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ABSTRACT
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Introduction

The Teacher’s Resource Book consists of four sections. Supple-
mental Materials, Supplemental Investigations, Test Item Bank, and
Blackline Masters.

Supplemental Materials provides additional background material
related to certain chapters and investigations in the student book.
The Invitations to Enquiry referenced in the Teacher’s Edition will
become a part of this section when available. The Invitations to En-
quiry originally appeared in the BSCS Biology Teacher’s Hand-
book, 3rd ed., 1978 (New York: Macmillan Publishing Company),
which was declared out of print subsequent to the release of the Green
Version. This section also will accommodate updates and teacher
input which Kendall/Hunt Publishing Company will provide on a
periodic basis.

Supplemental Investigations includes 17 investigations that can
be used in addition to or in place of investigations in the student
book. The investigations have been placed in approximate order of
their relevance to the chapters.

The Test Item Bank consists of the Resource Book of Test Items
in print and on disk. The Bank contains more than 2000 multiple-
choice test items. More than one fourth of the items are new for the
sixth edition; the others have been reorganized and revised to match
the new chapter sequence and content.

Blackline Masters can be copied for students to use a5 worksheets
or used to make overhead transparencies. Art and diagrams from
the Green Version were selected on the basis of their potential use-
fulness in discussion and in clarification of difficult concepts.
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Genetics Problems

. The polled (hornless) trait in cattle is dom-
inant. The horned trait is recessive. A cer-
tain polled bull is mated to three cows. Cow
A, which is horned, gives birth to a polled
calf. Cow B, also horned, produces a horned
calf. Cow C, which is polled, produces a
horned calf. What are the genotypes of the
four parents?

- {r: shorthorn cattle, when a red bull (CRCR)
is crossed with a white cow (C*C"), the off-
spring are roan (intermingled red and white
hairs). How could a rancher establish a herd
of roan cattle?

- Insheep, white coat is dominate. Black is re-
cessive. Occasionally, a black sheep appears
in a flock. Black wool is worthless. How could
a farmer eliminate the genes for black coat
from the flock?

. In summer squash, white fruit color is dom-
inant. Yellow is recessive. A squash plant
that is homozygous for white is crossed with
a homozygous yellow one. Predict the ap-
pearance of: {a) the F; generation, (b) the
F3, and (c) the offspring of a cross between
an F; individual and a homozygous white in-
dividual.

. The storage roots of radishes may be long,
round or oval. In a series of experiments,
crosses between long and oval produced 159
long and 156 oval. Crosses between round
and oval produced 199 round and 203 oval.
Crosses between long and round produced
576 oval. Crosses between oval and oval pro-
duced 121 long, 243 oval and 119 round.
Show how root shape is inherited in rad-
ishes.

. In tomatoes, red fruit color is dominant to
yellow. Round-shaped fruit is dominant to
pear-shaped fruit. Tall vine is dominant to
dwarf vine.

(a) If you cross a pure-breeding tall plant
bearing red, round fruit with a pure-
breeding dwarf plant bearing yellow,
pear-shaped fruit, predict the appear-
ance of the F; generation,

10.

11.

(b) Assuming that the gene loci controiling
the three traits are in three different
pairs of chromosomes, what are the pos-
sible genotypes in the F; generation?

(c) What are the expected ratios of the
phenotypes?

. What are the possible blood types of chil-

dren in the following families?

{(a) Type A mother, Type A father
(b} Type A mother, Type O father
(c) Type B mother, Type AB father
(d) Type AB mother, Type AB father
(e) Type A mother, Type B father

. Before Mendel, the chief theory of heredity

was “blood-line inheritance.” According to
this theory, the parents’ traits are blended in
the offspring, just as two liquids blend when
mixed together. Mendel’s theory rested on
the idea that tr. s are transmitted by par-
ticles (genes) arnd do not blend. Give evi-
dence in support of the older theory. Then
show how the results of Mendel’s experi-
ments fail to fit that theory.

. How would you go about improving the

characteristics of the seedless orange?

At the present time, there is no such thing
as an all-blue tulip. The first one found will
be quite valuable. How might a tulip breeder
increase the chances of finding a blue tulip?

Suppose you examined the cells of a species
of plant and found 12 chromosomes: a long
straight pair, a short straight pair, a
medium-length pair, a long bent pair, a short
bent pair, and a medium-length bent pair.
You then breed the plants of this species for
several generations.

(a) At the end of this time would you expect
to find some plants with all the straight
chromosomes and none of the bent ones?
All of the bent ones and none of the
straight ones? Explain.

(b) What proportion of the gametes should
have 3 straight chromosomes and 3 bent
ones? 4 straight and 2 bent? 6 bent?




GENEALOGY OF CAPTIVE WHITE TIGERS
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12. A die (singular of dice) has six sides. What 14. The pedigree in the figure above shows the

is the probability that an even number will descendants of Mohan, a white tiger cap-
come up on one throw of a die? tured in India. Assuming that whiteness in
tigers is a single-locus trait, is it recessive or
13. If base pairs jn DNA molecules can consist dominant? What evidence supports your an-
only of adenine-thymine or cytosine-guanine, swer?
what must be the ratio of the amount of ad-
enine to thymine? Of the amount of cytosine 15. In garden peas, tall vine is dominant and
to guanine? Of adenine to cytosine? short vine is recessive. If a homozygous tall

plant is crossed with a homozygous short
plant, what genotypes are possible in the F;
generation?

11




16.

17.

18.

19.

20.

21.

In gaiden peas, inflated pod is dominant and
constricted pod is recessive.

(a) If a plant homozygous for inflated pod
is crossed with a plant homozygous for
constricted pod, what ratio of pheno-
types would you expect to find in the F,
gencration?

(b) What ratio of genotypes would you ex-
pect?

In guinea pigs, short hair is dominant and
long hair is recessive. A short-haired male
and a short-haired female produced mostly
short-haired offspring, but a few were lor.g-
haired. Show how you can determine the ge-
notypes of the parents.

In laboratory mice, the normal gray color is
dominant over the albino (all-white) color.
Starting with purebred albino and purebred
gray as parents, what is the ratio of pheno-
types in the F; generation?

A pea plant that was homozygous for ~xial
flowers (the dominant strain) was crussed
with a plant that was homozygous for ter-
minal flowers.

(a) What ratio of genotypes would you ex-
pect in the F; generation?

(b) What ratio of phenotypes would you ex-
pect?

In the follov ing cases, Z stands for a certain
dominant gene and z stands for a certain re.
cessive gene. What ratios of genotypes would
you expect from the following crosses:

(@) ZZ X zz,
(b) 2z X Zz,
(c) Zz X zz,
d) Zz X Z2

In a certain spesies of plant, one purebred
variety has hairy leaves and another pure-
bred variety has smooth leaves. A cross of
the two varieties produces offspring that all
have smooth leaves. Predict the ratio of
phierotypes in the F; generation.

[

N
o

23

24

2.

26.

kW)

In corn, yellow seed color is dominant and
white is recessive. A certain car of corn had
a mixiure of ycllow seeds and white seeds.
What color seeds could the parents have
grown from?

In » certain animal, a breed is known that
always has a hairy tail; another breed i-
known that always has a naked tail. How
would you determine which trait is domi-
nant?

In garden peas, axial flower position is dom-
inant and terminal flower pcsition is reces-
sive; tall vine is dominant and chort vine is
recessive. A plant known to be purebred for
tall vine and axial flowers is crossed with a
plant having short vines bearing terminal
flowers.

(a) What is the phenotype of the offspring?

(b) What is the genotype of the offspring?

(¢) Predict the kinds of offspring (pheno-
types) that would appear in the F; gen-
eration and their ratios.

1.. snapdragons, red flower color (C¥) is co-
dominant with white (C¥), the heterozy-
gotes being pink; the normal (broad) leaves
(L¥) are codominant with narrow (grass-
like) leaves (L), the heterozygotes having
leaves of medium breadth. If a red-flowered,
broad-leaved plant is crossed with a white-
flowered, narrow-lcaved one, what will be the
phenotypes and their expected ratio in the
F; generation?

Several different genetic situations are de-
scribed below. In each case, you are to de-
cide which of the following kinds of
inheritance are involved:

{a) codominance

(b) linkage with little or no crossing over

(c) two genes on different chromosomes

(d) several to many genes on different chro-
mosomes

(¢) multiple alleles

(f) linkage with a high percentese of
crossing-over

. A




Situation 1: You have a number of plants be-
longing to an F, generation. About 1/4 have
no thorns, about 1/4 have long thorns, and
about 1/2 have short thorns. What kind of
inheritance is involved?

Situation 2: In another set of plants, also of
an F, generation, you find the following
phenotype ratios: 9 red flowers and broad
leaves; 3 red flowers and narrow leaves; 3
white flowers and broad leaves; 1 white
flower and narrow leaves. What kind of in-
heritance is involved?

Situation 3: You discover a species of bird.
In the population some have long crests on
their heads, some have scarcely any crests,
aad many have crests showing all possible
intermediate lengths. What kind of inheri-
tance is involved?

Situatior: 4: In a certain species of insect, 3
eye colors are known: red, orange, and
yellow. If purebred red-eyed individuals are
crossed with purebred orange-eyed, all the
offspring are red-eyed. If purebred orange-
eyed are crossed with purebred orange-eyed,
all the offspring are orange-eyed. If pure-
bred red-eyed are crossed with purebred
yellow-eyed, all the offspring are red-eyed.
What is the most likely method of inheri-
tance?

Situation 5: In another case in which you
study 2 traits of a plant at the same time,
you find in the F, generation that 3/4 have
hairy stems and green seeds while the other
1/4 have smooth stems and brown seeds.
What kind of inheritance is involved?

Situation 6: Among many var.cties of pop-
corn, 1 has an average ear length of 6 cm
(ranges from 4 to 9) and another has an av-
erage ear length of 16 cm (ranges from 12
to 19). When the 2 varieties are crossed, the
F, offspring have ears with an average length
of 11 cm (ranges from 5 to 19). What is the
inost likely method of inheritance?

27.

28.

29.

30.

31.

13

Situation 7: The F, generation of a dihybrid
cross in a plant showed the following ratio
of phenotypes: 66% had hairy stems and
round fruit; 9% had hairy stems and pear-
shaped fruit; 9% had smooth stems and
round fruit; 16% had smooth stems and pear-
shaped fruit. What kind of inheritance is in-
volved ?

Ia poultry, rose ccmb is dependent on a dom-
inant factor, R, single comb on its recessive
allele r. A rose-combed male is mated with
2 rose-combed females. Female A produces
14 chicks, all rose-combed. Female B pro-
duces 9 chicks, 7 rose-combed and 2 single-
combed. What are the genotypes of the 3
parent birds?

The Jones family has eight children, all of
whom are girls. What is the chance that the
next child will be a boy? Explain.

A brown mouse is crossed with a heterozy-
gous black mouse. If the mother has a litter
of four, what are the chances that all of them
will be brown?

In man, normal pigmentation is due to a
dominant factor C, albinism to its recessive
allele ¢. A normal man marries an albino
woman. Their first child is an albino.

(a) What are the genotypes of these three
people?

(b) If they have more children, what would
they probably be like?

(c) An albino man marries a normally pig-
mented woman. They have nine chil-
dren, all normally pigmented. What are
the genotypes of the parems and the
children?

In dogs, wire hair is due to a dominant factor,
smooth hair to its recessive allele. Two wire-
haired dogs produce a male puppy which is
wire-haired. To what kind of {*male should
he be mated to find out most quickly whether
he carries the factor for smooth hair?




32.

33.

In guinea pigs, the coat may be rough or
smooth. Certain rough-coated guinea pigs,
when crossed with smooth-coated ones, pro-
duce all rough-coated offspring. Other
rough-coated guinea pigs, when crossed with
smooth-coated ones, produce equal numbers
of rough-coated and smooth-coated off-
spring. Smooth-coated guinea pigs crossed
together always produce smooth-costed off-
spring. Explain these results. Write the ge-
notypes for all the animals concerned in the
crosses.

What kinds of gametes would be produced
by organisms having the following geno-

types:

(a) AaBB,
(d) AaBBCe.

(b) aaBB, (c) AAbb,

0.

34.

35.

In horses, black is due to a dominant gene
B, chestnut to its recessive allele 5. The trot-
ting gait is due to a dominant gene 7; pacing
to its recessive allele ¢,

(a) If ahomozygous black pacer is mated to
a homozygous chestnut trotter, what will
ve the appearance cf th= F; generation?

(b) If two F; individuals were mated, what
kinds of offspring could they have, and
in what proportions?

(c) If an F; male were mated to a homo-
zygous female black pacer, what kinds
of offspring could be produced, and in
what proportions?

In cocker spaniels, black is due to a domi-
nant factor B, red to its recessive allele 5.
Solid color is dependent upon a dominant
factor S, white spotting upon the recessive
allele s. A red male was mated to a black-
and-white female. They had 5 puppies, as
follows: 1 black, 1 red, 1 black-and-white,
and 2 red-and-white. What ‘vere the geno-
types of the parents?




Solutions for Genetics Problems

. Bull = heterozygous for polled; Cow A = homo-
zygous for horned; Cox B = homozygous for
horned; Cow C = heterozygous for polled.

. A herd of only roan cattle could not be indepen-
dently maintained. If any breeding were allowed,
both red and white offspring would soon occur. Of
course, the rancher could mairtain a herd by
adding only the offspring of red and white cows
(not considered a part of the herd) and preventing
the roan animals from interbreeding.

. The farmer should eliminate from the flock both
parents and all offspring whenever a black sheep
appears.

. (a) F; = all white; (b) F, = 3/4 white and 1/4
yellow. (c) A cross between an F; individual and a
homozygous white individual would produce only
white offspring.

. The results of these breeding experiments can be
explained on the basis of codominance.

(a) The F; generation consists entirely of indi-
viduals that are tall and have red, round fruit.

(b) P = round, T = tall, R = red: 1/64
PPTTRR, 1/32 PpTtRR, ' /32 PpTTRR, 1/
16 PpTtRR, 1/32 PPTTRr, 1/16 PPTtRr, 1/
16 PpTTRr, 1/8 PpTtRr, 1/64 PPTtRr, 1/32
PputRR, 1/32 PPttRr, 1/16 PpttRr, 1/64
PPTTRR, 1/32 ppTtRR, 1/32 ppTTRr, 1/64
PPttRR, 1/16 ppTtRr, 1/32 ppttRr, 1/64
PPTTrr, 1/32 PPTtrr, 1/32 PpTTrr, 1/16
PpTtrr, 1/64 PPutrr, 1/32 Ppttrr, 1/64
ppTTrr, 1/32 ppTtrr, 1/64 ppttrr.

(c) Round, tall, red—27/64. Pear, tall, red—9/
64. Pear, dwarf, red—3/64. Round, tall,
yellow—9/64. Round, dwarf, yellow—3/64.
Pear, tall, yellow—3/64. Peal, dwarf,
yellow—1/64.

7. (a) A or O children; (b) A or O children; (c) A, B,

or AB children: (d) A, B or AB children; (e) A, B,
AB or O childi :n.

. Codominance couid be interpreted by a bloodline
theory of inheritance. Also, phenotypic character-
istics that are the result of the interaction of sev-
eral genes could be so interpreted. However,

10.

11.

12.

14.

Mendel’s results, all of which fortuitously involved
simple traits exhibiting the dominance phenom-
enon, were impossible to interpret by any kind of
blending theory.

. Because sexual reproduction is lacking, a new trait

would depend on a somatic mutation in a meristem
cell, from which bud and shoot carrying the mu-
tation might develop. The likelihood that it will
occur normally is small, but it can be increased by
using radiation; at any rate, certain mutated char-
acteristics can be maintained with grafting.

The problem involves the production of mutations,
one of which, by chance, might be the desired
characteristic. Anything, then, that might in-
crease the mutation rate would be desirable.

(a) No; No; As the result of mitosis, each offspring
cell has chromosomes identical to those of the
parent cell. (b) All of them; None of them; None
of them.

Since there are 3 even numbers on the die (2, 4 and
6) there are 3 ways in which the conditions of the
question can be met; therefore, the probability is
3/6,1/2, 0.5, or 50%.

. Adenine to thymine, 1:1; Cytosine to guanine, 1:1,

A-enine to cystosine (or any other mismatched
pair), indeterminate.

The 1953, 1955, and 1956 litters suggest that white
coat color is not dominant. Were it a dominant au-
tosomal gene, either 1/2 or all 19 of the offspring
in these 3 litters should have been white. On the
other hand, if white were an x-linked dominant
gene, then the 4 daughters in these early litters
would have been white. Radha, a tigress that must
be heterozygous for white coat color, produced 1
yellow and 4 white female cubs; thus confirming
her heterozygosity. All 4 of her sons were white,
and so, through 1962, no critical evidence was
available on the matter of x-linkage versus auto-
somal inheritance. In 1964, however, Mohini pro-
duced Ramana, a yellow male cub. Therefore, the
gene for white coat color cannot be on the X chro-
mosome—if it had been, all of Mohini’s sons would
have been white. White coat color in tigers, there-
fore, is determined by a recessive autosomal gene.




15.

16.

17.

18.

1.

20.

21.

22,

23,

24.

25,

Only heterozygous dominant, Tz

(a) 3:1 inflated to constricted; (b) 1:2:1 PP: Pp :
pp.

Short hair is dominant, so the parents could have
been S§ X S3, S§ X Ss, or S5 X Ss. A few off-
spring had long hair, the recessive trait. They must
have obtained a gene for that trait from each
parent, so both parents had to be Ss.

3:1, gray to albino.

(a) 1:2:1, 44 : Aa : aa; (b) 3:1, axial to terminal.
(a) 4:1, (b) 1:2:1; (c) 1:1; (d) 1:1.

3:1, smooth to hairy.

The seeds from which the parents grew could have
been both yellow (¥y X Yy) or one yellow and one
white (Yy X yy).

Cross the two breeds.

(a) Offspring are tall, with axial flowers. (b) Ttda.
(c) 9 tall with axial flowers, to 3 tall with terminal

flowers, to 3 short with axial flowers, to 1 short with
terminal flowers (9:3:3:1).

It will be a mix of red flowers with broad, medium
and narrow leaves, the same for white and pink
flowers. Red-flowered and white-flowered plants
will each have a ratio of 1:2:1, broad to medium
to narvow leves, and the pink-flowered plants will
have a ratio of 2:4:2, broad to medium to narrow
leaves.

26.

27.

28.

29.

30.

3L

32,

33,

34,

35,

Situation 1: (a)
Situation 2: (c)
Situation 3: (d)
Situation 4: (e)
Situation 5: (b)
Situation 6: (d)
Situation 7: (f)

Male = Rr; Female A = RR; Female B = Rr.
50%. Thcre are only 2 possibilities.

The chance for brown js 1/2; for 4 brown, (1/2)4
= 1/16.

(a) Ce, cc, Ce. (b) 50% normal and 50% albino.
(c) The male is ec, the female CC and the children
Ce.

A female with smooth hair.

The explanation i< simple Mendelian inheritance
with rough coat dominant and smooth coat reces-
sive. Cross 1: RR X rr = Rr; Cross 2: RR X RR
= RR; Cross 3:rr Xrr=rr.

(a) AB, aB; (b) aB; (c) Ab; (d) ABC, ABc, aBe.
(a) BbTt, black trotter; (b) 9 black trotters, 3 black
pacers, 3 chestnut trotters and 1 chestnut pacer;

(c) 1 black trotter to 1 black pacer.

The male is 85Ss, and the female is Bbss.
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What Is Aids?

/Background Information for Investigation 11.3)

AIDS is a disease of the immune system that is
usually acquired after birth by people who pre-
viously had perfectly normal immune responses.
Other immune deficiency diseases are either ac-
quired during the development of the fetus, or last
only a short time, usually following an illness.
AIDS is caused by a virus that invades and de-
stroys cells of the immune system. By the fall of
1986 approximately 26,000 people had been di-
agnosed as having AIDS. The Centers for Disease
Control estimates that the number could rise to
270,000 by 1991.

How does this virus cause AIDS? There are
very few viruses that can invade cells of the im-
mune system, and most of them are cancer-causing
viruses. Interestingly, although there is no evi-
dence that the AIDS virus actually causes cancer,
it is a close relative of viruses that can cause leu-
kemia—one type of cancer. The AIDS virus en-
ters a cell of the immune system, where it
multiplies and eventually kills the cell, releasing
other viruses that invade more of the same kind
of cells.

This virus will not invade all cells of the im-
mune system, but prefers a certain kind of cell,
called a helper T cell. The role of helper T cells is
to help other cells of the immune system do their
jobs. Without that help, the other cells function
very pcorly.

AIDS results from the destruction of helper T
cells. The patient, therefore, becomes highly sus-
ceptible to many kinds of infections and tumors.
Indeed, the hallmark of AIDS is the presence of
parasitic, fungal, and viral diseases. In addition,
there is an increase in a number of different kinds
of cancer, most often a type called Kaposi’s sar-
coma, which is normally very rare. The AIDS virus
does not cause the disease directly; the disease
AIDS is the result of massive infections by many
types of organisms because the immune response
to them does not occur.

12

How Do You Get AIDS?

In order to get AIDS, the virus must be intro-
duced into the body. Most commonly, that occurs
through sexual contact. The virus has been found
in the semen of infected males. Approximately
two-thirds of the reported cases as of early 1987
occurred in homosexual anc bisexual males. We
do not know why the disease in this country began
among homosexual males; there are other viral
diseases, such as hepatitis, that are more common
among homosexuals than in the general popula-
tion. However, heterosexual transmission is an in-
creasingly serious préblem. Most scientists now
believe that any person infected with the AIDS
virus can transmit the virus by sexual contact, re-
gardless of the sex of the partner.

Most of the remaining infected individuals
(about 17 percent) are drug addicts who use in-
travenous. injections and share needles. If one in-
dividual has the virus in his or her blood, another
person using that same hypodermic needle can in-
ject the virus into his or her own blocd, and sub-
sequently develop the disease. (You cannot acquire
the infection from an injection given to you by a
doctor or other health professional becaiisc ALL
of the needles they. use are destroyed after one use.
There is no way they can be contaminated by an-
other person’s blood, even in a blood bank.) The
remaining AIDS cases are hemophiliacs and other
recipients of multiple blood transfusions, and ba-
bies born to infected mothers. Because the virus
can cross the placenta, an infected mother can
transmit the virus, and hence the disease, to her
unborn baby.

Misconceptions

There are many common misconceptions about
AIDS and how it is transmitted. Although the
virus has been detected in low amounts in the sa-
liva of some infected people, there is no evidence
as yet that it can be transmitted effectively through
saliva. A person sneezing or chewing on a pencil
or spitting in the water fountain will not be able
to transmit the virus effectively. The virus cannot
be transmitted on toilet seats or through towels.
You will not get it from the swimming pool or from
the locker-room floor.
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AIDS is NOT transmitted through casual con-
tact, even in a family setting. The only family
members of an AIDS patient who have contracted
the disease have done so by sexual contact or blood
transfusion, or else have contracted the disease in
utero, before birth. Of the thousands of doctors,
nurses, orderlies, and other hospital personnel who
work with AIDS patients, few have gotten the dis-
ease, and those who have were either homosexuals
(or bisexuals), recipients of multiple blood trans-
fusions, or sexual partners of AIDS patients. Only
one health care worker is reported to have con-
tracted the disease from an AIDS patient. That
resulted from a needlestick injury and exposure to
the blood of the patient.

Prospects for Treatment

Why can we not treat AIDS effectively? Maybe
we will be able to, and maybe soon. However, there
are two important things to remember about
AIDS. First, it is caused by a virus. Today, we have
only a few drugs that can control or prevent any
viral infections.

There is hope, however. The genes of the AIDS
virus are made up of RNA instead of DNA. In
order to multiply, the virus must make DNA from
its RNA. It must-then replicate its DNA, and
make a new RNA. Human and other animal cells
cannot make DNA from RNA; they can-only do
the opposite, that is, make RNA from DNA. Vi-
ruses whose genes are made of RNA have an en-
zymz that allows them to accomplish this tricky
biochemical feat. Animal cells lack this enzyme.
If a drug could be found to inhibit this enzyme,
and no other, then it should be able to prevent the
AIDS virus from replicating without harming the
infected cell.

There are some drugs that can do this, at least
in the test tube. A drug developed in mid 1986,
AZT, attaches to the enzyme—reverse transcrip-
tase—in test tubes. AZT reduces the number of
opportunistic infections AIDS patients get and
prolongs survival for a few months. There are some
severe side effects frocm the drug, and it is still ex-
perimental. Researchers are not sure that AZT
works in the body the same way it works in the
test tube. Studies are still in progress.

The second reason that AIDS is difficult to treat
is that the disease only occurs after the helper T
cells have been destroyed. Even if we had a drug
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that could kill the virus, it might be too late to
save an AIDS patient; it takes a long time to re-
generate the immune system, and the patient may
die of other infections before then. Many of the
infections that AIDS patients get cannot be
treated by any of the drugs we have today.

Can we develop a vaccine to prevent AIDS?
Yes, but it will take some time. There is a tre-
mendous amount of research being done to de-
velop an AIDS vaccine, and there are some
promising results from animal experiments. How-
ever, it will take several years to develop a vaccine
that can be used safely in humans. A vaccine al-
ways carries a risk, and the worst situation would
be for the vaccine itself to cause AIDS. Other side
effects could occur, and the relative risks and ben-
efits would have to be evaluated for this vaccine
just as they are for nny other.

Many Questions Remain

Will AIDS become a serious venereal disease in
the general, heterosexual population—something
like genital herpes or gonorrhea? It might. The
AIDS virus clearly can be transmitted by heter-
osexual contact. It is a good idea to be certain that
you sexual partner has not been exposed to the
AIDS virus.

Can AIDS be transmitted by kissing? The evi-
dence suggests that this is not likely, but some ex-
perts feel that prolonged “deep kissing” (tongue
kissing) might be sufficient to transmit the virus.
In general, the AIDS branch of the Centers for
Disease Control states: “Heterosexual transmis-
sion . . . appeared to be most closely associated
with being a steady heterosexual partner of a
person with AIDS or of a seropositive individual
(person who has AIDS anitbody) in a risk group.”

AIDS will remain a serious problem among ho-
mosexuals, bisexuals, and intravenous drug users
for a long time. It is already a major cause of death
among males 25-44 years of age in Manhattan
and San Francisco. Symptoms may not develop for
three years or more after a person has been in-
fected with the AIDS virus. There will be many
more cases among heterosexuals and among re-
cipients of blood transfusions who became in-
fected before the disease was identified. People
who have no symptoms may carry and transmit
the virus. We do not know how many of those
people will eventually develop AIDS, or whether
some of them will continue to have the virus and
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not the disease. Anyone who has been exposed to
the virus is at risk, and the probability of rapid
spread of the virus increases with the size of the
pool of infected people.

There are many questions about AIDS that
have not yet been answered. Where did this very
virulent virus come from? (It appears to have
arisen in Africa, perhaps among monkeys.) How
did it become a human disease? Was it sudden?
How did it reach the United States? Will every-
body who becomes infected with the virus get the
disease? Do people who develop AIDS already
have a mild immunodeficiency that makes them
susceptible to this more serious disease? Is the
likelihood of developing the disease related to the
number of AIDS viruses infecting the individual?
In nearly all other diseases, the probability of de-
veloping the disease is directly related to the
number of organisms infecting the person.

Even though there are many unanswered ques-
tions about AIDS, researchers at the Centers for
Disease Control feel confident in making the fol-
lowing recommendations about prevention:

To be safe from risk of exposure to HTLV-I1I infection,
persons should avoid any sexual activity that involves
the exchange of body fluids, such as semen, with an
individual who is known or suspected to be infected.

For uninfected individuals likely to continue sexual ex-
posure to HTLV-III, such preventive measures as con-
doms, diaphragms, or spermicides offer some theoretical
protection, but their efficacy is unproved.

The Public Health Service has recommended that
women witk . . . evidence of infect’on with HTLV-III
should postpone or avoid pregnancy to prevent trans-
mission to the fetus or newborn. Women who may have
been exposed should have a blood test for HTLV-III
before considering pregnancy. Premarital and prenatal
screening for antibody to HTLV-III should be seri-
ously considered by physicians or clinics providing care

for women in populations with increased risk of infec-
tion, such as intravenous drug users.

In addition, donc.s of organs, tissue, or sperm should
be serologically tested for HTLV-III to prevent trans-
mission. (From Science 229(4720):1352, 1985.)

In October 1986 the Surgeon General of the
United States, Dr. C. Everett Koop, issued a re-
port to the American people about AIDS. He
stressed the seriousness of the AIDS epidemic for
the entire population, not only the high risk groups.
He recommended that all people begin to practice
“safe sex,” that is, the use of condoms and a lim-
itation on the number of sexual partners. Dr. Koop
also recommended that sex education classes begin
as early as third grade and continue through high
school as part of the battle against AIDS.

The rise of AIDS as a major public health
problem raises many questions about public policy.
There are no easy answers to such questions.
Public education is essential so that important de-
cisions are not based on misinformation, fear, and
prejudice. You will discuss the implications of one
AIDS-related policy decision in part B of inves-
tigation 11.3.

Some other questions for you to think about in-
clude:

Should a child with AIDS be allowed to attend
school with other children? Why or why not?
The brother of your best friend has AIDS.
Should you stop visiting your friend? Why?
Can you get AIDS by donating blood? Why?
Which do you think is more important, finding

a drug to cure AIDS or developing a vaccine to
prevent AIDS? Why?




. Supplemental
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Investigation TRB.1 RELATIONSHIPS BETWEEN A PLANT

AND AN ANIMAL

Introduction

In this investigation you will study a segment of
the carbon cycle by setting up closed systems with
plants and animals. You will test for tlie presence
of CO, using a dye. The dye is an indicator that
changes color when a chemical reacticn vou or-
dinarily cannot see has taken place. Bromthymol
blue is the indicator dye; it becomes green or
yellow in the presence of an acid. CO, forms a
weak acid when dissolved in water. Therefore, in
this investigation bromthymol blue is used to in-
dicate, indirectly, the presence of CD,.

Materials (per team)

8 screw-cap culture tubes, 20 mm X 150 mm
glass-marking pencil

2 test tube racks

4 small water snails

4 pieces of elodea

bromthymol blue solution

container of melted paraffin

about 150 ml dechlorinated tap water
light source

box, large enough to cover 4 test tubes
small brush

white paper or white card

Procedure

1. Read through the whole procedure. Then state
the hypothesis that you think the procedure
seems designed to test.

2. Prepare 2 sets of 4 culture tubes each, and
label them Al, A2, A3, A4, and Bi, B2, B3,
and B4.

3. Pour dechlorinated water into each tube to
approximately 20 mm from the top. (Tap
water becomes dechlorinated on standing for
24 hours: the chlorine in the water escapes into
the air.)

4. To every tube except Al and Bl,add 3 to 5
drops of bromthymol blue solution. Add
nothing more to tubes Al and Bl.

5. To tubes A2 and B2 add a snail; to tubes A3
and B3 add a leafy stem of elodea; and to tubes
A4 and B4 add both a snail and a leafy stem
of elodea (see figure TRB.1-1).

snail snail elodea
only and only
elodea

Figure TRB.1-1 Experimental setup.

6. Place a cap on each tube and tighten it. Brush
melted paraffin onto the capped end of each
tube to seal it. After the paraffin cools, test
the seal by turning the tubes upside down for
about 5 minutes.

7. When zll tubes are watertight, piace one set
(A1 to A4) in strong artificial light. Place the
second set (Bl to B4) in a box where it can
be kept in the dark.

8. After 24 hours, observe both sets of tubes.
Place a white card or sheet of white paper be-
hind the tubes, so that it will be easier to de-
termine color. In your data book, record the
changes in color of the indicator and the con-
dition of the organisms. Record the letter and
number of each tube vou have observed.

9. Place the A series in the dark, and the B series
in the light.

10. After another 24 hours have passed, repeat
your observations.

11. Swtich the A series back to light and B back
to dark. After several days observe the tubes
again.
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Discussion

1. In which tube did the organism die first?

2. Snails and' elodea usually livz well in an
aquarium or pond. We might, therefore, hy-
pothesize that being cut off from air had
something to do with their deaths. What sub-
stance in the air may have been needed?

3. Another possibility is that death may have re-
sulted from the accumulation of a poisonous
material in the water. What does the indi-
cator show?

4. Recall what you have read about photosyn-
thesis and the carbon cycle. Use this infor-
mation and your answers to the previous
questions to explain your data.

. Why do you think tubes A1 and B1 were used

in this investigation even though no organ-
isms were placed in them?

. Did the indicator change color in tubes A1 and

B1? If so, how might you explain this?

. What results might you expect if all the tubes

were kept in total darkaess?

. Do the data support your hypothesis? Ex-

plain.

. If not, try to devise a hypothesis that is con-

sistent with all your observations.
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Investigation TRB.1 RELATIONSHIPS BETWEEN A PLANT AND AN ANIMAL

You may want to have a small team in each class set
up the tubes. Tubes from all classes then can serve as
duplicates.

If your classes have had little or no previous science,
you might demonstrate the properties of oxygen and
cabon dioxide. Directions for doing this are found in
any high school chemistry manual, but avoid becoming
too decply involved in the chemistry. A brief demon-
stration of the effect of exhaled air on bromthymol blue
also is desirable.

Some of the snails will die during this experiment.
Be prepared to explain the necessity of using living an-
imals in some investigations.

Materials

If screw-cap culture tubes are not available, substitute
standard test tubes (18 mm X 30 mm), 4-o0z. prescrip-
tion botiics, or 4-0z screw-cap specimen jars. Sealing
the tubes is not required if containers do not leak when
inverted. If scaling the tubes is necessary, melt paraffin
or a soft wax candle, such as a plumber’s candle, in a
beaker on a hot plate.

