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DEDICATION

As measured in terms of man hours and money spent, science
these days is a very expensive proposition. The facts that are presented in
this MANUAL were purchased by hundreds of scientists who, individually
and collectively, spent many weary years watching planarians both in nature
and in the laboratory, and by the expenditure of hundreds of thousands of
dollars in research funds. We cannot begin to name all of the people
whose experimental findings are mentioned in this MANUAL, nor can we
adequately thank all of the sponsors whose underwriting of various research
programs made it possible for so many sclentists to work with planarians.
The least we cen do, however, is to express our gratitude to those various
agencies that have provided funds for the work of the Planarian Research
Group during the past 10 years: The Office of Research Administration, the
Department of Psychology, and the Mental Health Research Institute {all
et the University of Michigan, the National Institute of Mental Health
(Bethesda, Maryland), and the Atomic Energy Commission (Washington,
D.C.}. Withour their muchly appreciated support, we naever could have
written this MAl "TAL.

The Sec. ~d Edition of this Manual is further dedicated to Dr.
Libbie Henrietta Hy. -an, whose contributions to the fleld of invertebrate

zoology are legendary.



INTRODUCTION

For a number of years now, we have received reguests from all around the world
for detailed information on 'how to run worms. " While we have done our best to respond
to such inquiries in as great and specific detail as possible, it has not always been pract-
icable to answer each letier personally. Usually we have suggested that anyone interested
in performing planarian research go dig the facis out for himself, a laborious task at best,
but necessary since to date no one has assembled a manual that would gather together in
one place all of the odds and ends of information, the "'rags and tatters' of methodology
and procedure, that someone coming to the field for the first time would need to know.
This MANUAL OF PSYCHOLOGICAL EXPERIMENTATION ON PLANARIANS is our own
small aftempt to meet what appears to be a continuing need. The MANUAL is addressed
to the complete novice, for the maiority of people who write to us for detailed information
are high school students who have had but limited experience with animal experimentation
of any kind. Thus the sophisticated experimenter may find that much of what is herein
contained is superflucus for his purposes and perhaps too didactic for his tastes. The
experienced investigator who has never handled planarians before would, however, be well
advised to give this MANUA L as close a reading as possible-~planarians are not merely
miniature rats or cats, and the scientist who treats worms as if they were no more than
"just another experimental 2nimal" is in for some difficult.times.

This MANUAL has several main sections: The first is an article describing very
briefly the history and importance of planarian resesarch. The second section has to do
with the acgquisition, housing and care of various species of planarians, including a brief
account of the animal's sensory capabilities. The third section is a detailed account of the
methods and procedures for studying planarian behavior that seem to have been successful
in the past and includes a brief reminder to all investigators of the soris of data that should
be included in any write-up of planarian research that one hopes to publish. The fourth
section, written by Dr. StuartJ. Coward of the Department of Zoclogy at the University
of Georgia at Athens, is an outline of procedures for performing planarian grafts. In the
fifth section, Gary Davis presents a detalled account of the methodology developed by him
and Dr. Bernard Agranctf {(at the Mental Health Research Institute, The University of
Michigan) for extracting RNA from whole planarians. In section six, Dr. Psul Shinkman
and Leroy Vernon {of the Planarian Research Group, Mental Health Research Institute,
The University of Michigan) describe the technigue they developed for injecting miero
guantities of ENA into intact planarians. The seventh section, by Allan L. Jacobson,
Clifford Fried and Sheldon Hovowitz at UCLA, describes a technique for training planarians
en masse, while in the eighth section George Barnwell details a2 method he developed
(while at the University of Georgia} for handling land planarians. The final section is as
complete an anthology of articles of research on planarians as we could put tegether; the
iterns come chiefly from past issues of the WORM RUNNER'S DIGEST and were compiled
by Miss Ursula Mosler (of the Plansrian Research Group). The serious 'worm rumner"”
will surely wish to obtain & complete file of the back issues of this now notorious jgurnal,

