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Preface to sixth edition

ALTHOUGH DESIGNED TO BE USED with
the author’s General Biology, this manual
is suitable for many beginning college
courses in biology. A close correlation te-
tween laboratory and classroom work is
possible because the exercises in the
manual are in the same sequence as the
chapters in the text.

The exercises are so arranged that a
choice may be made in the selection of
the wide range of work, thus permitting
emphasis on such parts as the instructor
may desire to mcet the requirements for
a variety of courses. In some instances,
alternate cxercises and a choice of work
permit flexibility for courses of a year, a
semester, or a quarter.

In certain ecxercises a scientific method
of presentation is followed in order to give
the student important training in the solu-
tions of problems. If mastered properly and
practiced accurately, such a method of
working and thinking will be of value not
only in science but in many other disci-
plines as well, including the solution of
problems of everyday living. All work in
laboratory and field should be considered
as problems to be solved. These problems
should be kept clearly in mind, working
hypotheses should be proposed, careful
observations made, pertinent data and in-
formation recorded accurately, and logical
conclusions drawn. The exercises require
some thinking and reasoning by the student
and the aim is not merely a mechanical
execution and interpretation of instructions
but also the development of comprehension
and insight.

Some of the excreises are presented so
that certain topics may be considered care-
fully and accurate rcports written. These
reports may be handed in or they may serve
as the basis for oral reports or group dis-
cussions, even in class if laboratory time is
lacking.

Some new and/or revised exercises in-
clude an carly history and development of
natural science; molecular and cellular
biology; meiotic cell division in plants and
animals; volvocine series of green algae;
kinds of fruits; experiments on such living
organisms as paramecia, hydras, rotifers,
earthworms, crayfishes, etc.; additional
biochemical and biophysical phenomena,
including blood typing, photosynthesis,
chromatography, plant hormones, respira-
tion, viability of seeds, etc.; special
problems in genetics, including sex-linked
traits, lethal genes, and multiple alleles; the
fetal pig which may be studied in place of,
or in addition to, the frog. Certain other
exercises have been rearranged and com-
bined for greater efficiency in presentation.
An attempt has been made to develop a
proportionate balance between physiologic,
experimental, and morphologic exercises.

It is believed that principles can be
learned more easily and be more meaning-
ful if the student actually proves them
for himself through a scientific study of
certain biologic phenomena and selected
species of plants and animals. A study of
facts and phenomena without illustrating
the principles involved in the formation of
accurate conclusions is stopping short of
the goal. Since drawings should encourage



accurate observation and recording of
facts, the number and specific type of
drawings in some instances may be left to
the instructor who may base his selections
on student qualifications and purposes of
the course. In all instances, drawings should
be made to help the student rather than
merely to fulfill a laboratory requirement.

Simple keys for the identification and
classification of both plants and animals
are given in the Appendix, together with a
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list of materials and solutions needed for
each exercise.

The pages of the manual are perforated
for removal and punched for replacement
after being corrected.

As in past editions, I am indebted to
many individuals whose suggestions have
contributed to improvements made in this
edition. Suggestions for further improve-
ments will be welcomed from the instruc-
tors and students who use this manual.

William C. Beaver
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General instructions

General

A vaBoraTORY (L, laboratorio, work) is

a place in which to work. Success depends
largely upon your attitude toward your
work and upon your ability to work
independently. You will be supplied with
materials and specimens which are the
foundation of your work. Carefully follow
the instructions given in your laboratory
manual unless otherwise directed. Care-
fully study each specimen and securc all
the information concerning it you possibly
can. Be alert in your work and learn to ob-
serve details as well as general relation-
ships. Constantly be on the lookout for
things which are not described in the
manual at all or which vary from the de-
scription given. At the end of each labo-
ratory period place all specimens, equip-
ment, slides, microscopes, etc., in their
proper places. Clean your table so that
students of the next section will have a
clean place to work. Hand in your work
at the end of each period unless otherwise
directed. Place your name, section number,
and date on each page and clip together all
pages for each exercise. Credit for each
exercise will be determined in part by
punctuality.

Drawings

Drawings are made in order to learn how
to see things accurately. All drawings and
labels are to be made with well-sharpened
drawing pencils (3H or 4H hardness). For
original drawings place your specimen in
the position you wish to draw it. Measure
parts accurately and draw them to scale.
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Near each drawing express the magnifica-
tion or the reduction in size by such sym-
bols as 440x (if magnified 440 times) or
Vax (if drawn one-fourth actual size).
Never draw from memory. Locate your
drawing on the page so that it will be
spaced properly from the margins and will
leave room for the labels. Label lines should
all be parallel with the edges of the paper
and with each other. Labels should be
printed neatly and should not be more
conspicuous than the drawing itself. You
nced not be an artist in biology because
most of your drawings are to be accurate
records of your observations rather than
“works of art.” An accurate, semidiagram-
matic drawing may be worth more than
an inaccurate, artistic one. Each drawing
should be accurate, complete, and neat.
Make drawings large enough to show de-
tails clearly. Check over your drawing be-
fore handing it in to be sure that every-
thing has been done properly.

For the drawings which are to be made
be sure to observe all structures in your
specimen to which reference is made in
the drawing. Remember that a drawing is
not an end in itself but a means to an end,
namely, the accurate observing and record-
ing of information and data which because
of the drawing will be of greater use to
you in the future. Form the habit of seeing
clearly what is to be drawn and then draw-
ing neatly and accurately.

Answers to questions

When a question occurs to you (1) at-
tempt to answer it yourself, either from your
specimen or from the knowledge you pos-



sess, (2) attempt to find the answer your-
self from other references, (3) secure the
help of the instructor. Follow this order,
always trying to answer as many of your
questions yourself as possible because
someone may not always be available to
answer your questions in the future. In
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case you cannot secure the answer the in-
structor will help you, either by answering
the question directly or, preferably, by di-
recting you so that you can secure it for
yourself. Answers are to be complete and
accurate yet as brief as completeness and
accuracy will permit.



Part One

INTRODUCTORY BIOLOGY

1

A method used in science

ONE oF THE BENEFITS of taking a labora-
tory course such as biology is the training
sccured in the direct and accurate observa-
tion of facts and materials rather than read-
ing or hearing about them. Another benefit
is the devclopment of a scientific method
for solving problems not only in biology
but also in many other fields. A scientific
method may not be a foolproof procedure
in all investigations, but, if all steps are
followed as closely and correctly as pos-
sible, the percentage of error in the conclu-
sions drawn will be reduced to a minimum.
Each period in the laboratory or field
should be considered as a planned period
of investigation in which the student
applics his innate curiosity in the accurate
observation of facts and the acquisition of
data, both of which are accurately and
scientifically recorded and evalvated. A
brief summarization of a scientific method
may be stated as follows.

1. Clear recognition and accurate
statement of problem to be solved

The first step in a scientific method must
be the proper awareness and clear recogni-
tion of the specific problem or situation to
be solved. The problem or condition being
considered must be clearly in mind and
accurately stated so that irrelevant yet
closely related problems do not enter un-
necessarily. However, at times the partial
or complete solution of another problem
may assist in the solution of the specific
problem which we are attempting to solve.
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Great care must be taken to eliminate im-
pertinent facts and conditions unrelated
to our specific problem, yet advantage must
be taken of every factor that may help
in its solution. After the problem is clearly
recognized and accurately stated the next
step follows.

2. Accurate preliminary observations
and collections of pertinent data
and information

This step includes preliminary studies
of available pertinent information and data
to ascertain what is already known about
the problem or condition being investi-
gated. This step is naturally not exhaustive
in its scope but merely lays a foundation
for the next. This step might include read-
ing, preliminary investigations and ob-
servations, gathering suggestive informa-
tion from reliable sources and persons, etc.
After this preliminary work has been done
as accurately as possible we are ready for
the next step.

3. Formulation of hypothesis based
on limited information available at
the time and determination of
methods of investigation

A hypothesis might be considered as an
assumption or speculation, as yet unproved,
which may be a tentative or suggested ex-
planation or conclusion regarding the prob-
lem being considered. It is sometimes



called a working hypothesis because it is
from this step that we work forward. The
better the available preliminary informa-
tion and the better the skill in making a
hypothesis, the better the latter will be. A
hypothesis may be the suggestion of a cause
which may produce a certain effect, al-
though it is not yet proved. Sometimes
only one hypothesis for a given problem
can be suggested, whereas for other prob-
lems many hypotheses may occur to us.
No hypothesis, even though it may appear
insignificant at the moment, should be
ignored. Each hypothesis must be con-
sidered, eliminating those which are not
proved, and possibly substituting new ones
as progress is made. Hypotheses are some-
times called merely “good guesses,” or
“hunches,” but it matters little what they
are called as long as they are productive
and lead us toward our desired goal cor-
rectly.

Another important phase of our technic
is the decision on methods of investigation
whereby we decide how and where addi-
tional, reliable, and pertinent data and in-
formation can be secured. Often the cor-
rect solution of a problem depends on
where and how the additional information
has been secured. In some problems the
devising of the proper methods of investi-
gation may require broad practical train-
ing, imagination, special technics, or cven
claborate apparatus or equipment. Tn all
cases the information and data must be
sufficiently extensive to be truly repre-
sentative (or “cross section”) in order to
reduce the chance effects of unusual differ-
ences or variations found in a few in-
stances or individuals. The more methods
of investigations that are considered, prob-
ably the better and more complete will be
the data and information which are col-
lected. After hypotheses have been formu-
lated and logical methods of investigation
have been approved the next step follows.

4. Testing correctness (verification) of
hypothesis by collection of additional
pertinent data and information

After a hypothesis has been proposed

additional data and information must be
accurately collected to prove or disprove
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the hypothesis. If the information collected
disproves our hypothesis, another must be
proposed and tested. A hypothesis may be
tested (1) through additional accurate ob-
servations and investigations, (2) through
controlled scientific experiments if such
can be performed in this particular prob-
lem, or (3) by a combination of these two.

