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PREFACE

A majority of high schools do not at the present time
offer advanced work 1n blology. With the basic belilef that
an sdvanced blology program 1s necessary, this report is
designed to stimulate the deVelopment of more advanced
biology programs,.

Indebtedness 1s acknowledged to Dr. L. Herbert Bruneau
for his assistance in the procurement of reference material;
to Dr. Robert C. Fite as Director of the National Sclence
Foundation Academic Year Institute; and to my wife for her

assistance 1n the preparstion of this report.
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PART I, INTRODUCTION

High schocl blology 1is at present being taught as a one
year course at the freshman or sophomore level in most public
schools. The materlal which is presented in the classroom
situation is primarily a brief introductory insight into the
world of plant and animal 1ife; with little or no provision
for a follow-up or continuing investigation. It is the
opinion of the author that a second year of more advanced
and specialized work for qualified students in blology is not
only of merit, but of essential Importance in our public
school curriculum. This report has been formulated to present
a sample advanced blology program for consideration when &
second or advanced study of biology becomes practicél to in~
¢lude in the school curriculum.

It is deslred that this report will be informatlive to
both the author and reader, should they share a common inter-
est in establishing an aedvanced high school blology program.
Included in the followlng report will be: probable subject
areas, materials to exploit, preparation and developmental
factors to consider, and some procedural techniques. It is
to be understood that this report will reflect the personal
preferences of the author,

A high school educatlion has the basic responsibility of

preparing its recipients for successful living in and



contribution to their society. The high school, along with the
church and home is therefore responsible for developing the
whole 1ndividual not just 2 smell facet of that individual.

It is with regard to the last statement, that I have chosen
this toplc for my report because it is impossible to completely
develop an individual by only presenting generalities in the
classroom.

To be sure, a school is not expected to spoon-feed infor-
mation to its students, but rather is entitled to expect that
wifh some directional interest applied, the student will be
able to apply some basic knowledge 1n obtaining more advanced
knowledge. However, it is the responsibility of the school
and society to provide the best possible education for its
students and therefore, where possible to provide advanced
work in speciflic flelds of interest. Bilology, dealing with
themselves and thelr environment provides an excellent chance
for the school to better equip its graduatss with information
of applied value, which will be usseful in future education
and for life experiences.

Having statéd why I think an advanced blology program 1s
necessary, 1t now becomes important to investigate the factors
which will greatly affect the type of program which will be
developed. The influeficing factors can be primasrily divided
into the areas of: the school, the teacher and the student.
In discussing these factors it will bte advisable to consider
the teacher as a connection between the school resources and

students quest for understanding. Considering the influencing



areas of the school, the teacher and thé student, let us
discuss them in chronologlcal order as arrangéd.

The school and community are placed in the initiel posi-
tion because 1t will be the decision of the communlty repre-
sentatives 1In the school system, the school board and taxpayers,
to decide whether or not the advanced level of work will be
offered. In proposing s second year of blology, the teacher
must be prepared to 1llustrate reasons why this additional
-ﬁaterial is necessary and of value to the community. It
would be most advisable to influence the thinking of the
school principal end superintendent so that their support may
be epplied in convincing the school board of the validity of
the advanced program. If properly presented, an advanced |
biology program can probably be developed in most progressive
schools of moderate financial means. The teacher.presenting
this proposed curriculum addition will need to bte somewhat of
a politiclan beceuse the ideas of change and expense will be
serioﬁsly.considered by the school board and may need an
extra push to be accepted.

As I have mentioned, the teacher must take the lead in
formulating this new sdvanced biology program, but at the same
time must be capable of functloning as the connection between
the community represented by the school, and the students.
The teacher will need to sell this change in past procedures
and to do this, must be able to first sell himself. It is
not sufficient to ascertain that e change should occur but

rather it 1s necessary to properly equip yourself to



successfully administer the proposed change. It therefore
becomes the function of the teacher to become properly treined
in the proposed field so that the program can be reasonably
certain of functioning well if developed.

The aspects of teacher preparation for an advanced
biology program will include: an ability to stimulate interest
In students, so that quelified students will seek to pursue a
deeper study of blology; course work preparation to fecilitate
higher level teaching; the a2bllity to show good judgment in
purchasing of equipment and supplies; and, an ability to
sell the need for the progrsm. The teacher who wishes to
establish an advanced biology course on the high school level
must recognize the amount of work involved and be willing to
adapt to the requirements. It would be very desirable for
the teacher to have some extre preparation time for labora-
tories and with cooperation from the sdministration this can
probably be realized. A consideration here would be student
laboratory assistants to help with preparations, thus reliev-
ing some of the teacher's load as well as providing some good
experlence for the participating students. With a discussion
of the school and the teacher completed, I now direct the
attentlion of this report to the most important aspect of
the problem--the student and his or her needs.

- I earlier stated that the entire individusl could not be
developed by a genersl education. With this firmly in mind,
‘I shall investligate the function of the student asnd his or

her affect on the development of an advanced biolcgy program.



Educeaetion 1is for the advancement of soclety as determined by
the advancement of the indivicduals within that soclety. It
therefore, becomes necessary to more completely develop each
individual's capabilities in order to facilitate the advance-
ment of the entire group in the soclety. An advanced blology
course in itself will not advance the develcpment of the
individual unless the participants become mature enough to
participate 1In advancement of themselves by applyling those
idees that were set forth in basic and advanced course work
in education., The needs of the individual students will tend
to determine and 1limit the scope of the offerings of the
advanced biology course. Regardless of the basic orientation
of the edvanced bioclogy course work, the goal will be student
advancement by doing rather than by telling and will be based
upon teachef stimulation and student application.