Experiments on planarians may often seem deceptively "simple-minded’ to the casual
observer. Let said casual observer beware: planarians arve among the most chstinate,
ornery, difficult animals fo work with that one could imagine. They can zlso be highly re-
warding as experimental subjects. But anyone who believes that he can "throw together
a guick and dirty worm study over the weekend” is likely to be shocked to learn that this
type of scientific approach is even less likely toc yield valid results with planarians than
with other animals. The most salient virtue that 2 worm runner can possess is patience.
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In the past seven years, several thousand high school students throughout the United
States have used planarvians in their science lair projects; it is likely that several thousand
students will do likewise in the coming decade. Many high schocl students in the past have
written us reguesting that we send them apparaius, worms, free copies of the DIGEST, ete.
This is to inform all and sundry students (of any age or status) that we cannot supply anv-
one with free worms, free apparatug, nor even (in the majority of cases) with free personal
advice. A good share of becoming a scientist is learning how to solve one's own problems,

"with frequent recourse io the scientific literature. We have listed elsewhere in this manusl
infermation on the proeuring of planarians and on the construction of experimental apparatus --

this, then, is the limit of our responsibility. Were we to answer each inquiry individually,
we would end up spending more time writing letters than in doing research ourselves. And
planarian research does take time--a good experiment will require at least four to six
months of hard effori. Nor can you expect us o sit down and tell vou in detail what sort

of research has already been done in the past and help you design a new and exciting line
of investigation that will assuredly win you a prize. You must expect to read the literaturs
yourself and design vour project yourself, for otherwise the whole experience would have
little real significance for you. We do hope that you will let us know what sort of work you
have deone and what your results were, but we regretfully announce that we cannot usually
give you much assistance beyond that contained in this MANTUAL.

We have done our best to make the information in this MANUAL a5 correct and as
up-to-date as pessible, but we do not pretend tc be omniscient even where planarians are
concerned. The field of flatworm research is in constant flux, and as new studies are
published and as new techniques are devised, some of the information contained herein
may become obsolete or may even be proved to be incorrect. The ways of worm running
are subject to change without prior notice! It will be up to the reader to check all refer-
ences that appear after the MANUAL has been prinied and to revise his procedures and

conclusions accordingly.

One final note: Anyone who has had experience iraining other animals {such as rats)
will find that the training of planarians is several orders of magnitude more boring than
is the handling of rais or other higher animals. The confirmed rat runner may find such
a statement hard to believe, but a few hours spent with planarians will surely convinee him
of its truth. Nonetheless, when all is said and done, planarisns are rather wonderful
and challenging beasts whose rather special biclogical and psychological talents and proper-
tieg can make them fascinating subiects for scientific investigation. The worms will pro-
vide the fascination--it is up to vou to provide the science.

dames V McComnell

Professor of Psychology,
Department of Psychology and
Research Psychologist

Mental Health Research Institute
The University of Michigan

January, 1867
Ann Arbor, Michigan
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PREFACE TO THE SECOND EDITION

Much to our surprise, the first edition of this MANUAL turned out to be something
of a best seller (Irom our modest point of view). We had thought that the MANUAL would
probably fill a need, but we had not anticipated the need would be so grest. The MANUAL
first appeared in May, 1965; a slightly revised version was printed late fall of that same
vear. Esch press run of the MANUAL was small--a matter of a few hundred-—for we
wanted to keep the book as up to date as possible. But even the several press runs the
book went through in the first 20 months of its career were not sufficient to meet the de-
mand. In the early fall of 1968, we planned a thorough revision, hence we did not reprint
the MANUAL that autumn. DMuch to our dismay, the final available copies disappeared in
November, and we had to tell the hundred or more people who wished copies that they'd
simply have to wait until early 1967, when this Second Edition was due to appear. Now
it’s ready, and hopefully the MANUAL will remain "in print™ and available for some time
to come. The entire book will again be updated in 1968, however, in our continuing at-
tempt to make it 88 "current” as our resources and energy levels will allow.

