ASK THE STUDENTS:

How accurate were predictions? On what data
were they bhased? If there was an exceptional de-
gree of accuracy between prediction and verifica-
tion, how do you account for it? Were most of the
seeds selected found to be “middle-sized”? if so,
why should this be the case?

You want them to be able to state with some cer-
tainty that since most seeds are middle-sized, the
chances of selecting a middie-sized seed is greater
than that for selecting either small or large seeds.
Have them arrive at this conclusion themselves
through discussion.

Atter this discussion, suggest they return the seeds
to the proper bags. Then choose a student to do some
additional selecting. In this case you will want the
entire class to predict how many seeds must be se-
lected in order to get one which falls at cne or the
other extreme of a range. It makes no difference
which kind of seed is used here. Be certain that the
student 1s making a random selection rather than
searching for either a large or a small seed.
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The riass should discover that a relatively laige
number ¢f sceds must be selweciled betore one of
the extremes 1s found Not only are the extremes
tewer in number. but the smallest tend to tall to the
bottom ot the sack. For this reason, it i1s 2 good
wea to shake up the sack and have the student
dig into the seeds rather than select from the top.
You may try this with several students using
different seeds. Ask 1f the same effect ot the small
ones settling to the bottom 15 observed tor all
seeds? If so. ask why this should be true.

To illustrate the importance of vanation, prepare
two sacks of seeds. (If time permits, make up addi-
tional sets)) Prepare one sack by selecting only
medium-sized hma beans from a mixed population.
The seeds should be so similar that differences are
not at all apparert. The other sack shouild contain
a mixed population of lima beans. Be certain the
mixed population contains some very small beans
and some very large ones. You need Only use Severa:
handfuls for each sack, since the children will be
asked to put them in order quickly.

Choose two children to order the seeds from each
sack. Have them keep the sets separate. The order-
ing should be from the smallest to largest for each
set. The child working with the mixed population
should have relahvely hittle trouble. whereas the
other child may complain that he cannot see difter-
ences. (All the beans are the same.) Further, he
may say there 1s no vaniation. {This is the observa-
tion you hope he makes.) When there is 3 lack of
vanety, no selection can take place.

Return to the tongue rolling characteristic anc
ask what range in vanety exists for that trait.

ASK THE STUDENTS:

Are there intermediate abilities in tongue roliing?
Can peopie be born with a partial ability? Were
there any intermediate abilities found when the
survey was taken? If not, what can be Dredicted for
the populations of the future?

With respect to the lima beans, what kind of
variation could one expect to find in future popula-
tions if only intermediate-sized seeds were to be
planted?

Encourage the students to discuss ideas among
themselves. The concluding story in the back of the
book will hopefully provide them with more Clues
to the answer.

A further illustration of the significance of variety
is the selection practiced by pedigreed dog raisers.
Ask if anyone in the class has a poodle. {f so. ask
what the size of the poodle is. Do poodles come in
orly one size? The children probably know there
are standard sizes in the poodie family. The largest

a2c¢ called “standard.” the middle-sized ones are
cailed “miniaturcs,” and the smallast are called
“toys.” There are very definite height qualifications
for each variety. Toys are less than ten inches high,
miniatures ten to fifteen inches, and standards.
over fifteen inches. Ask the students how they
think the three varieties were developed? Permit
them to speculate about the answer.

“"&.ms& \V’

The students should begin to realize that diversity
among species is a result of variation within a
species. Poodles do not gualify as a good example
because they are of the same species. However,
dogs, wolves, hyenas, bears, and racoons all had a
common ancestor at some time in their historical
development. Maybe from within the present-day
population of dogs new species may evove as
selection is practiced over a period of time. The
diversity seen among biological forms today is a
result of the operation of many factors, primarily
environmental ana genetic. Its roots are in varia-
tions which once existed within ancient populations.

In the back of the book is a story, “Johannson
and the Bean Seeds.” You might read it to the
children as a concluding activity.

Discuss what Johannson's results might have
been. You may aiso wish to have the students read
related material in their texts. The bibliography con-
tains a number of books which would be appro-
priate to recommend for students interested in pur-
suing the topics of the vt
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THE BACK CF THE BOGK

‘“Johannson and the Bean Seed”

It has been almost sevenly years now smnce a
man named Mr Johannson planted his hrst bean
seed. It happened in the tar off country of Denmark.