Having exteblished the functions of the school, teacher,
and student in determining the type of an advanced biology
program, the problem now becomes that of developing an advanced
program which will be usable. The items of consideration here
will be: selection of the students, determination of class
size limitation, selection of appropriate areas of sfudy,
and the reguirements for the course. These four items will
be discussed in chronological order in the following
parsgraphs.

The selection of students will primarily be based on an
expressed interest, need and schlevement competancy levels

based on past educational records. The advanced tiology course



will be strictly an elective subject which may be elected by
students who are interested and quelified. Students who are
in the junior or senlor class, and have successfully completed
general biology and chemistry with average or esbove records
and are interested in some phase of the blologicel sciences
at a post high school level, will be given careful considera-
tion. The most Important aspect of selection will be the
students expressed‘purpose in enrolling in the subject as
compared with the probability of using what will be learned
in‘advanced biology. Even though this 1is an elective course,
it 1s possible that through guldance, certain students may
be encouraged to enroll in an advanced bilology progrem.

The second fector in deVeloping an advanced blolegy
program for s secondary school will be the determination of
a workable class size. In the selection of e meximum number
of students per class of sdvanced blology, the teacher must
consider: avallable space, available materials and equipment,
activities tc be Included iIn the progrem and the preparaestion
time alloted for the advanced blology class or clsassses., In
an advanced biology class 1t will be desirable to have students
working in paire on the lsborastory level, therefore, an even
number of students should be planned for. Students should
have adequate space for microscope work and other laboratory
procedures without the necessity for crowding two groups
together., Each pair of students should have access to dise
- secting equipment and specimens as well as a binocular

microscope and a standard microscope. The type of activity



willl affect class slze as indicated in the cese of work area,
but also in the case of planned field trips. The size must
be kept to a 1limit which can efficiently be taken through a
fleld trip situation as & learning process not an entertein-~
ment session. Another consideration will be the size of class
which cen function in a two hour laﬁoratory class if they can
bte successfuliy programmed into the advanced biology program.
Individual conference periods will be valuegble in an sdvanced
program and this willl also determine class size by comparing
the time per conference with the preparation time of the
teacher sco that all students will periodically be able tc
have a conference session. Considering all of the above
factors 1In class size determination, it seems practical to
set a workable limit at 16-20C students.

The third factor in the development of an advsnced
bilology program becomes that of the selection of the topilcs
or areas to be covered within the course. This will vary
greatly and could be expected to change for each group of
students. The areas offered for study in an advanced biology
program will be influenced by the future expectatlons anc
needs of the students, however, it will not be practical to
alter the entire progrem from year to year because of one or
two student's interests. Also influencing the areas of ad-
vanced study will be the degree of competency obtained by
the teacher in the various filelds of study. Thls does not
imply thet an area cen't be discussed if the teacher 1s not

expert in that area. Areas should be selected which will



have the greatest practical Importance to the students and
which cen also be supplemented by community resocurces.

Assuming that this advenced progrem will be a two semester
progrem, the selection of included areas of study might also

be influenced by equetable time allotments for particular
eress, With these considerstions, it becomes a matter for

the individual teacher in the particular community to establish
the inclusions and exclusions of the advanced blology program.
A consideration here might be that advanced can mean a continu~
ation from basic work as well as the investlgatlion of entirely
new material,

The fourth ma jor factor in the development of an advanced
blology program will be the 1ncluded requirements of the class-
wbrk. It should be understood that an advanced blology course
infers laboratory activities as well as lecture and dilscussion
activities. The requirements for an advanced course in biology
will by necessity vary, however, some basic requirgments should
be: 1individual project work, individusl conference reports,
assigned reference readings, orél class reports, and assorted
exeminations.,

Having stated what affects the establishment of an ad-
vancédbbiology program on a secondary level and also what
affects the development of an advanced tiology progrem, I
am now ready to formulate a sample advanced bilology program.'
It is again to be understood that the following reflects the

preferences of the suthor,



The sample advanced biology program prepered Iin this
report is designed as a two semester course to be taught at
the junior and senior level to students with a background in
basic blology and chemistry. There are four ma jor approaches
to an advanced biology program: (1) experimental courses -
research, (2) speclal filelds of study, (3) seminar courses,
(4) college level courses., I have selected the second type,
speclal flelds of study, because I feel that 1t has more

flexibility and appllcation.



PART II, COURSE OF STUDY OUTLINES
FIRST SEMESTER

I, Cytology -~ 6 weeks

A, Introduction
l., Farts of cells
2. Functions

B, Cellular inclusions and functions
1. Granules and vacuoles
2. Plastids
3, Photosynthesis
4, Respiration

C. Cellulsr replication
1. Mitosis
2, Protein synthesis
5. DNA
4, RNA

D. Summary
1., Importance of understanding
2. New ideas

IT., Anatomy and Physiology - 13 weeks

A, Introduction
ls Transition from cells to organisms
2. Updating of laboratory techniques

B., Comparative anatomy
l. Anatomy of dogfish shark
2. Anatomy of the frog
3. Anatomy of simple mammal (rat-cat-rabbit)
4, Anatomy of man

C., Comparative Physiology
1. Physiology of the frog
2. Physiology of simple mammal (rat-cat-rabbit)
3. Physlology of man

D. Summary
1. Conclusion of all areas up to this point
2. A look beyond
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SECOND SEMESTER