If the book is a good one, its usefulness and value are the result of the work of
many people: the various authors represented herein, the members of the Planarian
Research Group, and perhaps most of all, the incredibly efficient efforts of Miss Mariys
Schutjer, who organized the entire project and has typed the masters for all the various
editions. Without her able assistance, there simply would never have been a MANUAL,

It is of course a truism that no book writien will please everyone, and the MANUAL
is no exception. Despite the sales record, despife the many compliments our little project
has received, we aren't batting 1. 000. For example, in his review of the First Edition of
this MANUAL (Contemporary Psychology, 1866, 11{11}, 520) our "arch~foe’ Donald Jen~
sen accuses us of name dropping, of being toc witty, of taking an odd view fowards evolu-
tion, and of being downright unscientific. Jensen's comments musi be viewed in the con~
text of his long-standing distaste for most of the planarisn research, however, if his critic-
isms are to be fully understood. To begin with, Jensen has long theorized that no crganism
lower on the phyletic scale than the fish can learn; hence, he has been a very vocal eritic
of all the planarian research that purports to show that these organisms are capable of learn-
ing. His own view towards evolution is not shared by most biological scientists however;
oddly enough, we seem to be standing on the side of the Establishment as far as this issus
is concerned. As for the ''mame dropping,” it appears that we called B. F. Skinner g oril-
liant’ psychologist. He is.

Jensen admits in his review that the MANUAL was written for the young experimenter
and/or the high school student, and he should realize that one doesn't write for such begin-
ners with the same dull, jargonish prose that one reserves for one's colleagues when one
wishes to impress them with one's seriousness. What good is a book if the right audience
iz so bored by it that the book never gets read? Jensen obviously does not agree with me
that humor and simple, interesting communication have z place in scientific writing, nor
that the "personal approach’ is often the most sccurate and objective way of sharing infor~
mation.

Is the MANUAL "unscientific? " What Jensen means is that I don't pay much atten-
fion to the tvpe of criticism that he's leveled against the planarian research over the years.
and in & way he's correct. Jensen's comments have always siruck me as being highly biased,
emotional and illogical. Anyvone interested in our debate should read the nroceedings of the
conference gn "The Chemistry of Memory' held at Michigan State University in September,
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_1986. Despite the title, the conference concerned itself mainly with planarians. The tran-
soript will be published by Plenum Press some time in 1967 and will be edited by William
Corning andé Stanley Rainer.

Often, in our pomposity and our pretensions towards ohjectivity, we forget that
scientists are very, very human and that science is, after all, merely a type of buman
hehavior like football or advertising. Scientists are no less emotional about their beliels
and their behaviors than are jootball players or advertising executives. Personal squab-
bles, such as the one between Donald Jensen and so many of us who "run worms” for a
living, are the rule in science, not the exception, and anyone who believes otherwise is
merely kidding himself. Indeed, ilis often difficult to make an obisctive evaluation of a
given scientific controversy if one fails to take into account the hatreds and friendships
of the men and women actually involved in the research. Scientists are people; scme of
them are flamboyant, some mousey, some wildly humorous, others dusty -pedantic. Thank
God for such diversity! The important point is this--one can ke a good scientist no matter
what the color or shape of cne's personzlity. One doesn't have to like a given scientist in
order to appreciate his work. Nor does one have to agree with all of a particular scientist's
opinions or theories in order to realize that the scientist is 2 greatl one.