You car purchase clodea and small snails wherever
aquarium supplies are sold. If you use very small snails,
use smaller containers than suggested or more snails
per container. The snails must produce enough CO, to
cause an indicator change. You may want to substitute
local aquatic plants for the elodea.

Dechlorinated tap water is recommended rather than
pond water because it is becoming increasingly difficult
to find uncontaminated pond water. If chlorine is not
added to your water supply, you can use your tap water
without treatment. There are two simple ways to de-
chlorinate water: put it in an open container with a large
surface area and let it stand overnight, or add a com-
mercial dechlorinating agent, as directed on the bottle.
Dechlorinating agents, sometimes cailed chlorine ncu-
tralizers, are available wherever aquarium supplies are
sold.

Bromthymol blue has a narrow pH range: pH 6.0
(yellow) to pH 7.6 (blue). Adjust the number of drops
used to give ecach container a light blue tint. A color-
matching blank (container with water and indica.or

only) may be useful Prepare a 0.1% stock solution by
dissolving 0.5 g bromthymol blue powdcr in 500 ml dis-
tilled water. To the stock solution add, drop by drop, a
very dilate solution of ammonium hydroxide until the
solution turns blue. If th. + .ter in your community is
alkaline, you may not need to add ammonium hy-
droxide. (Note: Solutions of bromthymol blue pur-
chased from supply houses usually contain alcohol,
which will kill organisms.)

It will be worthwhile to try this investigation ahead
of time. You can adjust the amounts of plants and an-
imals as well as the amount of indicator necessary to
give clear results. To avoid excessive heat, place setups
away from incandescent lights or use fluorescent light
with a growth-type bulb.

Discussion
In light a green plant appears to play a role in the ex-
change of CO, and O, opposite to that of animals:

photosynthesis

CO, + H;0 (CH;0), + O,

respiration

Respiration, of course, goes on continuously in both
green plants and animals. In light, green plants almost
immediately reuse (in photosynthesis) ine CO, re-
leased in respiration, so it does not accumulate in the
cnvironment. In darkness, however, when photosyn-
thesis does not occur, released CO, does accumulate.
Therefore, in darkness, bromthymol blue turns green
in a culture tube containing elodea, because CO, from
respiration is accumulating in the water, acidifying it.
When, on exposure to light, photosynthesis begins
again, CO, is used more rapidly than it is released, and
the plant starts to extract CO, from the water. As the
amount of CO, in the water decreases, the indicator
changes to blue.

So much for the theory of the experiment. In ac-
tuality, many strange things may happen; explaining
these may test the ingenuity of teacher and students.
For example, tube A4 may be green or yellow at the
top and blue at the bottom. (In this case, the snail is
usually found at the top of the tube and the clodea at
the bottom.)

(4]
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PLANTS

Introduction

Many unusual ecological relationshins occur in
communities that have been formed by humans.
Plants that would never occur together naturally
often are found together in gardens and cultivated
ficlds. To farm or garden successfully, it is impor-
tant to understand the relationships among such
plants.

In this investigation you can examine the re-
lationships between two kinds of plants during the
carly stages of growth. Read the procedure. Then
form a hypothesis about the growth of radish and
tomato secdlings.

Materials (per team)

3 plastic or wooden boxes, at least 30 X 20 X 10
cm

sterile soil or potting soil to fill the 3 boxes

trowel

wood block, about 4 X 8 X 8 cm

sharp pointed stick (or pencil)

about 450 tomato sceds

about 450 radish seeds

3 picces sheet glass or clear plastic wrap a little
larger than the area of the boxes

beaker, 1000 ml

paper towels

balance

Procedure

1. Place the soil in the boxes and smooth to fo,.n
a level surface. Use a block of wood to press
the soil down firmly, but do not pack it tightly.
If necessary, add soil to obtain a firmed depth
of at least 7 cm.

2. Label the boxes A, B, and C. Sprinkle the soil
with water and allow the water to soak in.

3. Using the pointed stick or pencil, draw fur-
rows on the surface of the soil parallel to the
long side of each box. Make them about 0.5
cm deep and 5 cm apart.

4. In box A place tomato seeds 1 cm apart in
cach furrow. In box B place radish seeds 1 cm
apart. In box C place tomato and radish seeds

Investigation TRB.2 RELATIONSHIPS BETWEEN TWO KINDS OF

alternately 1 cm apart. Each box should con-
tain the same number of seeds. Record this
number for each box. Use the wooden block
to firm the seeds into the soil. By doing this,
you will barely cover the seeds with soil.

5. To reduce evaporation, cover each box with a
sheet of glass or clear plastic wrap. Put all the
boxes where they will receive strong ligiii but
even temperature.

6. Observe the boxes from day to day. Remove
the glass or plastic before any seedlings press
against it. By this time the seedlings may be
gently sprinkled with water without being
disturbed. Keep all boxes equally moist. If
they are kept on a windowsill, turn them daily
so that seedlings on each side will receive
about the same amount of light.

7. When the plantsare 8 to 15 cm high, harvest
them without mixing the plants from the 3
boxes. To do this gently pull all the tomato
plants in box A. Rinse the soil from the roots
and dry the plants on paper towels. Do the
same with th2 radish plants from box B. Re-
move, wash, and dry the tomato plants in box
C scparately from the radish plants.

8. Count and determine the mass of all the plants
together from box A. Then repeat for all the
plants from box B. Do the same with all the
tomato plants from box C, and then with all
the radish plants from box C.

9. There werconly half as many radish seeds and
tomato sceds in box C as in boxes A and B.
So before you compare masses of tomato
plants and radish plants, divide the A and B
masses by 2.

Discussion

1. Organize your data in the form of a bar graph,

« With masses on the vertical axis. Arrange the

4 bars along the horizontal axis, left to right,

in the order in which you obtained the masses.

2. Is there a difference between the total mass

of the tomato plants grown in box A (divided

by 2) and the total mass of those grown in box

C? If so, how do you account for the differ-
ence?




. Is there any difference between the total mass

of the radish plants grown in box B (divided
by 2) and the total mass of those grown in box
C? If so, how do you account for the differ-
encs?

If you found a difference in mass, do you think
growizig tomatocs and radishes together has
more effect on the tomatoes or on the rad-
ishes? Or are the effects equal?

Try to explain how any effect you noted may
have occurred.

What term would you apply to the relation-
ship between tomatocs and radishes shown in
this experiment?

22

7. Did every seed germinate? if some did not,

8.
9.

how could you correct your data for differ-
ences in germination?

Each experiment mu.:t have a control. The
control represents the normal situation and is
used for comparison. When we test a hypoth-
esis, we compare the results of the control to
the results of the varied situation (the vari-
able).

Which 2 of the 3 boxes of plants in this in-
vestigation were the controls?
Why are there 2 control boxes?
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TEACHER’S ANNOTATIONS

Investigation TRB.2 RELATIONSHIPS BETWEEN TWO KINDS OF PLANTS

If you have the space, allow every team in each class
to set up this investigation. Students usually like to grow
their own plants. Keep in mind that growing time will
be 25 to 35 days, depei.aing on your growing condi-
tions. As an alternative, a team in each class could con-
duct this experiment for the class and report the results.
A period should be used to record, graph, and analyze
the results.

Materials

You may want to purchase sterilized potting soil to
eliminate the need for oven sterilization. Seedlings will
be easier to remove from potting soil. If you oven ster-
ilize, do the following: Prepare the soil by removing
stones and breaking all lumps. Place the soil in pans
and bake it in an oven at 300° F for 1 hour or more.

Radish and tomato seeds work well, but other plants
can be substituted (e.g., turnip and pepper, or pea and
muskmelon). Fairly rapid germination in high per-
centage is necessary, so use fresh seeds. Beans disturb
their neighbors in emerging from the soil—but this
coitld be considered a competitive factor. Cardboard
boxes can be used if lined with metal foil or plastic
sheeting.

Procedure

The students may have to loosen the soil around the
tomato plants to enable them to pull out the entire root
system.
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Discussion

2-4. These questions follow directly from whatever data
are obtained.

5. If differences are found between the pure cultures
of either species and the mixed cultures, these differ-
ences can perhaps most readily be explained on the basis
of more effective absorption of water or nutrients by
one species than by the other when the two are in com-
petition with each other. At later stages, one species
may overtop the other and’thus reduce its supply of ra-
diant energy.

6. Most students recognize that tue factor explored
in this investigation is competition.

7. The percentage of seeds germinating will vary with
age and other factors. There may be a difference be-
tween the tomato and radish seeds, but there should be
no significant difference between seeds from the same
batch in different boxes.

8. The definitive assessment of competition must rest
on its effect on the populations of the two species. Since
these species do not reproduce vegetatively, the effect
depends on the quantity and viability of the seeds pro-
duced. Any conc:usions based on the results of this ex-
periment depend on the assumption that the size of a
plant, as indicated by mass, is related to its ability to
produce viable seeds. Some students may want to in-
vestigate intraspecific competition, though it is more
closely related to the idea of crowding than to com-
munity study. Use a single kind of seed, but vary the
distance between seeds in each of several flats. Effects
of spacing can be correlated with the quantity of seeds
produced.

9,10. The control boxes are those with only tomatoes
or radishes in them. They "were both needed to deter-
mine what the normal growth of these plants was
without the effects of interspecific competition.




Investigation TRB.3 ENVIRONMENT AND NATALITY

Introduction

Brine shrimp are small aquatic animals that live
in such places as the Great Salt Lake, Utah. Un-
like the eggs of most other aquatic animals, those
of brine shrimp can survive drying. Indeed, the
dried eggs may still hatch after a year or more.
This fact has made the eggs useful to tropical fish
fans, for the eggs can be kept easily until needed,
then hatched and used as food.

A number of environmental factors influence
the hatching rate (natality) of brine shrimp, eggs.
Read the following procedure. Then state one or
more hypotheses concerning the relationship of
environmental factors to brine shrimp natality.

Materials (per team)

glass-marking pencil

6 petri dishes

graduated cylinder

10 ml distilled (or deionized) water

sodium chloride solutions (1%, 2%, 4%, 8%, 16%),
10 ml each

volume measure {dropping pipet with mark 3 mm
from tip)

brine shrimp eggs

refrigerator

incubator

stereomicroscope

dropping pipet

Procedure

1. Using a glass-marking pencil, number 6 petri
dishes on the sides of the bottom halves. Place
your team symbol on each dish. Mark a large
cross on the bottom of each dish to divide it
into 4 quarters. Number the quarters from 1
through 4.

2. Pour 10 ml of distilled (or deionized) water
into dish’ 1.

3. Intodish 2, pour 10 ml of 1% sodium chloride
(salt) solution.

4. Into dishes 3 .hrough 6, pour 10 ml of 2%,
4%, 8%, and 16% sodium chloride solution,
respectively.

5. Using the volum. .ueasure, measure dry brine
shrimp eggs as directed by your teacher.
Scatter them on the surface of the water in
dish 1. Scatter the same volume in each of the
other dishes.

6. Cover each of the dishes and stack them in
the place designated by your teacher. Some
teams’ dishes will be placed in a refrigerator
and some in an incubator at a temperature 10
to 15° C above room temperature; others will
remain at room temperature.

7. Check the temperature at tlie place where
your dishes are to be kept and record it in your
data bool..

8. Recheck and record the temperatures on 2ach
of the following 2 days.

9. Two days after setting up the cultures, use a
stereomicroscope to count the hatchlings in
each dish. You may find that a rough count
will be satisfactory. Or you may use a drop-
ping pipet to remove each young brine shrimp
as it is counted. The cross on the bottom of
the dish will help you to be sure you check the
entire dish. Record each number (indicating
whether it is an estimate or a count) in your
data book.

Discussion

1. Assemble data from all the teams on the
chalkboard. For each of the 3 temperature
conditions, total the data for each of the 6 petri
dishes. Then calculate an average for each
dish. Set up a graph with the number of in-
dividuals on the vertical axis and salt concen-
trations on the horizontal axis. Use O’s to plot
the points for the low-temperature dishes. Use
X’s for the room-temperature dishes, and +’s
for the high-temperature dishes. Connect the
O’s with 1 line, the X’s with a 2nd line, and
the +’s with a 3rd line.

2. What conclusion can you make about the ef-
fect of temperature on brine shrimp natality?

3. What conclusion can you make about the ef-
fect of salt percentage on brine shrimp na-
tality?

4. Do your data indicate any interaction of tem-
perature and salt percentages?
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TEACHER’S ANNOTATIONS

Investigation TRB.3 ENVIRONMENT AND NATALITY

This investigation provides you with a good opportu-
nity to notice students who need help with laboratory
skills as you observe their work.

Prepare 2 sets of dishes per temperature for each
class to generate enough data for analysis.

Materials

Syracuse watch glasses are rather small, and ordinary
culture dishes are rather large for use in this investi-
gation; but either may be substituted for petri dishes,
if necessary. Adjust the amounts of the solutions ac-
cordingly.

All solutions should be made with distilled or deion-
ized water unless you have a good source of low-
mineral spring water. A team of careful students can
make the solutions for all classes. The percentages are
by weight, 1 ml of water being equal to 1 g. Thus the
16% solution can be made by dissolving 160 g sodium
chloride in 840 ml water. Make the remaining solutions
by serially diluting 1 part of each successive solution
with 1 part water. For example, 100 ml 16% plus 100
ml water will give you 200 ml of 8%. CAUTION: Avoid
household iodized NaCl, but C.P-grade laboratory
NaCl is not necessary. Brine-shrimp eggs can be ob-
tained from most pet shops as well as from biological
supply houses. New eggs should be purchased each year
to ensure successful hatching. If hatching does not
occur, it most likely results from nonviable eggs.

A student team also can prepare the volume mea-
sures. Have them carefully mark dropping pipets 3 mm
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from the tip with a file line. The important thing here
is that the same volume of eggs be added to each dish
in the class. The volume of eggs also must be small
enough that all hatchlings can be counted. The wetted
head of a small pin or the wetted tip of a pencil also
can be used as a measure for the eggs.

A 10X hand lens can be used in place of a stereo-
microscope, but it is more tedious to use.

Discussion

Average the data from all teams. In collecting the data
on a chalkboard (or on an overhead projector), you need
a form with 18 columns—6 for each of the 3 temper-
ature conditions. ° some students are still having
trouble graphing, you might have them make a bar
graph.

The major new element in this investigation is the
consideration of 2 variables simultaneously. The
graphing procedure separates the 2 for study. In gen-
eral, warmer temperatures increase the hatch, as does
higher salt concentration, but both may be so high as
to inhibit hatching. This may occur if temperature ap-
proaches 45° C, and it may show up in the 16% salt
concentration. If you wish, you can use such results to
anticipate the idea of optimum environment.

Data do not always clearly indicate interaction of
factors. The best place to look for this is in the 4% and
8% salt concentrations, where a decided difference be-
tween low and medium temperatures is likely to ap-
pear.




Investigation TRB.4 HUMAN INHERITANCE

Introduction

This investigation provides some facts. You are
asked to answer questions based on those facts.
The answers to one set of questions leads to a new
set of facts. So it is necessary to move step by step
through the procedure.

Procedure

Part A—Percentages of Male
and Female Infants

With respect to the sex chromosomes, females can
be designated as XX, and males XY.

1. Considering only the sex chromosomes, how
many kinds of gametes can females produce?

2. How many kinds of gametes can males pro-
duce?

The frequency of any characteristic within
a group is expressed as a fraction. Thus, in a
group of 100 marbles containing 20 red and
80 blue marbles, the frequency of red marbles
is 20/100, or 1/5, or 20% or 0.2. The fre-
quency of blue marbles is 80/100, or 4/5, or
80%, or 0.8. The 2 frequencies are repre-
sented by the letters p and q. Thus, for any
group of red (R) and blue (B) marbles, fre-
quencies of the 2 kinds may be written as
pR + gB.

Any population of sperm is represented by
the mathematical expression pX + qY.

3. Using your knowledge of meiosis, what are the
values of p and q?

The same kind of mathematical expression
may be used to represent the population of
eggs produced by a female.

4. What are the values of p and q for the egg
population?

The frequencies of males and females
among human offspring may be predicted in
the same way you predicted the percentages
of heads and tails when tossing coins.

sperm eggs zygotes
(PX +qY) X (pX + qY) = 7

5. Calculate the expected frequencies of the zy-
gotes.

On the basis of your results, you might pre-
dict that equal numbers of male and female
infants would be born. This expectation is
based on 2 assumptions: (a) that X-carrying
and Y-carring sperm have equal chances of
reaching and fertilizing an egg, and (b) that
XX and XY zygotes have equal chances of
developing to birth stage. The 2 assumption
seem natural, and they are commoniy made.
However, available data do not support your
prediction. Data on deaths of embryos and on
deaths during birth show that males have a
much poorer chance of developing and sur-
viving birth than do females.

6. In the light of these data which assumption
must you reject?

7. If you still accept the other assumption, how
must the expected percentages of male and
female infants be changed?

8. Data on live births show that for every 100
females born, about 105 males are born. What
do these data suggest about the other as-
sumption?

Part B—Inheritance of Hemophilia

Hemophilia is a condition in which normal blood
clotting does not occur. It is an x-linked trait.

Figure TRB.4-1 shows, in part, the occurrence
of hemophilia among the royal families of Europe
during the 19th and 20th centuries.

1. List the mothers who must have been car-
riers—that is, heterozygous.

The chart shows the actual occurrence of
hemophilia in a pedigree. Now consider the
frequencies (expressed in percentages) of he-
mophiliacs—persons afflicted with hemo-
philia—that we may expect among the
offspring of certain marriages.

First, consider the marriage of a hemo-
philiac man and a woman homozygous for
normal blood clotting.

2. What percentage of their male offspring do
you expect to be hemophiliacs?
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be carriers? you expect to be hemophiliacs?
Second, consider the marriage of a man 7. What percentage do you expect to be car-
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TEACHER’S ANNOTATIONS
Investigation TRB.4 HUMAN INHERITANCE

This investigation can be assigned for out-of-class work
to students who read and reason well.

Procedur:
Part A

1. One (100% X-bearing).

2. Two (50% X- and 50% Y-bearing).

3. 50% and 50%, or 0.5 and 0.5.

4. 100% X and 0% Y.

5. (0.5X+05Y) X(l.00X+0Y)=0.5XX+
0.5 XY.

6. Assumption B must be rejected.
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7. 1f more males than females die as embryos, then
one should expect more females than males among
newborn babies.

8. More XY zygotes must be formed than XX zy-
gotes; therefore, a Y-bearing sperm must have a greater
chance of fertilizing an egg than an X-bearing one.

Part B

1. Victoria, Alice of Hesse, Beatrice, Irene, Alex-
andra, Alice, and Victoria Eugenie.

2. 0%.

. 0%.

. 100%.

. 50%.

. 0%.

. 50%.
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Introduction

The modern human species has developed during
40 to 60 thousand years or more. Biologists as-
sume that most variations within the species have
some survival value, but could this include even
variations that cause diseases?

Sickle-cell anemia is a disorder in which the he-
moglobin inside the red blood cells aggregates, or
clumps, when the oxygen supply is low. As a re-
sult, the cells lose their flexibility and assume an
abnormal, or sickle-like, shape. If enough of these
cells block small blood vessels and stop the flow of
nutrients and oxygen, vital organs can be dam-
aged and the patient might die.

Could a blood disease such as sickle-cell anemia
have survival value? If so, under what circum-
stances could this disease be an advantage to
people?

Procedure

The HbS gene brings about the formation of he-
moglobin associated with sickle-cell anemia. It is
rare in most human populations. In some parts of
Africa, however, the sickle-well trait (genotype
Hb*Hb®) is found in as much as 40% (0.4) of the
population.

1. In such a population, what is the probability
that any 2 heterozygous individuals will
marry?

2. What percentdge of their offspring may be
expected to be homozygous for the sickle-cell
gene?

3. On the average, then, which would you ex-
pect to produce more offspring—individuals
with the sickle-cell trait or individuals with
normal red blood cells?

4. How many sickle-cell genes are lost from the
gene pool when a child with sickle-celi anemia
dies?

5. What effect would you expect the death of
children with sickle-cell anemia to have on the
frequency of the sickle-cell gene in any pop-
ulation?

You have described an evolutionary change
in terms of modern genetics.

Investigation TRB.5S SICKLE CELLS AND EVOLUTION

6. How would Darwin have described this situ-
ation? Actually, there is no evidence that the
frequency of the gene for sickle-cell is be-
coming less in the African population. There-
fore, a biological problem arises. How can the
frequency of the gene for sickle-cell be main-
tained at such a high level when selection
works so strongly against the gene?

You know that a scientist begins an attack
on such a problem by devising hypotheses.
These are explanations that can be tested by
making observations or carrying out experi-
ments. Biologists have developed at least 3
hypotheses to account for the high frequency
of the sickle-cell gene in African populations.
The 1st is based on mutation rates. A 2nd is
based on fertility and a 3rd oa resistance to
disease.

7. Using these clues, devise 3 hypotheses to ex-
plain the persistently high frequency of the
sickle-cell gene in African populations. Write
these down before reading further.

The rate at which sickle-cell genes are jost
from the gene pool is about 100 times the av-
erage mutation rate of gene Hb to HbS. In
addition, geographically, mutation rates vary
only slightly.

8. Does this information support or weaken your
1st hypothesis? Explain your answer.

At present there is no evidence that indi-
viduals with the sickle-cell trait produce more
children than do those with normal red blood
cells.

9. Does this information support or weaken your
2nd hypothesis? Explain your answer.

As data on sickle-cell anemia were col-
lected, the frequencies of the sickle-cell trait
in various populations were plotted on maps.
It became clear that the gene is most common
in a belt extending across central Africa. In
the same region malaria and hookworm dis-
ease are common. Consider your knowledge
of these 2 diseases and of the part of the body
affected by sickle-cell anemia.

10. Which of the 2 diseases, if either, would you
think more likely to be associated with sickle-
cell anemia? The fozegoing question—and its
answer—provides new information for your

3rd hypothesis.




11.

12.

How might you now word that hypothesis?
To test that hypothesis, an investigator ex-
amined the blood of 209 children of an East
African population. Both malaria and sickle-
cell anemia were common in this population.
The results are given in the table below.

With Without  Total
Malaria Malaria
SCs 12 631 43
NSC’s 113 134 247
Total 125 165 290

Calculate the percentage of SC’s (persons
with either the sickle-cell trait or sickle-cell
anemia) who also have malaria. Find the
percentage of NSC’s (persons without the
trait or anemia) who have malaria.

About 22% of the ancestors of American
blacks had sickle-cell trait or anemia.

13.

14.

15.

Would genetic mixture of American blacks
with the population of European ancestry
and with the American Indian population
have caused this frequency to increase, to
decrease, or to remain the same?

In the United States, humans have al-
most completely eliminated the vector of
malaria, the Anopheles mosquito.

Do heterozygotes of sickle-cell still have a
survival advantage over homozygotes in this
country? Recall that an individual homozy-
gous for sickle-cell often dies before
reaching reproductive age.

What might you predict would happen to
the frequency of the HB® gene in the
United States?

Discussion

1.

2.

How does sickle-cell illustrate the factors in
the evolutionary process?

How does this investigation show that evolu-
tion involves interaction between the genetic
makeup of an organism and its environment?
Hereditary traits (and the genes that deter-
mine them) are sometimes described as ben-
eficial or good and harmful or bad. Keeping
in mind the ideas in this investigation, com-
ment on the use of such terms.
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Investigation TRB.5 SICKLE CELLS AND EVOLUTION

This investigation uses a Socratic technique, so it is in-
evitable that answers to some questions are given or
implied at a later point in the development. To obtain
the most value from the investigation, work through it
point by point. The aim is not to get correct, neatly
written answers to all the questions; the aim is to see
how the reasoning proceeds.

Procedure

Perhaps your students will be able to work through the
investigation independently. Class discussion then can
center on points of controversy or confusion. In most
cases, however, you probably will want to work step by
step with the class. If you do this, stop after item 6 and
resume discussion the following day. This provides stu-
dents with an opportunity to formulate hypotheses for
item 7. Even if they read on and find out which way
the hypotheses should point, they will have some ex-
perience in wording them.

1. If marriage is random with respect to this trait,
16% (0.16).

2. 25%.

3. Because many offspring with sickle-cell anemia
die in childhood, parents who produce children with
sickle-cell anemia should have fewer surviving off-
spring unless, on the average, they have more children
than other parents.

4, 2.

5. It sheuld reduce the frequency of the sickle-cell
gene.

6. Darwin, of course, would have said nothing about
gene frequencies but would have stated the matter in
terms of the natural selection of individuals.

8. Any hypothesis for item 7 must depend on a mu-
tation rate toward sickle-cell anemia that equals the
rate of elimination by natural selection. Therefore the
hypothesis is weakened by this information.

9. The information neither supports nor weakens a
hypothesis based on differential fertility: it is negative
evidence. The tendency is to assume no difference in
the absence of contrary evidence.

10. Because the malaria parasite lives in red blood
cells at one point in its cycle, it has a close association
with them and with hemoglobin. Hookworms are not
discussed specifically in the text, but students should
suspect that the connection of hookworms with he-
moglobin is less intimate than that of Plasmodium.

11. The wording might be: The frequency of the
sickle-cell gene does not decline, because persons whe
carry it have a greater resistance to malaria and there-
fore have greater survival than homozygous normal in-
dividuals.

12. SC’s with malaria: i—g or 28%.

13. Students may have been impressed with the
Hardy-Weinberg principle and answer no. This situa-
tion is different. There the original frequency was cal-
culated on the basis of both original populations. Here
the 22% applies to only one of the original populations.
The frequency of the sickle-cell gene in the American
Indian and European populations was presumably close
to 0, so combining the 3 populations gives a new and
lower average frequency of the gene. It does not, how-
ever, decrease the number of such genes, which de-
pends on the number of individuals bearing them. This
can be reduced only if some factor reduces the number
of individuals that bear the genes relative to the number
that do not.

Discussion

1. The main point here is that natural selection oper-
ates to eliminate homozygotes (through defective
physiology) and to conserve heterozygotes (through
protection against the debilitating effects of a para-
site).

2. Lack of malarial parasites in the environment
tends to change the frequency of the sickle-cell gene
from the frequency than can exist in an environment
where the parasites are abundant.

3. With respect to oxygen supply, the sickle-cell gene
certainly is harmful. But when malaria is a factor in
the environment, the sickle-cell gene in the heterozy-
gous state is an advantage to survival. When malaria
is not a factor in the environment, the gene is a detri-
ment to survival. Thus “harmful” and the other terms
are relative (to the environment) rather than absolute
terms. The terms also vary between homozygous and
heterozygous states. The hybrid has an advantage that
neither homozygote has.
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Investigation TRB.6 A GARDEN OF MICROORGANISMS

Introduction

Where do microorganisms grow? This investiga-
tion will give you an opportunity to discover some
of the places, and also introduce you to many dif-
ferent kinds of microorganisms.

Materials (per team)

very ripe fruit

hay or dried grass

dried beans

cream cheese

stale bread

cornstarch

peppercorns

pond or river water with some bottom materials
rich garden soil

8 finger bowls

2 or 3 glass covers for finger bowls
glass-marking pencil

filter paper

spatula

(per pair of students)

hand lens of stereomicroscrope
monocular microscope

forceps

2 dissecting needles
microscope slide

dropping pipet

coverslip

Procedure

1. Mark each finger bowl with your team symbol
and number the bowls 1 through 8.

2. Place materials in the bowls as follows:
Bowl 1—Fruit, cut to fit into the bowl.
Bowl 2—Water from a pond or river, con-
taining bottom materials.
Bowl 3—Enough hay to cover the bottom of
the bowl and 200 ml tap water.
Bowl 4—A few dried beans and 200 ml tap

water.

Bowl 5—Cream cheese, spread over the
bottom of the bowl about 1 cm deep.

Bowl 6—Two pieces of stale bread, moist-
ened (not soaked) with tap water. Expose to
air for 24 hours, then cover.

Bowl 7—Place a piece of filter paper on the
bottom of the bowl. Mix 5 g cornstarch with
95 g rich garden soil. While mixing soil and
star 1, add enough water to give the mixture
a doughlike consistency. Spread the mixture
smoothly on the filter' paper, using a spatula.
Keep the soil mixture moist throughout the
investigation.

Bowl 8—1 g peppercorns and 200 ml tap
water.

. Place the bowls in stacks of 3 or 4 and cover

each stack with a piece of glass or an empty
bowl. Do not place in direct sunlight. If any
of the bowls fit very tightly together, place the
flat end of a toothpick between them.

. Examine the bowls each day. In your data

book, record the following: (a) date of obser-
vation; (b) number of bowl; (c) macroscopic
appearance of bowl’s contents; (d) appearance
under a hand lens or stereomicroscope;
(e) anything else that you can notice with any
of your senses.

In describing organisms, consider color first,
then size. Some of the following descriptive
terms may be useful: fuzzy, cottory, powdery,
smooth, rough, shiny, glistening, dull, com-
pact, spreading, irregular. You should not, of
course, limit yourself to these terms.

. Afer good growth has been obtained, make

observations with a monocular microscope.
For a solid medium, use forceps to transfer
bits of the visible growth to a clean slide. For
a liquid medium, draw up a drop or two with
a dropping pipet and place on a slide. Then,
for either kind of preparation, add a coverslip.

. Record your observations by making sketches.

Attempt to place organisms in taxonomic
groups using references provided by your
teacher and appendix 3, A Catalog of Living
Thirzs.




Discussion often are added to human foods to discourage
) 1. Did you find any evidence that different introduction and growth of microorganisms.

‘ groups of organisms grow better on one or an- Commercial bread and catsup usually con-
other kind of food? If so, what is it? tain such chemicals. These must be men-

tioned on the label of the product. By
comparing the growth of microorganisms on
homemade bread and catsup with growth on
the commercial products, you can test the ef-
fectiveness of such chemicals.
2. Choose one food and investigate the growth
For Further Investigation of microorganisms on it at various tempera-

1. You have seen what microorganisms do to tures.
their food substances, some of which also are
foods for humans. Clearly, it is desirable for
us to try to prevent such effects. Chemicals

2. What group of organisms did you find growing
in the largest number of dishes?

3. What happens to the food materials as the or-
ganisms grow? Explain.
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Investigation TRB.6 A GARDEN OF MICROORGANISMS

The organisms that appear in the cultures may belong
to any kingdom. Bacteria and fungi will be most abun-
dant, but protists and animals also may appear. Mi-
crobiologists have seldom been much concerned about
distinctions among kingdoms. This again emphasizes
the difficulties of reconciling convenience and kinship
in classification. Just be surc your students do not
equate microbe with protist.

Materials

You may substitute glass or plastic containers for finger
bowls. These should be more than 10 cm in diameter
and have more or less vertical sides at least 4 cm high.
Small plastic refrigerator dishes are good; but unless
they have covers, they cannot be stacked and so require
more space. All the containers used in any onc class
should be alike.

The recommended media have been chosen with an
eye to culturing a wide variety of microorganisms; there
are, of course, many other possible choices. If neces-
sary, the number per team may be reduced, but the
media recommended for bowls 1, 2, 3, 4, and 7 should
be retained. For bowl 7, be sure to have garden soil
rather than packaged commercial soil. The fruit for
bowl 1 can be different for each team; so can the kind
of water for bowl 2. You may wish to concentrate some
organisms found in pond, river, or lake water by using
a plankton or small aquarium net. Peppercorns (bowl
8) are recommended because of their asscciation with
Leeuwenhock’s work. Students car supply most of the
materials for the bowls.

If possible, use stereomicroscopes rather than hand
lenses.

Tap water can be used in sctting up the cultures (ex-
cept for bowl 2); but if the water contains much chlo-
rine, let it stand in a shallow container for 24 to 48
hours. Distilled or deionized water is better.

Procedure

It is convenient to sct up teams of 8 students each. Each
student is responsible for one of the bowls.

All bowls must be clean and free of all soap or de-
tergent at the outset. After washing the bowls, rinse
them thoroughly at least 4 times.

If the bowls are set up on a Friday, they may be ob-
served macroscopically (and olfactorily) during the
following week. Each day, at the beginning of the class
period, place the bowls where each student can observe
all bowls—-at least in a cursory way. It is too time-con-
suming to have all students make detailed notes on all
bowls; cach should concentrate on the bowl the indi-
vidual student has helped to set up.

One week after they have been set up, the materials
in the bowls should be ripe for microscopic observation.
Students having like bowl numbers should work to-
gether as a group. Provide each of thesc 8 groups with
whatever optical equipment they scem to require. For
cxample, observing organisms in bowl 3 requires mon-
ocular microscopes but not hand lens¢s or sterecomicro-
scopes.

Discussion

The first step is exchanging reports of observations
among students, either orally or by means of dupli-
cated sheets.

2. Usually molds are found in the largest number
of dishes. Partly this is because bacteria, which are
probably more widespread, are difficult to find without
special techniques. And partly it is because molds grow
better at the temperatures that prevail in most labo-
ratories.

3. A definite diminution of material should be no-
ticeable, especially in bowls 1, 5, and 6. This may be
due to desiccation, but for the most part the food is
being consumed by the organisms.

Thesc questions present opportunities for discussion
to proceed in many directions. It is particularly desir-
able to stress the fac. that, in this “garden,” foods—
not merely inorganic nutrients—are provided for the
micrcorganisms, since the great majority are con-
sumers. Because most of the organisms occur in situ-
ations where decomposition is proceeding, it is obvious
that most are: decomposers, though there is no clear-
cut way to distingush them from other consumers. Also,
the possible presence of predators and parasites cannot
be excluded. Actively exploit discussion of ecological
relationships.