Genetics - B weeks

A, Introduction
1. Terms snd activities
2. Inheritance versus environment

B. Genetics and evolution
1. Origin of life
2. Why changes occur
3+ Mutations

C. Genetic principles
1. Dominance and recessiveness
2. Ploigdy
3s Chromosome mapplng, crossing over and linkage
4, Sex determination
5. Populatlon studies
6, Human inheritance, blood type, sex linkage
7. Radiation affects

D. Summary
1. Conclusion and projection Into future

Ecology ~ 11 weeks

A, Introduction
l. From genetlcs to individual interrelatlionships
2. Environment types and factors

B. Contributing areas to study
1. Limnology and ichthyology
2., Teaxonomy

C. Specific ecological studies
1, Niche
2. Ecotone and ecosystem
3., Populatlion studies

D, Summary
1. Assoclate all factors
2, Interplay of cells with organisms, heredity,
and environment

11
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PART ITIT. FIELDS OF STUDY
SECTION 1. THEE FIELD OF CYTOLOGY

In the study of cytology 1t must be remewmbered that the
point of concentration will be on microscoplic or submicro-~
scoplc detail. With this in mind, it will also be necessary
to be able to presént most of the outlined materisl for this
area in the form of discussion and lecture sessions. The
represented areas for consideration should be supplemented
with laboratory work where possible.

The purpose of the area of cytology will be to familiare
ize the students with the minute aspects of cells-~why and how
they function. Once the understanding is grasped, the transi-
tion to s more workable macroscoplic level is more easily made.

This report will not attempt to provide lecture notes
or even a complete laboratory program for the teaching of
cytology. This report will provide sample laboratory
exerclises and references which can be drawn upon for indi-
vidusl modification.

An introduction to cytology will vary with personal
preference but I would suggest a general discussion based
upon past experienée and supplemented with projection 6f

photographs from Scientific American magazines. With the

discussion of cells underway, it will be rather contlnuous
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‘to consider the functions of cells as a unit and then the
discussion of cell parts and what their functions contribute
to the cell as a unit. As a unifying process, I would suggest
that the students be given an opportunity to solidify their
thoughts by constructing a sample plant and/or animal cell
based upon thelr present knowledge.

EXERCISE 1: Construction of a Typical Cell

MATERIALS:
Small cerdboard boxes
Cellophane
Toothpicks
Polystyrene strips and balls
Tape and glue

PROCEDURE: A suggestion would be to ask the
students to construct a cell, which if pro-
vided with the substance of 1ife, would
function and have 1its parts in proper pro-
portion. Once the students have worked with
this problem, they will be more ready to
consider the internal complications within a
cell.

In considering the problem of cellular Inclusions and
functions, it will be necesssry to depend rather heavily on
discussion and audlo-visual ald presentations. Projection of

electro-micrographs obtainable from Scientific American

earticles will again be valuable alds 1n pointing out the
internal parts of cells. As each particular structure 1is
identified it would be well to éonsider its probable function
and research which has been done with it. Some parts to
consider would ber vacuoles, plastids, membranes, nucleus,
nucleolus, Golgl apparatus, mitochondrias, endoplasmic

reticulum and generalized cytoplasm.
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EXERCISE 2: Exemination of Elodea Leaves

MATERIALS:
Microscope
Elodea leaves

PROCEDURE;:

The students could again be famliliarized with
the space and size concept by observing cells of
Anacharis (Elodea) to note the vacuole, its size
and the space which it leaveg for the other
structures mentioned.

A concept to begin to formulate at this time would be--
are these dlscrete structures, or are they in s state of
flux within the cell boundaries.
In discussing plastids and their functions, it will
perhaps'be deslrable to observe and test for these structures.
EXERCISE 3: Examinatlion of Elodea Leaves

MATERIALS:
Living green leaves (may be frozen)
Hot plate
Two 600 ml. beekers
One 8 oz, capped medicine bottle
One 250 ml. graduated cylinder
Medicline dropper
One 100 ml. flask
Carbon tetrachloride
200 cc. of 95% ethyl alcohol
Forceps and hot dish holder

PROCEDURE:

1l, Obtain some Anacharis (Blodea) leaves
and observe the green structures which are
mobile in the cytoplasmw-what 1s the probable
identity of these structures? Now using either
these same leaves or some larger plant leaves,
prepare to study the process of chlorophyll
extraction. (Exercise 84-BSCS Revised Yellow
Version.,)

2., Warm hot plate.

3. Fi1l 600 ml, beaker with water and heat.
Add 200 cc. of 95% ethyl alcohol to other 600 ml,
beaker-=cover this one with a glass plate and
heat.

4, Place the green leaves in the hot water
just long enough to blanch. Do not over heat.
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5. Transfer wilted leaves into alcohol,
Boil five minutes and stir.

6., Cool alcohol and pour 100 cc. of
extract into 8 oz. medicine bottle and the rest
pour into flask, cover and store in refrigerator,
(Note the extract color)

7. Not all things are soluble in the same
solvent-~principle of differential solubility.
Check this principle in the following way:

a. Add 130 cc. of carbon tetrachloride to 100 cc.
of extract in the 8 oz. medicine bottle.

b. Shake and check for layer separation., If
noc separation occurs, add 2 or 3 medicine
droppers of water and shake again. You should
note & cloudy appearance.

With some knowledge of plestids and cellular structure,
the focus of attention can be direcfed to the topic of
photosynthesis. This topic of cellular gctivity can well
be augmented with laboratory work at the discretion of the
instructor. Using (Weisz, 1959) as a reference, go through
the basic chemical discussion of photosynthesis and how the
transfer of energy occurs., (Abramoff and Thomson, 1963).