As a case in point, take Libbie Henrietta Hyman. Perhaps no one in the history of
biology has made such a contribution to the Tield of invertebrate physiclogy as she has.
Her books and papers are classics, her knowledge legendary. All of us working with plan-
arians are greatly in her debt. Yet she is as formidable an individual as she is a scientist;
she says what she thinks, and the Devil take him who disagrees with her. At one time or
another, all of us have probably disagreed with her about some minor point or issue. She
has not always been wrong in such matters; yet it must be recorded, too, that she has not
always been right. For example, I frankly don't believe that she even today undersiands
behavioral theory and methodology as well as one might wish; but then , she's a zoologist,
not a psychologist, and it's perfectly clear to her that psychologists in general don't know
25 much zooclogy and physiclogy as they ought to.

For years, Dr. Hyman referred to me as those peychologists ocut in Wisconsin,”
2nd she has the dubious honor of being the only person who ever azsked to have her name
removed from the DIGEST mailing list. Yet, when we sent her a copy of the first edition
of the MANUAL, she responded with a list of detailed criticisms. She was guite corract
in pointing out that the drawing purporting to show the planarian nervous system was gross-
ly inadequate. We've replaced that drawing with a much more accurate one in this edition.
But she was wrong about two other points. In her m onumental work, THE INVERTEBRATES,
she states that planarians apparently taste bad since fish tend to spit flatworms out should
they happen to ingest one. True, if a fish happens to catch a flatworm, the fish will often
spit the planarian out. But then, fish spit out almost everything they take into their mouths.
The important point is that the fish will suck the worm back in and eventually swallow it.
Recently, another woman zoologist visited me, and somehow we got to talking about this
point. I tock a dozen or so planarians and dumped them into an agquarium containing a
number of tropical fish. The worms floated gently down in the water, the fish approached,
attacked, and "that was that.” None of the worms ever reached the bottom of the tank.

In the first edition of the MANUAL, I wrote that "planarians will eat almost anything;
imfortunately, they grow and thrive on only a few things.” Dr. Hyman castigated me for
implying that planarians are omnivores when it's well known' that they are meal saters
and not plant eaters. Sincel occasionally had seen planarians ingest vegetable tissues in
the lab, I was quite sure my statement was correct. So I ran 2 small experiment. Various
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groups of planarians were fed different materials for 2 period of six weeks. The animals
given plant tissues ingested the greenery daily, but they grew smaller and smaller. Only
the worms fed meat gained in size.

But one doesn't often win such controversies with Dr. Hyman, for she has the habit
of being right at least 95% of the time.

It is with gratitude and, yes, real affection, that we dedicate the Second Edition of
the MANUAL to Libbie Henrietta Hyman. She may not entirely appreciate our gesture,
but we make it with deep Tespect.

James V., McConnell
Editor
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THE MODERN SEARCH FOR THE ENGRAM*

James V. McConnell, Ph.D.

Man can learn more, and remember better, than any other animal--indeed his pro-
digious memory is one of the chief attributes that sels man apart from the rest of the
animal kingdom. That a ninety~year-old man may recall the halcyon days of his vouth
with surprising clarity is a commonplace occurrence; yet, when one stops to think of it,
how can this miracle be accomplished? How can a fragment of conversation heard 40,

60 or even 80 years ago still be remembered word for word after such a length of time?
What kind of recording does the brain make that allows it to play back those dead voices
vears afterwards? Of what are our memories made, and where and how are they stored
inside our bodies? Indeed, does it make sense to speak of "memory storage' at all as if
a memory were a physical quantity of some kind that could be stashed away in a cupboard
or a refrigerator? The search for answers to these guestions is one of the most challeng-
ing and fascinating undertakings in the biosciences today. But to understand the viewpoint
that modern psychologists and biochemists take towards memory research, we must first
place the subject in its proper historical perspective.