. 38

34




Materials (per tcam)

mixed culture of bacteria
crystal violet solution
glycerin

monocular microscope
bunsen burner or alcohol lamp
microscope slide
coverslip

inoculating loop

beaker

dropping pipet
glass-marking pencil
paper towels

Figure TRB.7-1 Staining procedure.

slide as you would close a book. Do not wipe
the slide. When the film is dry, add a drop of
glycerin, then a coverslip.

Procedure Part B—Examining Stained Bacteria

1. Use the low-power objective of a microscope
_ L to focus on the stained bacteria on the slide.
1. Gently heat a clean slide by passing it just Many species of bacteria can barely be scen

Part A—Staining Bacteria

above a burner flame 3 times. Sterilize an in-
oculating loop by passing it through the
burner flame. When the slide and the loop are
cool, place a loopful of the mixed culture of
bacteria on the slide. Use the loop to spread
the liquid over an area the size of a nickel.
Fiame the loop again. With a glass-marking
pencil, mark the slide, on the side having the
bacteria on ii. Let the slide dry in the air; an
almost invisible film of bacteria will remain.
- Quickly pass the slide through the flame 3 or
4 times, film side up. The slide should feel just
uncomfortably hot if touched to the back of
your hand. Let it cool to room temperature.

. Fill a beaker with tap water to about 3 cm
from the top. Place the slide across the top of
the beaker with the film surface up. Cover the
film with 3 or 4 drops of crystal violet solu-
tion. Allow the stain to remain on the film for
15 seconds. Rinse off the stain by pulling the
slide gently to one side until one end drops
slowly into the water (figure TRB.7-1).

- Remove the slide. Empty the beaker and refill
it with clean water. Gently dip the slide into
the water several times. Drain the water from
the slide by holding it vertically and pressing
a lower corner against a paper towel. Remove
the remaining water by blotting gently with a
folded paper towel. Close the towel over the

4
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with low power. They may appear only as tiny
colored specks. Move the slide around until a
group of such specks is located near the certer
of the ficld of view. Swing the high-power ob-
jective into place, and, if necessary, refocus
with the fine adjustment.

- In your data book draw a circle about 6 cm
in diameter to represent the field of the mi-
croscope. In the circle carefully draw the or-
ganisms you can observe. Try to show
accurately their shapes, the ways they are
grouped, and their sizes in relation to the di-
ameter of the field of view.

. Estimate the sizes (diameter of round organ-
isms, length and width of others) of the
smallest and largest bacteria on your slide.
Record the dimensions in micrometers. Do all
the bacteria appear to have reacted to the
stain in the same way? If not, how do they
differ?

For Further Investigation

You can make observations at a magnification
close to 1000X if microscopes with oil-immersion
objectives arc available. After the object is in focus
with the high-power objective, swing the objective
away. Put one drop of immersion oil directly on
the stained bacterial film. Slowly swing the oil-
immersion objective into place, to dip into the drop
of oil without touching the slide.
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Investigation TRB.7 MICROBIAL. TECHNIQUES: MICROSCOPIC STUDY

Materials

The actual time for this investigation need not exceed
30 minutes, exclusive of time for studying directions
and for cleaning up.

A peppercorn infusion made by auuiing 1 g pepper-
corns to 200 ml tap water will provide a good variety
of bacteria in 2 or 3 days. Materials obtained from in-
vestigation TRB.6 also can be used.

Crystal violet solution:

Dissolve 2 g crystal violet (gentian violet) in 20 ml cthyl
alcohol (95%). Add 180 ml distilled water. Filter just
before using.

Procedure

Flaming the loop before ard after use should be prac-
ticed for the sake of microbiological principle.

Mounting the stained film by adding a few drops of
glycerin and a coverslip makes the color of the stain
appear more brilliant and permits the *“high dry” ob-
jective to be used at maximum resolution—an impor-
tant factor in the study of such small organisms.

Some teachers provide blank slide latels. A studert
may mark such a label (with the name of the organism,
the date, and the student’s initials), affix the label, and
keep the finished slide as a souvenir. (If glycerin has
been used, it chould be rinsed off in several changes of
water). You can make a permanent mount by placing
a few drops of Canada baisam or Permount on the dry
film and adding a-coverslip.

The oil-immersion lens is not essential; after all,
Leeuwenhock observed bacteria in a peppercorn infu-
sion with a lens maguifying 270X. An oil-immersion
microscope adds more interest to the observation of
stained bacteria. To point up the extent of magnifica-
tion possible, make a simple comparison: To the center
of the chalkboard fasten a 1-mm square of white paper;
around this, mark off a 1-m square. The bacteria, when
viewed under the vil-immersion microscope, are ma;
nified to a similar degree. From this illustration stu-
dents can get an indication of the minute size of
bacteria. Caution students to use only the fine adjust-
ment, and turn it back and forth only a small fraction
of a full turn at a time.
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Investigation TRB.8 MICROBIAL TECHNIQUES: POPULATIONS

Introduction

If you have a mixed population of horses, cattle
and sheep in a pasture, it is easy to separate the 3
kinds of animals and determine the number of
each. If you have a mixed population of micro-
organisms, how can you separate the kinds? How
can you obtain a pure culture—a population of one
species growing in a medium? How can you count
the individuals?

There is a further difficulty. Occasionally horses
and cattle may be dangerous, but at least you can
see them coming. How can you protect yourself
from dangerous kinds of microorganisms? You will
follow sterile procedures that have been devel-
oped. CAUTION: During the work, keep your
hands away from your eyes, ears, nose and mouth.
Wash and disinfect your hands afterwards.

Materials (per team)

culturc tube (with plug) containing mixed culture
of bacteria

4 culture tubes (plugged), containing 15 ml sterile
nutrient agar

2 beakers, 1000 ml

4 sterile petri dishes

inoculating loop or micropipet

test-tube rack

ring stand

bunsen burner or alcohol lamp

thermometer (-10 to +110° C)

glass-marking pencil

disinfectant soap or solution for hands

Procedure

The following directions will be supplemented with
demonstrations by your teacher.

Part A—Preparing the Cultures

1. Stand 4 tubes of nutrient agar in a 1000 ml
beaker. Add water to a level above that of the
agar in the test tubes.

. Place the beaker on a ring stand and heat.

CAUTION: Bunsen burners and alcohol
lamps should never be used in the same
classroom. Alcohol is highly flammable and
should never be allowed to come in conzact
with an open flame. Use safety goggles when
heating all substances. When the agar has
melted, transfer the tubes to a 2nd 1000 ml
beaker containing water at 44° C. Check the
temperature of this water bath occasionally.
When necessary, heat gently to maintain ap-
proximately 44° C.

- Wash the top of the laboratory table with a

soapy paper towel. Place 4 sterile petri dishes
on the table. Use a glass-marking pencil to
number the dishes 1 through 4. Write on the
bottom of each dish, near the edge. Include a
symbol to designate your team.

- Remove the plugs from 1 of your tubes of

melted agar. Immediately pour it into dish 3.
Pour the agar from a 2nd tube into dish 4. Do
not allow the tube lip to touch the dish (figure
TRB.8-2). Allow the medium to solidify.

- Sterilize an inoculating loop or micropipet in

the flame of a bunsen burner or alcohol lamp.
(See caution in step 2.)

- Remove the plug from the tube of mixed cul-

ture of bacteria and from 1 of your 2 re-
maining tubes of melted agar. With the
sterilized loop, transfer a loopful of the cul-
ture to the tube of sterile medium.

- Replug both tubes immediately and reflame

the loop. Mix the bacteria and agar thor-
oughly by rolling the tube between your palms
for about 15 seconds. Keep the plugged end
up so that the cotton remains dry. Using the
pencil, iabel this tube with a 1.

. Again, flame the loop. Transfer a loopful of

the mixture in tube 1 to the remaining tube
of melted medium. Replug the tubes and re-
flame the loop. Mix in the same way you
mixed tube 1. Label thic 2nd tube with a 2.

. Return tubes 1 and 2 to the 44° C water bath

for 1 minute to make sure all the agar is
melted.
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original
culture

pour plate 1 pour plate 2 streak plate 3 control plate 4

Figure TRB.8-1 Plan for setting up investigation TRB.8.

10.

11.

Remove tube 1 from the water bath and dry
it with a paper towel. Remove its plug and
flame the mouth of the tube. (CAUTION: Be
sure to keep the cotton plug a safe distance
from the flame.) Pour the contents of tube 1
into dish 1. Immediately cover the dish. (The
dish is called a plate once it has had the mi-
croorganisms added.) Swirl the plate very
gently, Keeping it on the tabletop. This should
disiribute the medium evenly over the bottom
of the plate. Repeat for plate (dish) 2.

As soon as the agar is solid in dish 3 (from
step 4), flame the loop. Take a loopful of the
original mixed culture and streak the surface
of the agar, as shown in figure TRB.8-3a,
using one of the patterns shown in figure
TRB.8- ,b. Flame the loop. Record the pat-
tern used.

Figur: TRB.8-2 Pouring a culture plate.

TRB.8-3a Streaking a culture plate.
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a b
Figure TRB.8-3b Patterns for streaking culture plates.

12. Dish 4 receives no treatment.

13. As soon as the agar is solid, set all the plates
upside down in a place desigrated by your
teacher. Observe daily until many bacterial
colonies are clearly visible ia at least one of
the plates.

Part B—Counting the Colonies

1. Ignoring differences in appearance, count the
separate colonies of bacteria that have devel-
oped in each of the poured plates (1 and 2)
and record the counts.

2. In some cases the colonies may be very
crowded. You can estimate the number by
using the following sampling technique. First,
using black ink, draw a 1 cm'square on each
side of a piece of white paper. Second, posi-
tion plate 1 on the paper so you can see the
colonies of bacteria against the background
of the square. Count the number of colonies
in the square. Move the square to another po-
sitt * under the plate. Count the colonies
aga..r. Repeat until you have 5 counts from
different parts of the plate. Third, add all the
counts and divide the total by 5. This will give
you an average count per cm? of the areas
sampled.

Estimate the number of colonies on the whole

plate. To do this, multiply the number or, if

necessary, the average number, of colonies per
cm? by the surface area of the entire plate.

« This is 78.5 cm? for petri dishes witha 10 cm

diameter.) How many colonies do you esti-

mate the plate contains?

4. Repeat calculations for plate 2. How many
colonies do you estimate plate 2 contains?

5. Examine plate 4 (control). If there are colo-
nies present in this plate, count them. What
correction in your original counts should be
made if colonies are present in the control
plate? Make such a correction, if necessary.

)

Discussion

When you have completed counts of plates 1 and
2, you are rcady to estimate the population den-
sity of organisms (number per cm3) in the original
mixed culture of bacteria. You will need the fol-
lowing information:

The volume of liquid held in your inoculating
loop was about 1/200 cm® Therefore, the loopful
of material introduced into plate 1 contained about
1/200 of the number of bacteria in each em? of
the original culture.

Assume that each organism in plate 1 produced
a visible colony. Then, the number of colonies in
plate I multiplied by 200 gives the number of bac-
teria per cm? in the original culture.

1. What do you estimate was the density of bac-

teria in the original culture?

Now estimate the density of bacteria (per
cm’) in the original culture using the data
from plaic 2. To do this, multiply the esti-
mated number of colonies in plate 2 by 600,00.
(Can you determine why the factor is
600,0007?)

2. What is the density (per cm3) of the bacteria
in the original culture based on these data?

You now have 2 separate estimates of the
number of organisms present per cm3 (den-
sity) in the original culture.

3. How closely do these compare with each
other? Also compare with other teams.
4. If there is any difference, how do you account
for it?
5. Which calculation do you think is more ac-
curate? Why?

Next, examine plate 3—the streak plate.
Compare the pattern of colonies with the pat-
tern of streaking that you recorded.

. Are the patterns different or similar?

7. How many kinds of colonies have developed?
In what ways do they differ?

&. How many kinds of bacteria were in the orig-
inal culture?

9. What seems to be the principal way in which
the colonies of these bacteria differ macro-
scopically?

Suppose you were to lift a part of one colony
with a sterile inoculating loop and streak it on

a piate of sterile medium.

10. How many kinds of colonies would you expect
to develop?

(=)




. What would you call such a culture?
. Which steps in the procedure are concerned

only with determining the population density
of microorganisms?

. Which steps are concerned only with ob-

taining a pure culture?

. Review the safety guidelines in appendix 1 and

formulate a set of rules for working safely with
microorganisms.

. Suggest a method of safely disposing of the

cultures after you have finished studying
them.
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TEACHER’S ANNOTATIONS
Investigation TRB.8 MICROBIAL TECHNIQUES: POPULATIONS

This investigation pays dividends more in appreciation
than in specific knowledge. It also provides a good gauge
of how well your students have learned to understand
and follow directions, to work together in teams, and
to relate procedures to outcome.

Make careful check of materials and, keeping in
mind the quantities of glassware available, decide on
team size. For 5 classes of 30 students each, using teams
of 3 will require 200 test tubes and 200 petri dishes.
Even in teams of 4, each student will be able to par-
ticipate actively. To cut down the guantity of glassware
needed, stagger the scheduling of the investigation for
different classes.

Materials

If you do not wish to purchase standard nutrient agar
from a biological supply house, the medium can be pre-
pared by a special team of students. For 40 culture tubes
you will need:

10 g granulated agar

3.3 g peptone

2 g beef extract

666 ml distilled water
40 test tubes, 18 mm X 150 mm
graduated cylinder, 10 or 25 ml
graduated cylinder, 250 ml

beaker, 1000 m]

stirring rod

wire test-tube basket or other suitable container
funnel, 10, 12, or 14 cm

ring stand and ring

rubber tubing to fit funnel tube
pinch, or spring-compressor, clamp
autoclave or pressure cooker

heat source

balance

nonabsorbent cotton
glass-marking pencil

Using the small graduated cylinder, place 15 ml
water in a test tube and mark the level with a glass-
marking pencil. Pour out the water. Use this tube as a
ruler, and mark the 15 ml level on enough tubes to pro-
vide 4 for each team.

Heat the water to just below boiling. (If your tap
water is relatively free of dissolved minerals, you may
use it in place of distilled water.) Dissolve the agar; then
add peptone and beef extract. Heat, stirring continu-
ously, until the mixture comes to a boil. Attach a short
piece of rubber tubing to the stem of a large funnel and

place a pinch clamp on the tubing. Support the funncl
onaring stand at a convenient height. While the liquid
is still warm (above 55° C), pour it—a little at a time—
into the funnel. A little practice in using the pinch clamp
facilitates filling the marked tubes. Plug them with
cotton. Place the tubes in wire baskets, and steruize in
an autoclave at 15 psi pressure for 15 minutes.

With a little trial and error, you can make inocu-
lating loops that hold close to 5 mm? (1 /200 ml). If
you have them, micropipettes may be used in place of
loops.

The K-12 strain of Escherichia coli has whitish col-
onies; Micrococcus luteus has yellow colonies. For
greater contrast with the M. luteus, you may decide to
use the red bacterium Serratia marcescens. It has never
been known to infect healthy individuals in laborato-
ries witere sterile procedures werc being appliec.

For counting colonies, transparent, printed grids are
useful. They are available from biological supply
houses. Use a bacteriological incubator if you wish to
maintain a high and more even temperature than that
of your room.

Piccedure

Although the bacteria being cultured are ordinarily
harmless, observe sterile procedure throughout the
work. It is possible for pathogenic organisms to get into
the medium and multiply. Moreover, a demonstration
of handling microorganisins safely is one of the pur-
poses of the investigation. At the end of the work, all
tubes and petri dishes must be sterilized in an auto-
clave or pressure cooker before the medium is cleaned
out of the glassware,

Discussion

1, 2. The density calculation depends on the students’
data. Before tube 1 was poured, a loopful of its con-
tents was transferred to tube 2. The volume of medium
in tube 1 was 15 cm? and that of the loopful of material
was 1/200 cm®. The loopful, therefore, contained 1/15
X 1/200 (= 1/3000) of the number of organisms in
tube 1. But tube 1 contained only 1/200 of the organ-
isms in the original :ulture; thus, tube 2 must contain
1/200 X 1/3000 (= 1/600,000) of the number of or-
ganisms per cm? in the original cultu; 2. Therefore, to
obtain the number of organisms per cm3 in the original
culture, students must multiply the number of colonies
in Plate 2 by 600,000.




4, 5. In these dilution procedures there are, of
course, a number of sources of error, which may be
identified by alert students. These can serve as good
starting points for discussion. One course, of minor im-
port, is that the individual organisms removed from tube
1 by means of the 100p are still absent in the pour plates
prepared from tube 1. Another, of far greater signifi-
cance, is that organisms might not survive the rigors of
the handling and dilution procedures and will, there-
fore, not give rise to visible colonies. Also, incomplete
mixing of the organisms introduced into the tubes leads
to sampling .errors. Finally, variations in the dimen-
sions of the loops used by different teams can result in
differences in data.

7,8. This is the same as the number of kinds of col-
onies—assuming that all kinds produce colonies dis-
tinctively different in appearance. The assumption is
probably warranted in this case of a deliberately con-
structed “mixed culture” But generally speaking,
“kinds” cannot be equated with “species” because in
many bacterial species various kinds of coionies may
be produced, depending on environmental circum-
stances and stains within species.
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10. If you lift only from a single colony, then all or-
ganisms on the loop should be of a single kind, since
all in the colony descended from a single individual.

11. This would be a pure culture.

12, 13. In general, the tubes and pour plates are
concerned with the determination of population den-
sity and the streak plates with obtaining a pure culture.

14, 15. See the paragraph on “Procedure.” Stu-
dents shoeuld also wash their hands with soap and water,
then rinse their hands in a disinfectant, after working
with bacteria. They should keep their hands away from
their mouth, nose, and eyes during the investigation

Evaluation of procedures should be a habit by this
time. Have the class consider the following:

(a) What were some of the possible sources of error
in estimating the number of bacteria in a culture by
the methods used in this investigation?

(b) How might the kind of medium and the tem-
perature of incubation influence the number of colo-
nies?

(c) How could you use the pour-plate method to
compare rates of growth for 2 different kinds of bac-
teria in a mixed culture?




Iavestigation TRB.9 SPONTANEOUS GENERATION

Introduction

Do microbes arise without parents from the non-
living materials in meat breths—abiogenesis? Or
do they come from living ancestors (biogenesis)
that have somehow gotten into the broths? At the
time of the American Revolution, an Italian, Laz-
zaro Spallanzani, conducted experiments in an at-
tempt to answer the question. Later, in the middle
of the 19th century, Pasteur carried out more
carefully designed experiments.

In this investigation you will perform experi-
ments similar to those of Spallanzani and Pasteur.
You will use some techniques developed since their
day, but the principles involved in your procedure
will be the same.

Materials (per team or class)

bouillon cube or 8 g peptone
2 pieces glass tubing 3C c¢m long
1 piece glass tubing 8 cm long
7 erlenmeyer flasks, 250 ml
bunsen burner with wing tip

3 1-hole stoppers to fit flasks
2 solid stoppers to fit flasks
beaker, 1000 mi

beaker for melting paraffin
stirring rod

funnel

ring stand to fit funnel
graduated cylinder

forceps and wad of cotton
paraffin

autoclave ¢r pressure cooker
heat source

triangular file

filter paper

Procedure

1. Using ~ wing-tip burner, bend 1 of the 30-cm
lengths of giass tubing into a J shape. Bend
the other into an S shape (figure TRB.9-1).
Trim the tubes to look like those in the illus-
tration. Insert them into 1-hole stoppers. In-
sert the 8-cm (straight) piece of glass tubing
into the 3rd 1-hole stopper. CAUTION: While
inserting the glass tubing through the rubber
stoppers, wrap a piece of paper towel around
the glass tube to protect your hands.

2. Dissolve 1 bouillon cube in 500 ml warm
water. When cool, filter. The broth must be
clear.

3. Pour 70 ml of the broth into each of 7 flasks.

4. Using a lead pencil, number each flask on the
small white area on its side. Treat them as fol-
lows:

(a) Flask 1—Plug with a solid stopper. Do
not heat.

(b) Flask 2—Add 10 ml water to the bsoth.
Boil gently for 15 minutes. About 10 ml
of water will boil off, making the level
approximately the same as in the other
flasks. Leave open.

(¢) Flask 3—Add 10 ml water to the broth.

Boil gently for 15 minutes, with the solid

stopper resting at an angle in the mouth

of the flask. Plug immediately with the

stopper. To seal, melt paraffin in a

beaker; apply it with a wad of cotton held

in forceps.

(d) Flask 4—Heat in an autoclave or a pres-
surc: cooker for 15 minutes at 15 psi
pressure. Leave open.

(e) Flask 5—Plug with the stopper through
which the straight glass tube was in-
scrted. Heat as for flask 4. Then seal with
paraffin around the neck of the flask and
around the tube where it comes through
the stopper.

(f) Flask 6—Plug with the stopper through
which the J-shaped glass tube was in-
serted. Heat as for flask 4. Seal as for
flask 5.

(8) Flask 7—Plug with the stopper through
which the S-shaped glass tube was in-
serted. Heat as for flask 4. Seal as for
flask 5.

5. Record the date on which the experiment is
set up. Place all flasks on a laboratory table
but not ir direct sunlight or over a radiator.

6. Look for changes in the flasks each day for 1
week, then each week for 5 weeks. Record any
changes in the clearness of the broth, noting
the number of the flask and the date. Record
other observed changes in the broth such as
appearance of scum, mold colonies, and so on.
At the end of \he experiment, open the flasks
and note the odor of the breth in each.




1. unheated 2. boiled .3. boiled

TRB.9-1 Completed setup.

Discussion

1.

Flasks 2 and 3 represent Spallanzani’s exper-
iment. What differences did you observe in
these flasks during the 5 weeks?

How can you explain the differences?

. In your experiment, flask 3 may or may not

have developed cloudiness. Spallanzani’s
sealed flask developed no cloudiness or putrid
odor. Biologists of his day denied that this
showed microbes had to get into the broth
from the outside. They clung to the theory of
spontaneous generation. How do you think
they defended their point of view against
Spallanzani’s evidence?

4. autoclaved 5. autoclaved 6. autoclaved 7. autoclaved

. Flasks 4 to 7 represent some of Pasteur’s work.

In the experimental setup, what is the func-
tion of flask 4?

. How do you explain the result obtained in

flask 77

. What is the function of flask 1 in this inves-

tigation?

. Compare your observations of flask 1 with

those of flasks 2 and 4. Explain any likenssses
and differences in these results.

. In the light of the results of these experi-

ments, discuss the question raised in the in-
troduction to this investigation: “Do microbes
arise without parents from the nonliving ma-
terials in meat broths? Or, do they come from
living ancestors that have somehow gotten into
the broth?
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Investigation TRB.9 SPONTANEOUS GENERATION

Thereis no need for more than one setup per class; the
thinking is much more important than the manipula-
tions. If you have more than one class, replication by
classes may show some variation in results.

Materials

Filtering is unnecessary if you use about 8 g of peptone
in place of the bouillon cube.

If the flasks do not have ground-glass areas that can
be written on with lead pencil, label the flasks before
sterilizing by using cardboard tags tied on with string.
Do not use a glass-marking pencil on flasks that are to
be heated or autoclaved.

Procedure

A few students working outside of class time may pre-
pare the materials. Preclass preparations can include
mixing the n:edium, bending the tubing, constructing
the stopper combinations, and autoclaving flasks 4, 5,
6, and 7. (Stoppers should be loose in necks of the flasks
during autoclaving.) Students who have prepared media
for other investigations can do the same here with a
minimum of supervision. The work with glass tubing is
new, however, and you should supervise it closely. Be
particularly careful ininserting the glass tubing through
the rubber stoppers. To make this operation safer, use
a cork borer with an inside diameter just large enough
so that the tubing fits into it. Insert the cork borer
through the hole in the stopper, slide the tubing through
the borer to the desired distance, and then, holding the
tubing in-place, withdraw the borer.

The preparation team can conclude the work in front
of the class by boiling flasks 2 and 3 and sealing the
stoppers in flasks 3, 5, 6, and 7 with paraffin. (Be sure
the stopper of flask 3 is tilted in the mouth of the flask
during boiling.) Flasks that were labeled with tags can
now be relabeled with glass-marking pencils or with
masking tape and pencil.

When observations are made, flasks may be picked
up for examination, but they should not be shaken.

Many students have difficulty working with this
many variables. Ask them to compare 2 flasks at a time.
When they do this, they can generate hypotheses about
what is happening and use observations of the re-
maining 5 flasks to support or refute their hypotheses.
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Discussion

Typical results are as follows:

Flask 1 becomes turbid within a day or two. In this
and the other flasks that become turbid, patches of mold
often develop on the surface of the medium.

Flask 2 usually becomes turbid a day or two later
than flask 1. Before the experiment ends, its contents
usually have evaporated.

Flask 3 may take a very long time to become turbid;
indeed this may never happen. Nevertheless, resistant
spores of some bacteria may survive and eventually
produce turbidity.

Flask 4 usually becomes turbid at about the same
time as flask 2. Its contents usually disappear by evap-
oration.

Flask 5, with its small opening, may not become
turbid for many days or even weeks, if there are few
air currents. If you keep it long enough, turbidity will
appear.

Flask 6 often remains clear long after the experi-
ment has been concluded.

Flask 7 should remain clear as long as it is undis-
turbed. Some flasks of this kind have been dated and
kept for years as exhibits. The design of the S-shaped
tube is comparable to that of Pasteur’s “swan-neck”
flask.

Your students may ask for evidence that the tur-
bidity is caused by bacteria. Check flasks 2 and 4 using
the methods of investigation TRB.7. Usually students
will find many bacilli and cocci on their slides, and these
can be compared with prepared slides of known bac-
teria.

1,2. If flask 3 becomes cloudy, it usually does so
much later than flask 2. Boiling kills most if not al! of
the organisms originally present in the broth. Although
boiling kills organisms in flask 2, new organisms can
enter from the air.

3. Believers in abiogenesis argued that microbes did
not develop in Spallanzani’s sealed flask because
heating had destroyed the “power” of the air in the flask
and there was no way for new air to enter. Anaerobic
organisms were unknown thzn. Though Spallanzani
failed to make his point theoretically, the practical im-
port of his work followed rather quickly. Some of Na-
poleon’s success has ueen attributed to the mobility of
his troops, which was possible because they carried food
preserved by canning.




Q

-ERIC

PR A T provided by ERIC
¢

5. Thecurvein the tube forms a trap. Dust particles
bearing spores of microorganisms do not get beyond this
point even when air currents outside the flask are rather
strong. If autoclaving was done properly and sealing
was done promptly, no living organisms will be present
in the broth. The tubing prevents new living ones from
entering, and no turbidity will develop. The single curve
in flask 6 has no such trap, but since it is a rather ef-
fective barrier, growth of microorganisms may not ap-
pear during the time of the experiment. Pasteur went
one step further, he tilted a swan-neck flask until its
contents flowed into the crook of the tube; svon there-
after a growth of microorganisms appeared in the flask.

6. Flask 1 is an overall control against the variable
of heating.

7. Growth of microorganisms may appear almost
simultaneously in flasks 1, 2, and 4, but it may occur
slightly sooner in flask 1. Presumably, this results from
an abundant supply of microorganisms in the broth at
the beginning, while growth in flasks 2 and 4 depends
on microorganisms entering the broth after heating.
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8. If results are not soinewhat similar to those de-
scribed above, the whole experiment may be inconclu-
sive. In this case center the discussion on reasons for
discrepancies between the class data and results re-
ported by Spallanzani and Pasteur (and many later in-
vestigators). If results are similar to those described
nreviously, lead the students to see that the experiment
discredits the idea that microorganisms can arise from
matter that has no living organisms already in it. The
idea in the introduction may be put into a hypothesis
expressed in negative terms such as: “Microorganisms
cannot arise unless they have ancestors.” You then have
the opportuuity to discuss the impossibility of proving
a negative propositio.n. The best that can be done is to
amass evidence making the proposition increasingly
likely. This kind of evidence for biogenesis eventually
led to abiogenesis being discredited.

<




Red
in color

—>» Not red —

FRUITS
AND —
VEGETABI =8

Green __ |
in color

~—» Not round —

Yellow __ |
or orange

TRB.10-1 Identification key for some fruits and vegetables.

Introduction

Suppose a visitor to Earth from another planet
were to wander into a fruit market. Because the
visitor does not yet know the names of the fruits
and vegetables there, you might provide the iden-
tification key shown above.

You probably will recognize that the table is a
kind of dichotomous key. When such a key is made,
a group of objects is divided repeatedly into smaller
groups. Each division is based on sharply con-
trasting characteristics. Wherever possible, the
characteristics used at any point in the key lead
to a division into 2 subgroups of about the same
size. Eventually, the divisions result in each object
being separated from all the others.

Materials (per team)

10 leaves (set A): 1 each from 10 plant species,
mounted on cards. The cards, numbered 1-10,
are labeled with the plant names.

10 leaves (set B): 1 each from the same 10 species
as set A, mounted on cards. Each card has the

same number as the card holding the corre- |

sponding leaf in set A, but no name.

| S—

Investigation TRB.10 DIVERSITY AMONG PLANTS: LEAVES

——— Hard —— APPLE

——— Soft—» TOMATO

—>» White in color—»ONION
Strong odor

when cut open

——

L—» QOrange in coIor-—n—OéANGE

No odor

when cut open >PEA

———» Leaflike——» LETTUCE

——»- Stalklike———» CELERY

Many parts
to the whole CORN
—» Hard —— CARROT
One part
to the whole
L— Soft ——» BANANA
Procedure

1. Construct a dichotomous identification key for
the leaves in sct A. Begin by spreading all the
leaves on the table in front of you. Study each
leaf. In what ways does it resemble the others
in the set and in what ways does it differ?

2. What kinds of characteristics should you look
for? A few suggestions follow:

(a) Are there 2 distinct regions in the leaf—
a stemlike portion (petiole) and a flat-
tened part (blade)?

(b) Is the blade all in one piece or is it di-
vided into separate leaflets?

(c) Is the edge of the blade smooth or is it
notched?

(d) Is the blade uniformly green or are other
colors present?

(e) Isthe blade heart-shaped, oval, or spear-
shaped?




3. Following the same arrangement as that used

in the example above, draw a box at the left
maryin of a left page in your data book. Label
it All Leaves in Set. (You probably will need
both the left and the right pages for the com-
plete chart.) Now select a characteristic that
gives you 2 choices and divides all the plants
into 2 groups, such as shape—round or not
round.

. Draw 2 or more boxes to the right of the 1st
box. Label them with the characteristics you
used to divide set A into 2 groups. Draw lines
that will show this division.

. Study 1 of the 2 groups. Find a pair of con-
trasting characteristics that divides the group
into 2 subgroups of approximately equal size.
Using labeled boxes and lines, place these
characteristics in the appropriate positions on
your chart. Then do the same for the other

group.
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6.

Continue this process until you have com-
pleted a key in which there is a single box or
line for each of the 10 kinds of leaves. Label
each of these boxes or lines with the name of
the plant from which the leaf was obtained,
but do not include the identifying number.

. Use your chart to identify each of the leaves

included in set B. Because no two leaves are
exactly alike, you may need to change some
of the characteristics used ir. vour key, so that
it will work with both sets of leaves.

Exchange with another team the key and set
B (but not set A). Using their key, identify
the leaves in their set. Write the number of
each leaf next to the name of the species in-
dicated. When you have finished, obtain their
set A (which includes both names and num-
bers) and check your identifications. If you
have not achieved complete success, repeat the
keying-out process. If differences still turn up,
discuss them with the other team. (Two
sources of error can occur—one is with the
key itself, the other is in the use of the key.)




TEACHER’S ANNOTATIONS

Investigation TRB.10 DIVERSITY AMONG PLANTS: LEAVES

Leaves are used to emphasize plant diversity because
they are easy to obtain and preserve. Attention to di-
versity through work on kty construction emphasizes
mechanisms of classification, and it produces student
facility with keys. Learning to use a key is a truly ed-
ucational objective, because it tends to free a student
from dependence on others for the identification of or-
ganisms.

Materials

Divide your class into teams of 3 or 4 students each.
Each team should individually work out a dichotomous
key. Thus a class of 30 students requires 7 to 10 sets of
named lcaves (set A) and 7 to 10 sets of leaves without
names (set B) to use in checking the keys. Each set
contains 10 different leaves. 10 + 10 = 20;
20 X 10 = 200 leaves. That is quite a few leaves. Col-
lect, press, and mount set of leaves well before the time
they are neceded for this investigatien. Collecting 20
leaves of 10 different species presents no problem in
summer or early fall. The specimens of each species
should be about the same size.

If a standard press is not available, place the lcaves
in old telephone dircctories. Every day or two, de-
pending on the thickness of the specimens and the rel-
ative humidity, move the leaves to dry pages in the
books. Mount the completely dried specimens on card-
board, and label them.

You can make long-lasting sets of mounts by using
clear ConTact paper. This may be purchased in gro-
cery or hardware stores. Place a pressed Ieaf on a white
unlined card (4" X 6" or 5" X 7). For sct A, label
the card with the name and number of the specimen;
for set B, with the number only. Cut the ConTact paper
to fit the card with 2 cm extra to fold over cach edge.
Press the ConTact paper carefully onto the leaf and
card, and fold the surplus over the edges.

If you punch a hole in the upper left corner of each
mount, you can hold cach set together with a loose-leaf
mounting ring. These sets of Ieaves, when used with
reasonable care, are quite durable and should last for
several years.