If a scientific experimental method of in-
vestigation is used, it is highly desirable to
utilize the so-called control group of or-
ganisms or data in which a separate group
is observed under conditions identical with
the expcrimental group, except that the
one condition being examined is not ap-
plied or present in the so-called control
group. All factors except the one which we
are attempting to discover are duplicated
carefully in the controls. Only one variable
should be permitted between the experi-
mental and control groups at any one time.
It is evident that controlled scientfic experi-
ments cannot be employed in the solution
of certain problems so that other accurate
procedures must be employed. After data
and information pertinent to our problem
have been sccured we go on to the next
step.

5. Organization, correlation, and
evaluation of collected data and
information to show relationships
and usefulness in solution of problem

As relevant data and information are
collected they must be preciscly recorded
in such ways that accurate and meaningful
revelations will be secured from which
logical conclusions can be drawn. All
measurements, records, interpretations of
data, or “case histories” must be scien-
tifically accurate and sufficiently broad and
comprehensive to be reliable. The careful
and accurate collection and recording of
the facts may make the difference between
a problem being solved correctly or incor-
rectly. The investigator must be honest and
faithful, his observations must be accurate,
and his records must be complete and con-
tain only information relevant to the prob-
lem under consideration. Sometimes
graphs, tables, and summaries are valuable
in pointing out significant facts concerning
the information which was collected. After



all pertinent information is accurately
recorded the next step follows.

6. Drawing logical conclusions based
on scientific analysis and correct
interpretation of data and

facts obtained

After the information and data are re-
corded in such ways as to give accurate
and mecaningful revelations they must be
interpreted correctly. This involves check-
ing the hypothesis. If the hypothesis is not
proved, it may have been incorrect. How-
ever, the hypothesis may have been cor-
rect but the collected data may have been
inaccurate, incomplete, or incorrectly inter-
preted. All types of facts are present around
us but the accurate collection of those
which pertain to our particular problem
and the logical interpretation of them are
very important in a scientific method. If
carefully and accurately utilized, a scien-
tific method is a blueprint from which
scientific knowledge is built. Great care
must be taken not to draw conclusions
whicli arc broader than the collected facts
will actually support or warrant. After a
conclusion has been drawn the last step
follows.

7. Rechecking all steps—hypothesis,
data, methods of investigation,
erroneous information, and

errors in interpretation

After a conclusion is drawn it is highly
desirable to recheck cach of the steps to

reveal errors of omission or commission
which may change the final results. If ex-
periments were performed they should be
repeated sufficiently and their results com-
pared with those of the original experi-
ments which had been done under iden-
tical conditions. The one factor in the
control should also be checked to ascertain
if there might possibly be another un-
wanted factor present. We must also search
for additional relevant information and
data which may have been missed previ-
ously. Our final conclusions must be
checked against our original conclusions.

NOTE TO THE STUDENT: In your at-
tempts to solve problems in the labora-
tory or field follow the above steps in a
scientific method as closely as possible.
Approach each exercise in the manner de-
scribed, placing the proper statements,
hypotheses, methods of investigations, data
and information, drawings, conclusions,
cte,, in proper sequence on blank pages
the size of this page. On each page (upper
right corner) print your name, section
number, and the date. When the exercise
is written up completely, each of the steps
in correct sequence will have been com-
pletely filled in. These steps are listed in
briefer form and may not always be de-
scribed in detail in each exercise, so you
shall have to refer to them here until you
have memorized them. Attempt to use this
technic in solving problems not only in
biology but also in as many other fields as
possible. Make such a method a habitual
pattern to be followed wherever you can.
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Use of a scientific method

A SCIENTIFIC METHOD may be used in
the solution of many problems in our daily
lives as well as those encountered in the
laboratory and field. Approach each prob-
lem, fact, laboratory or field observation
with a curious but open mind so that you
may collect information and data accurately
and learn the real truth from which to
formulate logical conclusions. In order to
practice the use of a scientific method
make the following studies (following the
procedures and steps outlined on previous

pages).

1. Problem

Is the average height of all male stu-
dents in your laboratory section greater
than the average height of all the female
students?

2. Preliminary observations and
pertinent data and information

RECORD any preliminary information
you may have which might tend to prove
or disprove the problem as stated. Do you
feel that this information is sufficient to
prove or disprove? Where and how can
you secure data which may be reliable?
Could you trust the information secured
from a casual observation of the heights of
the two sexes as they all stand in the
laboratory? Would this be sufficient and
accurate enough to prove or disprove?

3. Formulation of hypothesis and
determination of methods of
investigation

From your preliminary information
formulate a hypothesis regarding this prob-
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lem. Does this hypothesis actually prove
or disprove the problem or must you con-
tinue your investigation®? RECORD a
method of investigation which you feel
might give reliable information upon which
you might base logical conclusions.

4. Testing correctness (verification)
of hypothesis by collection of
additional pertinent data

How do you suggest we might get addi-
tional, reliable information pertaining to
this problem? List actual and accurate pro-
cedures to be followed in securing addi-
tional and accurate information.

5. Evaluation of collected data
and information

How would you propose recording the
data secured so that they may give you
the information from which you can draw
logical conclusions?

6. Drawing logical conclusions based
on data and facts obtained

If you measured cach of the students,
were these measurements made accurately
and uniformly? Do you have a sufficient
number of individuals of each sex to make
your observations valid? Would a ratio of
25 of one sex and 5 of the other sex give
reliable data? Why? (Read the problem
again.) Does the difference in the heights
of heels affect the problem? Do differences
in ages of the individuals affect this prob-
lem? (Think carefully how the problem
is stated.) Does age enter into the solution
of this specific problem? Would it be de-



sirable to have the same two students do
all the measuring with a system of accurate
markings on a wall or door? Should all
students be told to stand erect? Does this
affect this problem? RECORD and discuss
any other pertinent comments on the
proper collection and interpretation of the
data. What conclusions can you draw from
the interpretation of the data as collected
and recorded?

7. Rechecking all steps

Have you rechecked all steps carefully?
Are your mathematical computations ac-
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curate? Do you know of any places where
errors might have been made? Check for
them.

To give additional practice in the use of
a scientific method select a problem of your
own choice, being careful to choose one
for which you are able to get sufficient and
reliable data. Follow each of the steps out-
lined. What are your conclusions and are
they justified in the light of the informa-
tion which you secured?



Preliminary microscopic work

1. Problem

Is the microscope composed of various
parts, each of which performs a specific
function, and as a result is the visual image
(as viewed through the ocular, or eye-
picce) enlarged and reversed?

2. Preliminary observations and
pertinent data and information

RECORD all preliminary information
concerning this problem with which you
are definitely familiar. Be accurate and do
not record facts which are vague and of
which you arc not absolutely certain.

3. Formulation of hypothesis and
determination of methods
of investigation

From your limited knowledge would you
hypothesize that the problem is correct or
incorrect? What method of investigation
would you suggest to secure additional
rcliable information in the solution of this
problem? Would the actual and proper
use of a microscope assist in gaining some
additional information?

4. Testing correctness (verification)
of hypothesis by collection of
additional pertinent data

Place a microscope on the table directly
in front of you with the base about one
inch from the edge and with the upright
(arm) toward you. Handle carefully to
prevent damage. Examine and identify
such parts as the base; the stage with its
circular opening; the upright, supporting
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arm; the substage condenser just beneath
the stage and consisting of a set of lenses
(certain microscopes may not have a con-
denser); the diaphragm constructed like
a camera shutter just beneath the stage (on
some microscopes this part may be a re-
volving disk with holes of various sizes)
for controlling the amount of light; in some
microscopes the diaphragm may be an
integral part of the condenser, if the latter
is present, or it may be present without a
condenser; the mirrors, one flat (plane)
and the other concave; the objectives (high
and low power) attached to a revolving
nosepiece (the shorter of the objectives is
the lower power); the ocular (eyepiece)
at the top of the body tube; the coarse
adjustment (usually a pair of larger
wheels), and fine adjustment (usually a
pair of smaller wheels or a single wheel)
for focusing (these adjustments vary with
the make and model of the microscope).

The microscope is used so cxtensively
that to become efficient with it and to know
how to care for it properly the following
rules should be memorized and followed
carefully.

(a) Before using a microscope see that
all parts are in proper working order and
report any damages or maladjustments to
the instructor at once. Do not take the
microscope apart or attempt to make major
adjustments yourself because you may do
major damage to it.

(b) If the objectives or oculars are
soiled clean with a special lens paper and
not with cloths or handkerchiefs. Objects
cannot be seen clearly through soiled
oculars and objectives. If they cannot be
cleaned easily, report to the instructor.

(c) Always use low power (shorter



objective) first and get the object centered
exactly before attempting to use high
power (longer objective).

(d) Move the mirror until the field as
seen through the microscope with low
power is uniformly bright and clear. Never
use direct sunlight. Usc the concave mirror
to reflect light upon the object from the
nearest window or lamp. (Try the plane
mirror with this source of light, observing
any difference in illumination.)

(e) Adjust the diaphragm to secure the
proper intensity of light and visibility.

(f) Never use high power unless the
object is covered with a cover glass. Be
sure that the cover glass is uppermost cn
the slide.

(g) Focus carefully, first with the coarse
adjustment, then with the fine adjustment.
Never focus downward while looking
through the microscope or the objectives
and object may be damaged seriously.
When focusing, use the coarse adjustment,
and while looking at the objective from
the side bring the tip of the objective within
one-fourth inch of the slide. Then, while
looking through the ocular turn the coarse
adjustment slowly in order to raise the
objective until the object comes into view
clearly. Readjust the mirror and diaphragm
or move the slide to see the object clearly.
To use the high power (longer objective)
swing the high-power objective into posi-
tion (watching from the side so it does
not touch the slide). A slight refocusing
with the fine adjustment may be necessary.

(h) Learn to keep both eyes open when
looking through the microscope to avoid
eyestrain. This may seem difficult but with
patience it can be mastered.

(i) Use the fine adjustment when look-
ing at the object, turning it forward and
backward slightly so that more details
will be seen with less eye fatigue. If the
fine adjustment comes to the limit of its
range do not force it, but turn it in the
opposite direction until it is near the
middle of its range. Then refocus with the
coarse adjustment and make slight turns
of the fine adjustment again.