The early Greek philosophers believed that man was born with a mind like a blank
tablet and that the fingers of experience "wrote'" on the tablet much as & secretary copies
down dictation in her notebook. When we ''remembered,' then, we merely searched
through the mind’s library of old notebooks until we found what it was we were hunting for.
And indeed, when we are attempting to recall an old friend’'s name, or a lost fragment of
poetry learned years ago, it does seem as if our minds flip through a catalog of past events.
But such 2 viewpoint towards remembering is a limited one at best, To begin with, some
memorics are automatic~~we don't have to "search” for them at all, for the externa!l en-
vironment triggers off the proper bit of recall almost mechaniecally. In the second place,
mueh of our remembering takes place at a totally uncenscious level--we don't have to tell
our hands and feet to press on the clutch and shift the gears in our automobiles: our feet
and hands make the proper motions without our consciously directing them , almost as if
“they had a mind of their own." The mentalistic "notebook” idea of memory,a viewpoint
that science espoused for almost 20 centuries, was finally abandoned because it taught us
precious little about memorial processes that common sense hadn’t told us anyhow,

The real revolution in the study of memory began in Germany in the middle of the
19th Century with the work of Hermann Ebbinghaus, who performed ihe first really scient-
ific experiments on how men learned. Ebbinghaus’ monumental handoook, Ueber das
Gaedechnis, is still considered a classic by modern psychologists. But Ebbinghaus was
interesied in the external conditions that made remembering easy or difficult; his theoret-
icel explanations of why men remembered as they did were tinged with mentalism. He
did not try to look inside the human body to see what sorts of changes took place inside
whenever somsone learned.

The behaviorist revolution, which began in America with the work of John B. Watson,
rward, Watson saw very clearly that man often tends tc attribute to

was the next step
i mentalisiic properties that he denies exist in animals. Desiring

i

fo

himeeif almosi mag
C

to get rid of magic and s science in its place, Watson espoused the study of animal
hehavior since one could be: . more objective about the way & white vat learned a maze
than, say, about the way a preity girl learns a popular song. But Watson's way of tossing

1
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out the magic of mentalism was to deny that anything of importance took place inside the
body when a person learned. InWatson's theory, all animals became "empty organisms;”
if gne but knew all of an animal's past behavior, and if one knew the present stimulus
conditions the animal faced, one should be able to predict the animal's behavior completely.
Watson then looked for correlations between stimuli and responses without ever taking into
account the organism that sensed the stimuli and made the responses. The purely behavior-

igtic viewpoint was a powerful one for, under the guidance of such brilliant theorists as

B. F. Skinner at Harvard, we have learned a grsat deal about how to control the behavior
of organisms in many rather complicated situations. But the behaviorists’ stimulus-re-
sponse correlations have but limited generality, they predict very poorly what animals
will do when faced with new stimuli, and the correlations tell us nothing at all about why
memory takes place, why some animals are betier at remembering than others, why we
forget when we're badly shocked, or a dozen other things.

Learning and remembering are such natural things to most of us that perhaps it is
difficult for us to realize that these processes must have a physical representation inside
our bodies. We see curselves, like behaviorisis. from the outside in. We do noi sense
the flow of blood through our veins, the movement of fluid in our spinal cord, nor the
pulsation of electrical energy coursing through our nervous systems. Yet these proces-
ses exist--if ever they stopped, we would die almost.at once. Life is a physioclogical
process, and memory is 2 part of life. When we learn, there must be some actual, ident-
ifiable alteration in some pari of cur body,; otherwise, we could not, at some later date,
reconstruct with mere nervous energy that environmental condition we had experienced

in: the past.