EXERCISE 4: Investigating Photosynthetic Reactions

MATERIALS:

Live green plants - Geranium or Elodea
Dark box
Light source
Bell jars
Potassium hydroxide or sodium hydroxide
+25% sodium bicarbonate solution

PROCEDURE:

1. Several days before the experiment place
some Geranium plants in a dark room.

2. Place 1light shields over some of the
leaves, then i1lluminate for 3 days.

3. Pilck off some of the covered and un-
covered leaves and test for starch content as
follows: ‘

8. K111 leaves by boiling in water.

b. Remove pigment by placing in hot aleohol.

c. Flow lodine over the leaf iIn a petri dish
-to check for starch.

4, Check the affect of light intensity on
oxygen production using Elodea as the plant
source.
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a., Cut sprigs of Elodea and plsce them in test
tubes of NaHCOz at .25% concentration.

be Place the test tubes at various distances
from the light source.,

c. Count the number of bubbles produced every
five minutes once they begin to be emitted,

5. Again use the Geranlum leaves and deter-

mine the influence of COo on photosynthesis.

(These plants should have been in the dark and

represent a negative starch test.)

a. Place plants under separate bell jars.

b. Add a container of KOH or NaOH toc one bell
jar--this removes CO,.

cs Add & container of CaCOz to the other bell jar.

d. Provide an equal light source for each Jjar,

e. After a 24 hour period check both plants for
the presence of starch.

Cellular respiration can now more readlly be discussed
once the students have had & brief chemical introduction to
cellular photosynthesis. Agaln use (Weisz, 1959) as a
reference source if not being used as a text, The dilscussion
in this area will dwell upon adenosine triphosphate (ATP),
adenosine diphosphate (ADP), energy transfer and energy
utilization, It will be primarily a discussion area but a
laboratory exercise in cellular resplration might be
applicable. (Weld, Albersheim, Dowling, Hopkins, Lacks, 1962).

FXERCISE 5S¢ Aﬁ Experiment with Cellular Respiration

MATERIALS:
Volumeter
Three day old pee seedlings
Cotton
Sode lime
Rubber stoprers
Kerosene
Eye dropper

PROCEDURE:

1. Set up volumeter.,

2., F111 one test tube to within twc inches
of the top with pea seedlings-~-insert cotton
plug over seedlings and then sdd a 1% layer of
soda lime (solid NaOH and Ca(0H)g) over cotton

plug.
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3, F111 second tube to within 2 or 3 inches
of the top with water.

4, Insert rubber stoppers.

&. Add kerosene drop to ends of each side
erm. (Adjust it so it 1s at the distil end of each
tube) .

6, Clamp escape tubes snd wait five minutes
for equilibrium.

7. Take reading in each graduated tube untll

the difference hetween them 1s constant--this

difference equals rate of Cq consumption.

(Remember that one molecule of CO2 produces one

molecule of 02 in photosynthesis,)

8. The rate of COg production divided by

the rate of Oo consumption is the respiratory

quotient,

With the developed understanding of cell structure and
some baslc physiologicel occcurences, we may now look more
closely into the cell and pey psrticuler attention to the
cellular proteins. A review of basic celluler division can
best be done with the aid of models and colored pipe cleaners
to show the activity of chromosomes from a gross view, Some
prepared onion root tip slides would also be valuable in
explanation of the process of mitosls, Once the students
are familiarized with chromosomes and cell division the toplc
very nicely turns to how, where and when does this bullding
of proteins occurs

Cellular proteins have been identified, 1scleted and
called desoxyribose nucleic acid (DNA) and ribose nucleic
acid (RNA). At this point the students are ready for e
discussion of protein synthesis as it involves the cellulsar
proteins. The methcds of presentation of this topic ere many,

however, most primarily involve dlscussion and audlo~visusal

aid presentation. ZElectron micrographs of a very recent date
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may be of value, however, this topic will need to be presented
not as & fact, but as a theory besed upon experiments and
speculations. A Watson-Crick model of DNA will be useful

and perhsps the students could make some template pileces of
hegvy cardboard or light wood to be worked with in formulsting

ideas sbout how synthesis occurs, Sclentlific American articles

will prove to be of great value in this particular phese of
cytology. It is possible that some siides could be made to
enalyze the vrotein content using the Feulgen resction
(Swanson, 1957) to show cellulasr DNA,

With the designated time sllotment of =ix weeks for the
discussion of cytology, it becomes obvious that the discussicn
will need to be somewhat limited. Students could more
completely grasp the involved concepts if some reference resd-
ing was done and brought to cless for discussion., It will
therefore be Important that the schcol's library be kept up
to date both 1in reference books and periodical literature.

The final time should be alloted for a summation of acquired
information and as a stimulus for future student investigations

into the field of cytology.



SECTION 2. THE FIELD OF ANATOMY AND PHYSIOLOGY

In concerning ourselves with anatomy and physlolcgy, we
must realize that we are dependent upon an uncderstanding of
microscopic details 1n order to understend these aress of a
more macroscopic nature. Thls area of study wlll be gresatly
supplemented with laboratory work and some emphasis will be
placed upon the develcopment of lsboratory technique.

The introduction to this area can be accomplished rather
easily by reviewing whet the students acquired from basic
biclogy course work. With some background information on
gross specimens and some knowledge of celluler composition,
the students will be able to meake some valld predictions of
further complications of crganisms to be studied in‘this aree
of anatomy and ophysiology. In introducing this ares of
laboratory study it will be necessary to ascertain the level
of develcped technique among the students and to acquaint
the students with terminclogy which wlll be used in dissection
procedures, Once you know how involved the students were in
laboratory investigaetlon in the basiec course, you can deter-
mine the rate at which to proceed. Very probebly the basic
course prepared the students with & brief 1nsight into the
anatomy of the flsh, frog and man wlth lesser time spent cn
intermediate specimens. With these items Iin mind the topilc

of comperative anatomy may begin.