(j) Never expose the microscope to
direct sunlight.

(k) The ocular usually carries a number
which indicates its magnifying power (such
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as 10x). A similar number on the objective
indicates its magnifying power. The magni-
fication (in diameters) for any combination
of ocular and objective is determined by
multiplying these numbers. Certain micro-
scopes do not have such numbers; hence
the magnifications must be determined
from a special chart.

(1) At the close of the period examine
the microscope to sece that everything is
clean and in proper working condition. Be
sure to remove the slide, turn the low-
power objective into position, turn the
slide clips to proper positions on the stage,
and return slide and microscope to the
proper places.

After you have memorized the rules
given above and have learned the names
and functions of the parts of the micro-
scope, you need practice for efficiency. As
you continue this exercise be alert con-
stantly for any information which may help
you to answer the problem stated at the
beginning of the cxercise. Place a slide
containing a letter “L” (or similar prepa-
ration) on the stage with the letter in the
center of the opening on the stage. Follow
the rules for the operation of the micro-
scope carcfully and make the following
observations: (a) When compared with
the letter on the slide, how much is the
image enlarged? (b) Is the image reversed?
(¢) In which direction does the image
move when the slide is moved to the right?
(d) When moved to the left? (e) When
moved away from you? (f) When moved
clockwise? (g) When using the same ocular
how much greater is the magnification
when using the high-power objective than
when using the low-power objective?

Place a prepared slide of 3 colored
threads (or similar object) on the stage
and proceed as previously directed. As you
place the slide in position note the se-
quence of colored threads from below to
the upper side of the slide. By using fine
adjustment observe the depth of the
mount, especially where the threads cross.
Make the following observations: (a) As
you observe the image are all 3 threads
cqually clear when the focus is at a certain
level? Why? (b) Do the colored threads
appear in the same sequence (from bottom
to top) when the image is compared with



the actual thread arrangements on the
slide? What is the explanation for this?
(c) At which level are all threads in best
focus? Why?

5. Evaluation of collected data
and information

Have you secured sufficient information
to prove that each part of a microscope
performs a certain function? What proof
do you have that the image as seen through
the ocular is enlarged and reversed when
compared with the object on the slide?
What evidence do you have that a micro-
scope when in focus at a certain level does
not show objects clearly which are above
or below that particular level?

6. Drawing logical conclusions based
on data and facts obtained

What conclusions can you draw from
your observations and data? Have you

proved or disproved the problem? From
your collected information and data can
you logically draw any other conclusions?
If so, LIST them with the evidence for
each. Does the specific magnification de-
pend upon the particular combination of
ocular and objective used at any one time?
Why does the image move in the opposite
direction from the movement of the object
on the slide?

7. Rechecking all steps

Can you think of any part of your
work where you may have made faulty
observations or errors? If so, repeat such
observations or procedures a sufficient
number of times to ensurc correctness. Re-
peat your use of the microscope with the
slides until you are proficient in its opera-
tion, because your future progress may de-
pend on this.



Early history and development

of natural science

Questions

How long ago did man first study plants
and animals? Why was man interested in
the living organisms with which he associ-
ated? What contribution did the guild
of root-cutters (Rhizotomi) make? When
and by whom were the early foundations
of natural science laid? Why was it called
natural science rather than biology? Is
biology still referred to as a natural science
today? Why? What contributions were
made by Greeks, Romans, Egyptians,
Assyrians, etc.?

What practical uses of plants were made
by the Chinese approximately 4,500 years
ago? What contributions were made by the
early inhabitants of the Americas nearly
5,000 years ago?

What was the extent of the so-called
“Dark Ages” and what were the conse-
quences in science? Did early investigators
really attempt to solve problems by sci-
entific methods as we know them today?
Why? What types of contributions were
made by such publications as “Herbals”

and “Bestiaries”® What were some charac-
teristics of the scientific activities in Arabia
during the years 800—1300 A.p.? What hap-
pened to science during the so-called
Renaissance period? What contribution
was made by Gaspard Bauhin? What effect
did the “Doctrine of Signatures” advo-
cated by Paracelsus (1493—1541) have on
medical science? Why were earlier investi-
gators called natural philosophers? Is
philosophy still used in biology today and,
if so, for what purpose?

WRITE A REPORT on the topic “Early
History and Development of Natural
Science,” attempting to answer the ques-
tions proposed above and including addi-
tional information (from outside reading)
so that the subject is covered rather com-
pletely. If you secure information from ref-
erences, be sure to include a bibliography
at the end of your paper. This should in-
clude the author and title of the reference,
date published, publisher, page references,
etc.



Molecular and cellular

biology

1. Problems

Are atoms and molecules present in the
constituents of living protoplasm? What
are some of the important characteristics
of atoms and molecules from structural
and activity standpoints, and may some of
them help to explain certain phenomena
found in living plants and animals? Do
atoms and molecules possess encrgy, and
might such energy play a role in living
organisms? What is the role of encrgy in
the formation of foods? What happens
when foods are digested? Does energy
always display itself in the form of visible
movement? Are there several different types
of energy? Is there one definition which
may be applied to all types of encrgy? Are
all plants and animals composed of one or
more cells, and how are cells constructed
so as to perform the various functions which
are necessary for life? Do the cells of
animals and plants have certain structures
and functions in common? Are there certain
differences  between  plant and  animal
cells? Do all the cells of a certain tissue
possess rather similar characteristics but
have rather different characteristics from
the cells of a different tissue, even in the
same organism?

2. Preliminary observations and
pertinent information and data
RECORD all reliable and pertinent in-

formation you have which tends to prove
or disprove the problems. (Record only that
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information which you know is accurate.)
Is this limited information sufficient to
prove or disprove these problems? Why do
you say so?

3. Formulation of hypotheses and
determination of methods of
investigation

From the preliminary information state
hypotheses from which you may work
toward the solution of the problems. RE-
CORD mecthods of investigation which may
provide additional pertinent information.
IHow can you secure additional information
which is relevant to these problems? Are
these sources of information reliable and
sufficiently extensive to prove or disprove
the hypotheses?

4. Testing correctness (verification)
of hypotheses by collection of
additional pertinent information

MOLECULES AND ATOMS IN
LIVING ORGANISMS

Much progress has been made in recent
years in securing information concerning
the subcellular structures and functions of
many living plants and animals. The
analysis and interpretation of many phe-
nomena in living organisms have been
made possible by recent advances in
technics and equipments, including elcc-
tron microscopy, special staining technics,



improved chemical analyses, ctc. However,
in beginning work many interesting facts
can be secured by studies in which ordinary
microscopes are used. Since the use of the
electron microscope is not practical in be-
ginning courses, it seems desirable to think
at least of the molecular and atomic level.
The molecular biologist today is vitally in-
terested in the structures and behaviors of
the molecules and atoms of which the
components of cells are constructed.

Study models, charts, projected lantern
slides, illustrations, etc. which demonstrate
atoms and molecules, especially  those
present in the constituents of protoplasm.
Learn much as you can about the
structure and behavior of atoms and mole-
cules.

DRAW and label accurately such atoms
and molecules as suggested by the in-
structor.

as

CELLS AND THE CELL PRINCIPLE

The Cell Principle, formulated by
Schleiden and Schwann in 1839, states that
all living organisms arc composed of cells
(and cell products). Consequently, in
order to find out if this is true, it is desir-
able to get first-hand information through
studies of representative cells of plants and
animals. Time does not permit a detailed
study of great numbers of organisms, so
a study of cells of an animal and a plant
will suffice at the moment. Any additional
studies of cells in plants and animals
throughout the course will give additional
cvidence.

Animal cell (Necturus liver)

Examine (low power) a slide containing
a stained section of the liver of the
amphibian animal known as Necturus (or
some other satisfactory animal tissue).
Read references on this animal, a relative
of the frog. Note the shapes, sizes, and
arrangements of the cells. The entire liver
is composed of cells, and an examination
of any part of it will reveal similarities lo
those you are observing. The cells have
been stained with a dye to bring out details
because unstained cells are not sufficiently
visible.

There arc many details in cells which
we will not be able to observe with ordinary
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microscopes, but some of them are given
so as to get a more complete idea of their
structure. Many of the details have been
observed with electron microscopes and
phasc-contrast microscopes, so you will not
be able to distinguish all of them with
ordinary microscopes. However, try to
identify as many as possible and study
each of them, condensing all the informa-
tion so that you will have a fairly complete
knowledge of cells.

Examine (high power) a single cell, not-
ing carefully the following: (1) The cell
(plasma) membrane is a delicate external
boundary of each cell. (2) The cytoplasmic
matrix or ground substance, which fills the
space between the cell membrane and
the internally located nucleus, is composed
of an intricate meshwork of elongated
protein molecules and is responsible for
many of the cell functions. Within the cyto-
plasmic matrix the following are located.
(a) The c¢ndoplasmic reticulum is com-
posed of delicate, membranclike, parallel
structures with tiny particles of ribonucleic
acid (RNA) clinging to their surfaces.
These structures supply a greater surface
for the placement of the cellular enzymes
and provide for the entrance, exit, and cir-
culation of essential substances in connec-
tion with the cell. (b) When the reticulum
is broken into fragments with their RNA-
rich particles they are called microsomes,
which are especially active in the synthesis
of proteins. (c¢) Numerous rodlike or
roundish, noncellular mitochondria are sur-
rounded by a thin double layer, with the
inmer layer folded to form partition-like
ridges, plates, or crests which extend in-
wardly. Mitochondria produce oxidative
encrgy—trunsfer enzyme systems whercby
usable cnergy is supplied for various cell
activitics. (d) The Golgi apparatus is quitce
prominent in certain kinds of cells and has a
large surface area because of a series of
membranous structures of variable size and
shape. In some types of cells it appears
as a pile of joined, concentric (curved)
dark layers rich in fatty materials. It is
considered to be a center of cellular
synthesis. (¢) The centrosome is an area
of dense protoplasm usually located near
the nucleus but is usually rather incon-
spicuous except during cell division, when



it plays an important role. (f) Spherical-
shaped fat globules (droplets) are found
close to mitochondria. The latter break
down fats to yield energy and build up
fats when more sugar is available than is
nceded at that time. (g) Small, spherical,
liquid-filled cytoplasmic vacuoles are scat-
tered in the cytoplasm for storage of vari-
ous materials and to help maintain the
internal pressure in cells. (h) Numerous
other structurcs and materials include
granules, foods, wastes, etc. (3) The
nucleus is usually located near the center
of the cell and contains chromatin ma-
terials (genes) which transmit hereditary
traits. Definite structures of chromatin
materials, known as chromosomes, can be
observed in the nucleus only at certain
times, while at other times the chromatin
may appear as stringlike, granular struc-
tures. (4) The nuclear membrane which
surrounds the nucleus is thin, double-
layered, and is supplied with minute, pore-
like perforations for the exchange of ma-
terials betwecen the nucleus and surround-
ing cytoplasm. (5) The nucleolus (“little
nucleus”) is present within the nucleus
when the cell is not dividing. It is com-
posed of protein and ribonucleic acid
(RNA) and is thought to be concerned
with metabolism, especially in protein
manufacture.