At about the same time that the behaviorist revolution was beginning in America,
when John B. Watson was telling his students that "mind doesn't exist,! the noted Russian
physiclogist, Ivan Pavlev, was telling his students that "mind” must be translated into
neurclogical terms to make sense. For Paviov, the cerebral cortex, that massive enve-
iope of nerve cells covering the entire brain, was the seat of learning. Pavlov thought
that learning was a process, a rechanneling of the flow of nervous excitation from an old
pathway into & new. What the structural changes were in the nervous system that caused
the change of pathways was something neither Pavlov nor the neurophysiologists who fol-
iowed him were able to deiermine. Physiclegical psychologists have, for half a century
now, attempted to determine just exactly what the neurclogical changes are that take place
within an organism when it learns; but for all their delicate and sensitive electronic gear,
their surgical insults and their probing microelectrodes, they have failed almost complete-
ly. It is this failure of the physiclogists to specify precisely where or how memory stor-
age takes place, coupled with our recently-~gainad knowledge of the biochemistry of the
cell, that has led many of today's scientists tc search for the "locus of memory' ata

chemical rather than a purely physiclogical level.

It was in 1904 that a scientist named Richard Semon made a radical assumption,
Suppose, he said, that each stimulus that an organism experiences leaves a discrete
material trace of some kind within the organism’s nervous system. Semon went further—-
this material trace, which he called an "engram', he saw as being perhaps a chemical
rather than a physiological entity. Each unique stimulus encountered by an organism,
sach thing that it learned, was to leave iis own particular trace, its own unigue engram.
Manv vears later. the great American psychologist, K.8. Lashley, devoted an encrmous
amount of research time to what he called "the search for the engram."” If the engram
was unigue, special, particular, then one ought io be able to localize the engram for a
particular bit of learning in 2 specific place within the nervous system. Lashley taught
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rats and other animals o solve various problems. then cut out huge portions of the ani-
mals’ brains hoping i0 remove the engram along with the ablated tissue. Lashley never
iocated the engram, for his animals showed only "relative' forgetting. If he removed
50% of their cortex. they forgoet about half the problem; if he removed but 25% of the cor-
tex, they remembered 75% or more of what they had learned. These results led
Lashlev to conclude that a single memory was represented in the brain by a diffuse pro-
cess of some kind rather than being stored in one discrete locus. What Lashley never
realized, of course, was that an animal that learns even a "simple' problem actually
learns thousands and thousands of things about the environment in which the experimenter
putg it. A rat in a simple maze learns not only that it must turn right if it is to get to
food, but learns also that the maze is of a certain color, certain texture, of a certain
height, smeil, width and length, that the food is of 2 certain type and certain quantity,
and a thousand other things. The rat must learn to "trust’ the experimenter (that is, to
become habituated to the experimental situation) or it will not eat, will not learn. All of
these thousands of individual micro-memories go to make up a single "learning experi-
ance. " Some of the memories are visual, some auditory, some kinesthetic, some olfact-
ory; obviously the engrams would be widely scattered in varicus paris of the brain, and
if one removed portions of the cortex at random, one would expect to cbiain the results
that Lashley did. And Lashley was searching for a neurophysiological rather than a
biochemical locus of learning; apparently if never occurred to him that the engram might
possibly be stored molecularly, as a complete entity, within a single cell.

Letus assume for the moment that each time an corganism learns, a complicated
biochemical change of some kind takes place within at least one nerve cell in the organism’s
brain. What chemicals might be involved, what chemicals might act as storage mechanisms?
In the late 1940's, Ward Halstead, a psychologist at the University of Chicago, theorized
that the engram might exist as a2 molecular change in the nucleic acids found within a single
cell. It was not until almost a decade later, however, that the Swedish biologist Holger Hyde/n
undertook a series of experimenis that first implicated ribonuclei¢ acid (RNA) as being the
"memory melecule. " The genes found in every cell are composed of a complicated mole-
cule known as DNA, which acts as the Commander-in-Chief of all physiological processes
in the cell. DNA directs the internal life of the cell by manufacturing RNA, a closely re-
lated nucleic acid molecule, which passes from the nucleus into the cyioplasm of the cell
where it directs the synthesis of proteins {among other things). DNA seems io contain the
"genetic code. ' When the sperm and egg from a pair of white rats unite, the resulling em-
bryo develops into a baby rat rather than into a baby elephant because the DNA in the rat
sperm and egg contains a different "code” than the DNA found in elephant sperm and eggs.