Mr Johannson was not a farm=r, nor did the plant
that grew trom that first seed reach up through the
clouds near the home of 3 wicked giant. as hap:
pened in Juack and the Beanstalk. o, the bean
seed simply grew into a normal everyday bean
plant, which, 1in time, deveiwoped seeds of its own.
in fact he planted many seeds. which grew into
many normal everyday bean plants, and they. too.
in hime_ deve oped - eds of their own,

Mr. Johannson noted some interesting things
when he examined the new seeds from the plants
he had raised. The plants which had grown from
large seeds had produced larger seeds, and the
plants which had grown from small seeds had pro-
duced smaller seeds. Mr. Jochannson suspected at
first that this might be just a coincidence, sc he
began a careful experiment. By weighing each -.eed
which came from his new plants, he grouped them
into piles of small, medium, and large. Then he
planted these three groups of seeds and anxiously
awaited the results. in time, the plants grew, flow-
ered, and finally produced seeds. Mr. johannson
eagerly picked the seeds and began weighing them.

At first he was overjoyed at the results. The seeds
trom the large seed plants were larger than ever;
the ones from the small seed plants were smaller
than ever; and those from the middle-sized sceds
were middle-sized. Yis happiness soon began to
fade and doubt started to enter his mind; he was
again questioning his results. Did he pick the small
beans too soon? Did he not give encugh water to
the small seeds? Could he have made these or
other mistakes?

The only way to prove his theory for sure was to
grow this latest crop of seeds, and to compare the
weights of the seeds which the new plants pro-
duced. Mr. Johannson began the whole process
anew. He weighed seeds and planted them accord-
ing to weight—large in one piace, small in another,
and middle-sized in a third. Again the long weeks of
waiting. He was very careful, this time, about the
amount of water and sunhight which the plants re-
ceived. He wanted everything to be the same for
each group. At last the day came when the beans
were ready to be picked. This time he was sure he
had waited long enough. The beans were placed on
the scale and weighed. Mr. Johannson recorded the
results . . . but that was nearly /0 years ago and
thousands of miles away. His results were iost in
time and space.

What do you think he found?
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TONGUE ROLLING SURVEY—INDIVIDUAL

Class

Room Number

Can you roll your tongue?

yes

no

TONGUE ROLLING SURVEY—CLASS SUMMARY

Class

Room Number

Number of students

Number of students who can roll their tongues

Number of students who can't roll their tongues _

Number absent

22
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Order
No.

ToQOT

T e

To0N
704
TOQR2
To0e1

TO0T0

Q89

THE ENVIRONMENTAL UNITS

Below is a list of the twenty-tour titles in the Environmental Discovery
Series. Next to the titles, we have suggested the grades for which each is most

appropriate. We emphasize that these are suggested grade levels. The teacher

is encouraged to adapt the activities to a wide range of grade levels and
subject areas depending upon the interests and abilities of the students.

Tale

Plants in the Ulassroom

Vacant Lot Studies

Ditlerences in 1 iving Things
Shadows

Wind

Snow and lee

Man's Habitat— The City

Fish and Water Temperature

Qaks. Acorns, Climate and Squirrels
Nature Hunt

Sampling Button Populations

The Rive and Fall of 3 Yeast Community

Srec. Td.

Grade

level Price
KE $1.50
&9 1.50
3-8 1.0
1-8 FRAA
KN 1.50
10 1.50
4.9 1.50
3.0 1.50
e 1.50
KA 1.00
KR 1.00
©-9 1.00

Qrder
No.

TO123
TO132

7131

TOIRT
T919%

79203

Title

Genetiv Variation

Saoil

Tile Patterns and Graphs
Plant Puzales

Brine Shrimp and Their Habitat
Nature's Part in Ant

Contour Mapping

Change in a Small Lcosystem
Transedd Htudies

Stream Profiles

Color and Change

Qutdoor Fun for Student,

It you would like a tree brochure describing aclivities in the individual units, write:

The National Wildiite Federation
Edustional Servicing
1412 16th Sireet, NW.

Washingion, D. C. 20036

NWF

John Cary Stone
James D. Davis
Wendy Kay

Phil Nicholson
Tom L. Smith

Written and developed by:

MESF

Edmund Bray

Barbara Clark

Robert Collins
Joann Current

John Heitkamp
David Jones

Karen Jostad
Edward Landin
Richard Myshak
Michael Naylon
Robert O'Hara
Noreen Teachout
Carl Vogt
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Grade

Level Price
3-9 3$1.50
2-0 1.50
1-2 1.00
1.0 1.50
1.5 1.50
3-e 1.50
-0 1.50
5.9 1.50
KRN 1.50
3-0 1.00
K.2 1.0C
1-12 1.50
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NAHONL WHDLIFE FEDFRATION
1412 Sinteenth Street, NWW,
Wanhingion, D.C. 21036