Many detailed structures are present
in animal cells but they may not be dis-
tinctly visible to the untrained cye. Often
the peculiar appcarance of a certain struc-
ture may be due to the actions of certain
chemicals with which the tissue was pre-
pared and stained.

Make an enlarged DRAWING of a
Necturus liver cell, labeling as many parts
as possible. Print the labels neatly and ac-
curately.

Plant cell (Spirogyra, a green alga)

To secure information concerning plant
cells study both a prepared, stained slide
of Spirogyra and a slide of living Spirogyra
(or similar plant cells). These plants, com-
monly known as “pond scums,” are green
algac whose cylinder-shaped cells are at-
tached end to end to form an unbranched,
threadlike colony. Place some living
Spirogyra in a drop of water on a clean
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slide and cover with a clean cover glass.
From your studies of the prepared stained
slide and the living Spirogyra observe the
following facts: (1) The cell wall sur-
rounds the cell. (2) The indistinct cell
(plasma) membrane is present just be-
neath the cell wall. (3) The oval nucleus
is suspended in the center of the cell by
means of cytoplasmic strands which extend
from the nucleus to the chloroplast. (4)
The nuclear membrane separates the
nucleus from the surrounding cytoplasm.
(5) Chromatin materials (genes) are
present within the nucleus. (6) The thin
layer of cytoplasm is just inside the cell
membrane and several cytoplasmic strands
extend toward the nucleus. (7) The large
central cytoplasmic vacuole occupies much
space within the cytoplasm and is filled
with water and other materials. (8) Onc
or more spirally coiled, ribbon-shaped
chloroplasts extend from one end of the
cell to the other, forming the basis for the
name Spirogyra (Gr. speira, coil; gyros,
curved). (9) Numerous starch-forming
pyrenoids are spaced at intervals on the
spiral chloroplast. The chloroplasts contain
chlorophyll by means of which foods are
photosynthesized from carbon dioxide and
water in the presence of energy-supplying
light. The filamentous arrangement of cells
in Spirogyra is due to the fact that the
cells divide crosswise (at right angles to
their long axis). Some of the details have
not been repeated so that they should be
reviewed from the discussion for animal
cells given previously. Note particularly
such differences and variations as cell wall,
centrosome, chloroplasts, pyrenoids, the
number and sizes of cytoplasmic vacuoles,
cte.

Because certain cells of Spirogyra may
not appear as described above but may con-
tain a large oval body called a zygote, it
is nccessary to describe the method of re-
production known as conjugation. Two
filaments lie side by side and small pro-
jections appear at corresponding points
in opposite cells of the two filaments.
Eventually a conjugation tube is formed
when the two projections meet. The so-
called male gamete formed from the proto-
plasm of one cell moves through the con-
jugation tube to fuse with the so-called



female gamete which has been formed from
the protoplasm of the opposite cell. The
union of the two cells forms an oval-
shaped zygote in one cell, leaving the op-
posite cell empty. New cells of Spirogyra
are formed when the zygote germinates,
and the filament results from repeated cell
divisions.

Add a small amount of iodine solution at
the cdge of the cover glass of a living
Spirogyra slide and note carefully any
changes that occur. Explain these changes.

If desirable study the cells of additional
animals and plants, attempting to identify
all structures correctly.

DRAW an enlarged cell of Spirogyre,
labeling all parts correctly and neatly.
(Print all labels.)

Make a TABLE in which you RECORD
the information you have collected for
animal and plant cells, noting (1) all points
of similarity between the two kinds of
cells and (2) all differences between the
two types of cells.

5. Evaluation of collected
information and data

Docs the collected information prove
or disprove the hypotheses? Do you feel
this is sufficient evidence to prove or dis-
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prove the problems originally stated? Why?
Would studies of additional cells from other
animals and plants supply additional proot
for or against the hypotheses? Can one
get too much reliable information? Would
you expect to find all structures identical
in the cells of different animals; in the
cells of different plants; when animal and
plant cells are contrasted?

6. Drawing logical conclusions based
on data and facts obtained

LIST the conclusions you have drawn
from the information you have secured.

7. Rechecking all steps

Have you secured a sufficient amount of
information to justify your conclusions?
Why do you say so? Might you have made
erroneous observations and interpretations
in your studies? If so, how might you rec-
tify such errors? If time does not permit
your making additional laboratory studies
of animals and plant cells, might you usc
as proof the results of observations made by
many other investigators? Where could you
sccure such information and would it be
reliable?



Physical properties

and chemical composition

of protoplasm

1. Problem

Does protoplasm possess certain physical
properties and chemical constituents which
can be ascertained by proper scientific
studies?

2, Preliminary observations and
pertinent data and information

RECORD all the pertinent and reliable
information you have which tends to prove
or disprove the problem. (Record only
that information which you know is ac-
curate.) Is this limited information suf-
ficient to prove or disprove these problems?
Why do you say so?

3. Formulation of hypothesis and
determination of methods of
investigation

From the preliminary information which
you have, state a hypothesis from which
you may work in the solution of the prob-
lems. RECORD methods of investigation
which may provide additional pertinent
information. How can you secure additional
pertinent information? Are your suggested
sources of information reliable and suf-
ficiently extensive to prove or disprove the
hypothesis? Would a careful study of living
protoplasm in the cells of plants and ani-
mals supply such information?
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4. Testing correctness (verification)
of hypothesis by collection of
additional pertinent data

With a clean forceps remove a fresh,
young leaf from the tip of a stem of the
fresh-water plant known as Elodea
(Anacharis). Mount in a drop of water on
a clean slide, covering with a clean cover
glass. Examine with low power, obscrving
the sizes, shapes, and arrangements of the
cells. With high power observe the living
protoplasm in several cells, noting care-
fully (1) the type of movement, (2) the
direction of movement in adjacent cells
(focus carcfully to observe only one cell
at a time), (3) the consistency of the proto-
plasm, (4) its color, (5) the continuity of
movement (whether it stops or reverses),
(6) any bodies suspended in it (that is,
disc-shaped, green chloroplasts for manu-
facturing food by photosynthesis), and (7)
whether the protoplasm or its suspended
bodies pass through the cell walls from
one cell to another. (Focus carefully.) RE-
CORD all data and obsecrvations.

DRAW a cell of Elodea (2 inches long)
labeling all parts accurately and ncatly.

With a clean medicine dropper carefully
remove a drop of waler from a culture con-
taining the single-celled protozoan called
the Amoeba. Place the drop on a clean
slide and carefully cover with a clean cover
glass. Examine with low and high powers



(adjusting the light so that the unstained
protoplasm becomes visible). An ameba is
a grayish mass of material which may be
changing its shape and displaying a flow
of protoplasm within the cell. With high
power note carefully (1) the type of move-
ment displayed by the protoplasm, (2) its
color, (3) the consistency of the proto-
plasm, (4) the continuity of movement
(whether it stops or reverses), (5) any
bodies suspended in it (that is, granules,
vacuoles, etc.), (6) whether the proto-
plasm or its suspended bodies pass through
the cell membrane, (7) any differences in
the protoplasm in various parts of the cell
(that is, a clearer layer on the outer margin
of the cell). RECORD all data and ob-
servations.

DRAW an ameba (2 inches in diameter),
labeling all parts accurately and neatly.

Scientific chemical analyses of protoplasm
have revealed the presence of such ma-
terials as carbohydrates (starches, sugars,
etc.), fats, proteins, inorganic (mineral)
salts, etc. Time and experience may not
permit you to make such analyses but
DEMONSTRATIONS of tests for some of
these materials may supply information
for solving our problem. Before mak-
ing actual tests on protoplasm it may
be well to observe the technics and
results of the tests which are commonly
employed.

Test for sugar. Place 5 ml. (5 c.c.) of
grape sugar (glucose) solution in a test
tube and add 5 drops of Benedict’s alka-
line-copper reagent.® Heat for 5 minutes
in a water bath (100° C.). The presence
of sugar is indicated by an orange-red pre-
cipitate resulting from the reduction of the
blue copper (cupric) salts in the reagent
to red copper (cuprous) oxide. Observe
the color changes against a white back-
ground.

Test for starch. Place some starch solu-
tion in a test tube and add a small amount
of iodine reagent.” The presence of starch
is indicated by a blue coloration resulting
from the adsorption of iodine to the surface
of the starch. Observe color changes against
a white background.

“See Appendix 3.
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Test for fat. Place a small piece of lard
or other fatty or oily material in some
water in a test tube and to the mixture add
a small amount of an alcoholic solution
of the stain, Sudan IV.* The Sudan dyes
are very soluble in alcohol, fats, and oils
but arc less soluble in water. When fats
are present the stain concentrates on the
fat particles.

Place a small quantity of lard on brown
paper and remove the excess. Allow it to
dry for several minutes, noting the greasy
appearance of the paper.