It is, of course, not crucial which particular specics
you include in cach set of leaves, but provide a fairly
wide range of diversity. Leaves from woody plants are
usually firmer than thosc from herbaceous plants. They
probably will dry without wrinkling.

Procedure

Help students to achieve a clear understanding of the
dimensions of diversity—both differences among spec-
imens and differences among species. Usually no two
student keys are exactly alike, a result of differences
among specimens of one species and of differences
among the criteria used to construct the keys. The need
for careful ouservation and description is clearly dem-
onstrated when two teams attempt to use and then
evaluate cach other's keys. Thus, because the points are
made in the doing, a minimum of discussion is required
at the conclusion of the work.




Investigation TRB.11 A HEART AT WORK

Introduction Procedure ‘
Crustaceans of the genus Daphnia are abundant 1. Check the temperature of the water in which
in small bodies of fresh water. Individuals are just the Daphnia are living. It should be at room
large enough to be’seen with the naked eye. When temperature before you begin.
magnified even 20 times, many of the internal or- 2. With a dropping pipet, transfer 1 Daphnia to .
gans—including the heart—can be seen through the depression in the slide.
the body wall. Before you begin this investigation, 3. Soak up excess water with a piece of paper
become familiar with the appearance of the ani- towel. By limiting the amount of water, you
mals. Look carefully for the beating heart. Do not increase the likelihood that the animal will lie
‘ confuse its motion with that of the legs, which also on its side, the position in which heart action
move rhythmically. can be seen best.
Read through the procedure. State a hypoth- 4. Team members should take turns «t keeping
esis that is appropriate to it. time with the watch and observing the spec-

imen’s heartbeats through the stereomicro-
scope. It may be difficult to count as rapidly

Materials (per team) as the heart beats. If so, try tapping a pencil

6 io 8 Daphnia, in a small beaker of aquarium on a picce of paper at the speed of the heart-

water beat. Then count the pencil dots.
thermometer (—-10° to +110° C) 5. When the observer is ready, the timer says
dropping pipet “Go.” At the end of 15 seconds, the iimersays
microscope slide with depression “Stop.” Multiply the count by 4 to cbtain the
sterecomicroscope number of heartbeats per minute.
watch with second hand 6. Make at least 3 timed counts. Return the
beaker large enough to hold Daphnia beaker Daphnia to the beaker. '
crushed ice
hot water

graph paper, 1 sheet per student
paper towels

digestive gland

intestine

legs {tur ked under sheil)

Figure TRB.11-1 Daphnia, X72. Thorne Films, Inc.
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7. Place the beaker of Daphniain a larger beaker

of water and crushed ice. Stir the water in the
Daphnia beaker gently with the thermom-
eter. When the water reaches the tempera-
ture assigned to your team, quickly transfer a
Daphnia to a slide. Make at least 3 counts as
quickly as possible.

. As soon as the Daphnia is removed from the

beaker, members of the team who are not
timing or counting _hould remove the Daphnia
beaker from the large beaker. Pour out the ice
water from the larger beaker and put in hot
water (50°-70° C). CAUTION: Allow the
beaker to warm slightly before pouring hot
water into it.

. Place the Daphnia beaker in the larger beaker

again. Stir the water in the Daphua beaker
gently with the thermometer. By the time the
water temperature rises to the 2nd point as-
signed to your team, counting at the lower
temperature should be finished. Quickly
transfer a Daphnia to the slide. Make at least
3 counts as quickly as possible.

Discussion
1. Consider the heartbeat data obtained from

Daphnia at room temperature. Why were
serveral counts made by each team?

2. What factors might account for the vari-

ability in these data?

. Assemble on the chalkboard the room tem-

perature data from all teams. Calculate the
average heart rate at different temperatures.
If two or more teams obtained data at the
same temperature, calculate the average for
that temperature. Graph the data, placing
heart rate on the vertical axis and tempera-
ture on the horizonal axis.

. On the basis of your graph, make a general

statement about the effects of variation in en-
vironmental temperature on the heart rate in
Daphnia.

..Does your graph support your hypothesis?

Explain.

. Would you expect similar effects of temper-

ature on the heart rate of a frog? Of a dog?
Explain.

For Further Investigation
1. Young pond snails have thin shells through

which the heart can be seen, just as in
Daphnia. Make a study of snail heart rate for
comparison with that of Daphnia. Try to ac-
count for any differences you observe.

. The easily observed heart of Daphnia can lead

to some understanding of the way in which
drugs affect heart rate. Investigate the effects
of alcohol (about 5%) and of stimulant (such
as dexedrine sulfate) on Daphnia heart rate.
Caffeine and epinephrine may also be used.




TEACHER’S ANNOTATIONS
Investigation TRB.11 A HEART AT WORK

Materials

Daphnia may be collected from ponds and lakes during
most of the year. They can be ordered from biological
supply houses and may be obtained at aquarium supply
stores or.fish hatcheries. Daphnia magna is the largest
and, therefore, the species of choice. D. pulex and D.
longispina, though smaller, are also satisfactory. You
can maintain a Daphnia culture for 1 or 2 weeks in
pond water at 22 to 26° C. Keep the culture out of di-
rect sunlight.

A 50-ml beaker is a good container for the Daphnia.
It must be made of heat-resistant glass, because it will
be transferred from ice water to hot water. A 250-ml
beaker provides a good water jacket.

If depression slides are not available, make a ring of
wax dripped from a burning candle onto a clean slide.
Place the drop of water containing the Daphnia inside
the ring.

If stereomicroscopes are not available, the low power
of a monocular scope may be used, but there may be
some difficulty keeping the specimen within the field of
view.

Procedure

Because the counts must be made quick y, students
should become familiar with Daphnia in advance. As-
sign temperatures to teams and uave teams decide how
they will perform each task of the investigation.

Assuming that room teraperature is aboui 20° C,
suggested temperatures are: 15, 10, and 5° C (ice
water); and 25, 30, and 35° C (hot water).

It is not necessary to have a separate hot-water
supply for each team. Maintain one large container at
about 90° C. One laboratory assistant can be respon-
sible for safe distribution of the hot water.

Discussion

The Ist point of this work is the variability of physio-
logical data. Students are often unduly impressed by
various “normal” values for physiological measure-
ments, such as body temperature and blood pressure.

Compare the heart rate of Daphnia at room t: .per-
ature with that of humans by having students count
their own pulses. Assemble these data or the chalk-
board. This also will emphasize the variability of data
and lead to a better understanding of the many
“normal” values found in textbooks on human physi-
ology.

The 2nd point to be ' tressed—if the data allow you
to do so—is the effect o' temperature on the physiology
of a poikilothermic an.mal. The normal heart rate of
Daphnia is usually given as 300-500 per minute. The
rate declines with lowered temperatures and rises with
raised temperatures, but at about 40° C a decline oc-
curs, and the heart rate usually ceases at about 45° C.

1. By now, this question should be routine.

2. Inaccuracy of counting, temperature variation
during the period of nositioning the specimen, and vari-
ation in age and physical condition of specimens are all
likely possibilities.

5. The class average is most likely to be nearer the
“true” rate—the rate likelv to be obtained from a
second series of comparable data—because errors of
difference noted in item 2 are compensated as data are
averaged. In statistical terms, the more data, the greater
the range (item 4) but the less the standard deviation.

6. Homeothermic vertebrates such as dogs keep a
steady heart rate despite wide changes in environ-
mental temperatures, because the regulation of heart-
beat occurs in the internal environment. Poikilothermic
vertebrates such as frogs are similar to Daphnia. Their
internal processes, including heartbeat, are not well in-
sulated against fluctuations in envrionmental condi-
tions such as temperature.

For Further Investigation

1. In addition to smails, you can use mosquito larvae
and Tubifex worms for comparisons.

2. Besides the suggested drugs, other substances that
might be tried are aspirin, tea, pher.obarbital, carbon-
ated beverages, coffee, and tobacco.




Investigation TRB.12 OBSERVING STRUCTURAL CHARACTERISTICS

Introduction

This investigation will provide you with an oppor-

tunity to sharpen your skills of observation.

Materials (per class)

animal specimens
hand lenses or stereomicroscopes

Procedure
Part A—Observing Animal Specimens

1. Some animal species are disp ayed at several

numbered stations in your classroom. You
may find both living and preserved specimens
at some stations. The preserved specimens
may be partially dissected so you can make

further observations.

. Divide your class into as many groups as there

are displays. Each group will begin making
observations at a different display.

. You will spend a definite amount of time at

each station. At the end of each time period,
move to the station with the next higher
numbgr, until you reach your starting point.
Begin by deciding whether each animal you
are studying is a ver.ebrate or an inverte-
brate. If it is a vertebrate, record its common
name on table TRB.12-1 in 1 of the spaces
under the heading Name of Auimal. If it is
an invertebrate, follow the same procedure but
use Table TRB.12-2.

. Across the top of each table is a list of char-

acteristics to help you make observations.
Each section includes 2 or more characteris-
tics. After studying the specimens, place a
check under each characteristic you observe.

Table TRB.12-1 Structural characteristics

Skin Appendages |Skele-| Teeth | Jaws
Structures ton
[} @D
] 3]
K- -
% - - 1)
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Sl e =
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Suppose that the 1st specimen you study is a
cat. A cat has a backbone, so you would use Table
TRB.12—1. Now look at the 4 choices indicated in
the section Skin Structures. Only 1 of the choices
applies to the cat: Hair. Therefore, you put a check
in the box that is to the right of Cat and under
Hair. Next look at the choices in Appendages.
Againthere is only 1 choice that applies to the cat,
so you check the box under Legs. Proceed across
the table in this manner. When you cannot make
a decision on any point, leave the space blank.

Part B—Using a Key

Organisms are difficult to identify because there
are so many of them. One tool biologists use is
called a key. There are several different kinds of
keys; you will be using a dichotomous key. In this
kind of key you must choose between 2 charac-
teristics, which leads you to another pair to choose
between, and so on until you reach the identity of
the organism.

KEY 1

Dichotomous Key to Classes
of the Subphylum Vertebrata

la. Hair present......ccccceeueee Class Mammalia

1b. Hair absent .................. goto2

2a. Feathers present............. Class Aves

2b. Feathers absent.............. goto3

3a. Jaws present........ccecenueens go to 4

3b. Jaws absent.................... Class Agnatha

4a. Paired fins present......... goto S

4b. Paired fins absent .......... go to 6

5a. Skeleton bony ................ Class Osteichthyes

5b. Skeleton cartilaginous ...Class
Chondrichthyes

6a. Skin scales present......... Class Reptilia

6b. Skin scales absent.......... Class Amphibia
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1. With the information you have recorded in
table TRB.12-1, use Key 1 to determine the
class to which each of the animals belongs.
Begin at the top of the key with item 1, where
you have choices 1a and 1b. If the animal you
are considering has hair, your choice is la.
Following the la line to the right side of the
key, you find that it belongs to the class Mam-
malia. If the animal does not have hair, follow
the 1b line to the right. Here you find that you
are to go to item 2 in the key, where 2 more
contrasting characteristics are indicated, 2a
and 2b. Again make a choice and, if neces-
sary, continue down the key to the group with
which the animal is classified. Write the name
of the class in Table TRB.12-1. Repeat the
process for each vertebrate animal.

2. Use Key 2 to determine the phylum for each
invertebrate in Table TRB.12-2, and record
the phyla in the columns at the right of the
table.

KEY 2

Dichotomous Key
to Selected Invertebrate Phyla

la. Body symmetry radial ...go to 2
1b. Body symmetry not
radial......coeveererreveceennenen. goto 3
2a. Tentacles present, body Phylum
SOfteeeeeeererrerreenerensnnesuenead Coeicnterata
2b. Tentacles absent, body Phylum
hard and rough............... Echinodermata
3a. Exoskeleton present.......g0 to 4
3b. Exoskeleton absent ........ goto S
4a. Jointed legs present ......Phylum Arthropoda
4b. Jointed legs absent......... Phylum Mollusca
5a. Body segmented............. Phylum Annelida
5b. Body not segmented .....Phylum
Platyhelminthes

3. Finally, use Key 3 to determine the class in
which each of your arthropod animals has
been placed. Record this information at the
bottom of Table TRB.12-2. (Keys can be
made to carry identifications all the way down
to the species level.)

o8
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Table TRB.12-2 Structural characteristics

Exo- Body Jointed Body Tentacles Anfennae
skeleton Symmetry Walking Legs Segments -
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KEY 3

Dichotomous Key to Selected Classes
of the Phylum Arthropoda

. Walking legs, more

than S pairs......cceceeueuees g0 to 2
. Walking legs, 5 or

fewer pairs .......cccceveuenee. goto3
. Legs, 1 pair for each

body segment................. Class Chilopoda
. Legs 2 pairs for each

body segment................. Class Diplopoda
. Antennae present........... go to 4
. Antennae absent............ Class Arachnida
. Antennae, 1 pair............ Class Insecta

. Antennae, more than 1

. The simplified keys in this investigation will

not always indicate a correct classification for
every animal. A key gives you a correct iden-
tification only if it is used with the group of
organisms for which it was constructed. For
example, if you attempt to classify a squid or
a slug by using key 2, the key will indicate the
phylum Platyhelminthes; both are actually
mollusks. Unless you use a key to unlock only
the doors for which it was designed, you will
end up in the wrong house. Check your iden-
tifications by using references such as the Pe-
terson Field Guide Series, edited by T.R.
Peterson. (Boston: Houghton Mifflin).

Discussion

After you have classified all the animals of your
laboratory study, refer again to tables TRB.12-1
and TRB.12-2. Once you know that an animal is
a vertebrate, you need only determine a single
characteristic—possession of hair—to place it in
the class Mammalia.

1. Is there any other single characteristic that
enables you to place a vertebrate in its class
at once? If so, what characteristic is it, and
in which class should the vertebrate be
placed?

2. Does any single characteristic enable you to
place an invertebrate that you have studied in
its phylum? If so, what is the characteristic
and which phylum does it indicate?

3. Is there any single characteristic that enables
you tc place an arthropod in its class? If so,
what is the characteristic and which class does
it indicate?

For Further Investigation

Select 10 students including yourself. Construct a
dichotomous key using characteristics that will
enable another person to identify each student in
the group.




TEACHER’S ANNOTATIONS

Investigation TRB.12 OBSERVING STRUCTURAL CHARACTERISTICS

Materials

Living animals should, of course, be used as much as
possible. It is unlikely that more than 20 specimens can
be examined in a single period. If diversity is to be ev-
ident despite this limitation, a judicious choice of spec-
imens is important.

Further, since the keys in the second part of the in-
vestigation are simple, they do not take into consider-
ation exceptional representatives of the groups.
Therefore, in choosing specimens, take care to select
those that will “key out.”

Suggestions:

For table 1: rat or mouse, dogfish, frog or sala-
mander, bat, canary or parakeet, snake, turtle, gold-
fish, lizard, lamprey.

For table 2: earthworm, crayfish, jellyfish, hydra,
butterfly or moth, starfish, clam or oyster, beetle, spider
(but avoid tarantula), grasshopper, planarian, snail (but
avoid slugs), clam worm, millipede, centipede, tick.

Procedure

On the day before students do their observing, go over
the directions with them. Have students divide them-
selves into as many groups as there are stations and
assign the station with which each group will begin.
Agree on a signal for changing from one specimen to
the ext. During the observation period you merely give
thesignals for change of station and make sure that the
operation proceeds smoothly.

At the beginning, allow at least 3 minutes at each
station. This time can be reduced as students become
familiar with the tables. Having vertebrate specimens
at consecutive stations and invertebrate specimens at
consecutive stations usually increases ease with which
students work.

Procedure B can be done in small groups or assigned
as homework. Howeve,, in classes where many stu-
dents have reading difficulties, you should assist stu-
dents in working several examples through the keys
before allowing them to work independently. It is im-

portant to call special attention to step 4 of Procedure
B.

Discussion

1. Any vertebrate with feathers can immediately be
placed in the class Aves.

2. Any invertebrate that has jointed appendages can
immediately be placed in the phylum Arthropoda.

3. Any arthropod without antennae can be placed
in the class Arachnida. Any adult arthropod with 3
pairs of legs on the thorax can be placed in the class
Insecta.




Investigation TRB.13 PLANARIAN BEHAVIOR

Introduction

Planaria are common, free-living flatworms that
live in fresh water. They have a simple nervous
system consisting of 2 cerebral ganglia and a
“ladder-type” nerve cord. The responses of pla-
naria are often referred to as taxes.

Read through the procedure and write a hy-
pothesis you think it was designed to test.

Materials (per team)

planarian (Dugesia tigrini)
dechlorinated water

2 microscope slides

test tube, 13 mm X 100 mm
cork stopper to fit test tube
test-tube rack or small bottle
square of aluminum foil, 12 cm X 12 cm
dropping pipet

dissecting needle
glass-marking pencil

sheet of white paper

Procedure

1. With the dropping pipet, remove 1 planarian
from the culture bottle. Quickly and gently
release the water containing the arimal into
the test tube. (The planarian may fasten itself
to the dropping pipet. If it does so, squeeze
water rapidly but gently in and out of the pipet
to prod the animal loose).

2. Add dechlor’nated water to the test tube until
it is nearly full. Insert the stopper. When the
stopper is inserted, it should displace some of
the water. This eliminates the possibility of an
air bubble in the tube. Draw a line at the mid-
point of the test tube. Hold the test tube hor-
izontally until the flatworm has moved near
the center of the tube.
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10.

2.

3.

. Place the test tube, cork end up, in the test-

tube rack or small bottle. It should be illu-
minated evenly from all sides. Why is this
necessary? Observe the planarian for 10 min-
utes. Record how imuch time it spends in each
half of the tube.

Hold the test tube horizontally until the flat-
worm has moved near the center of the tube.

. Place the test tube, cork end down, in the rack

or bottle. Again, observe and time the reac-
tion of the planarian. To what environmental
factor do you think the animal is responding?
Is its responsSc negative or positive?

. Again, hold the test tube horizontally until the

flatworm has moved near the center of the
tube. Lay the tube on a sheet of white paper
on a flat surface. (If the tube is not level, stack
1 or 2 microscope slides under the low end.)

. Observe the planarian for 10 minutes. Record

how much time it spends in each end of the
tube. Be sure the test tube is evenly lighted
with diffuse room light along its entire length.

. Form a cap of the aluminum foil to fit over

the rcunded end, covering about % of the test
tube.

Wait until the planarian is near the middle of
the tube and is headed for ..e corked end.
Then slip the aluminum-foil cap over the
rounded end of the tube.

For another 10 minutes record the time the
planarian spends in each end of the tube.
What is the stimulus for this response? Is the
response negative or positive?

Discussion
1.

Can you use your results of this investigation
to describe the behavior of all planaria? Why
or why not?

Did all of tke class’s planaria behave simi-
larly?

What might be the advantage of these be-
haviors for the planaria?
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TEACHER’S ANNOTATIONS

Investigation TRB.13 PLANARIAN BEHAVIOR

This simple investigation provides an example of the
type of controlled laboratory research that results in
increased knowledge of the relationships between
physiology and behavior.

If you are not already maintaining cultures of pla-
naria, refer to F. Barbara Orlans, 1977, 4nimal Care
JSfrom Protozoa to Small Mammals (Menlo Park, Cal.;
Addison-Wesley) pp. 50-56.

Procedure

3. Illumination should not be a variable in this part of
the investigation.

5. Gravity (geotaxis). Positive.

10. Light (phototaxis). Negative.

Discussion

1. The behavior of a single planarian could vary from
the pattern characteristic of the species. Results from
several experimentis wiih different planaria under the
same controlled conditions should be compared before
a generalization is made.

3. Such behavior would keep a planarian among the
rocks or plants at the bottom of a pond or stream where
it is safer from predators than it would be near the sur-
face of the water.
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Investigation TRB.14 TRANSPIRATION

Introduction

Transpiration is one of the processes involved in
the movement of water from the roots to the top
of a plant. What factors affect the rate of tran-
spiration?

Materials (per team)

deep, 30-liter container (for entire class)
leafy potted plant (all teams but one)
large battery jar or bowl

graduated pipet, 1 ml

beaker, 400 ml

solid glass rod (1 team only)

bottom half of petri dish

scalpel

buret clamp

ring stand

1-hole, split cork

rubber tubing, about 20 cm long
watch

water at room temperature

paper towel

plastic bag

string, 15 cm long

Procedure

1. Read the procedure and then state a hypoth-
esis appropriate to the design of the experi-
ment. All teams except a control team will
follow steps 2 through 6.

2. Hold a potted plant in a deep, 30-liter con-
tainer of water (at room temperature) so that
the base of the shoot is covered by water to a
height of 5 to 10 cm. One team member sup-
ports the shoot as another makes a diagonal
cut through the base of the shoot. This should
be done under the water and close to the soil
surface. Quickly transfer the cut shoot to a
large bowl of water. Hold the shoot so that the
cut end is under water and the rest remains
dry.

3. Immerse the rubber tubing in the water.
Squeeze the tube to force out air so that it is
completely filled with water. Keep the tubing
under the water and fit an end of it over the
cut end of the shoot. The tubing should cover
about 1 cm of the shoot.

split cork —~—
By
rubber tubing

petri dish

C

TRB.14-1 Completed sctup.

4, Fill the bottom half of the petri dish with
water, almost to its brim. Immerse the tip of
a graduated 1 ml pipet in the dish. Suck on it
to fill it completely with water. Place a finger
over the tip of the pipet and remove it from
the petri dish. Insert the other end of the pipet
to a distance of 2 cm into the free end of the
rubber tubing. Keep both the pipet end and
the rubber tubing under water. As this is being
done, remove your fingertip and squeeze the
rubber tubing to clear any air out of the tip
of the pipet. Immediately replace the tip of
the pipete in the petri dish of water. Then po-
sition the shoot as shown in figure TRB.14-
1. Supnort it by means of a ring stand, clamp,
and split cork. The base of the shoot should
be about 15 cm above the table surface.
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- Now raise the tip of the pipet out of the petri

dish and rest it in a horizontal position on top
of asmal. zaker. Place 2 small piece of paper
towel against the pipet lip. Gently apply pres-
sure to the rubber tubing so that a small
volume of water is forced out of the pipet and
absorbed by the towel. This water will be re-
placed by air when the pressure is removed.
If the setup is operating satisfactorily, the air
column should move slowly along the length
of the pipet. Wait until the air column reaches
a 0.1-ml graduation. {hen determine the time
it takes to move through the next three 0.1-
ml sections of the pipet.

- As soon as you have recorded the time, place
the pipet tip in the petri dish and gently
squeeze the rubber tubing until all of the air
is forced out. Release the pressure. Now cover
the shoot loosely with a plastic bag. Gather
the mouth of the bag together and tie it shut
around the base of the stem. After 5 minutes,
mcasure the rate of movement of the air
column.

. One team will prepare a control setup substi-
tuting a glass rod for the shoot. Except for this
difference, the team should carry out proce-
dures identical to those described above.

Discussion

. (a) Calculate the volume of water per
minute renioved from ike pipet attached
to the uncovered shoot.

(b) Calculate the same for the covered shoot.
(c) Make the same calculations for the con-
trol setup.

Compare the results from the experi-
mental setup with the results from the control
setup.

2. Where do you think water may-have been lost

from the apparatus in either of the setups?

3. Inthe case of the experimental setup, does the

use of the plastic bag provide any confirma-
tion of this? If so, how? Use the data from the
control to correct the data from the experi-
mgatal setup,

4. Do your data support your criginal hypoth-

esis? Explain.

For Further Investigation

Design an experiment to determine the rate of
water loss from the shoot of a growing potted plant.
Use the same species and size as that from which
you obtained the shoot used in this investigation.
Would you expect the rate of water loss of this
plant to be jower, the same as, or greater than the
rate of uptake of the cut shoot? Explain.

o
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TEACHER’S ANNOTATIONS
Investigation TRB.14 TRANSPIRATION

This study tests the validity of a student-formulated
hypothesis. It can be done as a demonstration set np
by a singic team. However, if you can obtain the rather
simple apparatus in sufficient quantity, work by a
number of teams is better. You then have another op-
portunity to point out the effect of pooling results from
replication. Teams of 4 students should be able to work
efficiently.

Materials

If a number of teams are to work, have all materials
and equipment conveniently arranged when students
enter the classroom. The plants should have sturdy,
smooth, cylindrical stems so that the rubber tubing can
be fitted over them without damage. Perhaps the most
suitable are geraniums. Tomato or sunflower plants can
be used if they are mature enough. Be sure the plants
have been well watered and are not wilted.

Tubing should be soft gum rubber; its internal di-
ameter should be about 1 mm less than that of the stems
and pipets. If the diameter of the stems is significantly
greater than that of the pipets, fit a short picce of plastic
tubing over the upper end of cach pipet so that its di-
ameter closely approximates that of the shoots.

If time and suitable plant materials are available,
different teams or groups of teams can use different
species of plants. Comparisons then can be made among
species. If the number of teams is small, the advan-
tages of replicaiion are lost.

Procedurc

Two conditions must be achieved if anumalous results
are to be avoided. (a) The scals be*ween the pipet and
the rubber tubing and between the stem and the rubber
tubing must be perfect. (b) There must be no air present
in the entire system. If the lower ends of the shoots are
not smooth and cylindrical, you may need to tie string
tightly around the stem-tubing junction at one or more
levels to ensure scal integrity. Follow the directions for
setting up the apparatus meticulously. If the cut ends
of the shoots are not continuously covered with water,
air will be drawn up into xylem vesscls, greatly af-
fecting their water-conducting ability.

If students have nct previously used pipets, allow
time for practice in filling and reading them.
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If transcription rates under classroom conditions are
low (high humidity, low light intensity), reduce the in-
terval through which the air column moves along the
pipet from 0.3 ml to 0.1 ml. If rates are high, increase
the interval to 0.5 ml. The air column must be forced
out of the pipet as soon as a measurement has been
made and before it reaches the upper end of the pipet.
If air is allowed to pass fr2m the pipet into the rubber
tubing, it may rise up through the tubing, ¢ 2 into
contact with the cut end of the shoot, and block con-
ducting vessels.

Discussion

Have teams record their data on a large chart on the
chalkboard. Use the averages from all the experi-
mental teams as a basis for the discnssion.

1. The experimental design obviously centers on the
presence or absence of the plastic bag. Students might
base a hypothesis on the ability of the bag to interfere
with air cuiTents. Or they might have observed mois-
ture collect on the inside of a plastic bag containing a
plant and may hypothesize on that basis.

2. If ail connections are tight, water can be lost only
from the free surface of the air column in the pipet (a
very small surface and a negligitle source of loss) or
from the shoot. If all connections are tight, the Zontrol
setup shows little loss of water. Therefore, gieater loss
in the experimental setups is linked to the .‘actor by
which these setups differ from the control—tk.¢ shoot.
In discussing this question, point out a possibly un-
warranted assumption, namely that the volume of water
being taken up by the shoot is water replacing that being
lost by evaporation (transpiration). Water plays many
roles in the economy of a plant. The celis of a wilted
shoot would have absorbed some of the water until they
were turgid. Students should suggest that small
amounts of water are used in photosvnthesis and other
biochemical processes in plant growth. Actually these
amounts of water are so small that they could not be
measured with the apparatus employed.

3. The difference between uptake rates of uncov-
cred and covered setups should indivate clearly that it
is the shoot and the condition of the atmosphere sur-
rounding it that primarily determine its water loss, the
rate at which watcr is replaced.
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Investigation TRB.15 A METHOD FOR STUDYING TERRITORIALITY

Introduction

To determine the nesting territories of breeding
birds, investigators first prepare a ficld map of the
arza they plan to study. Then they make a series
of trips through the arca. They indicate on the map
the location of each singing male of each species
they encounter. They also mark the location of any
nests they find. Females and young birds may be
indicated also, but a singing male usually is as-
sumed to indicate the presence of a mate and a
nest, though this is not always true.

These investigators may use special symbols to
indicate such information as two males of the:;ame
species heard singing simultaneously, r the 1u-
cations of fights between males. After t“ey have
collected the data, the investigators plot the lo-
cation of birds noted on cach field trip on maps
that show individual species. From study of the
¢ ata on the species maps, they can determine the
territories.

You will work with actual, though simplified,
field data. These data were collected from a
breeding-bird study made on a 30-hectare area in
Colorado. Most of the vegetation is composed of
shrubs. There are, however, some pine groves,
some deciduous trees, and some small grassy areas.
You will work with 5 of the 16 species of breeding
birds that were found. You will consider data fiom
6 of the 27 ficld trips made to the arca. These §
trips were made at the height of the nesting season.

Materials (per person)

5 sheets graph paper
sharp pencil with hard lead (about 4H)

Procedure

1. On each sheet of graph paper outline a plot
40 X 49 squares. Number thc horizontal
graph Jines upward from 0 at the bottom
through 40 at the top. Letter the vertical lines
from left to right A through Z, then a through
o. Write the name of one of the species being
studied at the top of cach shcet.

2. In the table of data below, the 6 dates of ob-
servation are rcpresented by numerals 1
through 6. Beside cach date (except ;or 6) is
the location of an individual bird on each of
the first 5 dates. Each location has a number
and a letter. For example, 37/c is loceted at
the intersection of line 37 with line c. Fe- date
6 use the data 1n figure TRB.15-1, wiiich is
a simplified example of ficld data. Also listed
is the iocation of each nest that was found.
Many nests probably were not found.

3. Plot the location ¢f each bird and nest on the
appropriate sheet. Mark tite location of a bird
by placing the date number (1 through 6) at
the appropriate intersection of lines. Mark the
location of a nest with a check (+').

Discussion

1. Compare the 5 territory maps. What gene -
alization can you make abou: the sizes of
breeding territories for different species? Ex-
plain.

2. Do territories of different species overlap, or
is cach portion of the study area used only by
one species of bird?

3. Red-tailed hawks are often scen here, but no
nest iias been found. What may be the rela-
tion of the size of a red-tailed hawk’s territory
to the size of this study area?

4. In the region where this study was made, ro-
bins have a tendency to nest in deciduous trees
along ravines; soli*ary vireos in pine groves;
and scrub jays and rufcus-sided towhees in
brushland. Look at the distribution and pop-
ulation dexsity of these 4 species. Which of
the habitats mentioned seems to e most
widespread in this 30-hectare plot?

5. Flickers nest in holes in trees but feed on the
ground, mainly on ants. What might explain
the low population density of this species here?

6. What appears to be the approximate carrying
capacityofthisarea foradult rufous-sided tow-
hees during the breeding scason?

7. Why mig** chis area not have as great a car-
rying ca; i+ for towhees in the winter
season?

D
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Red-shafted Flicker (males)

Solitary Vireo (singing males)

Date 1: 37/H; 21/F

Date 2: 39/J

Date 3: 38/K

Date 4: 35/M

Date 5: 34/L

Date 6: See Figure TRB.15-1

Nest: 35/K
Re)ia (singing males)

Date 1: 36/B; 29/V

Date 2: 30/B; 29/U

Date 3: 30/U

Date 4: 37/B; 29/X

Date 5: 32/A; 30/a

Date 6: See Figure TRB.15-1
Nest: 31/a

Scrub Jay (males or females)

Date 1: 4/F; 17/S; 33/Q; 29/b; 33/j

Date 2: 9/D; 22/Q; 29/Q; 32/Z; 30/i; 10/0
Date 3: 9/M; 17/U; 32/S; 33/c; 30/k

Date 4: 3/M; 21/N; 33/V; 32/Y; 35/j
Date 5:2/G; 14/R; 28/R; 27/f; 29/j

Daie 1: 33/A; 17/J; 1/Z; 23/f; 37/i
Date 2: 29/G; 17/R; 5/Z; 26/g; 39/j
Date 3: 35/M; 18/N; 10/b; 23/1
Date 4: 38/D; 13/S; 4/c; 26 /h; 39/1
Date 5: 35/L; 23/R; 6/Z; 27/d; 36/0

Date 6: See Figure TA-6
Nest: 29/8S; 32/i

Date 6: See Figure TA-6
Nest: 9/c; 25/i; 38/n
Rufous-sided Towhze (singing males)

Date 1: 40/a; 28/F; 37/H; 22/F; 25/1; 28/K; 37/P; 31/S; 25/P; 34/Y; 38/c; 12/Y; 11/G; 39/g; 34/
j; 27/1; 31/e; 25/b; 4/1; 2/Q; 9/N; 15/L; 7/g; 11/m; 17/h; 21/W

Date 2: 36/C; 37/G; 22/1; 28/1; 36/S; 30/R; 24/R; 32/X; 36/d; 37/1; §/c; 26/1; 12/j; 30/m; 30/d;
28/z; 12/e; 4/M; 20/Z; 3/S; 14/X; 11/P; 14/P

Date 3: 35/B; 28/A; 33/J; 25/X; 28/M; 33/R; 29/R; 27/V; 31/W; 35/a; 12/X; 37/h; 31/1; 5/d;
24/j; 29/c; 11/j; 15/f; 27/a; 7/G; 19/U; 4/V; 9/Q; 14/R

Date 4: 32/L; 19/E; 26/M; 27/N; 2'/R; 25/S; 30/ W; 30/k; 7/e; 25/i; 30/b; 13/h; 2/L; 18/U; 7/
W;9/S

Date 5: 36/D; 20/G; 34/d; 26/1; 10/Y; 27/K; 36/T; 30/T; 26/U; 33/W; 36/n; 29, j; 24/h; 32/c; 5/
a; 13/d; 28/b; 5/S; 18/Y; 9/0; 17/P

Date 6: See Figure TRB.15-1
Nest: 27/U

40 - -
[T 8. Compare the population density of scrub jays

with that of rufous-sided towhees. Is the car-
rying capacity of the area the same for these
2 species, or are you umnable to tell? Explain
your answer.