Assuming that the students have had some experience with
dissecticn, this area of study may Pegin and continue in the
laboratory. The primary goal must bte understanding rather
than simply inquisition., With a review of passt experience
completed the students can be presented the tesk of a new
investigation with the subject presented being & doubtly
injected dogfish shark. It will be adviliseble to have the
students work in pairs during these lsboratory exercises,

Suggested areas of Investigaticn are: 1. external
anatomy, 2. digestive system, 3. resplrstory system,

4. urogenital system, 5. circulatory system, 6. skeletal
system, and 7. nervous system.,

Becsuse thls report 1is not intended to limit the
presentation, I will not set down the patterns of study for
these sreas., However, I willl 1list references to be drawn
upon and I would suggest that the students be given typed
Instructions to be followed at their own pace as long as
that pace meets established time sllotments. In doing
their laborastory work, the students should be given as much
assistance as needed, but emphasis should be on individusl
interpretation anéd exploration.

With the dogfish shark well in mind, a quick review of
tke frog would perhaps be of velve. Whether or not this is
done in class, the students should be able tc interpret the
similarities and differences between the dogflsh shark and

the frog.



21

If time permits, 1t would be advisable to dissect an
Intermediate specimen between the frog or dogfish shark and
the discussion of men. This intermediate could be the cat,
rat or rabbit with preference given to the ret. If this
intermediate 1s dissected, the following aress of concentration
are recommended:r 1, digestive system, 2. respiratory system,
3. urogenital system, 4. circulatory system, and 5. nervous
system.,

With a developed understanding of lower animels, the
consideration may now be shifted to a discussion of man,

This particular srea of concentration will by necessity be
1argely a dlscusgsion sesslion with audio-visuasl asid supplemen~
tation and posslibly some guest lecturers from the medlcsal
sclences, Thls will be a point of comparative anatomy with
emphasis placed upon similsrities and differences between
man and the other specimens which have been studled., With a
background in anatomy, we shall now focus our attention on
the physiclogy of the systems we have been concerned with.

In the area of physiology much will be done as &
discussion or derionstration, however, the amount of labora-
tory work could increase markedly, with very adequate equip-
ment. Recommended laboratory equipment would include:

a kymogrsph, a syringe and various needle types, standard
dissection andlobservation equipment.

The frog, Rana pipiens, becomes a good laboratory

specimen when studylng physiology because of background

knowledge, ease of acquiring and produced reactions. A rat
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may equally successfully be used as a demonstretion or experi-
mentel laborastory animsl.

EXERCISE 6: Physioclogy of a Leopard Frog (Hana pipiens)

MATERIALS:
Leopard frog (live)
Dissecting kit
Saline solution
Inductoriumn
Acetic acid
Hydrochloric acid

PROCELDURE:

l. Pith a leopard frog--do not damage the
spinsal cord,

2. Open body cavity by a shallow midventral
incislion,

5. Observe heart action. Remove the heart
and plsce it In Ringer's solution. (Youmans, 1¢62).

4, Stimulate the dorsal abdominal nerves
‘with the inductorium.

5, Stimulate musclies directly with the
inductorium,

6. Discuss all observations and determine
whether or not they coinclide with anticipated
results,

7. Pith another frog or use the musculeture
from the previous frog.

8. Suspend frog by the lower jaw.

a. Test for reflex by pinching its toes.

(Record time fectors).

b. Stimulate chemically with various
concentrations of HCl--wash thoroughly with
water after each dose.

c. Electrical stimulus--attach two fine wires
to the frog's snkle and connect to the
inductoriunm.

d. Stimulste with acetic acid on filter paper
by plecing it on the thigh and chest.

9. Discuss all data and observatlons made,

Some other possible experiments or demonstrations would
be: determining the heart beat of a turtle or frog and the
effect of injecting acrenalin and acetylcholine into the
system, All mentioned experiments can salsoc be carried out
on the rat with a similar degree of success. The rat also 1a

e good specimen to use In showing the effect of insulin shock
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and hyperthyroidism or hypothyroidism. The physiology of man
can best be discussed, but certasin phases can be checked such
as: light stimuleted eye pupil constriction or dilation,
respiratory rate~-affect of hyperventilation, ard circulatery
vessel pressure.

In conclusion, it will be necessary tc attempt to
associate all areas of concentrstion in anstomy and physlo-
logy, 80 the student is left with the idea that these areas
are Inseparsbly inveolved in the explenation of advancement
in the systemics of the animal kingdom. Finally, in ccnclud-
ing this first semester's work, it will again be desirable tc
project what 1s now known into present research and what

scientific milestones may be uncovered in the future.
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SECTION 3., THE FIELD OF GENETICS

Up to this point, the student has become acquainted with
the cytclogicel, anstomical and physiological aspects of the
specimens we have worked with., It is now time tc acguaint the
student with the application of celluvlar structures and how
they show a greater or lesser degree of exprression in the
individuals which contain these structures. This then is
the topic of genetics.

In studying genetics it will be well to develop a com=
plete understanding of basic terminology esnd activities
which have been and are to be studied. An introduction to
genetics will therefore Include a review as well as an in-
sight into things to come. Again, 1t 1s necessary to state
that the author does not intend to write lecture notes or
set lsboratory procedures, but rather the purpose is to
illustrate what could be lncorporated Into a sample unit of
genetics.