Test for protein. Place some albumin
(protein) such as egg white (fresh or
powdered) in some water in a test tube.
To the mixture add a small amount of
concentrated nitric acid and heat gently.
The presence of protein is indicated by a
yellow color which may be intensified by
adding a small amount of a strong basic
substance such as ammonium hydroxide.
The yellow color results from the chem-
ical reaction of the acid with certain
amino acids which are components of
proteins.

CAUTION: Strong acids and bases are
dangerous if they come in contact with
your body or clothing. In case of accidental
contact, flood with water immediately and
report to your instructor.

After you have become familiar with the
technics and results of the above tests,
RECORD on a separate page the results
of tests for the presence of sugars, starches,
fats, and proteins in such biological
products as suggested by the instructor.
(Suggested substances may include potato,
apple, bean, meat, nut, bread.)

5. Evaluation of collected
data and information

Do the collected data and information
prove or disprove the hypothesis and
problems? Would additional pertinent data
supply more evidence to prove or disprove
them? RECORD any instances where you
may have secured erroneous information
or where you may have interpreted infor-
mation incorrectly.

*Sec Appendix 3.



6. Drawing logical conclusions 7. Rechecking all steps
based on data and Recheck all steps which you have fol-
facts obtained lowed in your attempt to solve the prob-
lems. Recheck any points about which there
LIST the conclusions which you can may be doubt in your mind and repeat any
draw logically from the information which observations where errors may have been
you have secured. made.
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Activities of living
protoplasm

1. Problem

Does the living protoplasm of various
plants and animals possess certain activities
which can be ascertained by proper scien-
tific studics?

2. Preliminary observations and
pertinent data and information

RECORD all reliable and pertinent in-
formation you have which tends to prove
or disprove the problem. Is this limited in-
formation sufficient to prove or disprove
the problem? Why do you say soP

3. Formulation of hypothesis and
determination of methods
of investigation

From the preliminary information which
you have state a hypothesis from which you
may work in your attempt to solve the
problem. RECORD methods of investiga-
tion whereby you may secure additional
information which will be reliable and suf-
ficiently extensive to assist in the solution
of the problem.

4. Testing correctness (verification)
of hypothesis by collection of
additional pertinent data

In addition to those activities of living
protoplasm which you have studied already
there are many others displayed in various
plants and animals under a variety of con-

ditions. Some of these which can be demon-
strated rather easily include metabolism,
growth, movement, irritability, conduction,
regeneration, etc.

Metabolism. Metabolism includes the
sum total of all chemical transformations
which occur in the body of a living organ-
ism. Several hours before the laboratory
period make a yeast culture.® Allow to
stand in a warm place.

Place some of the yeast culture in a
fermentation tube (Smith type) so that the
closed arm is completely filled and the en-
larged bulb is about one-half full. Place in
a warm place. As the living yeast cells
metabolize a gas is formed, some of which
will ascend and displace the liquid in the
closed arm. What is this gas and what is its
source? What odor do you detect?

Fill a similar fermentation tube with
some of the yeast culture which has been
boiled sufficiently to kill the living yeast
cells. Place in a similar warm place and
contrast the results with the first tube. EX-
PLAIN the results. Does this second tube
act as a control?

Place 150 ml. of the yeast culture in a
250 ml. flask and insert a tightly fitting one-
hole rubber stopper in which has been
placed an L-shaped piece of glass tubing.
The latter extends just below the lower
surface of the stopper. In a similar flask
place 150 ml. of a filtered, saturated, aque-
ous solution of barium hydroxide® (which
has been kept in a tightly stoppered bottle).

®See Appendix 3.



The L-shaped glass tubing in this flask must
extend through the stopper and practically
to the bottom of the barium hydroxide.
Connect the two frec ends of the L tubes
with a tightly fitting rubber tube. Place
the two connected flasks in a warm place.
As gas is produced in the yeast flask it will
bubble through the barium hydroxide
thereby producing a precipitate (barium
carbonate). What is this gas? What odor
is produced? Does this show metabolic
activity by the living yeast cells?

Growth. About 5 days before the labo-
ratory period place a piece of sterile, heavy
filter paper in the bottom of a sterile Petri
dish. Wet the filter paper with sterile water
and place on it several radish seeds. Cover
and place in the dark, keeping the filter
paper moistened properly. The root hairs
will develop in about 5 days.

Several days before the laboratory period
place an onion over the opening of a beaker
which has been completely filled with
water. (The bottom of the onion should
touch the water.) Roots will develop down-
ward into the water.

Observe representative stages of growth
of such animals as are supplied by the in-
structor.

Movement. With a scalpel carefully
scrape some of the living, ciliated epithelial
cells from the roof of the mouth of a frog
which has been anesthetized. Mount on a
clean slide in a drop of 0.7 per cent salt
solution. Cover with a clean cover glass
and cxamine, noting that the hairlike cilia
vibrate rapidly. (Focus carefully with the
light adjusted properly.) What is the
function of such movement?

If desirable a small piece of the gill of a
living clam may be mounted in a drop of
liquid from the clam and teased apart with
clean needles to show similar actions by
cilia. What is the function of such move-
ment in the clam?

Anesthetize a frog and wrap it securely
on a thin board or piece of flat cork which
has a hole near one end. Mount the web
of the hind foot over the hole, using small
pins to spread the toes. Keep the prepa-
ration moist. With a binocular microscope
observe the blood flowing in the capillaries.
The liquid plasma of the blood carries the
blood corpuscles in suspension.
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It desirable the blood flow may be ob-
served in the gills of a salamander.

Examine with high power a drop of
water containing a suspension of a pow-
dered dye such as carmine. (Focus care-
fully and adjust the light properly.) Care-
fully observe whether the dyc particles
merely oscillate back and forth or actually
move from a certain point to another point
some distance away. This is known as
Brownian movement and must not be con-
fused with the larger movements sometimes
set up under the cover glass by the drain-
ing of the slide or the pressure of the
cover glass. Does Brownian movement dif-
fer from that observed in living protoplasm?
Does this type of movement suggest that
carmine is alive? EXPLAIN the causes of
Brownian movement of the nonliving dye
particles. DESCRIBE specifically the dif-
ferences in the movements of living proto-
plasm and small nonliving particles.

Irritability and conduction. Observe the
results when a sensitive plant (Mimosa) is
stimulated. Even though the plant does
not have a nervous system the living
protoplasm may be affected by stimuli and
display certain reactions. RECORD ac-
curately your answers to the following
questions. What happens when the smallest
leaflet is touched lightly with a clean
needle? What happens when a stem is
touched? What happens when a lighted
match is brought near the plant? Is this
reaction due to heat, light, or to both? What
happens when the light from a flashlight is
brought near the plant? What does this
prove? Do the effects of stimulating one
small part of the plant seem to affect other
parts which were not directly stimulated?
What characteristic of living protoplasm
does this phenomenon illustrate? What is
the effect when a small drop of alcohol is
applied (without touching the plant with
the dropper)? Is this due to the chemical
stimulation by the alcohol, the mechanical
action of the drop of a foreign material, or
a combination of the twoP Repeat the
above with a small drop of distilled
water. What do you conclude? Observe
the previously stimulated plant after it
has rested for some time. What specific
characteristic of living protoplasm does
this illustrate?



Using a pithed® frog cut the skin around
the base of the thigh and remove the skin
from the hind leg. Find the two large
muscles on the dorsal side of the thigh
and the whitish, cordlike sciatic nerve be-
tween them. Carefully separate the nerve
from adjacent tissues and trace it to the
large spindle-shaped gastrocnemius muscle
located on the inner surface of the shank
(lower leg). What happens when the
sciatic nerve is touched by a clean needle?
What happens when you pinch it with a
clean forceps? Stimulate the nerve with an
clectric current from a dry cell battery.
What happens when you cut the nerve with
a clean scissors? After the nerve is cut do
similar stimulations of it still result in
muscular contractions? What specific phe-
nomena of living protoplasm are illustrated
by the nerve and muscle?

Regeneration. Regeneration is the in-
herent ability of certain living organisms
to replace certain parts which may have
been lost or injured. Place a living planarian
flatworm (Dugesia) on a clean slide in a
drop of pond water. When expanded, cut
the worm with a clean square cover glass
at the desired point. Cuts may be made
crosswise at various places along the long
axis or lengthwise, such as splitting the
anterior (head) region. Allow the cut
pieces to regenerate in clean watch glasses
containing pond water. Cover and store
in a dark, cool place, changing the pond
water every day. Label each watch glass
showing the portion of the worm contained.

*The brain of a frog may be pithed by pressing
the head down so that it makes a right angle with
the body. With your finger locate the depression
between the skull and the first vertebra. With a
sharp scissors cut the skin at this point. Push a
blunt needle through the overlying muscles into
the brain case (toward the tip of the head). Twist
the needle from side to side until the brain is
destroyed.

Observe at intervals to note the stages in
the regenerative process. RECORD the
results noting the time interval since the
animal was cut.

5. Evaluation of collected
data and information

Do the collected data and information
prove or disprove the hypothesis and
problem? Would additional pertinent in-
formation supply more evidence to prove
or disprove them? EXPLAIN any instances
where you may have secured erroneous in-
formation or where you may have inter-
preted information incorrectly. Can you
think of places where the experiments may
have been faulty? Why do you say so?

6. Drawing logical conclusions based
on data and facts obtained

LIST the conclusions which you can
draw logically from the information which
you have secured. Do they prove or dis-
prove the problem as stated?

7. Rechecking all steps

Recheck all steps in your attempt to
prove or disprove the problem, especially
where you think errors may have been
made. Would it seem desirable to repeat
the experiments or observations? Why do
you say so?



Part Two

PLANT BIOLOGY

8

The plant kingdom—major groups of plants

1. Problems

Do the thousands of kinds of plants pos-
sess traits whereby they may be classified
in the form of a key? By the accurate use
of a proper key and the correct interpreta-
tion of certain traits of an unknown plant
is it possible to identify such an unknown
plant?

2. Preliminary observations and
pertinent data and information

RECORD all reliable information which
vou may have at this time which tends to
prove or disprove these problems. Be ac-
curate in your statements.