9. What does the distribution of some of these
territories suggest about the habitats in sur-
rounding areas?

10. There is a singie record of a rufous-sided
towhee at 11/G and a single record of a red-
shafted flicker at 21 /F. What could account
for these single records during the breeding
season?

11. There may be some doubt that in a particular
area during the breeding season the day-after-
day presence of individual birds or the reg-
ular occurrence of a singing male indicates a
nesting territory. Is there evidence from these
territory data that these are indicators for
nesting territories? If so, what is it?

S
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Figure TRB.15-1 Location of birds on date 6. The birds
are identified by numters as follows: 98 = flicker; 160 =
solitary vireo; 144 = robin; 127 = scrub jay; 205 =
rufous-sided towhee.




For Further Investigation

You can try some actual fieldwork in your own
area, preparing field maps and working out ter-
ritories of local nesting birds. Usually, you can
start such studies in late April, and, ideally, they
should continue into midsummer. The National
Audubon Society, 950 Third Avenue, New York,
NY 10022, has a leaflet on how to carry out
breeding-bird studies.




TEACHER’S ANNOTATIONS

Invesiigation TRB.15 A METHOD FOR STUDYING TERRITORIALITY

The data in this investigation are derived from a study
of a brushland, of a grassland, and of a ponderosa-pine
area adjacent to 2 Colorado Springs high school. Parts
of both the fieldwork 2nd the analysis of data were _ar-
ried out by high school students in a National Science
Foundation summer science-training program. The
study concerned sizes of breeding-bird populations. The
complete study was published in 4udubon Field Notes,
December, 1964, pp. 567-568.

In 3 of the 5 species—flicker, robin, and rufous-sided
towhee—the sexes can be distinguished in the fizld even
when birds are not singing.

Procedure

When students have finished plotting the dates, the
clusters of different numbers represent the bird terri-
tories. Students should draw circles around tuese ter-
ritories. In some cases, the decision about which group
of numbers represents a territory will be arbitrary. In
the actual study, more field data were available. And,
in actual practice, ornithologists would check their de-
cisions with further field observations. Encourage stu-
dents to make as reasonable a choice of numbers for
territories «s possible. Probably not all of them will
agree, but neither might two professional ornitholo-
gists.

Discussion

1. Generally, larger birds tend to have larger territo-
ries. Also, the carrying capacity of an ecosystem is dif-
ferent for different species, and this has an effect on
territory size. If, in a particular locality, the carrying
capacity for a species is low, a pair of that species gen-
erally holds a larger territory there than they would in
a more favorable locality.

2. Because different species occupy different <co-
logical niches, territories held by individuals of dif-
ferent species ordinarily overlap.

€6

3. Red-tailed hawks are second-level consumers that
require a large territory in which to hunt food. This
study area is only a small part of it. The hawks nest
elsewhere in their territory.

4. Brushland, with pine woodland next.

5. There might be a limited number of nest trees
available. Actually, there is only one good nest tree in
the entire plot, a large pine with a dead top, and over
the years this is where the flickers have nested.

6. Students should find about 25~27 tesritories
wholly or mostly within the area. Because there are 2
adult birds per territory, the carrying capacity is ap-
proximately 50 birds.

7. Thereis less variety and abundance of food in the
winter, not to mention less shelter. During 5 recent
winters the average number of rufous-sided towhees has
been only 4, all males.

8. The carrying capacity of the area is not the same
for the 2 species. The 2 species are of different sizes
and occupy different niches, though both occur in
brushland. Based on what one can determine here, it
would be difficult to decide whetiier the population of
either was less than the carrying capacity would sus-
tain, because carrying capacity is governed by a number
of limiting factors. More studies would be needed to
determine this.

9. Pecause some of the territories exist on the
boundaries of the plot, one would expect that in such
locations similar habitat would occur outside the plot.

10. These may be individuals from outside that, on
occasion, invaded the area. Another possibility is that
these birds, noted on the first field date, failed to es-
tablish territories for c.e reason or another, or that the
observer failed to record these birds on later field trips.

11. The location of nests do fall within some of the
postulated territories. Some students might think that
locating nests would be an easier way to work out ter-
ritories than recording singing males. In the case of ti:e
ruious-sided towhees, however, thouzh the breeding
density was high, only one nest was found. This frus-
trating experience is common.
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Investigation TRB.16 STUDY OF A POND COMMUNITY

Introduction

Ponds have many advantages for the study of
aquatic corrmunities. They furnish a variety of
habitats, have many relationships with the sur-
rounding land, and are found in many places.
Natural ponds usually show the most complex re-
lationships, but artificial ponds are simpler to study
and easier to find. If your class has studied a land
community, that experience ought to increase their
ability to investigate a pond.

Materials
For Part A {per class)

2 wide-mouth screw-top jars about 1000-ml
7 wide-mouth screw-top jars about 4000-ml
13 wide-mouth screw-top jars about 500-ml
No. 3 can, iid smoothly removed

No. 8 mesh sieve

plankton net

plant-grappling bar

trowel

dip net

wire-cloth seine

2 forceps

4 glass-marking pencils

6 plastic bags

6 rubber bands

refrigerator

For Part B (per team; quantities depend
on team size)

manuals for identification
monocular microscopes
stereomicroscopes

hand lenses

microscope slides
coverslips

dropping pip..s

forceps

scalpels

finger bowls

67

Procedure
Part A—Field Study

Organize 4 teams: the 1st to study plankton or-
ganisms, the 2nd to study th. organisms on the
Lottom of the pond, the 3rd to study large water
plants, and the 4th to study large animals. Do not
disturb the environment more than is absolutely
necessary. Remember that only a few specimens
of each species are needed.

1. Team I:

(a) Before leaving the laboratory, use a

glass-marking pencil to label 2 wide-
mouth, 1-liter jars as follows: Surface-
water zone and Deep-water zone.
Take the jars and plankton net to a place
from which the | ankton net can be cast
into the water. Place clear pond water in
cach jar until it is about ¥ full. Cast the
net into the water and pull it through the
open-water zone. If the net is pulled rap-
idly, it will stay near the surface. Do this
several times. Then raise the net. You
may see a number of tiny organisms in
the bottle. Untie the bottle from the net
and empty its contents into the jar la~
veled Surface-water zone. Repeat sur-
face collecting 3 or 4 times.

(c) To coliect organisms in the deep-water
zone, allow the net to sink to the desired
depth and then pull slow’ . Place collec-
tions from the deep water in the 2nd jar.
If you must wait for other teams, put the
jars in the shade until you are ready to
leave. If jars are left in sunlight, many
of the organisms will die.

(b)
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large can
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c. Wire seine

mmetal loop, 30 to 40-cm diameter

canvas

nylon stocking
lead weight
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2. Team 2:

(a) Before leaving the laboratory, select
three 500-ml jars and three 4000-ml jars.
Label 1 jar of each size as follows:
Bottom: emergent-plant zone, Bottom:
submerged-plant zone, and Bottom:
open-water zone.

(b) Take the jars, a sieve, and a can to the
pond. Fill each jar about halfway with
clear pond water. With the can, scoop up
some mud from among the emergent
plants. Dump this mud into the sieve.
Shake the sieve in the water until the
mud is " 1shed out. Remove dead leaves
and sticks. Pick out whatever organisms
you find and put these into the appro-
priate large jar. Carefully scoop up a
small sample of the mud and place it in
the aporopriate small jar. Repeat this
procedure in the other two zones.

3. Team 3:

(a) Before leaving the laboratory, label 6
large plastic bags. Label 2 of the bags
Emergent plants, 2 Floating plants, an¢
2 Submerged plants.

(b) Take the labeled bags, 6 rubber bands,
atrowel, and a plant-grappling bar to the
pond.

(c) Collect a specimen of each kind of plant
in each of the 3 plant zores. Whenever
possible, collect a whole plant. Roots and
underground stems often are important
for identification. If the whole plant is
too large, collect leaves and flowers or
fruits. Put the plants of each zone into
separate plastic bags.

4. Team 4:

(a) Before leaving the laboratory, select ten
500-ml jars. Label 5 of the jars Emer-
gent- and floating-plant zone, and the
other 5 Submerged-plant zone. Se-
lect four 4000-ml jars, and label 2
Emergent-plant zone and the other 2
Submerged-plant zone.

(b) Take the jars, a dip net, and a seine to
the pord Have 1 member of the team
record animals seen but not collected.
This should inc'ide all anir:als that seem
to be a part .’ the pcnd community,
whether they live in the pond or not.

(c) Use a dip net or the seine to ollect the
larger animals—fish, crayfish, some of
the larger insect larvae, turtles, and
snakes. The smalle: ones will go through
the holes in the collecting equipment.

(d) Catch theanimals in the emergent-plant
zone, near the edge of the pond. Put them
into the labeled jars. Place inserts to-
gether in the same jar, with some sticks
and leaves for shelter. Place only 2 few
fish together in one jar. Use the smaller
jars for specimens that might injure one
another. CAUTION: Be careful in han-
dling animals. Some of the insects as
well as larger animals can inflict painful
bites.

(e) Collect organisms in the submerged-
plant zone. Do not collect more than 1
or 2 specimens of each of the larger an-
imals.

5. All teams: When you return to the laboratory,
loosen the caps and place the jars in the lower
part of the refrigerator or in some other cool
place. The organisms will be less active; this
should prevent the large ones from eating the
small ones.

Part B—Laboratory Study

Each team should study its own collections and
report its findings to the class.

You should be able to identify most organisms
to the phylum level, many to lower levels. Iden-
tifying to the species level is not necessary. The
following are useful for the identification of
aquatic organisms:

T. T. Macan, 1974, Freshwater Ecology, 2nd ed.
(New York: Halsted Press).

H. Mellanby, 1975, Animal Life in Freshwater
(New York: Halsted Press).

D.R. Stamm, 1977, Underwater: The Northern
Lakes (Madison: Wis.: University of Wis-
consin Press).

R.G. Wetzel, 1975, Limnology (Philadelphia:
W. B. Saunders).
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This investigation is not designed as a quanti-
tative study. However, some idea of the relative
abudance of different kinds of orgar.isms wili help
you understand the community. Whenever pos-
sible, record the number of organisms you iden-
tified in the pond comn 4nity. Listing kinds of
organisms in order of abundance might be one
method.

1. Team I: The plankton organisms are mostly
microscopic. Use dropping pipets to handle
them, slides and coverslips to mount them, and
monocular microscopes to observe them.

2. Team 2: Use hand lenses or stereomicro-
scopes to observe organisms washed from the
mud. These will be easier to see in a finger
bowl over a piece of white paper. Handle
larger organisms with forceps, smaller ones
with dropping pipets. Examine the mud in the
small jars. Place a small bit of mud in a drop
of water on a microscope slide under a mon-
ocular microscope.

3. Teams 3 and 4: Hand lenses, forceps, and
finger bowls (or porcelain pans) are the orly
tools that you will need for examining your
collections.

Discussion

When you have received the data from all teams,
write a description of the pond community. Try to
relate all the data.

Consider the niches of the various organisms.
To begin with, you can assume that macroscopic
green plants are producers. Microscopic organ-
isms are more difficult to decide about. Some con-
sumers may be greon because they have eaten
algae. The green of some producers may be ob-
scured by other pigments. You can sometimes sep-
arate carnivores from herbivores on the basis of
structure or behavior. Can you see any relation-
ship bet--een the size of organisms and their rel-
ative abundance? If so, what is the relationship
and how can you explain it? Finally, consider the
relationships between the pond and surrounding
communities on the land. How does energy re-
ceived from the sun flow from the pend commu-
nity into the land communities? Is there any
reverse flow of energy? If so, how does it occur?

e B i
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TEACHER’S ANNOTATIONS

Investigation TRB.16 STUDY OF A POND COMMUNITY

CAUTION: Additional safety precautions are neces-
sary for pond work. Av»id deep ponds.

Materials

The gallon jars in which pickles and mayonnaise are
supplied to cafeterias are suitable for the 4000-ml size.
Quart and pint jars usually obtainable from students’
homes serve well for the other sizes. A good safety pre-
caution is to crisscross the larger jars with strips of
masking tape to reduce shattering if they are dropped.

Those students who are especially interested can
easily construct the simple collecting equipment by
using the illustrations as a guide.
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Crocedure

The distance to a suitable pond may be so gre.'t that
class trips for the fieldwork may be impracticable. In
such a case, try to organize a small group of volunteers
to do the collecting on a weekend. If the collected ma-
terial is not crowded and is kept in a refrigerator, it will
usually survive 3 or 4 days. All students then can ob-
serve, identify, and count the organisms. Divide the class
into teams for this purpose. Make a copy of the notes
for each student. This assembled information forms the
basis for the discussion.
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Investigation TRB.17 BIOETHICS: A PROBLEM IN DECISION MAKING

Introduction

Scientific information alone is insufficient for
making bioethical decisions. In such decisions,
however, biologic information is essential. For ex-
ample, if prenatal diagnosis shows that a fetus has
a genetic disorder, the parents and genetic coun-
selor need to know as much as possible about the
disorder, including its genetic base and its poten-
tial impact on the physical and mental develop-
ment of the fetus. In considering possible options
and their outcomes, the parents also must con-
sider their own values. Depending on their ethical
and religious beliefs, their own upbringing, and the
values of their communities, the parents might de-
cide to continue with the pregnancy as if they did
not know about the disorder, to try an experi-
mental treatment, or to abort the fetus. In this in-
vestigation you will weigh some of the issues
involved in making a bioethical decision in a fic-
titious case.

Procedure

1. Read the following fictitious article that de-
scribes a situation involving a genetic dis-
order 2nd some possible courses of action.

A young woman, Sarah, is pregnant for the first
time. Sarah and her husband, Bob, are both de-
scended from Zastern European Jews, and they are
afraid their baby might inherit Tay-Sachs, a re-
cessive disorder that is more common in these
people than in the general population. Children
who inherit two alleles for Tay -Sachs lack an im-
portant enzyme, hexosamiridase A. Witiiout hex-
osaminidase A, iipids accumulate in nerve cells and
brain cells, and destroy nerve tissues. This dis-
order causes severe retardation and death, usually
before the age of four.
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Sarah undergoes amuiocentesis and learns that
her fetus has inherited the Tay-Sachs disorder. In
discussing the problem with a genetic counselor,
Bob and Sarah learn that at present there is no
treatment or cure for Tay-Sachs. Sarah is healthy,
so she probably could become pregnant again if
she and Bob decide to abort this !etus.

Sarah’s obstetrician refers them to 1 researcher
who is producing hexosaminidase A by using tech-
niques of genetic techology. The researcher intro-
duces the appropirate genes into bacteria, cultures
the bacteria in large vats, anc then extracts the
enzyme they have synthesized. Hexosaminidase A
produced in this way has not yet been tested for
effectiveness in humans, but the researcher esti-
mates there is a 60 percent chance of successfully
treating a patient by using the enzyme. If Sarah
continues the pregnancy, her child could be treated
with hexosaminidase A and the enzyme level could
be tested monthly. Treatment might have to be
continued for life. The researcher’s grant would
take care of all the costs of the virth and five years
of the experimental treatment.

Sarah and Bob are students and cannot afford
extensive medical costs. Although no social stigma
would be involved, both their parents are opposed
to abortion. Their decision, then, will depend on a
variety of factors, including personal, family, and
societal values.

. As a class, you will evaluate the possible ac-

tions in this case. Your teacher will assign you
to a team representing one of the following
roles:

(a) the fetus

(b) Bob and Sarah

(c) Bob’s and Sarah’s families

(d) the community

(e) the researcher

. Bach team will meet to analyze the options

from its particular viewpoint. Discussions
should consider ethical, as well as biologic,
aspecis of the actions. Copy the table below
in your data book and vse it to guide and re-
cord your discussion.

~I
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Viewpoint of

ADVANTAGES

OPTIONS

AND
DISADVANTAGES
in terms of:

no action

treatment

abortion

Physical pain
or mental
suffering

Opportunity for
acquisition of
new knowledge

Financial cost

Legality of
action

Medical/
technical
difficulty of
action

Ethical
difficulty of
action

Other

4. Each team must develop specific arguments
for and against each of the options, and then
reach a consensus on the most acceptable op-

tion.

5. Choose one person from each team to present

the team’s findings to the class. Be sure to
cover all aspects of each option from the
team’s viewpoint. Summarize the arguments
for and against each option in the table your
teacher has drawn on the chalkboard.

As a class, determine which option seems the
most acceptable. That option will represent a
compromise among the various teams and
their values. Two biology classes in the same
school might reach differing decisions about
the same issue.

Discussion

1.

To which team were you assigned? Were you
able to emphathize with your team’s view-
point? Why or why not?

Of the possible options from your team’s
viewpoint, which one did you personally
prefer? Which advantages and disadvantages
seemed most important in making your de-
cision?

. Did you agree with the class consensus? What

values influence your personal vote?

Did the class decision coincide with your
values? Asa citizen, what recourse would you
have if you objected to a group decision on a
bioethical issue?

If you were a member of a review board at
the university where the * ~search was being
done, which option would you choose?




TEACHER’S ANNOTATIONS

Investigation TRB.17 BIOETHICS: A PROBLEM IN DECISION MAKING

You may wish to discuss a topic from current news
rather than the fictitious case described here. Students
are likely to be more interested in a familiar local issue
than in the one presented in the procedure. You must
be careful, however, to avoid any issue that involves a
student or a student’s family. You will need to review
the necessary biological information before the inves-
tigation begins. You may need to modify the tables to
fit the topic you select.

The physical arrangemerit of the classroom is im-
portant for these discussions. To establish a conducive
physical environment, put chairs around small tables
in a random arrangement, move desks into circles, or
place siools around lab tables. If you have nothing in
your classroom other than bolted-down desks or audi-
torium seats, find some open space and allow students
to sit on the floor. If possible, conduct class in the caf-
eteria, gymnasium, conference room, student lounge,
outdoors or anywiiere the environment will allow face-
*o-face interaction amons; the students. Remember that
you will need to take a portable easel or chalkboard
with you.

Be sure the discussion covers all aspects of each op-
tion, so that the students clearly see the complexity and
conflict in the decision. Draw on the chalkboard a large
table like the one below in which the teams can sum-
marize their arguments for and against each option.

Issues such a3 the example here are potentially con-
troversial. How much controversy will develop depends
on many factors: the socioeconomic climate of the
community, the religious preference of your students,
and the ethics of your students and their parents. The
most important factor is how you handle the issues in
the classroom. One teacher’s method of dealing with
controversial issues is described below.

1. Present as much information about the issue as
possible. Often the narrow and rigid viewpoint of stu-
dents is a result of having insufficient, or erroneous, -
formation.

2. Allow all opinions or feelings to be expressed. Do
not censor, but, on the other hand, if a student is saying
something for shock value alone, point out the inap-
propriateness of the statement for the discussion.

3. Acknowledge each opinion equally. Do not favor
one viewpoint, and encourage a similar accepting at-
titude among the students. They should feei that they
have every right to say what they think if it is a positive
contribution to the disc.ssion.

4, Create an open, non-hostile atmosphere in the
classroom, not just for this discussion, but at all times.

5. Be careful to keep vour personal values out of the
discussion, and be ready to assist students in defending
differing points of view.
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OPTIONS

Team Arguments No action Treatment Abortion
FOR
Fetus
AGAINST
FOR
Bob and Sarah
AGAINST
FOR
Bob’s and Sarah’s
Families
AGAI .ST
FOR
Commurity
AGAINST
FOR
Researcher

AGAINST
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Forewoid

This sixth edition of the BSCS Green Version has
undergone a major reorganization that places
greater emphasis on the role of humans in the bio-
sphere. Because of our profound ability to affect
all aspects of **~ biosphere, our future and
the fature of the earth depend on our under-
standing of humans as participants in the biolog-
ical community.

Biology examines all aspects of life: siructure,
function, behavior, relationships to the environ-
ment, and evolutionary history. The study of bi-
ology, however, must be interpreted in a social
context. Biological problems often are compli-
cated by social facters that preclude use of avail-
able technological solutions.

This Resource Book of Test Iter.. has been
completely reorganized to match the reorganiza-
tion of the textbook. Many of the items reflect the
interdisciplinary interpretation of biological
knowlzdge. New test items have been written and
old items revised as appropriate. In add..ion, all
items have been keyeu to specific sections of each
chapter.

o

As with all BSCS materials, the Resource Book ‘

of Te t Items includes both recall items and in-
quiry items. BSCS recc .nends the inquiry items
for major emphasis. Ever with emphasis on in-
quiry items, however, paper-and-pencil tasks do
not fully or fairly evaluate a student’s progress.
Written examinations should thus form only part
cof any approach to evaluation. Recommendations
for a broadened base of evaluation appear Jn sub-
sequent pages of this book, and you are free to pick
and choose test items to fit your own objectives.

We earnestly solicit your comments on the test
items in this bei k. We hope the book will be a
valuable and useful adjunct to your biology
teaching program. It will be made more so if you
will communicate to us your experiences with its
use. Please send comments to the director at the
address below.

Jane Butler Kahle, Chair
BSCS Board of Directors
Puraue University

West Lafayette, Indiana 47907

Joseph D. McInerney, Director
BSCS

The Colorado College
Colorado Springs, CO 80903
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How to Use This Resource Book

Biological Science: An Ecological Approach in-
troduces students to major facts and theories in
biology and how the™ were obtained. Science is
defined as a considerable body -~ ideas and re-
lated facts. Science alsv is defined as the processes
by which thic knowledge is obtained. All biology
students should have the opportunity to employ the
processes of science and should be able tc :lem-
onstrate their understanding of basic Liological
ideas.

Tlis is 1 resource book of test items that also
are available on computer floppy disk. This is not
a book of tests. items are designed to test the ob-
jectives in Biological Science: An Ecological Ap-
proach, Sixth Edition. Some items are simple;
others are complex. Some demand reading ability,
others hold reading to a minimum. Some ideas are
tested by more than one item; such items are
phrased differently to appeal to different types of
students. Most of the test items measure the
knowledge and understanding (comprehension) of
biological information and theories. Those items
emphasizz theories and definitions. Securing data
on studert progress in understanding science as a
process requires a different kind of item. It is pos-
sible to teach students the inquiry skifls required
to work with higher cognitive levels (application,
analysis, synthesis and evaluation), but it is much
more difficult to assess those skills, especially
with muitiple choice items. The test ite. 1s in this
resource book identified as AI (Application-
Inquiry) will help you evaluate inquiry skills. e-
member that an item might measure Knowledge-
Understanding in one situation and Application-
{nquiry in another, depending on what is taught
and how it is taught. Each item in this book has
been coded to chapter and section. Items have been
provided for all chapters in Bioloeical Science: An
Lcological Approach. A sufficient number of items
has been included so that you can prepare a test
co~taining 20 to 30 items to evaluate the students’
understanding of several ideas in a chapter. The
items in this book offer enough variety to allow
you to choose those that best exemplify the ap-
proach you have used to develop understanding of
your objectives.

Multiple-Choice Items

The multiple-choice format, which is used in this
test book, is a versatile means of gathcring data
on student performance. Questions can be for-
mulated on nearly any subject and the items can
be designed to measure various levels of cognitive
ability. (However, multiple-choice items that
measure higher cognitive skills are difficult and
time-consuming to construct.) Fxaminations
should give students a chance to demonstrate their
accomplishment. Out of four items selected from
the resource book, three might require recall and
one might require reasoning or application. When
you select items do not pick them in such a fashion
that one question keys the next. This resource book
offers enough items in most areas so that problem
can be avoided.

To assemble your tests fxom the resource book,
first identify the objectives for which you wish to
test. Next identify the subject-matter content and
the cognitive ability levels required. Then select
the appropriate items. Categorize each question
carefully and analyze the level of cognitive ability
required. These are given in BSCS, 1978, Biology
Teachers’ Handbook, 3rd ed., chapter 3 (New
York: Macmillan Pullishing Company). You
probably will wish to write additional items to
evaluate more completely the material you cov-
ered. It is good to write 1¢-20 percent new items
for each test. Each question should be critically
edited, and the item must actually test for the con-
cept you want to evaluate.

The following list of rules for multiple-choice
items meriis review periodically. Use these sug-
gestions as guidelines to ensure that you include
relevant and depencable items in your testing pro-
gram

1. First ask yourself what {s being evaluated.

2. Keep each item simple; avoid worc'y, involved
problems covering sevaral concepts or prin-
ciples and assorted biological data. Complex
introductory statements (called stems) often
obscure the actual inquiry skill that i. Yeing
measured.

3. Fully identify sets o items where several
questions refer to a single graph or diagram.




4. Illustrations, graphs, or charts of complex
problems should be used only if several ques-
tions are asked in order to justify the time re-
quired to interpret complex data.

5. An item should be unambiguous; the exam-
inee should not be forced to guess the intent
of the item writer.

6. Do not use a variety of synonyms within any
one item. Chouse the term used in the ma-
jority of cases in the classroom situation and
stay with it throughout the item.

7. Always use foils (alternate responses) that are
plausible. Ridiculous foils reduce the discrim-
inatory ability of that item.

8. Rezponses should be parallel (homogeneous)
in construction and content.

9. The correct response should always be une-
quivocably correct.

10. Avoid duplicate responses. For instance, if the
keyed answer is “all of the following (or
above)”, all other answers muz* be correct.

11. Avoid redundancy in the responses by in-
cluding most of the information in the stem.

12. Avoid obvious clues to the right answer. Each
response should be about the same length and
gramatically consistent with the stem. Terins
such as “always,” “never,” and “all” should

he used with care so they do not give away the
correct response.

. Avoid ariing opinio.. questions such as,
“What would you do in a given situation™”
Any answer would then be acceptable.

14. In =n item calling for a judgment, the au-
thority that is to be considered correct must
be made clear.

15. There is little value in items that are difficult
merely because the knowledge required is
rarely mastered or because that knowledge is
trivial.

._.
[

Selecting Items

To aid in the selection process, yot: mig. t want to
cut .ndividua! items from the bouk and mount
them on cards indexed by content. In that way,
items can be organized in a fashion congruent with
individual teaching styles. Cards then can be se-
lected for any given task and duplicated.

Many questions are in sets that depend on a
specific illustration or supplied information. It is

not necessary to use all the questions included in
any one set. Use only those that apply te the ideas
that have been considered in the course. Items se-
lected should present a variety of formats and
wordings to assist students in dealing with ideas
in several forms.

Each item in this source book is categorized
as Knowledge-Understanding or Application-
Inquiry, but actual ability level depends on what
has gone on in the classroom. Consider the foi-
lowing item:

The rate of oxidatior . living cells is controlled
by the action of:

A. amino acids.
*B. enzynies.
C. fatty acids.
D. sugars.

This is categorized as Knowledge-Under-
standing, but it is only a recall item if your stu-
dents have been taught that the rate of oxidation
in living cells is controlled by the action of en-
zymes. If your students had learned only that all
reactions in cells were controlled by enzyrmes, thena
the ability level of the item changes to Apglica-
tion-Inquiry, for the student must now apply the
recalled fact that all reactions in cells are con-
trolled by enzymes to this specific sit*ation con-
cerning the rate of oxidation, not previously
discussed.

The ability-level of an item changes according
to the relationship of tae question to actual class-
room presentation. Items concerned with the
highest cognitive levels can be turned into simple
recall items if such information is presented to the
students in the same form in which it appears in
the examination. For example, an Application-
Inquiry item becomes a simple Knowledge-
Understanding item if the students have bcen spe-
cifically taught the infcrmation needed to answer
that question. Thus, the categorization of t-st
items according to cognitive levels ‘s neither exact
ncr fixed, but is conditional, depending on the in-
struction. Any question instantly degrades to re-
call if a teacher has made a conscious or
unconscious effort to teach the exact material of
.. test before it is given. Therefore, each item
needs to be categorized by the individual teacher,
who alone is qualified to assign it to an ability level.

.2 86




Adapting Items

You may wish to alter the multiple-choice format
to a form that best su..s a particular group of stu-
dents. For example, ¢ne of the multinle-choice
items has as its stem, “Which of the following
kinds of organisms would an eca'agist predict to
be most numerous in an ecosystem?” This is fol-
lowed by four foils. The same item can be turned
into a shuri-answer question by asking students to
predict the kind of organism that would be most
numerous in an ecosystem, or by rewritiug the item
as, “The kind of organism that is either most nu-
merous, or greatest in biomass, in an ecosystem is
. Multiple-choice items also can be
turned into true/false items. Thus a variety of for-
mats can be derived from mu}*‘~'s-choice items in
accordance with your objectives.

Items in this book can be altered if that seems
appropriate. For most of the questions the number
of woids has been reduced to a minimum. How-
ever, if you or your students feel that an important
qualifier has been ieft out, feel free to add it.
Change words that will be difficult for the stu-
dents in your c:ass to understand.

Do not assume, however, that the complexity of
a stem means a higher level of cognition. Many
complex stems mask a pedestrian bit of informa-
tion. Another factor to watch for is that of
changing the cognitive category by a cha.ge in
wording. Many questions that demand ap, ljca-
tion or interpretation can be transformed easily to
items that require only recall if you add infor-
mation or change wording. Many questions present
the material of the book in a new setting or in a
different fashion. Those questions demand an ap-
plication or interpretation of previously learned
knowledge. Changing those items to reflect the
way in which the material was presented will
change the intellectual skills needed to solve prob-
lems or to apply inquiry abilities.

Prepasing Tests

You have the peimission of BSCS to reproduce any
items in this book for your classroom use. The
copyritht on this book, however, does cover re-
proc¢ ction of these items for any other use. The
items you choose can be typed on ditto masters
and the drawings and graphs can be traced. (A
mimeograph stylus 1s especially useful for this
purpose.)

If you have a photocopier, you can copy the
pages from the book and then cut out the desired
items. Tape them directly onto a white sheet ¢f
paper to make a master. The question numbers and
the correct-answer notation can be removed, and
you can substitute your own numbering system.
You can prepa:e an answer sheet or have students
use a numbered piece of paper.

A final word on test construction: Student per-
formance and the attainment of learning objec-
tives must be evaluated by more than written skills.
Ability to handie ideas, contributions to class djs-
cussions, creativity, and other such parameters are
difficult to measure by paper-and-pencil exami-
nations, but must be considered when evaluating
student progress. Suggestions for developing such
means of gathering and interpreting data about
student progress appear in the next section of this
book.

Admivistering Tests and Discussing Results

If tests are given immediately after a concept has
been taught, then students are most likely to an-
sw :r questions correctly. This procedure gives stu-
dents immediate satisfaction when thzy are right
and immediate corrective feedoack if they miss an
idea. Short tests as part of the lesson give students
a chance to use what they have just learned, but
they test only short-term memo:y. Reinforce the
learning by discussing each of the responses. When
the students are ready, prepare a chapter or sec-
tion test or an idea test that includes veral new
(additional) items, but build in success by se-
lecting some iteins that have been mastered by
nearly all students.

The test may be administered as a standard
pencil-and-paper test, with the students reading
each questicn and answering it either on a special
answer sheet or on a piece of paper tliat they have
numbered, or the questions and the choices can be
read to the students, with clarification when nec-
essary, before they record their answers individ-
ually on an answer sheet. If questions bear on a
specific illustration, you can sketch the illustra-
tion or graph on the board or make a transparency
for overhead projection. You can then ask ques-
tions about the projected diagram so that students
understand what is being examined. In this way,
students are not penalized for poor or slow reading
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abilities or for not having an extensive reading vo-
cabulary. Such oral techniques may 1esult in
higher student scores.

Occasionally, groups of students or laboratory
partners can be allowed to pool information to se-
lect answers to tests. Each student will bring dif-
ferent talents and insights to discussion sessions
held prior to the selection of answers. The grade
earned by the group can be assigned to each
member of the group.

Every test should be a learning experience. Stu-
dents are motivated to find out how successful they
are on any given examination. As soon as possible
(the same or next period, if practical), the ex-
amination should be reviewed with the students.
If time permits, each question should be discussed
orally and students encouraged to indicate why
they gave the answers they did. This is often an
extremely illuminating experience that shows up
defects in the teaching or the examination pro-
cedure. When students have approached a problem
logically and reasonably and have come up with a
wrong answer, it may be more the fault of the test
than the students. Tests become a learning expe-
rience rather than a grading one when questions
are reviewed while student motivation is high.

A Context for Evaluation

For most students the reward for accomplishment
is a “good grade.”” They should not be deprived of
this opportunity to realize success. However, goals
must be set so that each individual can achieve
accc-ding to his or her interests and abilities. You
need not use the same mcterstick to measure each
student. You know your class and its individual
strengths and weaknesses. Set your objectives ac-
cordingly. Tests can increase student comprehen-
sion, ond they can help you identify concepts that
should be retaught.

A distinction as to kinds of tests an< their purposes
should be made hcre. For some quizzes and tests given
during the early weeks of the semester, the chief pur-
pose may be to ascertain whether all students have
thoroughly mastered ceriain fundamentals. On such a
mastery test the expected level of performance by every
student would be at or near 100 percent. Those who
fall short «f 100 percent would be required to do re-
medial work until 100 percent performance is attained.

Obviously, a mastery test does not serve as a ranking
device for the purpose of assigning grades (except per-
haps in a negative way in that students who attain less
than 100 percent are in the unsatisfactory category wntil
100 percent performance is attained).