An introductory discussion of genetlics will profitsably
include the contributory aspects of genetics and environment
as they affect the involved individual, Many theoretical
problems can be introduced to stimulate thought patterns that
will be of importancs further into the course. By necessity,

a liberal discussion of the origin of 1life will be an important
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part of this unit on genetics and thils must be taught 1in a
realistic manner. The origin of 1life cen be presented in an
acceptable manner with the assistance of & basic knowledge of
chemistry and time. The religious asccounts of the beginning
of 1life are not to be discounted, rather théy are to be
constructively incorporated and will tend to fit nicely into
the evolutionary sequence. With a firm foundation established
for the origin of life you will be ready to move into the
realm of change and why it occurs.

Gene configuration 1is not fixed. A gilven gene can exist
in different forms and the change from one form to snother is
calléd a mutation, (Bonner, 1961), The discussion of mutations

can be augmented by the study of Drosophila and the subsequent

checking for new transmissible characteristics which are
considered to be mutations. (Abramoff and Thomson, 1963).

Before Drosophila can be effectively studied for genetic

principles, you must know what you are looking for which
willl necessitate a study of the fruit fly and its identifying
features.

EXERCISE 7: Dfosophila Genetics (Abromoff and Thomso?,
1963).

MATERIALS:
Live Drosophlla cultures
Magnifying device

PROCEDURE:
1. Have healthy cultures of wild type
Drosophila availlable,

2. Note characteristics of wild type:
dark red eyes, tan~bristle covered body, long
stralght wings.

3. Nots sexes of Drosophila.
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a. Pointed abdomen, several dark abdominal
stripes, terminal tuft of bristles on
abdominal tip.

b. Smaller, rounded, plgmented abdomen,
tuft of bristles on forelegs.

4, Examine other fruit flies and determine
differences and or similarities. (Suggested
cultures-~vestigial winged, dumpy, white-eyed
and bar-eyed and wild type.)

5., Discuss the cause of these different
fly types.

With this general introductlon to genetics we can now
turn to a more detailed study of genetlcs, beginning with the
principles of genetics and how they may be studied. Certain
assumptions will need to be made about the basic background
in genetics of the participating students and the students
will need to have avallable references to fill in their
background where necessary.

Some traditional cases of domlnance and recessiveness
have undoubtedly been studied but it will be wise to review
them briefly along with the principles of hybrid crosses.

The ma jor concept to re-establish at this point, 1s that not
all characterlstic traits express themselves 1n each situation
but under certain situstions each tralt will find expression.
Some exercises with monohybrid and dihybrid cecrosses would

help express the 1ldeas of dominance and recessiveness as

well as Introducing the factors of phenotypes and genotypes.
Having done some work with monohybrid and dihybrid crosses,

we can now consider poly ploidy in genetic characteristilcs if
time 1is permissive. A general discussion will review the

affect of haploidy and diploidy and with this understanding

the transition to triploidy etc., can be made if desirable.
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A suggestion at this time would be to discuss melosis and show
the involved steps with colored pipe cleaners. The discussion
of basic genetics can be continued at this point into the
topics of chromosome mapping and crossing over with some work
again with pipe cleaners and the addition of audio-visual
projection of filmed crossing over and mapping.results.

In discussing crossing over, it will be valuable to also
study linkage to more completely fit the pleces together where
the number of known genes exceed the haploid number of chromo-
somes, some of the genes will show linkage and tend to be
inherited as & group. (Swanson, 1957). Whereas linkage in-
volves unit groups of genes, crossing over involves Incomplete
linkage of genes albng a chromosome. Electron micrographs of
chromosomes at various melotic stagés will help to show this
as represented by the chlasma in the fleld of view. If
facilities are avallable, prepared slides from the.shoots of
germinating grain seeds will also show the phenomena of
crossing over. Chromosome recomblnation is known to occur
and is called crossing over. (Crow, 1965). A suggestion here
would be to work some exerclises with chromosomes to show how
crossing over could occur. Having some background in linkage
and crossing over, a brief discussion of chromosome mapping
would be in order. |

Chromosome mapping is a method of plotting the probable
location of particular genes on a chromosome. The chromosome
map distances are measured in units of 1% crossing over, so

if two genes are 15 units apart there is 15% recombination
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between them. (Crow, 1963). The study of chromosome mapping
will best be accomplished at this level of study with sample
problems or situations.

EXERCISE 8: Working Problems with Chromosome Mapping

MATERTIALS ¢
Paper

PROCEDURE:
Arrange the genes on a chromosome so that
they will meet the following situation:
In chickens there is 10% recombination

between the genes for brown eyes (Br) and light

down (Li). There is 26% between brown eyes and

silver plumage (S) and 16% between silver plumage

and light down. Another gene, slow feathering %K)

is found to have 11% cross overs with (8) and

27% with (Li). All of these genes are on the

same chromosome but what 1is their order of

arrangement? (Crow, 1963).
Many other problems of this type could be performed if time
permits,

A discussion of genetics could not be complete without
a venture into the topic of sex determination and sex dif-
ferentiation. Assuming a basic background in this ares,
the discussion can move toward the sex chromosomes, their
patterns and influence. Here agaln it 1s suggested that
audio~visual materlals might be employed to show the
probability of the offspring being a mele or female. The
discussion may include a consideration of the (X0) condition
in mele grasshoppers and some other animals, At this same
time, the topic of sex linkage might be investigated in brief
detail, Such cases as the crossing of a homozygous red-eyed

female with a white-eyed male In Drosophila, produced offspring

with all red eyes., (Crow, 1963). The reverse is true if the
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parental types are reversed, therefore, with further investi-
gation you can determine that eye color is carried on the X
chromosome. With this type of problem in mind you can now
profitably turn to population genetics with the fruit fly
as the involved specimen,