3. Formulation of hypotheses and
determination of methods
of investigation

From the reliable preliminary informa-
tion which you possess state hypotheses
from which you may work in your attempts
to solve the problems. Be accurate and
specific in the formulation of these hy-
potheses. State methods of investigation
which would supply additional information
which will be reliable and sufficiently ex-
tensive to assist in the solution of the
problems.

4. Testing correctness (verification)
of hypotheses by collection of
additional pertinent data

Study, very carefully, labeled specimens
of algac, fungi, thalloid liverworts, leafy
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liverworts, true mosses, club “mosses,”
horsetails, ferns, gymnospermous plants,
and angiospermous (flowering) plants, as
supplied by the instructor. By referring to
the proper places in the accompanying
Simple Key for Classifying the Major
Groups of Plants, observe carefully all the
traits listed which characterize each major
group. Be sure you are familiar with each
detailed trait because you will be required
to identify unknown plants by the correct
interpretation of these dectailed traits. In
a few places you may nced some assistance
from the instructor concerning certain
points.

How to use a key. Quite naturally space
does not permit the presentation of a com-
plete and detailed key, but this simple one
will give you practice in the use of more
detailed keys later. In the use of this key
start with A. If the description given there
applies to the specimen you are studying,
then you have started to find out the group
to which your specimen belongs. NOTE:
Always check the opposite or alternative
traits (in this casc those under AA) to as-
certain if the traits described there might
fit your specimen. If the traits under A ap-
ply, then proceed to B or BB and to each
successive category which follows. Con-
tinue this procedure until you have traced
your specimen down to the proper major
group of plants. After you have ascertained
the group to which you think your specimen
belongs go through the entire procedure
again (several times) until you are certain
that you are correct in your interpretations.
Any error made will end in your failure to
correctly identify your specimen. Learn to



SIMPLE KEY FOR CLASSIFYING THE MAJOR GROUPS OF PLANTS*

A—Plants without true leaves, stems, or roots, since no true conducting
(vascular) tissues; without rigid upright supporting tissues, hence little
upright growth
B—Usually rather small, simple plants, one-celled or many-celled (either

linear series of cells or sheetlike mass of cells); no many-celled
embryo formed within one-celled female sex structure
C—With chlorophyll (to carry on photosynthesis); other pigments
such as blue, brown, or red may mask chlorophyll
CC—Without chlorophyll; other pigments such as black, brown, red,
or even green sometimes present .

BB—Relatively small, land plants (usually less than 9 mches h:gh) bodles
composed of blocks of many cells; chlorophyll present in special
bodies called plastids; alternation of generations between a game-
tophyte stage (gamete- or sex cell-producing) and a sporophyte
stage (spore-producing); many-celled embryo formed within female
sex organ; small sporophyte parasitic on female gametophyte

C—Flat, prostrate plants with upper and lower surfaces different
(dorsiventral); many-celled sex organs formed, sometimes at tip
of slender upright stalks

CC—Prostrate plants with short sfemllke axis whlch bears leaﬂlke

structures .

CCC—Short, erect stemhke axis wnh small Ieoﬂlke structures; spore

cases at tip of stalk (at certain stages in life cycle)

AA—Plants with true leaves, stems, and roots; with true conducting (vascular)

tissues known as phloem and xylem; rigid supporting tissues, hence up-
right growth; usually rather conspicuous land plants with chlorophyli
in plastids; bodies composed of blocks of many cells; alternation be-
tween gamete-producing generation and spore-producing generation;
mature sporophyte independent and larger than gametophyte; many-
celled embryo formed in female sex organ

B—Do not produce seeds

C—Leaves small and usually spirally arranged; true stems and roots
frequently branched; trailing plants whose creeping stems give
off upright stems with small leaves; spore cases usually grouped
into clublike or conelike structure (often at tips of stems)

CC—Leaves small and attached in whorls at joints (nodes) of hollow

stem, which is usually ribbed; spore cases grouped into cone-
like structures (strobili) at tips of certain stems

CCC—Leaves (fronds) usually large, divided (compound), and bearmg

spore cases on under surface; leaves tend to unroll (‘fiddle-
head”) as they continue to grow at their tips for long periods
of time; usually horizontal, underground stem (rhizome)

BB—Plant produces seeds

C—Seeds not enclosed in fruit (exposed, naked seeds) but usually
borne on scales of seed-bearing cones; leaves simple, small,
needlelike, or scalelike; mostly woody, evergreen trees or
shrubs . .

CC—Seeds enclosed in fruut (carpel ovary) ﬂowers produced (some-

times inconspicuous in certain plants such as grasses, etc.)

°A more detailed classification key is given in Appendix 1.
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Algae

Fungi

Liverworts (Thalloid)
Liverworts (Leafy)

Mosses (True)

Club “Mosses”

Horsetails

Ferns

Gymnosperms

Angiosperms



do things accurately. This may take time,
but accuracy pays big dividends on your
investment of time and energy.

In order to become more familiar with
the use of the key attempt to identify a
number of unknown plants which will be
supplied by the instructor. Identify these by
numbers, giving the proper group of plant
to which you believe cach plant belongs.
Give the group name and RECORD the

number of cach unknown correctly.

5. Evaluation of collected
data and information

Do the collected information and data
prove or disprove the hypotheses and
problems? Do you feel that your informa-
tion and studies are sufficiently extensive
to form a basis for proving or disproving
them? EXPLAIN any instances where you
may have made erroneous interpretations
including any explanations why you believe
you may have done so. Can such a simple
key be easily followed in the complete
identification of all unknowns? Would a
longer, more detailed key be of greater
value? In order to emphasize simplicity in

a key must we sacrifice detailed consider-
ations which might be more helpful in an
easier and more accurate system of identi-
fication? Do you feel satisfied that you did
an accurate job of identifying all of the
plant unknowns? In which groups did you
scem to have greatest difficulty? Can you
give any logical reasons for this?

6. Drawing logical conclusions based
on data and facts obtained

What conclusions can you draw from
the information which you secured? Do
these conclusions prove or disprove your
hypotheses and problems? If not, what
might you suggest in order to do so?

7. Rechecking all steps

Recheck all steps in the procedures which
you followed in attempting to secure in-
formation for the solution of the problems.
Recheck particularly those points which
you believe may have resulted in errors.
How many times did you attempt to iden-
tify cach plant unknown? Was this number
of attempts sufficient? Why do you say so?



Cellular organization of
plants (tissues and organs)

1. Problems

Are all plants composed of one or more
cells, and in higher plants how are these
cells organized into tissues and organs?
Are there special types of plant tissues, cach
with its special kind of construction and
functions?

2. Preliminary observations and
pertinent data and information

RECORD all the accurate preliminary
information which you may have concern-
ing these problems. Be sure your informa-
tion is pertinent and accurate.

3. Formulation of hypotheses and
determination of methods
of investigation

From your preliminary information state
hypotheses from which you may work
toward the solution of these problems. Are
these hypotheses plausible in the light of
your limited information? What methods
of investigations do you propose whereby
you may be able to secure additional in-
formation and data from which you may
prove or disprove the hypotheses?

4. Testing correctness (verification)
of hypotheses by collection of
additional pertinent data

Would the study of numerous, repre-
sentative plant tissues give additional, perti-
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nent information? How many tissues should
be studied in order to secure a sufficiently
extensive amount of information? In gen-
cral are all plant tissues constructed in a
similar way? In order to secure additional
data make a careful study of the following
tissues (or similar ones as may be suggested
by the instructor). Check the characteristics
and make labeled DRAWINGS of each

tissuc.

I. Permanent tissues
A. Simple tissues
1. leaves
material or prepared slide)
. Parenchyma—pith of a corn stem (pre-
pared slide)
. Sclerenchyma
(a) Fibers—celery, plantain, corn stem,
etc. (fresh materials or prepared
slides)
(b) Sclereids—hulls nuts,  gritty
masses of pears (fresh materials or
prepared slides)

Epidermis—surface of (fresh

of

B. Complex tissues
1. Xylem
{a) Tracheids—stem of pine tree (pre-
pared slide)
(b) Vessels—corn stem (prepared slide)
2. Phloem
{a) Sieve tubes—corn stem (prepared
slide)
(b) Phloem parenchyma—corn stem

(prepared slide)
Il. Temporary tissues
A. Meristematic tissues—root tips of onion,
Tradescantia, etc. (prepared slide)



Epidermis. Usually one cell thick, color-
less, but such pigments as blue, red, or
purple may be present; contain stomata
(pores) surrounded by guard cells; cell
walls may contain a waxy, waterproof
cutin; found on the surface of leaves, flower
parts, younger stems and roots; serve as
protection, to conserve moisture and ex-
change gases, etc.

Parenchyma. Cells usually ovoid or
spherical (sometimes cylindroid) and with
a large central vacuole; cell wall thin;
usually numerous intercellular spaces;
abundant in higher plants for storage of
foods and water.

Sclerenchyma. Cell walls greatly thick-
ened with cellulose and lignin for rigidity
and strength; two types: (1) fibers which
are tough, strong, elongated cells with
tapering ends as in the stem of corn; (2)
sclereids (“stone cells”) in which the cells
are not elongated but with thick walls as
in the hulls of nuts and the gritty masses
in pears, etc.

Xylem. Composed of (1) tracheids which
are elongated, tapering cells whose walls
are strengthened and thickened by spirals
or rings of lignocellulose and often with
pits (thin areas); common in gymno-
spermous plants such as pine; (2) vessels
which are long, rather large tubular struc-
tures (made of a series of cells) and whose
walls may be thickened and with pits; give
strength and conduct water and other
materials upward through the stems of
angiospermous plants.

Phloem. Composed of (1) sieve tubes
which arc elongated rows of cylindrical
cells whose end walls contain sieve plates
with numerous sievelike pores; (2) phloem
parenchyma whose cells have charac-
teristics previously described under paren-
chyma and which store foods. Phloem tis-
sues give strength and conduct mainly
foods downward through stems and roots.

Meristematic. Cells are small, thin-
walled, usually cubical, and usually multi-
ply by cell division; cells closely arranged
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without intercellular spaces; located pri-
marily in arcas where extensive growth oc-
curs, as in root tips, buds, between the
bark and wood of trees, etc.; newly formed
cells may become differentiated into mature
permanent tissues.