At the end of the semester, a substantial achieve-
ment examination is usually administered for the de-
liberate purpose of distributing students as widely as
possible on a score conti.:uum, ranging perhaps from a
20 percent to a 95 percent performance. Each test item
is designed w0 separate some students from others—
those who know or are able to perform from those who
do not know or cannot perform. The rigor with which
an item achieves this separation is expressed as the dis-
crimination index for the item a=d can be computed in
the process of machine-scoring the answer sheets. . . .
If the entire test is constructed so that every item will
separate some students from others, so that no item in
the test will be answered correctly by all students, and
so that no item in the test will be missed oy all the stu-
dents, then the test as a whole should produce a range
of scores along a continuum. An i’em usually has a high
discrimination index if all or nearly all the upper
quarter (actr-lly 27 percent is optiinum) of the stu-
dents answer 1t correctly and if all or nearly all cf the
lowest quarter (or 27 percent} answer it incorrectly. If
the item also pertains to something that is truly sig-
nificant in the course in addition to its high discrimi-
nation index, it is considered to have high validity, a
quality for which perceptive test writers are constantly
striving.

The difficulty index is simply a measure of the pro-
portion of students who answer an item correctly. A
composite of any one index for the individual items gives
the index for the test as a whole. (CUEBS Panel on
Evaluation and Testing, 1967, Tes:ing and Evaluation
in the Biological Sciences: Commission on Undergrad-
vate Education in the Biclogical Sciences, Publication
No. 20, pp. 4-1, 4-2)

Test results must be viewed within the context
of the total process of evaluation or their mean-
ings are likely to be lost. Testing should not be a
solitary, isolated event for the purpose of as-
signing grades. If you establish valid ot iectives
consonant with the skills and abilities of yvur stu-
dents and if ycur tests measure these objectives,
most of your students will be successful. When
there is a significant difference between a stu-
dent’s test performance and your assecsment of his
or her ability, look seriously at your objsctives,
your methodology, or your evaluation devices.

Test scores will indicate areas that need to be
retaught. Students should be aware that “missed
ideas” will receive your attention also. Second or
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even third tests or quizzes should be given before
grades are assigned. With analysis it seldom will
be necessary to repeat the complete test a second
time. To encourage learning, select alternate items
or tests with a different format and give your stu-
dents a second chance to correct missed ideas. Es-
tablish with your students Jhe evaluative data base,
you intend to use to determine grades. Help cach
student to see that this system encourages a max-
in.am of success and that “good grades” arz ob-
tainable by each member of the class.

You can use tests to evaluate your own perfor-
mance and the adequacy of the materials yon have
used. If, for example, most students misse¢’ an item
covering an area you thought had beer. well de-
veloped, your reaction should be that either the
materials or the teaching failed to heip the stu-
dents learn tha. topic. Could the ares have been
approached in another way with a greater degree
of student understanding”? Teac hers using an ex-
amination to ask such questions of themselves will
ultimately improve their teaching. Similarly, if
students were exposed to certain materials and
failed to achieve a given objective, could the ma-
terials have been in error? If so, how could they
be improved? Or, does a particular ssgment need
more explication by you?

How you interpret test results hinges, in large
measure, on the role you assign to testing in the
total evaluation of learning. Testing may be
thought of as sampling student responses to a set
of stimuli—usually questions. Evalu .tion is a
much broader concept.

A useful way to :hink of evaluation is to con-
sider it an interreiated, three-component process.
This involves three central questions for the
teacher:

What am I trying to do?
How well am [ doing it?
How can I do it better?

The evaluation process can be expanded to the
following questions:

What iearning should be achieved by students?
To what extent are students succeeding in their
learning?

How can more effective learning be realized?

How can the teaching/learning process be im-
proved?

What higher-level goals are now in order?
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The last qu tion, of course, brings one back to the
first question, and the cyclic continuous nature of
the evaluation process becomes apparent.

Data Base for Evaluating Students

Securing a broad data base for evaluatirz prog-
ress is one of the most difficult and important tasks
facing any teacher. The task is difficult because
the development of effective tests requires that the
means and ends of the instructional program be
kept constantly in view. Unfortunately, tests,
more than well-thought-cut objectives and well-
designed-and-carried-out lessons, contiol what
students will attempt to learn. That is especially
true of the temporary retention of so-called
“facts.” Specific facts, furthermore, are the eas-
iest things to teach, and their retention is the eas-
iest part of learning to assess. Although facts are
indeed important, often they are the small ideas
that make up the big ideas in biological science.
Those big ideas should receive emphasis because
they are the end goals of science education.

To help establish a broader spectrum of data,
ask yourself these questions frequently:

Do my students read and comprehend sug-
gested reading material?

Do they notice related articles in newspapers or
magazines?

Do they mention related television programs?
Do hey antic’pate laboratory sessions with
eagerness?

Do they gain laboratory skills as the year pro-
gresses?

Do they come in at odd times to talk about sci-
ence?

Do they bring in living materials to use in the
classroom:?

poes their readiness to enter into class discus-
sion increase as the year progresses?

Does each individual get the opportunity to
demonstrate her or his ability to inquire into
probl¢ns?

Does their competency in discussing substan-
tive ideas improve with time?

Can I find new ways to incorporate this spec-
trum of data into my evaluation of each stu-
dent?
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Inform students about the criteria you will use
in the evaluation process and explain how the cri-
teria will be weighted. The following suggestions
are offered to assist you in collecting evaluation
data.

* Duplicate a selected newspaper article or ask
students to oring in one that presents a local
view on issues related to conservation, ecology,
public health, or general biology. Help stu-
dents analyze the article and recognize any
biases. Have them suygest ways to check the
accuracy of the article, alternative solutions to
the problem, or pub!": action that might alle-
viate t_.¢ situation.

* Divide the ¢lass into groups. Give each group
the same discussion problems. Allow them time
to read, discuss, and reach conclusions. Have
one member of each group take nntes on the
remarks and conclusions offered. Circulate
among the discussion groups. When you have
allowed enough time for discussion, briag the
class together. Have the reporter from each
group present the group’s remarks and conclu-
sions. Help the class to realize how different
groups can reach different but legitimate points
of view.

* Consider criteria such as logical thinking, will-
ingness to examine alternative explanations,
and the formulation of sound hypotheses as a
basis for evaluation. In these initial activities
adjust your expectations to the experiences
students-have had. Increase your expectations
for clority and precision as the year progresses.

* Show selected films with the sound turned off.
Present the visual data in a way that elicits in-
quiry behavior and/or application of knowl-
edge. The BSCS Single Topic Inquiry Films
can be used this way. Groups of students can
react to each inquiry posed in the films. (Single
Topic Inquiry Films are available on super 8
mm film from Hvbbard Scientific Company,
Box 104, Northbrook, IL 60062; some are also
available in video from Media Design Associ-
ates, Inc., P.O. Box 3189, Boulder, CO 80307.)

Observation can be effective as an evaluation device.
Random undirected observation, however, is not as
useful as directed systematic observation. One way of
directing observation of student attitudes, abilities and
skills is to place students in a structured situation. This
may reduce spontaneity and validity, but it does enable
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the instructor to make more objective comparisons since
all students may be placed in similar situations. An ex-
ample of a structured situativn which might be used in
smaller classes is the seminar-type present..tion where
a student reports on a laboratory or library investiga-
tion and then defends his presentation.

Another way of directing an instructor’s observation
of students is to use a rating scale, consisting of a lis*
of behavioral traits which are indicators of certain de-
sirable attitudes, abilities, and skills. An instructor can
base a certain portion of a student’s grade on this scale.
Although any evaluation of student behavior is subjec-
tive, the scale can provide some degree of objec-
tivity. . . .

The use of a-rating scale is time-consuming and not
entirely reliable or objective, but it is of value in small
classes or laboratory sections. Even if the instruczor does
not attempt to rate students on ali categories, it does
remind the instructor that these attitudes and behav-
iors are important, thus affecting his teaching.

Total evaluation of a student’s progress and devel-
opment should encompass, insofar as possible, a broad
spectrum of changes he/she has unde' gone in knowl-
edge, intcllectual abilities and skills, and the concom-
itant acquisition of attitudes befitting an educated
person in the truest sense of the word. The procedures
described are by no means prescriptive. Some readers
may indeed have devised other equally cffective ap-
proaches. (CUEBS Panel On Evaluation and Testing,
1967, Testing and Evaluation in the Biological Sci-
ences: Commission on Undergraduate Education in the
Biological Sciences, Publication No. 20, p. 3-1.)

Assessing Laboratory Skills

To assess laboratory skills, plan simple, inter-
esting investigations that can be done in a series
of short steps. These shotld ve related to concepts
the class has studied. You may want io put out all
the necessary equipment or have students gather
the equipment as part of the “test.’ Rate each stu-
dent on how accurately and efficiently he or she
accomplishes each task. During the year, struc-
ture these performance or skill ratings so that you
can measvre the students’ improved competency
with laboratory techniques. As a review, periodi-
cally offer a laboratory pi. .iical test in which each
student roves from one lab task to the next and
records answers to simple and clear requests at
each station.

Investigative laboratory activities, however, are
designed to provide students with experience in
generating knowledge directly from nature. These
activities demand a different type of evaluation.
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Provide students with opportunities to make con-
ceptual statements based on cbservations of nat-
ural phenomenc. and to verify their interpretations
through scientific procedures. This aspect of lab-
oratory work also can be tested by a laboratory
practical by paper-and-pencil tests, and by ob-
serving and questioning the stuc 'nts as they work
in the laboratory and the field.

Consider the following English version of a lab-
oratory practical developed as a part of the Ma-
triculation Examination for BSCS students at the
Israeli Science Teaching Centre, Hebrew Univer-
sity, Jerusalem. This example contains elements
common to rost BSCS investigations. A periodic
check of these investigative inquiry skills will help
your students place the laboratory activity in a
proper perspective. You may find :hat students
who do not do well oix pencil-and-paper exami-
nations can demonstrate logical insight to solve
problems in the laboratory.

Laboratory Practical Problem
Measuring the Rate of Human Respiration

This setup consists of a 100-ml glass syringe at-
tached to a 3-way valve by nicans of a tube with
a clamp. Thevalve also is attached to a large glass
cylinder containing a solution of 0.1 N NaOH with
phenolphthalein as indicator. A rubber tube, at-
tached to the valve, terminates in a small mouth-
piece, which is used to blow expired air into *he
syringe. (See figure.)
To the student:

1. Examir e the experimental setup. Decide how
to measure the percentage of CO, that you
exhale. Do not do anything yet.

2. The following data will help you to under-
stand how the system wcrks.

* 1 ml 0.1 N NaOH contains 4 mg NaOd
* this quantity combines with 4.4 mg CO,
* 1 m]l CO, has a mass of 2 mg

3. Observe the system and answer thie following

questions.

* What is the function of the syringe?

* What is the function of the NaOH?

o What is the function of the phenol-
phthalein?

* How many mg of CO, are measured by this
system?

* How many ml of CO; are measured by this
system?
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4. Write, briefly, how you would perform the ex-
perimient. Show your statement to the in-
structor.

5. After approval, perform the experiment and
write the results.

6. If you repeated the experiment 2 more times,
would you get the same results in all 3 runs?
Why or why not? Explain your hypothesis.

7. Test your hypothesis by doing the experi-
ment. What are the results?

8. How can you intentionally change the results
of the experiment? Exlain your suggestion.

9. What are your conclusions from these exper-

iments?

If a friend of yours performed the experi-

ent, would the results be the same? Explain.

Disconnect the syringe from the system, using

the clamp on the tube. Answer the following

questions without performing any additional
experiments.

» Can you differentiatz, using the small
system, between 3 air samples: inhaled air,
exhaled air, and residual air?

* How would these 3 samples be different
from each other?

* How can you differentiate among them?

* What variable is measured in this experi-
me.t?

10.

11.

Instructor’s Guide: Testing Procedure and Evalu-
ation of Responses

1. Check whether students _nderstand how the
system works 2nd the underlying principle. Dc
this before allowing the students to start with
the actual experiment by reading the answers
to questions 3 and 4. When required, guide
the students but take off credit in proportion
to the amount of guidance supplied.

2. Students are expected to understand the need
for several measurements because of two un-
related reasons: measuring errors and differ-
ences in the percentages o CO; zaused by
actual differences in the air samples.

3. The results can be altered in various ways;
c.g., performing 20 knee bends before the in-
vestigation.

4. The answer to question 10 requires applica-
tion of the results in answer 7.
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5. In the last item, students are expected to pro-
pose distinguishing amoug the various air
samples by the different percentages of CO,.
Since they are not allowed tc use the gradu-
ated injectors, the best way to make the dif-
ferentiation would be to measure the length
of time for color to change (neutralization).

Analysis of Tests

Test analyscs can be very useful to the classroom
tsacher. If most students missed all or nearly all
the questior:s on a topic, then there was a problem
with either the instruction or the testing on that
toric. Exa'nination of the difficulty index for each
item reveals which ones are too easy (85%) and
which are too difficult (25%), and hence should be
either tnodified or eliminated. Difficulty indices
can further be generated for each choice in an
item: you do not want students to sclect wrong re-
sponses more often than the correct response, nor
do you want responses that are never selected by
any students.

The discrimination index gives some idea of how
well your test guestions distinguish between stu-
dents who know and students who don’t know. An
item with a negative discrimination index tells you
that more “good” students chose wrong responses
than did “poor” students. Examinatior. of dis-
crimination indices for each response in each
question can give you insight into student mis-
understandings, or into flaws in the questions
themselves.

The class mean (average) and range for a test
indicate general accomplishment. In a large class
the scores for a 4-response multiple-ciivice test
might range from 25 to 100% correct. The mean
will probably be between 55 and 65% correct. If
the mean is below 50% the students will become
frustrated and discouraged. If the mean is 2bove
75% then the test probably hasn’t separated out
the students in the top third of the class. Likewise,
if the range is smzll (say from 50 to 70%), then
the test has not separated out the students.

The following paragraphs summarize the pro-
cedures for calculating descriptive and item-
analysis data. If you desire more information on
testing and evaluation procedures, see chapter 3
in the BSCS Biology Teachers’ Handbook and
P. B. Diederich, 1973, Short-C::t Statistics for
Teacher-Maue Tests (Princeton, NiJ: Educational
Testing Service).

The minimum number of students necessary for
meaningful and valid item-analysis data is 20 to
30. The mean is simply the sum of all students’
scores divided by the number of scores.

sum of all scores

Mean =
wotal number of scorcs

The range is simply the difference between tke
highest score in the class and the lowest. The
highest and lowest scores are generally reported
wit. this figure.

The calculation of item analysis (difficulty and
discrimination indices for each item) is tedious and
time-consuming; howeyer, some short-cuts can be
taken.

Because your instruction methods may vary in
different classes, it probably would be more helpful
to perform the item analysis se jarately fc: each
class. You may, however, pool the answer sheets
from one test that was administ red to several
classes. The following is a sequence that you can
follow in calculating item-analysis data.
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ITEM NUMBER 5. When a ne:ve connected to an isolated heart is stimulated, the rate of con-
traction slows. It is rea' >nable to conclude that the heart
*(A) responds tc nervous control.
(B) requires nerve stimulation to speed it up.
(C) is controlled by nerve stimulation only.
(D) responds differently outside the body than in it.
Date urad
ITEM DATA Choices
*A B C D
High group 16 0 0 1
Low group 6 4 2 1
Difficulty
Discrimination index

rire*, rank the papers in order from the highest
to the lowest score. If you have pooled the answer
sheets from several classes and the total number
is quite large, take the top 27 percent and the
bottom 27 percent of the answer sheets and ran-
domly choose 50 papers from each group for the
calculations. If the total number of answer sheets
is between 50 and 90, the highest 25 papers and
the lowest 25 papers can be used. If the total
number of students is less than 50, the upper and
lower thirds can be used.

It is a good idea to use a single 4” X 6" or
5" X 8" card for each item, arranged miore or less
«s follows: Tor each item, tabulate the number of
stugents in the High Group that sclected each
choice and record this on the card. Do the same
for the L.ow Group. This can be done outside class
by you or the students.

Difficulty

The difficulty of choices is measured by the per-
centage of students responding to each choice. To
calculate the difficulty, divide the total number of
students responding to each choice (High Group

plus Low Group) by the total number of students
responding. In equation form, this is:

number of number of

High-Group  Low-Group

students who - students who

selected the selected the
Difficuity of  choice choice
choice =

iotal number of students

Consider the following data from a class of 30
students:

The difficulty for choice “A” would be

2
w—;g—G, or ?Td,or 73.3%.

The difficulty for choice “B” would be

-0—% , or 13.3%.

The difficulty for choice “C” would be

0-+2

30 > Of 6.7%.




The difficulty for choice “D” would be

1 +1

'—3'(')—, or 6.7%.

Discrimination Index

To calculate the discrimination index, subtract the
number of students in the Low Group responding
to a given choice from the number of students in
the High Group responding to that choice. Divide
this figure by one-half of the tetal number of stu-
Jents. In equation form, this is:

number of number of
High-Group  Low-Group
students who — students who
selected this selected this
choice choice

Discrimination _
index of choice  1/2 total number of students

With the use of the previous data:
The discrimination index for choice “A” would be

16—6 _ 10
5 15

The discrimination index for choice “B” would be
0—4
15
The discrimination index for choice “C” would be
0—2

15
The discrimination index for choice “D”” would be

-‘-T_—l, o 0.0.

or 0.67.

, or —0.27.

, or —0.13.
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Because the discrimination index for an item is the
discrimination index for the correct response, you
could take a shortcut by calculating only the index
for the correct response.

A positive item-discrimination index indicates
that more high-scoring students are responding
correctiy to that item than low-scoring students.
A negative index means just the opposite. The
completed Item Data card for the question about
nerve and heart function is shown below.

ITEM DATA Choices

A B C D
High greup 16.00| 0.00 | 0.00 | 1.0
Low group 6.00 | 4.00 ! 2.00 | 1.0
Difficulty 73.30| 13.30 | 6.70 | 6.7
Discrimination 0.67 | —0.27| —0.13| 0.0
index

We hope you will participate in our continuing
efforts to improve this book by providing BSCS
with information concerning your testing and
evaluation programs. Copies of tests you have
produced and used, and statistical data (for ex-
ample, a copy of the 4’ X 6" card for each item
you have used) for such tests would t. gratefully
received if sent to BSCS, The Colorado College,
Colorado Springs, Colorado 80907, Attn: GV6.
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. The world community, together with the
abiotic environment in which it lives, is called
the:

A. abiotic world.
B. atmosphere.
. biosphere.

D. world habitat.

(1.1, <

. An example of a question that can be an-
swered by biological investigation is why
people who live in the same neighborhood
have different:

A. ideas.

B. blood types.
C. family sizes.
D. friends.

(1.1, B)

- The biological term for a living thing is:

A. creature.
B. individual.
C. living being.
D. organism.

(1.1, D)

. What do ecologists study?

A. all of the following

B. checks and balances in populations

C. feeding interactions of organisms

D. how the Jiving and nonliving parts of the
environment affect organisms

(1.1, A)

- The food relationship* :nong all organisms
that share the same environment are known
as a food:

A. chain.
B. pyramid.
C. system.
D. web.

(1.2, D)
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Chapter 1
The Web of Life

6. The energy pathway from grass 10 cow to
human being is known as a:

A. food chain.

B. food energy pyramid.
C. food web.

D. web of life.

(1.2, A)

7. Energy is stored for long periods of time in
organi¢ms as:

A. chemical energy.
B. eclectrical energy.
C. light energy.

D. mechanical energy.

(1.2, A)

8. Which of the following is a producer-
consumer relationship?

A. Flies are eateu by frogs.

B. Grass is eater: by rabbits.

C. Mushrooms are eaten by people.
D. Rabbits are eaten by foxes.

(1.2, AL B)

9. Living things that convert light encrgy into
the cheinical energy of organic compounds
are called:

A. consume,..
B. herbivores.
C. decomposers.
D. producers.

(1.2, D)

10. First- and second-order consumers are usu-
ally known as:

A, carnivores and omnivores.
B. decomposers and omnivores.
C. herbivores and carnivores.
D. omnivores and herbivores.

(1.2, C)



S

11. In almost all ecosystems, energy is supplied 14. This kind of diagram is called a food:
by the: A. chain.
\. animals. B. cnergy pyramid. Q
B. decomposers. C. energy flow.
C. plants. D. web.
D. sun. (D)
(1.2, D)
15. The producers in the diagram are:
12. gln landtqr in vx:atctf, bacteria and fungi are A. bacteria and mushrooms. ‘
¢ most important: B. grasses. l
A. decomposers. C. insects, mice, and deer.
B. predators. D. muuntain lions.
C. prey organisms. (B)
D. producers.
(1.2, A) 16. The pathway gras.es—deer—mountain lions
is called a food:
13. fm ortg)a;;sm.that cannot survive in the dark A. chain.
1S probably a. B. cnergy pyramid.
A. decomposer. C. energy flow.
B. first-order consumer. D. web.
C. producer. (A)
D. second-order consumer.
(1.2, Q) 17. How many herbivores are shown?
Al
The next ten items are based on the following dia- B. 2 ‘
gram. C. 3
(1.2, AD D. 4
MOUNTAIN (D)
LIONS
18. The decomposers in the diagram are:
SNAKES A. bacteria and mushrooms.
RABBITS B. grasscs.
C. mountain iions.
SHREWS DEER D. shrews and snakes.
MICE
GRASSES (A)
|
INSECTS / 19. Hew many carnivores are shown? !
SACTERIA AND A. 1
MUSHROOMS B. 2
C. 3
D. 4
(©) |

36
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20.

21.

22.

23.

How many prey are shown?

Productivity for the diagrammed relation-
ships is measured for the:

A. bacteria and mushrooms.
B. grasses.

C. mice, rabbits, and deer.
D. mountain lions.

(B)

The measure of productivity is based on the
source of energy for the diagrammed rela-
tionships, namely the:

A. bacteria and mushrooms.
B. grasses.

C. soil in the ecosystem.

D. sun.

(D)

24.

2.

Which might help control a rabbit popula-
tion?

A. all of the following

B. availability of food

C. diseases

D. predators or animals that eat rabbits

(1.3, AL A)

Which best describes the living world?

A. constantly changing and unbalanced
B. constantly changing vet balanced
C. unchanging (static) and balanced
D. unchanging (static) yet unbalanced

(1.3, B)

26.

27.

28.

29.

30.

Which kind of energy can be directly used
by all living organisms?

A. chemical energy
B. electrical energy
C. heat energy
D. light energy

(1.4, A)

All biological activity directly involves the
use of:

A. chlorophyll.
B. energy.

C. muscle.

D. sunlight.

(1.4, B)

What is the ultimate source of energy for the
biosphere?

A. chemical energy
B. electrical energy
C. heat energy
D. light energy

(1.5, D)

Which of these sequences describes the
pathway of energy through living things in
their environment?

A. chemical energy—light energy—heat
B. heat—chemical energy—light energy
C. heat—light energy—chemical energy
D. light energy—chemical energy—heat

(1.5, D)

The energy that is passed along from or-
ganism to organism in a food chain is:

A. chemical enrargy.
B. heat energy.

C. light energy.

D. nuclear energy.

(1.5, A)




31.

32.

33.

34.

A farmer started colonies of rats and mink
hoping to feed rats to the mink and skinned
mink to the remaining rats, thereby getting
mink skins for nothing. Is this possible?

A. Yes, because the system would be in
balance.

B. Yes, because energy lost feeding rats to
mink would be regained feeding mink to
rats.

C. No, because second-order consumers
cannot feed on each other.

D. No, because much of the food energy is
lost as heat.

(1.5,D)

If you were marooned on an island with only
a limited amount of corn and chickens to eat,
your best strategy would be to:

A. eat the chickens, then the corn.

B. eat the corn, then the chickens.

C. feed the corn to the chickens, and eat the
chickens.

D. feed the corn to the chickens, eat the
chickens’ eggs, then eat the chickens.

(1.5, AL A)

What eventually happens to energy that en-
ters a food web? It is:

A. converted to chemical energy.
B. lost as heat.

C. recycled by decomposers.

D. reused in photosynthesis.

(1.5, B)

Which best describes the path of energy in
a community? It is:

A. converted to heat as it passes from or-
ganism to organism.

B. converted to matter by photosynthesis
and stored as plant material.

C. cycled and reused by organisms in food
chains.

D. used up by organisms in food webs.

(1.5, A)

35.

36.

37.

38.

39.

Why is urea considered to be an organic
compound?

A. It contains carbon atoms.

B. It contains water molecules.
C. It is made by organisms.

D. It is not an organic compound.

(1.6, A)

Of the 100+ different elements found on
earth about how many commonly make up
organisms?

A 3
B. 30
C. 60
D. all of them

(1.6, B)

Which of the following cannot be cycled by
organisms?

A. calcium
B. carbon
C. energy
D. water

(1.6, C}

In a food chain, matter differs from energy
in that the:

A. energy can be changed.
B. energy can be cycled.
C. matter can be changed.
D. matter can be cycled.

(1.6, D)

Organic compounds differ from inorganic
compounds in having:

A. carbon atoms.
B. carbon chains.
C. chemical bonds.
D. chemical energy.

(1.6, B)




40. Which best describes the interrelationships

41.

42.

43.

44.

between organisms in the biosphere? They:

. are in delicate balance.

are independent of human activities.
involve only animals.

involve only direct contact betweer: or-
ganismes.

(1.7, A)

oOwp

Which is not true of the biosphere? it:

A. extends into the air (atmosphere).
B. extends to the ocean bottom.

C. includes all organisms.

D. is a thick layer.

(1.7, D)

A hypothesis is most valuable in biology
when it can be tested by:

A. consensus of opinion.

B. debate among biologists.

C. observation and experimentation.
D. review of available data.

(1.8, AL C)

The factor that is being investigated in an
experiment is called the:

A. control.

B. experimental data.

C. experimental variable.
D. outcome.

(18,0)

The results of an experiment are most likely
to be caused by the factor being investigated
when other known factors are:

A. controlled.
B. identified.
C. measured.
D. observed.

(1.8, A)

45.

46.

47.

48.

49.

The different factors that may affect the re-
sults of an experiment are called:

A. measurements.
B. outcomes.

C. procedures.
D. variables.

(1.8,D)

Beliefs and values are appropriate subjects
for:

A. biological investigation.
B. personal decisions.

C. quantitative observations.
D. testable hypotheses.

(1.8, B)

Which of the following pairs of terms in bi-
ology mean the same thing?

A. data and facts

B. hypotheses and theories

C. measurement and prediction
D. observation and opinion

(1.8, AL A)

Which describes science?

A. all of the following

B. It is a collection and organization of
facts.

C. Itis a continuous process of inquiry.

D. It is a way of obtaining facts.

(1.8, A)

Which best describes a hypothesis?

A. a conclusion made from data obtained
by an experiment

B. an explanation of an observation

C. an observation of the living world

D. facts about an organism or phenomenon

(1.8, B)

D)
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50. Preliminary observations about a biological
problem may lead to a suspected relation-
ship that can be tested by experiment and
further observation. This suspected relation-
ship is called a:

A. chance factor.
B. hypothesis.
C. theory.

D. variable.

(1.8,B)
51. Most biological events result from an inter-
action of many factors. In an experiment
these factors are called:

A.
B.
C.
D.

(1.8, D)

controls.
observations.
procedures.
variables.

52. Toapproach a _roblem, the most likely steps
(in the order = biologist would take ther)

are:

A. conclusion, experiment, hypothesis.

B. experiment, conclusion, observation.
C. hypothesis, observation, experiment.
D. observation, hypothesis, experiment.

(1.8, D)
53. Most biological events result from an inter-
action of many factors. In an experiment
these factors are called:

A. controls.

B. observations.
C. procedures.
D. variables.

(inv. 1.3, D)
54. Qualitative and quantitative data differ in
whether they require:

A.
B.
C.
D.

(inv. 1.3, B)

controls.
measuremesit.
observation.
verification.

55. In an experiment, a group of organisms that
are observed under their normal environ-
mentai conditions for comparison to another
group for which some condition has been
changed, is called a:

A. base group.
B. biotic group.
C. control group.
D. data group.

(inv. 1.3, C)

56. In an experiment, a control is an:

A.
B.
C.
D.

(inv. 1.3, D)

experimental variable.
independent observer.
observed result.

untested comparison group.

The nest five items refer to the following chart.
Four groups of mice were studied for the effects
of two substances on their growth. Substances X
and Y were injected in oil.

(inv. 1.3, Al

Group Treatment Average weight
gain of mice after
6 weeks
I Injection of 28.3 grams
X + il
II  |Injection of 24.7 grams
Y + oil
IIT  |Injection of oil 25.2 grams
IV |No injection 24.9 grams
—— 57. How many experimental groups of
mice were injected?
A 8
B. 2
C.3
D. 4
(B)
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—— 58. How many control groups were

formed?
A. 0

POw
W N =

©)

. How many control groups were in-
jected?

— 60.

— 61.

Which substance produced a marked
effect on growth?

A. substance X

B. substance Y

C. substances X and Y
D. ail

(A)

How many experimental variables were
being tested?




Chapter 2
Populations

1. Individuals are difficult to distinguish in a

population of:

A. grass.
B. people.
C. sheep.
D. bacteria.

.1, Al A)

. Which best defines a population? The
number of:

A. biology studeuts in high school

B. organisms in a defined area

C. types of organisms in a defined area
D. zebras in East Africa in 1982

(2.1, D)

3. The number of individuals of one kind that

live in the same area at the same time is de-
fined as a:

A. carrying capacity.
B. population.

C. rate of increase.
D. sample.

(2.1, B)

. All the members of one species that live in
the same place at the same time make up a:

A. biome.

B. community.
C. ecosystem.
D. population.

(2.1, D)

. Populations are made up of:

A. communities.
B. ecosystems.
C. individuals.
D. species.

2.1, C)
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6.

10.

The rate at which reproduction increases a
population’s size is called:

A. density.
B. mortality.
C. motility.
D. natality.

(2.1,D)

You would expect to find that emigration and
immigration rates are zero for a population
of:

A. aphids on plants.
B. birds in a forest.
C. fish in a pond.
D. mice in a field.

@.1,C)

. The population changes that tend to de-

crease a population’s size are:

A. emigration and mortality.
B. emigration and natality.

C. immigration and mortality.
D. immigration and natality.

(2.2, A)

. The rate of increase in the size of the world’s

human population can be calculated from the
difference in:

A. emigration over natality.

B. immigration over mertality.
C. natality over immigration.
D. natality over mortality.

(2.2, D)

The population changes that tend to in-
crease a population’s size are:

A. emigration and mortality.
B. emigration and natality.

C. immigration and mortality.
D. immigration and natality.

(2.2, D)

162




I1.

A population tends to increase in numbers
as the result of:

A. emigration and natality.

B. emigration and mortality.
C. immigration and natality.
D. immigration and mortality.

(22,0)

Questions 12 through 15: Use the following terms
as responses. Any one term may be used more than
once or not at all.

(2.2)

KEY

A. emigration
B. immigration
C. mortality
D. natality

12. The number of organisms dying in a
population within a given time is called:

©)

13. The number of organisms moving out
of an area where that population lives
is called:

(A)
14. Fifteen fawns are born in a deer pop-

ulation in Florida. This is an example
of:

(D)

15. The rate of reproduction in a popula-
tion is called:

(D)

16.

Doors that swing outward but not inward
enabled mice to leave a population but not
to enter it. An increase in population num-
bers followed as the result of an increased:

A. emigration.
B. immigration.
C. mortality.
D. natality.

(2.2, D)

17.

18.

19.

20.

21.

The rate of change in a population’s size is
expressed in terms of:

A. density of population and space cccu-
pied.

B. numbers of individuals and space oc-
cupied.

C. numbers of individuals and time.

D. space occuvied and time.

(2.2, C)

Why does the human population have such
a large impact on the earth’s plants and an-
imals?

A. all of the following

B. Our population is large and increasing.
C. We use high amounts of resources.

D. We return resources as unusable wastes.

(23, A)

Why is the human population on earth in-
creasing?

A. Human mortality exceeds natality.
B. Human natality exceeds mortality.
C. The earth’s resources are increasing.
D. 1t is not increasing.

(2.3,B)

Today humans trade food for space. More
land is taken out of agriculture and given to
new streets, shopping centers, homes, and
industries. This leaves less agricultura! land
to feed increasing numbers of people. As-
suming that this cannot go on indefinitely,
the world’s greatest problem is becoming:

A. depletion of energy resources.
B. overpopulation.

C. pollution.

D. safe waste disposal.

(2.3, AL, B)

The world human population is increasing
by the rate at which:

A. emigration exceeds immigration.
B. immigration exceeds emigration.
C. mortality exceeds natality.
D. natality exceeds mortality.

(23,D)
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22. Which domestic use of water is largest?

A. bathing or showering
B. brushing your teeth
C. cooking a 1neal

D. flushing the toilet

(inv. 2.2, A)

. How can you reduce your direct use of

water?

A. all of the following
Take shorter showers.

load.

Don’t let the water run while brushing

your teeth.
(inv. 2.2, A)

. The production of which food item requires

the greatest amount of water?

A. legg

B. 1 kg of beef
C. 1 kg of sugar
D. 1 orange

(inv. 2.2, B)

. Which of the following is a part of the biotic

environment?

A. air

B. sunlight
C. vegetation
D. weather

(24,C)

. How does weather affect plants and ani-

mals? It:

A. affects only special organisms.
B. often is a limiting factor.

C. seldom is a limiting factor.

D. does not affect them.

(2.5, B)

. Which affects the space an organisms needs?

A. all of the foliowing i
B. availabilivy of nutrients ’
C. population density

D. size of the organism

(2.6, A)

B.
C. Wash clothes only when you have a full
D.

28.