The area of population study will probably be the most

fascinating area in genetics. The immediate problems will be

to obtain pure cultures‘of Drosophila, cultivate a desirable
food media for them, provide a healthy habitat for them and
learn how to handle and work with the fruit flies. Since we
earlier mentioned fruit flies of wild, vestigial, dumpy,
bar-eyed and white-eyed types, it might be wise to use these
a8 our pure cultures. A review of how to tell male from
female will be of value before starting with this laboratory
work, I would suggest that the students again work in groups
of not more than three in a group and that their first work
with the fruit fliles be a designated cross of two types of
flies. Part of their project should be to predict what the
offspring will be during the time the offspring are developing.
After this initial cross 1s studied, the students should be
given the opportunity to make other crosses of their own
choosing. |

EXERCISE 9: Experlimental Crosses with Drosophila

MATERIALS:
Live Drosophila cultures

PROCEDURE:
1. Obtaein the desired parents.
2. Permlt the cross.
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3+ Note two of the F, generstion.

4, Cross an F, with & willd type.

5, Cross an F] with a bar-eyed type.

6., Record all observations and interpret them,
It will be necessary to promote extreme care in the work with
fruit flies so that pure strain cultures may be kept on hand,.

With some knowledge of genetlc factors in fruilt fllies,
it will now be more practical to discuss human genetics,
Undoubtedly the students have discussed eugenice in some de-
tall but a more sophisticated study can now be undertaken.
Some areas of suggested discussion are: twilns, blood type,
hemophilia, thalassemis minor, and perhaps some visual traits
such as eye color, hailr color and skin texture. A study of
humen heredity willl need to be concerned also with the affect
of the environment as was mentioned earlier.

In concluding this unit on genetlcs 1t will be important
to associate all factors previously discussed and attempt to
use thls as a format for a look into the future. The problem
of fallout might well be considered at thls time and if pos-
slble some normal frult flies could be irradiated at a
doctor'!s office to allow students to see the possibility of

induced changes. With this conclusion of genetics we willl now

focus our attention on the field of ecology and its many facets,
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SECTION 4. THE FIELD OF ECOLOGY

In our earlier discussions we mentioned that it would
be necessary to consider environmental factors in order to
completely understand the expression of genetica, cytology
and other more gross aspects of individual chsracterlstics.
The study of particular enviromnments and the relationship
among environments 1s ecology. In the study of ecology it
will be essentisl to esteblish & working vocabulary which
will permit the students to express themselves in discussions
of environmentsl factors and clessification. Having discussed
some of the involved terminology, it will now be possible to
1ntroduce the students to ecology. A suggested introductory
exercise would be to develop a descriptive essay of & par-
ticular geographical area and ask the students to consider
the information end determine how many sepsrate environments
are involved and what factors determine each sepsrate one.
Now, with a brief insight into what is involved in ecology,
the topic may be turned to more specific aress,

Limnqlogy will be an area of particular interest in
ecology and like all phases of ecological study, will best
te studied on & field trip--laboratory‘folloWeup basis, In
considering limnology, it will be valuable to develop an
understending of the following areas: 1. ichthyology,

2. lake succesaion, 3. food and energy pyramid relationships,
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4, texonomy of flora and fauna, 5. lske overturn phenomensa,
6. watershed factors.

The toplc of ichthyology can be introduced in many ways,
however, & suggestion would be a study involving the deter-
mination of native fish species 1in a given area. The
conservation department would be a good source of informestion
and perhaps would demonstrate a lake or stream shocking pro-
cedure,

In discussing lake succession, the major concern 1s the
realization that lakes are in a state of chenge and that this
can be indicated by particular factors or characteristics of
the body of water. Some of these characterizing factors that
right well be investigated are: depth of water, temperature
of water, type of supported plant and animel growth, oxygen
content, amount of organic debris accumulation at the bottom,
presence of insect larva in bottom debrls, amount of shore
line development and the pH of the water.

SUGGESTED STUDY IN LAKE SUCCESSICN (Fieléd Trip)

l, Visit a lake and collect water, bottom debris,

flora and fauna semples. Also note the depth,
temperature at various depths and the amount of
shore line.

2. Return to the laboratory and compute or correlate

tke Informetion collected in the field. This
will require some ability in the taxonomy of
collected specimens., -

3. With this information, discuss the cheracteristics

. oligotrophic, eutrophic and dystrophic bodies of
water and attempt to ascertain the type which
" has been studled.
4, Visitation by students to other bodles of water
" would be desirable if time permits.

5, Follow-up this study with a detalled discussion
of lake succession snd lske overturn,
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SUGGESTED STUDY IN ECOLOGICAL PYRAMIDS

1. Using information collected in earlier work--

discuss the relationship of planteg, minersals
end animals in lake productivity snd clsssification.

2. Set up some theoretical situstion and determine

what the producers, consumers and decomposers
would be and what their effect would be on the
lakeb classification.

In concluding the discussion of limnology, it will be
advantageous to discuss the Influence of watershed conditicns
and how they affect the lske. If any time 1s available at
this point, 1t would be valuable to teke a second review field
trip to solidfy this total discussion before moving into a
more deteiled consideration of eéology.

With some recent field trip experience it will now
become possible tc continue the study of ecology as 1t
should be-~as a fleld course. It 18 suggested that the re-
maining time'alloted‘to ecology be spent develcping the con-
cepts of a niche, ecotone; ecosystem, populsastion ecology and
a summary.