5. Evaluation of collected
data and information

Do the collected data and information
prove or disprove the hypotheses and
problems? Is your collected information suf-
ficiently extensive to prove or disprove?
Why do you say so? Did you make accu-
rate observations and did each tissuc which
you studied have the characteristics de-
scribed for it? Of the tissues studied did
vou find any which did not quite fit the
characteristics as described? Might this be
due (1) to variations of these tissues from
the typical, or (2) to crrors in your inter-
pretations? Although you did not study all
of the various types of plant tissues do you
think a study of representative types of all
kinds would give additional pertinent in-
formation? If you made errors, where were
they made and why did you make them?
Did you repeat your obscrvations suffi-
ciently to be accurate?

6. Drawing logical conclusions based
on data and facts obtained

What logical conclusions can you draw
from the information which you secured?
Do your conclusions prove or disprove the
hypotheses and problems? If not, what sug-
gestions can you make in order to do so?

7. Rechecking all steps

Did you check all observations carefully
several times? If not, do so and reconsider
your conclusions. Check particularly where
you may have made errors in observations
or interpretations.



Mitotic cell division
(mitosis) in plants

1. Problems

Do plant cells undergo a rather complex
process whereby a cell divides to form
two new cclls, and as a consequence may
such phenomena as growth, development,
repair, transmission of hereditary traits,
etc. take place?

2. Preliminary observations and
pertinent data and information

Do you have any preliminary information
which is accurate and which pertains spe-
cifically to the proving or disproving of the
problems? If so, RECORD it accurately.

3. Formulation of hypotheses and
determination of methods
of investigation

From the reliable preliminary informa-
tion can you formulate hypotheses from
which you may work in the solution of the
problems? How might additional pertinent
information be secured? (Be specific in
your suggested methods of investigation. )

4. Testing correctness (verification)
of hypotheses by collection of
additional pertinent data

Study prepared slides of the rool of
onion (Allium) or spiderwort (Trades-
cantia) or similar tissue, as suggested by
the instructor. Carefully identify each char-
acteristic described under each stage and
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make correctly labeled DRAWINGS of
each. Make each drawing large enough to
show details.

As you study the characteristics of each
stage move the slide until you find a typical
example of that stage. Attempt to identify
all parts of the cell in each of the stages.
Do this work carefully and accurately. Do
you find some cells which do not quite fit
the descriptions given? Are all of the stages
described, or may some of the intermediate
steps have been omitted for the sake of
brevity? If any structures are not visible,
what explanations do you have for this?
Why do we study stained sections of in-
complete cells? What significance might
this play in explaining the absence of
certain structures in some cells as they
are observed? Do the various phases
(stages) follow one another in a continuous
series? Is the scparation of the process
into phases merely for study purposes?

Interphase. This stage occurs before the
phases of actual division begin and in
which the chromatin within the nucleus
appears as an irregular network of inter-
twining strands which stain well.

Prophase. Nuclear chromatin begins to
form a number of elongated bodies called
chromosomes. A mitotic spindle begins to
form at opposite poles of the nucleus. From
cach pole a cluster of fiberlike structures
extend inwardly toward the center of the
nucleus. As the nuclear membrane disap-
pears thesc fiberlike spindle structures ex-
tend from one pole to the other. Each
chromosome seems to be composed of two
longitudinal halves known as chromatids.



Metaphase. Each chromosome is now
somewhat thickened and arranged in the
central equatorial plate region of the
spindle midway between the two poles.
Each chromatid now possesses a slender
outgrowth called a “tractile fiber.” The fiber
from one chromatid of each chromosome
extends toward one spindle pole, while
the fiber from the other chromatid of the
same chromosome extends toward the op-
posite spindle pole. Each fiber is attached
to its chromatid at a specific point called
a centromere (kinetochore).

Anaphase. The chromosome halves
(chromatids) separate from each other, one
new chromosome of each pair moving
toward one spindle pole and the other
chromosome moving toward the opposite
pole. The equal longitudinal splitting of
cach original chromosome is necessary be-
cause the genes (carriers of hereditary ma-
terials) are arranged in a lineal series along
cach chromosome. Toward the end of the
anaphasc the tractile fibers disappear and
one group of chromosomes is present at
cach pole.

Telophase. The chromosomes at each
pole become organized into new daughter
nuclei with the chromosomes intertwining
again. A nuclear membrane re-forms and
the nuclei enlarge. The nucleolus which
had disappeared is re-formed. The spindle
widens greatly at the equatorial plate re-
gion until it extends nearly across the cyto-
plasm. As this spindle widens some thick-
enings appear on the fibers. The thickenings
enlarge and finally fuse to form a continu-
ous cell plate across the cell, thus separat-
ing the cell into 2 parts. New cell walls are
formed on either side of the cell plate. The
cell as a whole now enlarges to typical
size. This stage is followed by the inter-
phase stage again.

Can you give any explanations for such
phenomena as growth, repair, development,
the transmission of hereditary traits, etc.,
as a result of your studies? Could the vari-
ous phases actually be observed in living
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tissuesP What would be some of the dif-
ficulties encountered? When such tissues
are killed quickly and are then properly
sectioned and stained, do we find on such
a slide different cells in various stages
of division? Do observations on dead cells
actually show what living cells might be
undergoing in the process? Why do you
say so? Do you think that cells in other
plant tissues would show stages similar (in
a general way) to those which you studied?
Do certain cells undergo a division process
in all plant tissues at all times? How are
old cells replaced in all tissues? Why do
we select rapidly growing tissues for
studies of cell division?

5. Evaluation of collected
data and information

Does the information which you collected
prove or disprove the hypotheses and prob-
lems? Would it be desirable to study the
division of cells in additional plants? Why?
Do you think that all plant cells follow
much the same general pattern when they

divide?

6. Drawing logical conclusions
based on data and facts obtained

What conclusions can you draw from the
information which you secured? Do these
conclusions prove or disprove the hy-
potheses and problems? List ways in which
additional pertinent information might be
sceured.

7. Rechecking all steps

Recheck everything which you did in
this exercise, especially in places where
you may have made errors in observation
or interpretation. If you are not surc that
you saw certain structures clearly, study
the slide again and attempt to clarify
those points.



Meiotic cell division
(meiosis) in plants

1. Problems

Because vegetative cells of higher plants
possess a diploid or double (2N) number
of chromosomes, why do two such plants
when they cross not have a quadruple
number of chromosomes the next genera-
tion and successive doubling in all future
gencrations? How and when does the re-
duction of chromosomes occur before two
such plants cross? Does this process of
reduction, known as meiosis, follow the
same stages (prophase, metaphase, ana-
phase, and telophase) as does mitotic cell
division (mitosis)? What are the chief dif-
ferences between meiosis and mitosis? If
reduction division occurs previous to spore
formation, might it be desirable to study
spore-producing organs of certain plants
at the proper time in order to demonstrate
this phenomenon? Of what significance is
reduction division in heredity? How is the
formation of nonfertilizable cells of signifi-
cance in heredity? Of what significance
is the process of synapsis, in  which
homologous pairs of chromosomes (hom-
ologucs) lie side by side and may have a
mutual exchange of genic materials? Might
this mutual crossover of parts of hom-
ologues (and their genes) during synapsis
affect heredity? Tell how this might hap-
pen specifically.

2. Preliminary observations and
pertinent information and data

RECORD any reliable information which
pertains to the problems and which may
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tend to prove or disprove them. Include
only accurate, pertinent information.

3. Formulation of hypotheses and
determination of methods
of investigation

From the preliminary information which
pertains to the problems state hypotheses
from which you may work toward the solu-
tion of the problems. RECORD them as
well as specific methods of investigation
which will supply additional pertinent in-
formation.

4. Testing correctness (verification)
of hypotheses by collection of
additional pertinent information

Meiosis consists essentially of 2 nuclear
divisions whereas the chromosomes divide
only once, cventually forming 4 cells whose
nuclei contain the monoploid (haploid)
number of chromosomes. These 2 divisions
arc called the first meiotic division (Di-
vision I) and the second meiotic division
(Division II).

Meiosis is essentially the same in fungi,
Hlowering plants, insects, and man. Except
for the kind of cell resulting from the
process of meiosis, the phenomenon is
similar in both sexes, following the same
phases or stages in each, namely, prophase,
metaphase, anaphase, and telophase. Also
these phases of meiosis follow a sequence
similar to those in mitosis. When spores



are produced in higher plants (and gametes
in higher animals), there must have been
a previous reduction in the number of
chromosomes and their genes from the
diploid (2N) to the monoploid (N) num-
ber. This reduction in chromosome
number is called meiosis, which as stated
is really two nuclear divisions accompanied
by only onc division of chromosomes.

Study prepared slides showing the de-
velopment of the megasporophyte in the
cmbryo sac (female gametophyte) in the
anther of the lily (or similar plant). Study
cach of the following stages with great
care and DRAW each one with all parts
labeled correctly. Be sure to draw the
stages in correct sequence as they actually
oceur.

STAGES (PHASES) OF MEIOSIS

Prophase I. Meiosis is initiated in this
stage and the meiotic cells and their nuclei
are generally enlarged. The paired chromo-
somes (2N) are relatively long and thin.
They may appear to be single rather than
double, and dense granular chromomeres
(Gr. chroma, color; meros, part) occur at
intervals along their length. The chromo-
meres arc characteristic in size, number,
and position on the chromosomes. It is esti-
mated that there may be about 2,000
chromomeres in the entire set of 24
chromosomes of the garden lily.