“Eleven grasshoppers per square meter in
Douglas County, Nebraska, this year” is an
expressic of:

A. density.

B. natality.

C. population explosion.
D. rate of increase.

(2.6, AL A)

. In the equation D = N/S, which expresses

density of population, the N stands for:

A. natality.

B. number of individuals.
C. rate of change.

D. time.

(2.6, AL, B)

. Students captured 9, 4, and 7 beetles of the

same kind in three different 1 m? plots of
forest floor. Their calculation of the po, a-
lation of these beetles in the forest will ve
based on:

A. carrying capacity.
B. homeostasis.

C. relative density
D. sampling.

(2.6, Al, D)

The next five items refer to the following graph of
a population of vinegar eels.

(inv. 2.3, Al)
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31.

32.

33.

34,

35.

On which day was the rate of change for
population density zero?

A. Day 1
B. Day §
C. Day 9
D. Day 12

©

On which day did the rate of change of den-
sity increase most?

A. Day 1-2
B. Day 2-3
C. Day 6-7
D. Day 8-9

(B)

On which day did the rate of change »f den-
sity decrease most?

A. Day 9-10

B. Day 11-12
C. Day 14-15
D. Day 19-20

(B)

What was the average rate of decrease each
day for the 11 days from the end of the 9th
day to the 20th day?

A. 1250 individuals
B. 430 individuals
C. 250 individuals
D. 115 individuals

(D)
If the same average rate of decrease con-

tinued, how many days passed after Day 20
before the population ceased to exist?
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The next six items refer to a hypothetical study
paralleling an actual one carried out in the Kaibab
National Forest.

(inv. 2.3, AI)

A 2850 km? area supported populations of deer
and wolves. In 1915, a program was started to
protect the deer by eliminating the wolves. By
1925, the wolves had been completely eliminated
from the area. Yet the protected deer population,
which had reached 100,000 in 1924, began to drop
sharply as shown on the graph below.

-
N
(3]

ey
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~J
(3)]

[3)]
o

N
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DEER POPULATION (in thousands)

o

1905 1910 1915 1920 1925 1930 1935 1940
YEARS

36. At the deer population’s peak in 1924, its
density had reached approximately:

A. 5 individuals per km?.

B. 15 individuals per km?.
C. 25 individuals per km?.
D. 35 individuals per km?.

(D)
37. Those who started the program to protect the
deer apparently failed to anticipate:

A. effects on aging on deer.

. effects of fires and drought.

. competition for food from other herbi-
vores.

. overpopulation and starvation of deer.

O
Ul




38.

39.

40.

41.

The wolves played an important role in
keeping the deer population:

A. free of aging individuals.

B. limited in total numbers.

C. migrating between feeding areas.
D. out of replanted forest areas.

(B)

The population crash continued because
grasses, shrubs, and young trees had been:

killed by the starving deer.
overfertilized by deer wastes.

set back by fire and drought.
trampled under the deer’s hooves.

OCOwp

(A)

A permanent solution to the problem ap-
peared to require:

A. bringing in winter food supplies.
B. enlarging the land area.

C. reintroducing the wolves.

D. removing other herbivores.

(©)

This study suggests that an ecosystem must
have:

A. balanced year-round food supplies.
B. carnivores to prey on herbivores.
C. herbivores as prey for carnivores.
D. producers and consumers.

(B)

42,

43.

Which major factor will affect the future
health of people the most? An increase in:

A. the food resources

B. the life expectancy

C. the use of antibiotics

D. water contaminated by toxins or wastes

(2.9, D)

Producers get their nutrients from:

A. consumers.

B. plants.

C. the abiotic environment.
D. the biotic environment.

(2.10,C)
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44,

45.

46.

47.

48.

All substances except air and water that an
organism needs from its environment are
called:

A. elements.
B. minerals.
C. nutrients.
D. sources.

(2.10, C)

Providing each person with a daily average
of 1000 kcal from meat only would result in:

A. famine.

B. malnourishment.
C. proper nourishment.
D. undernourishment.

(2.11, A)

Providing each gerson with a daily average
of 4000 kcals from rice only or corn only
would result in:

A. famine.

B. malnourishr.ent.
C. proper nourishment.
D. undernourishment.

(2.11, B)

What is a food calorie? A measure of:

A. energy in food

B. essential clements in food
C. food guality

D. thLe amount of food

(2.11, A)

Widespread famine has occurred in which
continent for the past 10 yzars and will con-
tinue in the future?

A. Africa

B. Asia

C. Europe

D. South America

(2.11, A)
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49. Which is responsible for widespread famine

50.

51,

52.

53.

in Africa?

A. all of the following
B. drought

C. population explosion
D. scil erosion

(2.11, A)

Which is the most energy ecfficient way of
getting food?

A. fishing

B. hunting and gathering nuts, berries, etc.
C. mechanized farming

D. nonmechanized farming

{2.11, D)

What is wrong with our highly mechanized
farming?

A. Itis an energy-losing system.

B. It is reliant on human labor.

C. It is too efficient—it raises too much
food.

D. Nothing.

(2.11, A)

Most people in the United States cat a diet
that provides food energy in excess of:

A. 3,000 kcals a day.
B. 4,000 kcals a day.
C. 5,900 kcals a day.
D. 6,000 kcals a day.

(2.11, A)

Which best illustrates homeostasis in a pop-
ulation?

A. a rapid increase in the Swedish lem-
ming population resulting in a mass mi-
gration to the ocean

B. stable deer population in a Rocky
Mountain valley resulting from emigra-
tion, natality, and mortality

C. the growth of the human population due
to the control of discases

D. the rapid increase then decline of rein-
deer on St. Paul Island

(2.13, Al B) L e

-
rs
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54. Which best describes homeostasis in

33,

56.

57.

humans? It;

A. has been disrupted.

B. is finely balanced.

C. is functioning perfectly.
D. never existed.

(213, A)

An established population that fluctua. s in
size as the carrying capacity of its environ-
ment varies is said to be exhibiting:

A. ccological extinction.
B. ccological homeostasis.
C. growth decline.

D. overcrowded conditions.

(2.13, B)

The greatest number of individuals of one
kind that ai environment can support with
its available resources is called the:

A. carrying capacity.
B. foud chain.

C. population model.
D. rate of increase.

(2.13, A)

The resources needed to support a popula-
tion in its environment are:

A. always finite.

B. always increasing.

C. mostly abiotic.

D. usually nonfluctuating.

(2.13, A)
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The next four items refer to the reading selection
that follows. Each portion preceded by a number
is an item. Read the entirc selection first, then go
back and key each item as follows:

(2.13, Al)

KEY: A. problem (stated or implied)
B. hypothesis (possible solution to the
problem)
C. statement of observations

[58] Every 3 to 5 years, lemmings march for miles,
scarcely stopping to cat or rest. Eventually they
climinate themselves by plunging into !akes, riv .rs,
and fjords, where they drown. [59] What causes
them to do this has long been a mystery. [60] In
1963, thc Swedish hordes of lcirmings moved
south. [61] At a certain road in their path, 44 of
them crossed per minute.

— 58. (A)
— 59. (A)
— 60. (C)
—_ 61. (C)

62. Highways are recessary for human trans-
portation. However, they also:

A. affect world climate.

B. encourage animal migrations.

C. remove land from agricultural use.
D. stop wa.er rvnoff.

(2.13,C)

63. Scientists improve crop food yields and the
resistance of crops to disease. However, with
increasing land use for homes, schools, shop-
ping centers, and industries, the gain in crop
yield per hectare wii! be overtaken by:

A. gzin in crop yieid with new pesticides.
B. loss of hectares from crop use.

C. lowered demand for more foods.

I>. still more new improvements to crops.

(2.13,B)

The next five items refer to the folloving graphs.
(2.13, A)
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. Which graph most closely resembles
world human population growth for the
past several centuries?

(A)

——— 65. Which graph shows a population in
ccological homeostasis with the car-

rying capacity of its environment?
(D)

. Which graph shows the next probable
stage in the curve for the world human
population?

©

. The graph which gives no clue to the
carrying capacity of the environment
is:

(A)
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68. If the four graphs correspond to different

69.

stages in the population curve for a single
population, then their sequence would prob-
ably be:

72. If other shifts in the major cause of death

occur in the future in the United States, the
most reasonable prediction is that the first
shift would be from the present major cause
to:

A. A,B,C,D

B. A, C, B, D. A. deficiency diseases and starvation.

C. C, B, D, A. B. degenerative diseases of aging.

D. C,A,B,D C. environmental diseases.

(B) D. home, school, or occupational accidents.

The major variable in a population’s density
in its natural environment is likely to be:

73.

(€)

The reason for the prediction in the pre-
ceding item is:

A. available food.
B. rate of change. A. decreased average lifespan for individ-
C. space occupied. uals in the U.S. and around the world.
D. temperature. B. decreased food supply available per in-
(213, A) dividual in the world.
’ C. increased emphasis on home, school, and
. . , occupational safety.
70. The size of each population in the earth’s D. increased industrialization and pollu-

biosphere is limited by some factor, usually
by the:

tion in the U.S. and the world.
(D)

A. carrying capacities of ecosystems.

B. density of decomposer populations. - .
C increaZe in nataliIt)y ovel; iIr)n migration 74. A reasonable prediction for the next major
D. seasonal times of interbreeding. cause of death for the world human popu-

(2.13, A)

lation is:

A. deficiency diseases and starvation.

B. degenerative diseases of aging.
C. environmental diseases.
D. home, school, or occupational accidents.

(A)

The next five items refer to causes of human mor-
tality in the United States and the world.

(2.13, AI)

71. In the United States, improved medical
treatment has resulted in a shift in this cen-
tury in the major cause of death, from in-
fectious disease to:

75. The reason for the prediction in the pre-

ceding item is:

A. decreased average lifzspan for individ-
uals in the U.S. and the worid.
decreased food supply available per in-
dividual in the world.

increased emphasis on home, school, and
occupational safety.

increased industrialization and pollu-

tion in the U.S. and the world.
(B)

A. deficiency diseases and starvation.

B. dcgenerative diseases of aging.

C. environmental diseases.

D. home, school, or occupational accidents.

(B)

B.

C.

D.




Chapter 3

Communities and Ecosystems

1. A community is defined for a given place and

time as a set of interacting:

A. consumers.
B. ecosystems.
C. populations.
D. producers.

(3.1,C)

. The biotic component of an ecosystem is a:

A. climate.

B. community.
C. temperature.
D. water.

(3.1, B)

. Which of the following pairs is an eco-
system?

A. a biotic environment and a community

B. a community and its abiotic environ-
ment

C. a niche and a community

D. a population and a community

(3.1, B)

. An abiotic environment and all the kinds of
organisms that live in it make up that area’s:

A. biome.

B. community.
C. ecosystem.
D. population.

(3.1,C)

. The difference between an ecosystem and its
community of organisms is the:

A. decomposers of the ecosystem.

B. food web of the ecosystem.

C. physical environment of the ecosystem.
D. producers of the ecosystem.

(3.1, C)
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In biological terms a human community
could more accurately be described by the
term:

A. ecosystem.
B. habitat.
C. niche.

D. population.

(3.1, ALLD)

All the organisms living in and on a de-
caying log can best be described as a:

A. community.
B. habitat.

C. niche.

D. population.

(3.1, AL A)

. Which of these is a community relation-

ship?
A. River turtles and snails eat tape grass.
B. Snails are concealed among rocks in a
river.
C. Tape grass ciogs the water current in a

river.
D. Turtle eggs are buried on the river bank.

(3.1, AL A)

. The amount of water vapor in the air, com-

pared to the amount the air could liold at that
temperature, is called:

A. humidity index.

B. precipitation probability.
C. relative humidity.

D. web-bulb temperature.

(inv. 3.1, C)




The next seven items are based on the following
feeding relationships in an ecosystem. Insects eat
grasses and clover. Mice eat grass seeds and cer-
tain insects. Snakes eat insects, mice and rabbits.
Rabbits eat grasses and clover. Hawks eat snakes,
rabbits and mice. Wastes from mice, rabbits, in-
sects and snakes are used by bacteria and fungi.

(3.2, AI)

10. Which organisms are producers?

11.

12.

13.

14.

A. all of the following

B. bacteria and mushrooms
C. grasses

D. mice, rabbits and deer

(©)

Which organisms are decomposers?

all of the following
bacteria and mushrooms
grasses

mice, rabbits and deer

DOowp>

©

What does this best represent?

A. afood chain

B. a food web

C. a pyramid of numbers
D. a pyramid of mass

(B)

Which organisms can be considered con-
sumers?

A. all of the following
B. bacteria and fungi
C. grasses and clover
D. insects, mice and rabbits

(D)

Which organisms convert light energy to
chemical energy via photosynthesis?

A. all of the following
B. bacteria and fungi
C. grasses and clover
D. insects, mice and rabbits

©
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15.

16.

Which organisms are decomposers?

A. all of the following
B. bacteria and fungi
C. grasses and clover
D. insects, mice and rabbits

(B)

Which organisms lose heat energy in respi-
ration?

A. all of the following
B. bacteria and fungi
C. grasses and clover
D. insects, mice and rabbits

(A)

17.

18.

19.

20.

Inorganic compounds are converted to or-
ganic compounds by:

A. carnivores.
B. herbivores.
C. omnivores.
D. producers.

(3.2,D)

Which of the following organisms is a car-
nivore?

A. cat
B. cow
C. sheep
D. rabbit

(3.2, A)

A herbivore eatc:

A. carnivores.
B. decomposers.
C. omnivores.
D. producers.

(3.2,D)

A herbivore is also called a:

A. decomposer.

B. first-order consumer.
C. green plant.

D. second-order consumer.

(3.2,B)

i1




21. The place of insectivorous birds in a food
chain is with:

A. carnivores.
B. herbivores.
C. parasites.

D. producers.

(3.2,A)

The next five items are based on the following
graph of population data for four species of mi-
croorganisms in a community. Use the graph and
its key to answer each item. Species I is a pro-
ducer. The other three species are consumers.

(3.3, A
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22. Which two species appear to depend most
directly on the population level of the pro-
ducers?

A. T'and 111

B. II and III
C. Hand IV
D. IIT and IV

(B)
23. Which species is the most probable first-
order consumer?

A Il
B. either III or IV
C. III
D. IV

(B)

108

24. Which species is the most protable second-
order consumer?

A Il
B. either Il or IV
C. 11
D. IV

©

25. The species that shows the least relationship
to living population leveis for the other three
species is:

A L

B. IL
C. IIL
D. IV.

(D)

26. Which species is most likely to be a decom-
poser?

Al

B. Il
C. 111
D. IV

(D)

27. The place in which an organism lives is called
its:

A. community.
B. ecosystem.
C. habitat.

D. niche.

(33,0

28. The difference between an organism’s way
of life and where it lives is described in
greatest detail using the terms:

A. animal or plant, and community.

B. consumer or producer, and ecosystem.
C. ecological niche and habitat.

D. parasite or free-living, and biome.

(3.3, C)

2




as responses for the next four items. Match the
interactions with the terms.

34,A&))
Response Organism I Organism I1I
harmed benefited
B benefited benefited
C benefited unaffected
D harmed unzffected

—— 29. predation:
(A)

. parasitism:
(A)
— 31. commensalism:

©

—— 32. mutualism:

(B)

33. The relationship between an alfalfa plant and
the nitrogen-fixing bacteria in nodules on its
roots is one of:

A. commensalism.
B. competition.
C. mutualism.
D. parasitism.

(3.4, AL, C)

34. A bluebird that nests in an abandoned wood-
pecker hole illustrates a relationship be-
tween the two birds that is called:

A. commensalism.
B. competition.
C. mutualism.
D. parasitism.

(3.4, AL, A)

Use the following interactions between organisms

35. A relationship in which one organism is ben-
efitted and the other unaffected is called:

A. commensalism.
B. competition.
C. mutualism.

D. parasitism.

(3.4, A)

36. Which of the following is an example of
competition?

A. An alga makes food used by a fungus.

B. A lynx eats a wild rabbit.

C. A ramora eats bits of food that are
missed by a shark.

D. A wolf eats a sheep belonging to a
human.

(3.4, AL, D)

37. A house cat kills and eats a mouse. In this
relationship the mouse is the:

A. host.
B. parasite.
C. predator.
D. prey.

(3.4, AL, D)

The next five items are based on this soil food web.
(3.4, A

CENTIPEDES
AmEsas—{ingesied EARTHWORMS\ NEMATODES
(ingested (ingit‘(le)d
1
_in soil) "

FUNGI

BACTERIA INSECTS

ROOTS OF
PLANTS

38. What are the producers in this food web?

A. amoebas
B. earthworms
C. fungi

D. plants

(D)
1i3




39. Which organisms shown are the highest
order consumers?

A. amoebas
B. centipedes
C. earthworms
D. nematcdes

(B)

40. Which organisms are decomposers, or in-
clude many species that are decomposers?

A. amoebas, centipedes, nematodes
B. bacteria, earthworms, fungi

C. centipedes, earthworms, insects
D. insects, nematodes, plants

(B)

41. Which organisms include species that have
mutualistic relationships with plant roots?

A. bacteria and fungi

B. centipedes

C. earthworms and nematodes
D. insects

(A)

42. Which of these pairs of organisms represent
a predator—prey relationship?

A. amoebas and nematodes

B. bacteria and fungi

C. centipedes and earthworms
D. insects and plants

(€

43.

44,

46.

The food relationships diagrammed do not
include the ecosystem’s:

A. consumers.
B. decomposers.
C. predators.
D. producers.

(D)

The beetles and springtails depend on the
same fungi for food, an example of:

A. commensalism.
B. competition.
C. mutualism.

D. parasitism.

(B)

. If the snake population declines, one result

probably will be:

A. competition between spiders and sala-
manders.

B. decrease in centipede density.

C. emigration of the salamanders.

D. increase in nematode density.

(B)

The food chains in the diagram begin with:

A. decomposers.
B. herbivores.
C. predators.
D. producers.

(A)

The next four items are based on the following
diagram of food relationships.

(3.4, Al
SNAKES
SALAMANDERS SPIDERS
CENTIPEDES NEMATODES
BEETLES SPRINGTAILS AMEBAS PARAMECIA
FUNGI BACTERIA

47.

48.

The death of a food organism is disadvan-
tageous to a:

A. decomposer.
B. parasite.
C. predator.
D. producer.

(34, B)

A lichen is an example of:

A. commensalism.
B. competition.
C. mutualism.,
D. parasitism.

(34,0
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49. Two organisms that eat the same types of 51. Alarge herbivore such as a deer, and the mi-
foods show the relationship called: croorganisms in its stomach that digest cel-

‘ A. commensalism. lulose, form an association called:
B. competition. A. commensalism.
C. mutualism. B. competition.
D. parasitism. C. mutualism.
(3.4, B) D. parasitism.
(34,0
. A tapeworm and the animal whose intestine
the tapeworm inhabits form an association . The relationship between an alfalfa plant and

called: the nitrogen-fixing bacteria in nodules on its
roots is one of:

A. parasite-host.

B. pathogen-host. A. commensalism.
C. predator—prey. B. competition.
D. vector-host. C. mutualism.

(34, A) D. parasitism.

(3.4,C)

The next ten items refer to populations of two kinds of insects that look almost identical. Culture bot:les
were prepared and maintained under the conditions indicated in the following chart. Ten insects of each
kind were placed together in each bottle. The insects were adequately fed. After six months, the per-
centage of insects of each kind present in each bottle was calculated, as below.

(3.4, AI)

CULTURE 1 | CULTURE 2 | CULTURE 3 | CULTURE 4 | CULTURE 5 | CULTURE 6

Species X

Species Y

% OF INDIVIDUALS
AFTER 6 MONTHS

Temperature °C

Relative Humidity

CONDITIONS




For the first eight of the next ten items, use the
following key.

KEY: A. insects of species X
B. insects of species Y
C. both kinds of insects
D. unknown from given informa-
tion

— 53. Which kind(s) of insect would you ex-

pect to find where summer tcmpera-
tures exceed 40° C?

(D)

. Which kind(s) of insect is best adapted
to a dry climate?

(B)

. Which kind(s) is most likely to seek
shade under vegetation in warm
weather?

(B)

. Which kina(s) would you expect to find
active at midday in summer?

(A)

. Which kind(s) would survive freezing
winters?

(D)

. Which kind(s) would survive in a hot
desert?

(D)

. Which kind(s) would have the best
chance of surviving in the tropics?

(A)

Which kind(s) would you expect to find
surviving at relative humidities of 40%
to 60% and tempecratures of 20° to
22° C?

©)

60.

112

61. Which cultures should you use as evidence
for the statement, “Species X and Y prob-
ably come from different ecosystems”?

A. 1,3,and 5
B. 1,3,4,and 6
C.2,4and5
D. 2,4,5, and 6

(B)

62. “Under extreme conditions, two related spe-
cies that occupy the same niche may com-
pete until one is eliniinated.” Which cultures
give evidence for this?

A. landé6
B. 2and 4
C.2and5
D. 4and 5

(A)

The next eight items refer o the following graph
of populations of two kinds of organisms in the
same ecosystem. Match the keyed responses to the
observations below.

(3.4, Al)
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KEY: A.The graph might represent the situa-
tion described.
B. The graph could not represent the sit-
uation described.
C. The situation described is unrelated to
the graphed data.
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. Species X is a herbivore that feeds ex-
clusively on Species Y, a producer:

(B)

—— 64. Species X is a predator on Species Y
and other species:
(A)

——— 65. Species X and Y are competitors that
use the same food until it b comes
scarce, then seek othe- foods:

(A)

——— 66. Species Y is a parasite on Species X:
(B)

— 67. Species X is a decomposer and Species
Y, a large carnivore:

(A)

—— 68. Individuals of Species X are smaller
than those of Species Y:
©

—— 69. Species X and Y are dependent on each
other and live in a relationship of mu-
tualism:

(B)
—— 70. Species X and Y are producers with

growing seasons of different lengths of
time:

(A)

For the next five items, match a letter from the
key to each item.

KEY: A.commensalism
B. mutualism
C. parasitism
D. predator—prey

113

71. a cow and the cellulose-digesting mi-
croorganisms in its stomach:

(B)
. an owl and a mouse:

(D)

. a bluebird nesting in an abandoned
woodpecker hole:

()
. fleas on a dog:
©)

. fungus on a plant:

(©)

76. Two kinds of predators that compete for food
and habitats in their ecosystem are probably
in the same:

A. ecological niche.
B. food chain,

C. population.

D. species.

(3.4, AL A)

For the next ten items, identify the biological re-
lationship in each item using the key below.

(3.4, AD

KEY: A.commensalism
B. competition
C. mutualism
D. parasitism
E. predation




17.

8.

79.

80.

81.

82.

Termites eat wood but cannot digest it.
Microorganisms that live in the ter-
mites’ digestive tracts digest the wood.
The microcrganisms cannot live out-
side the termites’ bodies:

(€

A gopher goes on its way as two ani-
mals that were after it, a coyote and a
snake, encounter one anothzr instead.
The coyote and the snake back each
other off in a standoff:

(B)

A cricket may live in a gopher burrow
along with the .opher. Each 2nimal is
harmless to the other unless the gopher
accidentally steps on the cricket:

(A)

A lamprey eel attaches itself by a
sucker to a fish and feeds on blood from
the fish:

(D)

An eagle sees a young rabbit and dives
on it from aloft:

(E)

Tapeworms live in animal intestines
and grow new segments as they absorb
digested fcods. An animal may become
undernourished as tapeworm segments
are lost with eliminated wastes and the
tapeworms grow more new segments:

(D)

o e

— 83.

Old historical documents report over-
weight human beings who deliberately
ingested tapeworms. A relatively
simple medication would keep the
tapeworms in check:

(©

. A starfish attaches its tube feet to an

oyster’s shell and pulls until the oys-
ter’s fatigued muscles can no longer
hold the shell closed:

(E)

. Garden seeds that sprout only inches

apart cause the plants to be crowded
and their growth and fruiting reduced:

(B)

86. What is the relationship between ecosys-
tems?

A.

to

C.
D.

Their abiotic factors are distinct, but

their bictic factors are interconnected.

Their bictic factors are distinet, but their

abiotic factors are interconnected.

Their boundaries are distinct.
They are interconnected to form the

biosphere.

(3.5,D)

87. The abiotic factor that most affects terres-
trial organisms and where they live is:

A. climate.

B. geographic range.
C. sail type.

D. succession.

(3.6, A)




The next five items are based on the following diagram of a food web in North America.

/ ® (3.4-3.7, Al)
SCAVENGERS AND DECOMPOSERS
/ / I 4\ \
BEARS »| FLEAS | WOLVES
A P \
RACCOONS
T \ SKUNKS
TOADS SQUIRRELS DEER
A \ /
BEES /| mice
FRUITS
NUTS
\ LEAVES AND TWIGS |—""
PLANTS
FLOWERS
. &2, Three omnivores in this food web are: 91. The recycling of materials in the food web

89.

90.

A. bears, raccoons, and skunks.
B. fleas, scavengers, and decomposers.
C. mice, raccoons, and skunks.
D. squirrels, toads, and wolves.

(A)

Productivity in the food web is measured at
the level of the:

A. carnivores.

B. herbivores.

C. plants.

D. scavengers and decomposers.

©

is completed by the:

A. carnivores

B. herbivores.

C. plants.

D. scavengers and decomposers.

(D)

92. The carnivores and insectivores in this food
web are the:

A. bears, fleas, and wolves.

B. fleas and wolves.

C. squirrels, skunks, and wolves.
D. wolves and toads.

(D)

The ¢eatest amount of food energy in this
food web is consumed by the:

A. bear population.

B. deer and squirrel populations.
C. plant populations. ol
D. wolf population.

©




93.

94.

95.

96.

917.

A pyramid of biomass means that the mass
of:

A. consumers is greater than producers.
B. decomposers is greater than consumers.
C. decomposers is greater than producers.
D. producers is greater than consumers.

(3.7,D)

Which is usually most numerous in a ter-
restrial community?

A. consumers #1
B. consumers #2
C. decomposers
D. producers

(3.7,D)

Which is most important in limiting the size
of a community? The:

A. amount of energy entering it
B. biomass of decomposers

C. number of consumers

D. size of producers

3.7, A)

Which of the following kinds of organisms
would an ecologist predict to be most nu-
merous in an ecosystem?

A. carnivores
B. herbivores
C. omnivores
D. producers

(3.7, D)

Gross primary productivity in an ecosystem
is the:

>

energy lost by the daily activity of pro-
ducers in the community.

food energy available to consumers.
growth of the community.

sunlight energy converted by producers
to chemical energy.

(3.7, D)

DOw

116

98.

Net productivity in an ecosystem is defined
as:

A. energy lost by the daily activity of pro-
ducers in the community.

B. food energy available to consumers.

C. growth of the community.

D. light enerzv converted by producers to
chemical crorgy.

(3.7, B)

The next seven items are based on the following
diagram of a food web in a land environment.

(37, Al
MOUNTAIN
LIONS
SNAKES\
RABBITS
3
SHREWS DEER
MICE
GRASSES
INSECTS
BACTERIA AND
MUSHROOMS
99. Which organisms supply energy for all the

100.

others?

A. bacteria and mushrooms
B. grasses

C. mice and insects

D. rabbits

(B)

In terms of numbers of individuals, you
would expect to find more:

A. deer than mountain lions.
B. mice than insects.

C. mountain lions than shrews.
D. shrews than rabbits.




®

101.

102.

103.

104.

105.

Which group of organisms would have the
greatest total mass or weight?

A. bacteria

B. deer

C. grasses

D. mountain lions

©

Most of the groups of organisms shown are;

A. carnivores.
B. consumers.
C. omnivores.
D. producers.

(B)

If mountain lions increased in numbers, a
count of rabbits and deer would probably re-
veal that they had:

A. bred less frequently.
B. escaped detection.

C. decreased in numbers.
D. increased in numbers.

(D)

Which organisms are producers?

A. all of the following

B. bacteria and mushrooms
C. grasses

D. mice, rabbits and deer

©

Which organisms are decomposers?

A. all of the following

B. bacteria and mushrooms
C. grasses

D. mice, rabbits and deer

(C)

The next four items refer to the following dia-
gram. The arrows indicate three possible path-
ways the energy produced by the green plants

could take.
(3.7, AD)
GREEN PLANTS. [—@—~| INSECTS
Q N\
CATTLE FISHES
\ N
HUMANS HUMANS HUMANS

106. Through which pathway would the most en-

107.

108.

109.

ergy be available to humans?

Al

B. II

C. ITor I
D. III

(A)

Through which pathway would the least en-
ergy be available to humans?

Al

B. Tor!l
C. 1

D. III

(D)

In which pathway does the most energy es-
cape as heat?

Al

B. Torll
C 1

D. III

(D)

Which pathway will be favored more if the
world human population doubles in size?

Al

B. II

C. ITor Il
D. III

(A)




110. The stability of a community generally in-

111.

112.

113.

creases with a:

A. greater diversity of organisms and more
links in the food web.

B. greater number of organisms and fewer
links in the food web.

C. lower diversity of organisms and fev ¢
links in the food web.

D. smaller number of organisms and more
links in the food web.

(3.8, A)

Which best describes the relationship be-

tween the number of different kinds of or-

ganisms in an ecosystem and the ecosystem’s

stability?

A. There is no relationship.

B. The larger the number the greater the
stability.

C. The smaller the number the greai.r the
stability.

D. Too small or too large a number the
lower the stability.

(3.8, Al B)

How has our use of the insecticide DDT af-
fected ecosystems? DDT has:

A. accumulated in predators, killing them
and resulting in ecosystem instability.

B. accumulated in predators, killing them
and resulting in ecosystem stability.

C. Kkilled insects, resulting in a more com-
plex and stable ecosystem.

D. killed insects, resulting in a simpler and
more stable ecosystem.

(3.9, A)

Which is a biocide?

A. all of the follewing
B. fungicides
C. herbicides
D. insecticides

(3.9, A)

114. Which is not invalved in the concentration
of DDT in a food chain?

A. DDT is not eusily broken down oy con-
sumers.

B. DDT is not stored in consumers.

C. Producer bodies are broken down and
used by consumers.

D. A consumer eats many producers.

(3.9, AL, B)

115. As the human population has grown, the «f-
fect of changes made by people in the eco-
systems surrounding them has been to:

A. add to the number of spezies.

B. improve the climate.

C. leave the maximum num “er of ecosys-
tems unuJisturbed.

D. simplify the ecosystems.

(3.9, AL, D)

116. Which explains how human activity can
{reate biocile-resistant organisiis?

A. all of the fellowing

B. Biocide resistance is inherited from gen-
eration to generation.

C. Most of the pests are killed by the spray.

D. Surviving pests reproduce large num-
bers of offspring.

(3.10, AL A)

117. Human intervention in ecosystems usually
has the result of:

A. decreasing the number of species.

B. increasing the productivity for most
consumers.

C. increasing the stability of the ecosys-
tems.

D. modifying the ecological niches for de-
composers.

(3.10, AL A)

118




The next seven items refer to a tropical island
heavily infested with malarial mosquitoes. The is-

' land was sprayed with DDT for a period of several

months during the sur.mer. Daily counts of mos-
quito samples and estimates of total population
size gave the information shown in the graph.

{3.9-3.10, AI)
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118. What was learned from the spray program?

A. Malaria can be controlled by DDT.

B. Mosquitoes can be eliminated with
DDT.

C. Mosquitoes immigrate from other is-
lands to replace those killed.

D. Spraying became less effective within 90
days.

(D)

119. The change that began at III in the graph
was probably due to:

A. immigration of mosquitoes from otl.er
islands.

B. normal reproduction time for the mos-
quitoes.

C. onset of greatest summer heat.

D. reproduction of DDT-resistant mosqui-
toes.

(D)

119

120. What hypothesis would you offer about the
mosquito population at VI in the graph?

A. DDT will affect them less than the orig-
inal population.

B. DDT will affect them about the same as
the original population.

C. DDT will affect them more than the
original population.

D. DDT will not affect them at all.

(A)

121. The population change in the mosquitoes
probably occurred because of natural selec-
tion and was first noticed in the graph at:

Al

B. IIL
C. v
D. VL

(B)

122. The differences in the gene pool of the mos-
quitoes was probably greatest at points:

A. T'and IL
B. I and III.
C. Il and IV.
D. IV and VI

(B)

123. Some mosquitoes on the island can still be
killed by DDT. This is probably because of:

A. immigration from areas where DDT was
not used.

B. protected areas on the island where the
DDT did not penetrate.

C. recombinations of genes in sexual repro-
duction of the survivors.

D. stronger dosages of DDT in new test ap-

plications.
(€)
10
23




124. A number of different insecticides do not kill
insects as effectively as they once did. This
is probably because the:

A.
B.

C.

D.
(©)

environment is changing.

insecticides are from a different manu-
facturing lot.

susceptible insects have been elimi-
nated.

world climate is growing warmer.

125.

Which is not true about extinction?

A.
B.
C.
D.

all of the following

It can be caused by habitat destruction.
It is an unnatural process.

Species of organisms are lost forever.

(3.11,C)

126. Why is rapid human-caused extinction of
organisms bad?

A.
B.

C.
D.

all of the following

It n...y reduce the stability of ecosys-
tems.

Their medical potential may not be re-
alized.

They cannot contribute genetic vari-
ability to crops.

(3.11, AL A)

127.

Which is the best reason to preserve wilder-

ness areas? So we can:

A.
B.

C.
D.

cut timber in theia

have undisturbed areas to hike and camp
in

hunt and fish in them

study natural communities

(3.12,D)




1. What determines the way atoms react? The:

Chapter 4
Matter and Energy in the Web of Life

A. number of atoms present.

B. number of electrons in the atoms.
C. size of molecules.

D. size of-the protons.

(4.1, B)

For the next three questions, use the following
terms as responses. Any term may be used more

than
4.1)

KEY:

once or not at all.

A. atoms

B. compounds
C. elements
D. protons

2. the smallest and most basic particles of
matter:

(A)

3. the simplest substances into which
matter can be broken:

(©)

4. held together by chemical bonds:
(B)

5.