In discussing a niche, it will be necessary to develcp
éritical thought processes to determine what a niche is and
if 1t gctually exists., It 1s suggested that s perticular
plant or animal be considered separately from other competing
members in its environment. This can best be done by first
consldering all the members of the environmment snd then de-
termining the role of the one particular member. The concern
wlll now bte to determine whether another organism could
successfully functicn In thls same situation or whether the

organism under consideration is in fact the only one capable

of adapting to the particular niche,



SUGGESTED DISCUSSION TOPICS
1., Consider the case of the sea lamprey in the
- Great Lakes., '
2. Consider the case of the Trillium. (Odum, 1960).
Having acquired e general understanding of s niche, let
us now consider the situation of an ecotone. This can,
perhaps, best be done after some consideration or review of
the preceeding discussion if necessary,
SUGGESTED DISCUSSION TOPICS
1. Consider the situation of a lake edge as an
overlap between aquetic and terrestrial
environments.
2. Consider the situation of a forest edge as
an overlap between Cense woods and open
prairie.
After discussing en ecological niche and the concept of
ecotone, we may now consider the more inclusive discussion
of an ecosystem.
Living organisms and their nonliving environment are
inseparably related and interact with each other. Any ares
of nature that includes living organisms and nonliving
interacting substances 1is an ecological system or ecosystem.
(Odum, 1960)., Ecosystems may be divided into terrestrial
end aquatic and then subdivided within each group. I will
suggest several subdivisions and recommend that each be
observed in a fleld trip situation preceeded by a discussion
and possibly supplemented by color slides. A follow-up
laboratory session to analyze any collected specimens will

be very sdvantageous. The follow-up can also be used to

terminate the discussion of that particular ecosystem type.
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The éuggested subdivisions of a terrestrial-ecosystem
are: 1. sand dunes, 2. prairie, 3. foresf edge, 4. coniferous
forests, and 5. deciduous forests.

The suggested subdlvisions of an aquatic ecosystem are:
1. lentic water {stending water), 2. lotic water (running
water), 3. shore line, and 4. artificlel bodies of water.

Ecosystems may be studied very nicely with a classroom
terrarium setup 1n one of the above mentioned ecosystem
subdivisions, It will probaebly be more practicel to set up
a terrarium in the form of a terrestrial ecosystem subdi-
vision. It might be desirable to study micro-ecosystems
rather than macro~ecosystems and the following exercise will
glve an example of & micro~ecosysten,

EXERCISE 10: A Micro-ecosystem

MATERIALS:
Test tubes
Bunsen burner
Elodea (live) or other fresh water plants
Pond water
Snail (live)

PROCEDURE:

1. Obtain 2 clean medium sized soft glass
test tube.

2. Rotste it in a Bunsen burner flame
heating at a point just above the half way mark
on the tube,

3. Remove from flame and pull it into an
hourglsasss form.

4, Cool the tube.

5. Add to lower half of the tube: one
small snail, one filamentous algese or Elodes,
f111 £ of bottom half of tube with clear pond
water. .
6. Dry inside and outside of constricted
portion of the tube,

7. Heat constricted portion of the tube
and pull until the constrictlion 1is sealed.

8. Make observations and recoré changes
that are observed in the plant, snall or water.

9., Interpret the contribution and/or function
of each part of the closed micro-~ecosystem.
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The next consideration In ecology will be perhaps the
most Important--population studies. This area has been
touched upon when dealing wilth the edge affect or ecotonse,
but now must be considered in more detail., The students have
been on several field trips up to this point and have made
several observations that will perhaps be of value in this
area of study. This particular area will be more veluable
after several classes have collected dasta which can be used
as a comperison in future studies. The procedures to be used
In thils area of considerstion are many end I will only
suggest a few,

SUGGESTED SAMPLING TECHNIGUES

1. Insect sampling.

a. Sweeping of plants with Insect nets.
b. Pitfall treps. (Lemon, 1962).
c. Wind vesne samplers.
2. Small mermmal census.
a. BEquidistant grid pattern.
b. Closed octegon. (Lemon, 1962).
3. Surface sectioning of plants.
2. Counting. '
b. Identification. ,
4, Bird study by observetion.
a, Feeding hablts.
b. Nesting habits.
c. Movement patterns.
The details involved with'these sampling techniques may
effectively be developed by the individual. It 1s suggested
that where possible, the students be the Investigators which
will require that they set up their own research gathering
problem. After the sampling has proceeded for an appropriate
time, as determined by collected ssmples, the students should

be able to present thelr information to the class perhaps as

a symposium or seminar.
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Since it 1s recognized that ecology is a vast field of
study, this work must not be considered as a closed subject.
Suggested references should be avallable to further promote
interest and investigation. Any time which is remaining could
be spent in summarizing all the discussed factors in ecology
and the projection of present information into future studles

and possible results.
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PART IV, CONCLUSION

With the proﬁosed areas of study Investligatecd and the
time for further work short, it will be advisable to
summerize the year's achievements and what they may mean
to future work in blology. Since this program stipulated
that only interested and capable students would be enrolled
in 1it, the problem of motivation throughout the year may
not have been a very largé one, Never~the~less, it is
essential that the study be evaluated to facilitate the
advencement of the program by making necessary revisions
which will make advanced biologyveven more valuable to its
participants in future years. In conclusion, it muét be
remembered that cooperation between the school administration,
the students and the teacher is essentlal for the functioning
of thisvadvanced progrem, To insure future cooperation,
the proposed program must not be fixed but rather adaptable
to necessary changes so that the presentation is totally

vital and current in scope.
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