The chromosomes move apparently as a
result of attraction forces which bring the
pairs of homologous chromosomes (hom-
ologues) together. The active pairing,
called synapsis (Gr. synapsis, union), be-
gins at one or more points along the length
of the homologues and eventually unites
them along their entire length. They may
even twist around each other. The chromo-
meres of one homologue synapse exactly
with the corresponding chromomcres in
the other homologue. After synapsis is com-
plete the nucleus appears as if only a
monoploid number of chromosomes is pres-
ent, but each is duplicated (paired). The
pairs are referred to as bivalents (L. bis,
twice; valere, to be strong). This duplica-
tion is due to a longitudinal splitting
(division) of each chromosome (except at
its centromere region), and the paired
chromosomes of each bivalent becomes
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shorter and thicker. The shape of the
chromosome is determined by a constriction
at a point where the two “arms” of a
chromosome meet. Within the constriction
is a clear zone, the centromere, or kineto-
chore (Gr. kincin, to move; choros, place)
which seems to be related functionally to
chromosomal movements. The nucleolus
attached to a particular chromosome may
be observed with high magnification.

The homologues tend to separate from
each other because the attraction forces of
synapsis decrease. However, complete sepa-
ration of homologues does not occur at
this time. At one or several points along
their length homologues may remain in
contact by means of chiasmata, singular
chiasma (Gr. chiasma, cross). Each
chiasma results from an exchange of
chromatids (component parts of a chromo-
some) between two homologues, which
may be of great hercditary significance.
Each chromosome consists of 2 chromatids
(half chromosomes), and thus the bi-
valents consist of 4 chromatids and may
be called collectively a tetrad (Gr. tetra,
four).

When only one chiasma is formed the
bivalent may appear as a cross; when iwo
chiasmata are formed the bivalent is
usually ring-shaped; when thrcc or more
are formed the homologues appear as
loops. In general the longer the chromo-
some the more chiasmata.

The nucleolus eventually detaches from
its particular bivalent and disappears. The
bivalents contract and the chiasmata lose
their original positions. The chromosomes
tend to shorten through Prophase I by
forming a series of coils which decrease in
number as the chromosome diameters in-
creasc. The loss of the nuclear membrane
and the formation of the spindle terminate
Prophase I of meiosis.

Metaphase I. The bivalents arrange
themselves on the spindle, cach member of
the bivalent locating itselt so that the
centromere of cach lies on either side of
and equidistant from the equatorial plane.

Anaphase I. The paired double chromo-
somes separate from one another and move
along the spindle toward the 2 opposite
poles. The centromeres of each bivalent
are undivided as they and their chromo-



somes move along the spindle. Otherwise
the homologues are freed. Hence a
monoploid number of chromosomes will be
located at each pole. Each chromosome
now consists of 2 chromatids united only
at their centromeres. The  separation of
homologues is called reduction  division
(mceiosis).

Telophase 1. The chromosomes uncoil,
the nucleus forms, and the meiotic cell is
divided by a newly formed cell membrane
or wall.

Prophase I1. After Telophase I there may
be a long or short interphase or none at
all, depending on the species. The chromo-
somes in each of the 2 monoploid cells enter
the second meiotic division. If there is no
interphase, the chromosomes pass un-
changed from Telophase I to Prophasc II.
It an interphasc occurs a nuclear membrane
forms in Telophase I, the chromosomes
uncoil, and a rather long Prophase II re-
sults. Regardless of the presence or absence
of interphase the chromosomes are un-
changed and no reproduction of chromo-
somes occurs during interphase, and each
centromere now duplicates itself (divides).
A new spindle forms in cach of the 2 cells
and at right angles to the axis of the
spindle of meiosis I.

Metaphase I1. The monoploid number of
double chromosomes lines up on the
cquatorial plane of the second spindle.

Anaphase II. The double chromosomes
divide and the resulting monoploid set
of single chromosomes (chromatids) with
their divided centromeres moves along
the spindle toward opposite poles.

Telophase I1. The chromosomes become
thinner and longer; the nuclear membrane
forms and the cytoplasm divides, forming
2 cells. Hence the original cell with its
diploid number of chromosomes results
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(after 2 meiotic cell divisions) in the for-
mation of 4 cells, each with its monoploid
number of chromosomes (only one of each
kind of chromosome). Thus the resulting
cells are produced with the reduced num-
ber of chromosomes.

5. Evaluation of collected
data and information

Do the collected data and information
prove or disprove the hypotheses and
problems? Why do you say so? Were your
studies sufficiently extensive and repre-
sentative to prove or disprove them? Ex-
plain instances where you may have made
errors in observations or interpretations,
including reasons why you may have done
SO.

6. Drawing logical conclusions based
on data and information obtained

What conclusions can you draw from
the logical interpretation of the collected
information? Do these conclusions prove or
disprove your hypotheses and problems?
Draw additional conclusions which may not
be directly associated with the specific
problems as stated. Do not draw con-
clusions which are not justified by the col-
lected information.

7. Rechecking all steps

Recheck all steps in the procedures which
you followed, especially those where you
may have made errors. Repeat any which
you think were erroneous. Do the above
repeated observations and interpretations
change your original conclusions?



Simple plants with
chlorophyll—algae

1. Problems

ITow are algae, which are single-celled
or simple multicellular chlorophyll-bearing
plants, constructed so as to perform all of
the functions necessary for living? Can
algac be divided into several groups
(phyla) because they differ from one an-
other in certain structures and functions?
ITow can algae perform all of the functions
nccessary for living, even though they do
not possess true leaves, stems, or roots?
How can algae reproduce if they do not
possess flowers or seeds?

2. Preliminary observations and
pertinent data and information

RECORD any reliable, pertinent in-
formation which you may have that tends
to prove or disprove the above problems.
Include only accurate information of which
you are certain.

3. Formulation of hypotheses and
determination of methods
of investigation

From such reliable, pertinent informa-
tion which you may possess state hypoth-
eses from which you may work in your
attempts to solve the problems. Be ac-
curate and specific in the statements of
your hypotheses. RECORD methods of in-
vestigation which will supply additional,
reliable information that will be sufficiently
extensive to assist in the solution of the
problems.
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4. Testing correctness (verification)
of hypotheses by collection of
additional pertinent data

BLUE-GREEN ALGAE (PHYLUM
CYANOPHYTA)

These algac are  simple, unicellular
plants, some species of which form colonies
of similar cells. Chlorophyll is diffused in
the cytoplasm (not in specialized plastids).
A blue pigment, called phycocyanin, is also
present. No definitely organized nucleus is
present. Cells are often surrounded by a
slimy, gelatinous sheath. Reproduction
occurs ascexually by fission (cell divi-
sion). None of the vegetative (body)
cells or reproductive cells bear thread-
like flagella in contrast to many other types
of algae.

Study preserved materials, living speci-
mens, and prepared slides of such repre-
sentative types as suggested by the in-
structor. Make careful observations and
enlarged, properly labeled DRAWINGS of
each.

Gleocapsa. Observe the outer bluish-
green region due to the diffused chlorophyll
and phycocyanin and a central region con-
taining scattered chromatin granules. Note
that several individual cells are associated
together and surrounded by a jellylike
sheath.

Oscillatoria. Observe the independent
cells (plants) associated in a filamentous
colony. Pigments and chromatin are located
somewhat as in Gleocapsa. Sometimes
living filaments swing back and forth



(oscillate), hence the name Oscillatoria.
Soft gelatinous areas may develop between
cells, thus breaking the filament into pieces
called hormogonia. The latter may form
a new colony.

Nostoc. Observe the chainlike colony of
individual, spherical cells all enclosed in
a jellylike ball. At intervals there may be
thick-walled, transparent cells called
heterocysts which serve to break the fila-
ments into hormogonia, as in Oscillatoria.
At times the heterocyst may germinate to
form a new filament, thus functioning as a
spore.

EUGLENOIDS (PHYLUM
EUGLENOPHYTA)

Euglena. Luglena viridis is a spindle-
shaped organism about 100 microns (1/250
of an inch) long and has a large, centrally
located nucleus. An anterior flagellum
propels it through the water in a spiral,
rotary manncr. It may also move by a
twisting of the body (“euglenoid move-
ment”). Numerous small, green chloro-
plasts carry on photosynthesis. Paramylum
granules (starchlike substance) and fats
are scattered throughout the cytoplasm.
Pyrenoids may be present in some in-
stances, assisting in food production.

At the anterior end is a tubular gullet
which probably does not ingest solid foods.
Near the gullet is a light-sensitive, red eye-
spot and a contractile vacuole. Reproduc-
tion occurs by dividing the cell lengthwise
by longitudinal fission. A thick-walled re-
sistant cyst may form around the cell dur-
ing adverse conditions. A few species of
Euglena lack chlorophyll and these are
probably saprophytes, absorbing materials
by diffusion through the cell surface.

Luglena and its related forms arc con-
sidered by some botanists as algae, while
some zoologists consider them as single-
celled protozoans because of the presence
of a tubular gullet (pharynx) and a reser-
voir through which solid foods may be in-
gested.

Study a prepared, stained slide of
Euglena. With a clean pipette place a drop
of a culture of living Euglena on a clean
slide and apply a clean cover slip. Ob-
serve and DRAW, labeling all parts cor-
rectly.
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GREEN ALGAE (PHYLUM
CHLOROPHYTA)

Creen algae may be unicellular, colonial,
or multicellular, depending on the spccies.
Chlorophyll is localized in bodies called
plastids (more specifically called chloro-
plasts). Orange-reddish pigments, called
carotenoids, may be present in some
species. The nucleus is well organized.
Stored food is starch which is formed by
special structures known as pyrenoids and
associated with the chloroplasts. When
vegctative (body) cells or reproductive
cells are motile each bears 2 to 8 anterior
flagella, usually of equal length. Repro-
duction occurs (1) asexually by fission, by
fragmentation, by motile spores, or by
nonmotile spores or (2) sexually by isog-
amy (fusion of equal sex cells), by heterog-
amy (scx cells of unequal size), or by
oogamy (sex cells of unequal size and the
egg is nonmotile).

Study preserved materials, living speci-
mens, and prepared slides of such repre-
sentative types as suggested by the
instructor. Make careful observations
and properly labeled  DRAWINGS  of
cach.

Chlamydomonas. Each ovoid plant con-
tains one cup-shaped chloroplast with a
pyrenoid. Observe the pigmented eyespot,
2 excretory contractile vacuoles ncar the
antcrior ¢nd, and 2 anterior flagella of
cqual length.

At times there arc formed within the
cell, 2, 4, or 8 motile spores (zoospores or
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