Which would have the higher pH?

A. lemons
B: shrimp
C. tomatoes
D. vinegar

(inv. 4.1, Al, B)

6.

The following pH measurements were ob-
tained:

distilled water = 6.0

fresh water (lake) = 6.8

blood plasma (human) = 7.5

sea water = 8.2

Which was the most acid?

A. blood plasma .
B. distilled water

C. fresh water

D. sea water

(4.1, AL, B)

. When atoms of different elements share or

exchange some of the particles of which they
are made, they form:

A. compounds.
B. cycles.

C. foods.

D. mixtures.

(4.1, A)

. How do atoms of carbon and oxygen differ?

A. all of the following

B. the number of electrons
C. the number of neutrons
D. the number of protons

4.1,A)

. What must happen in order for substances

to chemically react? They must:

A. come in contact with each other.
B. have the same number of electrons.
C. have the same number of atoms.
D. neutralize each other.

(4.2, A)




10.

11.

12.

13.

14.

15.

Acids give off more:

A. hydrogen ions and have a low pH.
B. hydrogen ions and have a high pH.
C. hydroxide ions and have a low pH.
D. hydroxide ions and have a high pH.

(4.2, A)

Which pair of terms means approximately
the same as synthesis and decomposition?

A. energizing and de-energizing

B. organizing and disorganizing

C. putting together and taking apart
D. speeding up and slowing down

(4.2, C)

Which is not true of enzymes? They:

are large, complex proteins.

are needed only in small amounts.
break down during the reaction.
combine with substrates in their active
sites.

(4.2, C)

CPOow>

Living things differ from nonliving things in
using energy to:

A. avoid change in natural order.
B. maintain an organized condition.
C. reach a random state.

D. simplify randomness.

(4.3,B)

In the absence of an outside energy source,
living materials tend to become:

A. disorganized.

B. energy-independent.
C. energy producers.
D. more organized.

(4.3, A)

In what form do producers store the energy
that is obtained from sunlight?

A. body heat

B. chemical energy
C. mechanical energy
D. nuclear energy

(4.4,B)

16.

17.

18.

19.

20.

Inorganic compounds are converted to or-
ganic compounds by:

A. carnivores.
B. herbivores.
C. omnivores.
D. producers.

(44,D)

Converting available energy into a form
useful to all organisms is accomplished on
Earth through:

A. fermentation.

B. photosynthesis.
C. protein synthesis.
D. respiration.

(4.4, B)

The oxygen on which organisms depend for
cellular respiration is supplied to the atmo-
sphere by:

A. fermentation.

B. ozone breakdown.
C. photosynthesis.
D. protein synthesis.

(44, C)

A biologist would expect an organism to be
a producer if it contained:

A. cells.

B. chlorophyll.

C. energy.

D. organic compounds.
(44, B)

In the laboratory, heat energy accelerates
chemical reactions. In nature, organisms
would be damaged by high heat. All organ-
isms accelerate chemical reactions at lower
temperatures using:

A. enzymes.

B. hormones.
C. stimulants.
D. substrates.

4.5, A)
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21. Any substance whose presence speeds up a
chemical reaction between other substances
is called a;

A. calorie.
B. catalyst.
C. synthesist.
D. substrate.

(4.5, B)

22. Why is ATP important as an energy-transfer
compound?

A. ATP is a large molecule with a large
amount of energy.

B. ATP is a small molecule with a small
amount of energy.

C. Energy is released when ATP’s third
phosphate is removed.

D. Phosphates from ATP are used in all or-
ganic compounds.

(4.6, C)

23. Which is the most important energy-transfer
compound in organisms?

A. amino acid
B. ATP
C. fat

D. glucose
(4.6, B)

24. Energy is most quickly available for all an-
imal activities when it is in the form of:

A. ADP.
B. ATP.
C. blood glucose.
D. DNA.

(4.6, B)

Use the following kinds of organic compounds to
identify items 25 through 28. Match the descrip-
tion or function with the kind of compound.

4.7)

KEY: A. carbohydrates
B. lipids
C. nucleic acids
D. proteins
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— 25,

enzymes:

(D)

26. hereditary material:

©

27. produced directly in photosynthesis:
(A)

28. muscles are composed largely of:

(D)

29.

30.

31.

32.

How are sugar molecules made in photosyn-
thesis used by plants?

A. all of the following

B. to provide building blocks for growth

C. to provide energy when broken down in
respiration

D. to store energy for long-term use

(4.8, A)

Which type of compound is used as a
building material for plant cell walls?

A. cellulose

B. lipids

C. proteins

D. starch

(438, A)

Which type of comipound is used as a storage
material in plant cells?

A. cellulose
B. lipids
C. proteins
D. starch

(4.8, D)

In the carbon cycle, carbon dioxide is taken
from the atmosphere and used by:

A. first-order consumers.
B. decomposers.

C. producers.

D. second-order consumers.

4.9, C)
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33.

34.

35.

36.

37.

In the carbon cycle, carbon dioxide is re-
leased to the atmosphere by:

A. all organisms.

B. consumers only.

C. consumers and decomposers only.
D. producers and decomposers only.

(4.9, A)

Which organisms are essential to the carbon
cycle?

A. consumers and decomposers

B. first- and second-order consumers
C. producers and consumers

D. producers and decomposers

(4.9, D)

Sugars, starches, cellulose, and other similar
organic compounds which contain only car-
bon, hydrogen, and oxygen are called:

A. amino acids.
B. carbohydrates.
C. nucleic acids.
D. proteins.

(4.19, B)

Sucrose, or table sugar, differs from glucose
and fructose in being a:

A. carbohydrate.
3. catalyst.

C. disaccharide.
D. polypeptide.

(4.10, B)

The basic unit of a polysaccharide is a mol-
ecule of a simple:

A. alcohol.

B. amino acid.
C. nucleic acid.
D. sugar.

(4.10, D)

38.

39.

40.

41.

42.

Fats, oils, and waxes are all:

A. carbohydrates.
B. lipids.

C. nucleotides.
D. proteins.

(4.11, B)

Fats are synthesized from fatty acids and:

A. alcohol.

B. carotene.
C. catalysts.
D. glycerol.

(4.1, D)

Most enzymes are:

A. carbohydrates.
B. linids.

C. nucleic acids.
D. proteins.

(4.11,D) .

The largest molecules synthesized by organ-
isms are those of:

A. carbohydrates.
B. fats and oils.
C. nucleic acids.
D. proteins.

4.11,C)

Fats are important energy storage com-
pounds because they:

A. are converted to cholesterol.

B. break down easily.

C. contain more chemical energy per gram
than carbohydrates or proteins.

D. form complex compounds in body tis-
sues.

4.11,C)




43.

Fats, like sugars and starches, contain only
carbon, hydrogen, and oxygen. However,
they contain more food energy than sugars
and starches because of their greater number

- of:

44.

45.

46.

47.

A. carbon atoms.
B. chemical bonds.
C. hydrogen atoms.
D. oxygen atoms.

(4.1, C)

Approximately how many different amino
acids are found in human proteins?

A5
B. 10
C. 15
D. 20

(4.12, D)

Proteins are synthesized from amino acids
in long chains called:

A. carbon chains.
B. polypeptides.

C. polysaccharides.
D. ribonucleic acids.

(4.12, B)

Unlike animals, plants can synthesize their
own:

A. amino acids.

B. DNA.

C. enzymes.
D. proteins.

(4.12, A)

All proteins contain carbon, hydrogen,
oxygen, and:

A. calcium.
B. iron.

C. nitrogen.
D. potassium.

(4.12, C)
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48. Which is characteristic of enzymes?

A. all of the following

B. They are not used up in the reactions.
C. They combine with substrates.

D. They speed up the rates of reactions.

(4.13, A)

49. Most of a cell’s enzymes have the chemical
structure of:

A. carbohydrates.
B. lipids.

C. nucleic acids.
D. proteins.

(4.13, D)

50. In living cells, enzymes do not as a rule:

A. affect particular substrates.

B. react with the substrates.

C. remain permanently linked to the sub-
strates.

D. survive their reaction with the sub-

strates.

(4.13, C)

51. Any substance whose presence speeds up a
chemical reaction between other substances
is called a:

A. calorie.
B. catalyst.
C. synthesist.
D. substrate.

(4.13, B)

The next four items are based on an experiment
in which five drops of methyl red and a brass screw
were added to each of four test tubes. Organisms
X and Y were then placed in the tubes as indi-
cated in the table, and the tubes were sealed. The
brass screws kept the organisms out of the methyl
red.

(inv. 4 3, Al)




Methyl red is an indicator that changes from
yellow to red in the presence of carbon dioxide.

Condi- Color of
tions indicator

Tube | Organism

I Dark Red

I Light Red

111 Dark Red

Yellow

v Light

52. In which tube was the carbon dioxide used?

Al

B. 11
C. III
D. IV

(D)

. What are the probable natures of the organ-
isms in terms of how they would fit into a
food chain?

A. X is a producer, Y a consumer.
B. X and Y are both consumers.
C. X and Y are both producers.
D. Y is a producer, X a consumer.

(D)

. In which sealed tubes should you expect the
organisms’ lives to be endangered first?

A. 1, II, and III
B. I, I, and IV
C. I, 111, and IV
D. II, I, and IV

(A)

. A useful control for this experiment would
be a fifth sealed tube containing only air and:

A. a brass screw.

B. five drops of methyl red.
C. organism X.

D. organism Y.

(B)

The next five items refer to the following infor-
mation and graphs. Both graphs refer to the same
enzyme. The first graph shows the enzyme’s rate
of activity at different temperatures. The second
graph shows the enzyme’s rate of activity at dif-
ferent pH values. A pH below 7 is acid; above 7,
basic.

(inv. 4.3, AI)
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56. This enzyme is most active at a temperature
of:

A. 10° to 20° C.
B. 20° to 30° C.
C. 30° to 40° C.
D. 40° to 50° C.

(D)




57. The data indicate that a temperature above

38.

59.

60.

53° or 54° C may supply enoue* energy in
the form of heat to:

assist the enzyme’s reactions.

damage or destroy the enzyme.

make fewer enzyme molecules needed.
replace the energy supplied by the en-
zyme.

(B)

Enzymes are normally active at a wider
temperature range than the average tem-
perature of the organism in which they are
found. This is especially important for:

SOw>

A. terrestrial organisms that do not inter-
nally regulate their body temperature.

B. deep-water marine organisms.

C. seasonally migrating terrestrial organ-
isms.

D. marine organisms that maintain con-
stant body temperature.

(A)

The data indicate that this enzyme is most
active at a pH of:

(B)

A human organ in which the pH is acid, and
at times is very acid, is the stomach. The ac-
tual pH varies according to how much gas-
tric juice dilutes the stomach’s secretion of
hydrochloric acid. Which of the following
statements best summarizes whether the en-
zyme represented by the graphed data could
be a human enzyme?

A. It could be a human digestive enzyme
that hydrolizes proteins in the stomach.

B. It could be a human enzyme that syn-
thesizes new cell proteins in the stomach.

C. It could not be a human enzyme, be-
cause average human body temperature
is about 37° C.

D. It could not be a human enzyme,;be-+

cuuse it is inactive in diluted acid.

[N
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61.

62.

63.

64.

65.

66.

Nucleic acids are made up of:

A. amino acids.
B. fatty acids.
C. nucleotides.
D. polypeptides.

(4.14, C)

What is the main function of DNA? To:

A. act as enzymes

B. act as messages used in protein syn-
thesis

C. store energy for the cell functions

D. store the genetic information

(4.14, D)

How do RNA and DNA differ?

A. all of the following

B. DNA is double-stranded, RNA is single-
stranded.

C. DNA is made up of nucleotides, RNA
is not.

D. DNA sugar has 5 carbon atoms, RNA
sugar has 6 carbon atoms.

(4.14, B)

What is a nucleotide?

A. all of the following

B. a nitrogen base, a phosphate and a
S-carbon sugar linked together

C. the basic subunit of proteins

D. the genetic code unit (codon)

(4.14, B)

Everything the organisris of an ecosystem
use is recycled except:

A. air.

B. energy.

C. food wastes.
D. water.

(4.14, B)
Ribose in RNA, and deoxyribose in DNA,
are both:

A. amino acids.
B. five-carbon sugars.
C. nucleic acids.
D. six-carbon sugars.

(4.14, B)
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Chapter 5
Continuity in Cells

1. Robert Hooke first used the word cell, in its
meaning of “small room,” for microscopic:

A. boxlike mitochondria.
B. compartments in cork.
C. hollows in seashells.
D. spaces within vacuoles.

(5.1, B)

. Later it was discovered that in living mate-
rial these cells were filied with:

A. air,

B. complex liquid.
C. dried particles.
D. membranes.

(5.1, B)

. What was Antony van Leeuwenhoek’s con-
tribution to biology?

A.
B.
C.

He first proposed the cell theory.

He invented the compound microscope.
Using his compound microscope he
looked at sections of cork and described
and named cells.

Using simple but excellent microscopes,
he described bacteria, sperm, and small
creatures.

(5.1, D)

. As the cell theory became established, it in-
cluded each of the following ideas except
that:

A

all cells have the same internal parts.
all cells come from pre-existing cells.
cells are the units of function in organ-
isms.

cells are the units of structure in organ-
isms.

(5.1, A)

B.
C.
D.
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5.

According to the cell theory, microscopic ex-
amination of a body tissue from a previously
undiscovered organism will reveal:

A.
B.

acellular structures with nuclei.
clearly defined cells.

C. either cells or structures made by cells.
D. meiasis occurring in the cells.

(5.1, C)

Which advance in microscopy directly led to
the discovery of organelles? The:

A.
B.

invention of the electron microscope
invention of the time-lapse camera
C. use of stains

D. use of the single-lens microscope

(5.2, C)

The next nine items refer to the relationship be-

tween

biological tools and the discoveries made

with them. Assume that the tools named in the
key are listed in the order in which they came into
use. For each discovery stated in an item, select
the earliest tool that made the discovery possible.

(5.2-5.4, Al)

KEY:
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A. compound microscope
B. biological dyes

C. chemical anaiysis

D. electron microscope

7. The nucleus contains threadlike struc-

tures called chromosomes:

(B)

. The outer boundary of the cytoplasm
is a definite structure:

(A)

. Within each cell is a prominent spher-
ical structure, the nucleus:

(A)




10.

11.

12.

13.

14.

15.

The endoplasmic reticulum forms a
network of channels in the cytoplasm:

(D)

The channels of the endoplasmic retic-
ulum are covered with spherical struc-
tures called ribosomes:

(D)

The cell membrane is composed of both
proteins and fats:

(€

Chromatids are formed during mitssis:

(B)

The nucleolus is a small oval body
within the nucleus:

(B)

Cell parts, such as ribosomes have in-
ternal structure:

(D)

16. Some cell structures could not be detected
until electron microscopes were invented. An
example is:

17.

A.
B.
C.
D.

(53

chloroplasts.
mitochondria.
nuclei.
ribosomes.

’D)

Animal and plant cells share:

A. all of the same organelles.
B. few of the same organelles.
C. most of the same organeclles.
D. none of the same organelles.

(5.5,C)

]

18. Ceils that carry on intracellular digzstion do
not digest themselves partly because they
secrete their digestive enzymes into mem-
brane-enclosed:

A. centrosomes.
B. chromosomes.
C. lysosomes.
D. ribosomes.

(5.5,C)

19. Cellular respiration is carried on by:

A. chromosomes.
B. centrosomes.
C. mitochondria.
D. ribosomes.

(5.5, C)

The next six items are based on the following dia-
gram of a cell as seen using a microscope.

(5.5, AI)

20. Which cell part contains the chromosomes?

.1
.2
.3
. 4

OO w»

©

21. Which cell part controls the movement of
substances into and out of the cell?

SO0wp»
v —




22. Which numbered parts are not found in an-
imal cells?

A. land2
B. 1and3
C. 1and 4
D. 1and 5

(D)

23. Which cell part is the cytoplasm?

24. Which cell part is constructed of nonliving
material?

(A)

25. Which cell part is composed primarily of
lipids?

The next three items refer to the following infor-
mation and table.

(5.5, AD)

Cells were cut so that one half of the cell fragment
contained a nucleus and the other half did not. The
fragments with nuclei were separated from those
without nuclei. From each group, 100 fragments
were placed in containers of nutrient medium
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under uniform conditions. The table indicates the

results.
Nonnucleated | Nucleated
fragments | fragments
Initial sample 100 100
Surviving 1 day 80 79
Surviving 2 days 60 74
Surviving 3 days 30 72
Surviving 4 days 3 72
26. The data indicate that for this type of cell:

21.

28.

A. a nucleated cell half usually can repair
itself.

B. a nucleus is not involved in repair of in-
jury.

C. a ruptured cell membrane is fatal.

D. a whole cell whose nucleus stops func-
tioning would die in 3 to 5 days.

(A)

The conclusion indicated by the data would
be strengthened by the:

A. death of the three remaining fragments
without nuclei.

B. observation of whole cells with their nu-
clei removed.

C. removal of the nuclei from the 72 nu-
cleated survivors.

D. resumption of normal cell activities by
the 72 nucleated survivors.

(D)

Which of the following assumptions was
made in this experiment?

A, All cells were about to undergo mitosis
when cut in two.

B. Equal numbers of fragments of each
kind would survi re.

C. A normal cell’s lifespan is four days.

D. The same cytoplasmic materials were
present in all fragments.

(D)
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For the next four questions, match the following
organelles with their descriptions and/or func-
tions.

(5.5)

KEY: A. cell walls
B. chromosomes
C. microtubules
D. ribosomes

—— 29. contain the genes; are visible only
during division:

(B)

—— 30. tiny bodies where proteins are synthe-
sized:

(D)

— 31. found only in plants; give plants ri-
gidity:
(A)

—— 32. composed of proteins; organized in net-
work that forms the cell skeleton:

(©)

33. Investigations of animal, plant, and protist
cells have revealed that all cells have:

A. cell membranes.
B. centrosomes.

C. organized nuclei.
D. plastids.

(5.5, A)

34. Dark-staining small spherical bodies within
a cell nucleus are called:

A. chromosomes.
B. nucleoli.
C. plastids.
D. vacuoles.

(5.5, B)

35.

36.

Dark-staining threadlike bodies within a celt
nucleus are called:

A. chromosomes.
B. mitschondria.
C. nucleoli.
D. plastids.

(5.5,A)

Membrane-enclosed bags in the cytosol
which contain food or fluid are known as:

A. chloroplasts.
B. nucleoli.
C. plastids.
D. vacuoles.

(5.5,D)

Use the following organelles as responses for the
next four items. Match the descriptions or func-
tions with the organelles.

(5.5)

KEY:

A. endoplasmic reticulum
B. Golgi complex

C. lysosome

D. mitochondrion

37. powerhouse of the cell; releases energy
from nutrients by respiration:

(D)

38. network of tubules; transports maute-
rials within the cell:

(A)

39. vesicle containing digestive enzymes:

©

40. sac-like structures that package ma-
terials in vesicles:

(B)




The next eight items are based on the following
drawings of cells. Match a number from the draw-

ings to cach item.
(5.5)

J|L

ad W N

-l

o] ~ O

nucleus:

(4)

41.

42. cell wall;

(1)

43. cell membrane:

(2)

44. centrosome:

3)

chioroplast:

(8)

45.

46. mitochondria:

(6)

47. cytosol:

(7

48. chromosomes:

(3)

i

49. Ribosomes are the sites of a cell’s:

A.
B.

air exchange.
digestion.

C. cnergy powerhouses.
D. protein synthesis.

(5.5, D)
50.

cuts with the aid of'

A. centrosomes.
B. chromosonies.
C. lysosomes.
D. ribosomes.

(5.5, C)

51. Cell secretions are packaged by the:

A.
B.

endoplasmic reticulum.
Golgi complex.

C. mitochondria.

D. nucleus.

(5.5, B)

The control center of a cell is the:

A.
B.
C.
D.

(5.5, D)

52.

cell membrane.
cytoplasm.
endoplasmic reticulum.
nucleus.

53.

the following structures it contains?

A.
B.
C.
D.

(5.5, B)

chromosomes
mitochondria
nuclei
lysosomes

54,

network called the:

A. endoplasmic reticulum.
B. Golgi apparatus.

C. mitochondria.

D. nuclear membrane.

(5.5, A)

Before energy can be released from food-
stuffs, digestion of large food molecules oc-

The more active a cell or tissue such as
muscle, the greater the number of which of

Numerous channels within the cytoplasm of
a cell appear to be formed by a membranous




55. Which of the following types of cell struc-

56.

tures in plant cells and in many protists car-
ries on photosynthesis?

A.
B.
C.
D.

(5.5, B)

lysosomes
chloroplasts
mitochondria
ribosomes

Which of the following types of structures in
animal, plant, and many protist cells re-
leases energy from foods and makes it avail-
able for cell activities?

A. chloroplasts
B. lysosomes
C. mitochondria
D. ribosomes

(5.5,C)

The next four items refer to the following field of
view as seen through a compound microscope.

(inv. 5.1, A])

57.

To keep the moving organism in view as it
swims across the field of view to the right,
the slide under the microscope should be
moved to the:

A. front.
B. left.

C. rear.
D. right.

(D)
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58.

59.

60.

What is the actual direction of the organ-
ism’s moveinicnt on the slide in relation to the
direction in which it is seen moving through
the microscope?

A. 90° clockwise

B. 90° counterclockwise
C. opposite

D. same

©

The len th of the organism is approxi-
mately:

A. 0.05 mm. N
B. 0.5 mm.
C. 1.0 mm.
D. 1.5 mm.

(B)

2 -

The approximate diameter of the field of
view in micrometers (um) is:

A. 500.
B. 1000.
C. 1500.
D. 2000.

(©)

Four microscopes are set up in the laboratory as

follows:
(inv. 5.1, AJ)
Micro§cope Objective Ocular
number

1 10X 5X
2 20X 10X
3 40X 5X
4 40X 10X

1

v




6l.

62.

63.

64.

A moving organism on a slide will appear to
move at the same rate of speed under either
of the two microscopes numbered:

A. land 2.
B. 1 and 3.
C. 2 and 3.
D. 2 and 4.

©)
Under which microscope could you expect

to see the most organisms in a single field of
view?

SOw>
DW=

(A)

Which microscope has a field of view that is
smallest in diameter?

The chief advantage of higher magnification
is to:

A. get better focus.

B. see-smaller objects.
C. see a wider field.

D. slow down movement.

A clear plastic ruler is placed alongside a row of
objects on a slide and viewed with the objects
through a microscope. The field of view is shown

by the circle.
(mv. 5.1, Al)

SO D

:

=

1 mm

\_/
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65.

66.

To measure the lengths of the objects, you
should:

A. divide their apparent lengths by the
magnification.

B. multiply their apparent lengths by the
magnification.

C. read the ruler’s divisions directly.

D. read the ruler’s divisions and multiply
by two.

(©

The average length of these objects in mi-
crometers (um) is approximately:

Al

B. 100.
C. 200.
D. 2000.

(C)

67.

68.

69.

The study of the functions of cells, tissues,
organs, and organisms is called:

A. anatomy.

B. differentiation.
C. metabolism.
D. physiology.

(5.6, D)

Part of a cell’s exchange of materials with
its environment is done by a physical process
rather than a biological one. The name of this
process is:

A. active transport.
B. diffusion.
C. photosynthesis.
D. secretion.

(5.7, B)

Some but not other materials are admitted
through a cell membrane, not always ac-
cording to their size. A membrane of this na-
ture is said to be:

A. actively permeable.

B. differentially permeable.
C. non-permeable.

D. porous.

(5.7, B)
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70. A cell does not need to use energy in:

71.

72.

73.

74.

A. active transport.
B. diffusion.

C. metabolism.

D. mitosis.

(5.7,B)

When a cell concentrates materials inside or
outside its cell membrane, it is using energy
in:

A. active transport.

B. metabolism.

C. osmosis.

D. passive or simple diffusion.

(5.7,A)

In diffusion, random motion of molecules
tends to move the molecules from where they
are:

concentrated to where they are needed.
less concentrated to where they are more
concentrated.

. more concentrated to where they are less
concentrated.

used to where they are eliminated as
wastes.

(5.7,C)

g 0 wp

In diffusion, molecules tend to move:

A. from areas of high concentration to areas
of lower concentration.

B. from areas of lov’ concentration to areas
of higher concentration.

C. in any direction.

D. in whatever direction they are pumped.

(5.7, A)

A physical process requiring no input of en-
ergy and used by cells to exchange many
materials with the environment is:

A. active transport.

B. osmosis.
C. diffusion.
D. secretion.

(5.7, C)

(WA}

75. Materials that are admitted through a cell

membrane are not always passed through the
membrane according to the smallness of
their size. This means that the membrane is:

A. differentially permeable.
B. freely permeable.
C. nonpermeable.

D. porous and mermeable.

(5.7, A)

The next 10 items refer to the table of concentra-
tions of substances in the cells of a certain sea-
weed, in seawater and in brackish water.

(5.7, AD)
Typical concentrations
Substance | Maintained in | Found in | Found in
seaweed cell | seawater | brackish
water
Calcium 1.70C 12.0 1.7
Magnesium 0.005 57.0 6.5
Sulfate 0.010 36.0 2.8
Sodium 90.0 500.0 60.0
Potassium 490.0 12.0 1.4
Chlorine 500.0-600.0 520.0 73.0

The next six items relist the substances in the table.
Use the following key to indicate the mechanism
by which each substance enters or leaves the cells
of the seaweed when the seaweed is in seawater.

KEY: A. diffusion
B. active transport into the cell
C. active transport out of the cell
D. osmosis

—— 76. magnesium:

©

— 77. sodium:

©

—— 78, potassium:

(B)

P




< Ksrre

—  79. chlorine:
(A)
—  80. calcium:

(©)

—  81. sulfate:

©

82. Which substance enters the cell by active
transport in brackish water but probably en-
ters or leaves the ce'' by diffusion in sea-
water?

A. calcium
B. chlorine
C. sodium
D. sulfate

(B)

83. Which substances are actively transported
out of the cell in both seawater and brackish
water?

A. calcium and potassium
B. chlorine and sodium
C. magnesium and sulfate
D. sodium and sulfate

(©)

84. Which substance apparently enters or leaves
the cell by diffusion in brackish water but
leaves the cell by active transport in sea-
water?

A. calcium
B. chlorine
C. sulfate
D. sodium

(A)

85. Which substance enters the cell by active
transport in brackish water and leaves the
cell by active transport in seawater?

A. calcium
B. magnesium
C. sodium
D. sulfate

The next three items refer to the following infor-
mation and graph.

(5.7, Al)

Some organisms can survive in water of widely dif-
ferent salt concentrations. Brine shrimp are an ex-
ample. They maintain a constant concentration of
salt in their bodies no matter what the concentra-
tion of the salt in the water arouna them. They
survive in water containing from 0.5% to 25% salt.

The investigator who graphed the data below used
the amount of oxygen taken up by the brine shrimp
as an indication of how much food energy they
were using, in water of two different salt concen-
trations. Food was supplied in unlimited amounts
to both groups of the brine shrimp. the investi-
gator observed that brine shrimp in 15% salt so-
lution swam somewhat less actively than brine
shrimp in 3% salt solution. Females in 15% salt
solution produced fewer eggs than females in 3%
salt solution.

8

OXYGEN USED
8

MINUTES

86. What hypothesis could the investigator have
been testing?

A. Brine shrimp in a 3% salt solution main-
tain a uniform concentration of salt in
their bodies.

B. Brine shrimp in a 3% salt solution use
much of their available energy pumping
out water.

C. Brine shrimp in a 15% salt solution
maintain a uniform concentration of salt
in their bodies.

D. Brine shrimp in a 15% salt solution use
much of their available energy pumping
out salt.




87. What do the data show?

A. Brine shrimp eggs cannot survive in a
15% salt solution.

B. Brine shrimp in a 15% salt solution use
more energy but are more sluggish than
brine shrimp living in a 3% salt solution.

C. Brine shrimp in a 3% salt solution use
less energy searching for food than brine
shrimp in a 15% salt solution.

D. Brine shrimp in a 15% salt solution use
less energy and are less active than brine
shrimp in a 3% salt solution.

(B)

88. From the data, what conclusion is the inves-
tigator justified in forming?

A. Brine shrimp in 15% salt solution would
starve in nature, since other organisms
could not survive in water of that salt
concentration.

B. Brine shrimp living in water of 0.5% salt
content could probably live anaerobi-
cally, that is, without oxygen.

C. Brine shrimp in 15% salt solution ac-
tively transport salt out of their bodies
using energy that otherwise could have
supported other activities.

D. Brine shrimp use more energy actively
transporting water out of their bodies
than actively transporting salt out of
their bodies.

(C)

The next nine items refer to the following diagram
and information.

(5.9, AI)

I4Hollow tube

o

!"_

GROUP Il STERILIZED

Flasks 1 through 8 were half-filled with a breth
that supports the growth of microorganisms.
Cotton stoppers were applied as shown. Group I
was treated no further and was allowed to stand
at room temperature on a laboratory table. Group
IT was sterilized in an autoclave and placed next
to Group I.

89. Flask I servec primarily as a control for
Flasks:

A. 2and 6.
B. S5and 7.
C. 7and 8.
D. 2and 5.

(D)

90. Microorganisms are most likely to appear
first in Flask:

A. lor5.
B. lor6.
C. 20 6.
D. 4or 8.

(A)
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91.

92.

93.

94.

95.

If all organisms are killed by sterilization,
no growth should appear in Flask:

A. 4.
B. 5.
C. 6.
D. 7.

©)

The hypothesis that all life comes from life
would be best supported if no microorgan-
isms appear in Flasks:

A. 3 and 5.
B. 4 and $.
C. 4and 7.
D. 6 and 8.

(D)

Spontaneous generation would be best sup-
ported if microorganisms appear in:

A. any flask.
B. Flasks 3 and 4.
C. Flasks 5 and 7.
D. all flasks.

(D)

If Flask 5 becomes cloudy before Flask 7,
this cloudiness probably would be due to:

A. Flask 7 having a smaller opening to the
outside.

B. Flask 7 being heated for a longer time
than Flask 5.

C. no air getting into Flask 7.

D. the broth in Flask 5 being contaminated
before heating.

(A)

The hypothesis that microorganisms enter
the broth only from the air would be best
supported if these organisms appear in
Flasks:

A. 1 and 8.
B. 5 and 6.
C. 5and 7.
D. 6 and 8.

©
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96.

97.

If microorganisms grow in Flask 2, they most
likely:

A. arise spontaneously.

B. come from air outside the flask.

C. were in the broth poured into the flask.
D. come off the wall of the flask.

©

If microorganisms grow in Flask 7, they most
likely:

A. arise spontaneously.

B. come from air outside the flask.

C. were in the broth poured into the flask.
D. come off the wall of the flask.

98.

99.

100.

In which of the following cubes would the
movement of materials in and out be most
efficient?

A. lcm
B. 2cm
C. 4cm
D. 8 cm

(5.9, inv. 5.3, A)

Whatis the surface area of a cube that mea-
sures 3 cm on each side?

A. 16 cm?
B. 34 cm?
C. 54 cm?
D. 96 cm?

(5.9, inv. 5.3, C)
What is the volume of a cube that measures

3 ¢m on eych side?

A. 16 cm?
B. 27 cm?
C. 48 em?
D. 96 cm?

(5.9, inv. 5.3, B)
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101.

What is the ratio of surface area to volume

104. Which structures first move apart during

for a cube that measures 3 ¢cm on each side? mitosis?
‘ A. 81 A1
B. 4:1 B. 2
C. 31 C. 3
D. 2:1 D. 4
(5.9, inv. 5.3, D} (A)

102. Which of the followirg best explains why 105. Which structure disappears when Structure
cells usually are very small? 2 is forming?
A. The vacuoles in cells can hold only a Al
limited amount of waste material. 8.2
B. Materials move in and out of small cells C.3
more easily. D. 4
C. Whenever a cell grows very large, it di- (©)
vides into two cells.
D. The cell rpembrane encloses the cell and 106. How many chromatids are shown?
prevents its growth.
A. 2
(5.9, inv. 5.3, AL, B) B. 4
. C. 6
103. The separation of daughter chromosomes D. 8
and division of a cell nucleus to form two nu- )
clei, each with a full set of chromosomes, is (D)

called:

A. ceii division.

107.

have?

B. cyclosis.
C. differentiation. A. 2
D. mitosis. g 4
. 6
(5.10, D) D 8
The next five items refer to the following dia- (B)

grams of two stages in mitosis.
(5.11, AI)

G AW -

108.

Which structure divides last as the chro-
mosomes are about to be distributed to op-
posite ends of the cell?

% _ . 143
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109. A certain cell’s nucleus has 16 chromosomes
before mitosis. How many chromosomes will
each new cell nucleus have?

A. 4
B. 8
C. 16
D. 32

(5.11, AL, C)

The next cight items ask you to identify the mi-
totic stages in the following diagram.

(5.11)

20 \, !
AN o
C D

—110. when the chromosomes begin to coil,
the spindlc forms, and the nuclear en-

—112.

— 113,

— 114,

— 115,

——116.

— 117

the nuclear envelope and nucleolus re-
form:

(D)

the chromosomes move to the center of
the cell (the equatorial plane) and each
chromosome strand (chromatid) be-
comes attached to the spindle:

(B)

metaphasc:

(B)

telophase:
(D)
prophase:

(A)

anaphase:

(©)

118. How do cancer cells differ from normal cells?

A.
B.
C
D

ali of the following

Cancer cells are foreign to the body and
do not divide.

Cancer cells lack ribosomes.

Can