From one point of view, then, we may say that DNA stores an organism’s "ancestral
memories” in coded form; that is, DNA "remembers’™ what an organism's progenitors
were like. Professor Hydén theorized that RNA might encode or "romember' an organ-
ism's own personal memories, that RNA might well be the "tablet' on which the fingers
of experience wroie (by changing the chemical "'code' carried by the RNA molecule). To
test his theory, Hydén performed experimenis with rats and rabbits. First, Hydén dev~
eloped a beautiful technigque for taking large single cells from the nervous system, cut-
ting them open individually by hand with an incredibly tiny scapel and scraping out the
protoplams inside each cell. With microanalytic techniques, he was then able to measure
rather subtle changes in the RNA found in these cells, Then he took two groups of rats to
work with. The first group was trained to balance on a taut wire in order to reach food;
the second group was given passive exercise but did not learn the balancing trick. Hydén
found that the gross amount of RNA increased markedly in cells taken from both groups
of animals, but gualifative changes in the RNA (that is, apparent changes in the ''code”
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itself) took place only in the nuclear RNA iaken from the trained animals. Hyden later
found that the gross amount of RNA in the human brain increases from birth until age 40,
remains at a relatively constant, high level until age 60, then rapidly begins to decline,
These findings led Hydén to speculate that memories were stored by means of physical
changes in the RNA molecule itself. Hydén's theory, which has actually never been proved
or disproved, has sparked much of the recent but growing interest in the biochemistry of
mernory and has prompted dozens of other scieniists 1o underiake related experiments on
a wide variety of organisms ranging from the flatworm up to the human.

The Planarian as an Experimental Animal

Anyvone at all familiar with the planarian, or common freshwaier flatworm, might
well wonder why a psychologist would pick this animal to experiment with. Seldom grow-
ing to move than an inch in length, itis a fragile creature that inhabits sireams, ponds,
lakes and rivers throughout the world. The planarian is often difficult to maintain for long
periods of time in a laboratory situation and its nervous system is exceedingly primitive-—-
so primitive indeed that its ability to learn even the simplest of tasks might be questioned
on purely theoretical grounds. Yet the fiatworm does have a2 rudimentary brain, its behav-
ior is much more complicated than one might imagine at first glance, and the planarian pos-
sesses certain other rather special characteristics that make it a most useful tool in the

search for the biochemical correlates of memory.

The first time that I personally encountered a flatworm was in 1953, when I was a
graduate student working towards my doctorate in experimental psychology at the University
of Texas. At that time, psychologisis in general were just becoming aware of the neuro-
physiological learning theories of D.O. Hebb, the Canadian psychologist, and of 3ir John
Fceles, the Nobel Prize winning physiologist from Australia. These two scieniists had
speculated that learning was a matter of a physiological change at the synapse--that is,
they believed whenever an organism learned, some struectural alteration must tzke place in
its nervous system, probably at the junction point hetween two nerve cells which is called
Obviously, if Hebb and Eccles were correct, an organims would have to possess
synapses in order to learn. Robert Thompson, then a fellow graduate student at Texas and
now Professor of Psychology at Louisiana State University, suggested to me that since the
flatworm is the lowest animal on the phyletic tree that possesses the type of synapse Hebb
and Eccles had in mind, we might test their physiological learning theories by attempting
to train a planarian. -And so, working together, we set out to do just that.

a synapse.

The first scientist to attempt to train planarians was probably the Dutch biologist
P. Van Oye who reported in 1920 that he was able to teach these animals by means of 2
rather unusual training technique to craw! down a thin metal wire to get to foed. (Van Ove's
paper was published in Duich, however, and we did not discover it until many years after
we had begun our own studies.} In 1829, the American psychelogist H. B. Hovey trained a
marine flatworm (Leptoplana) to reverse its normal response to light by punishing it every
time it moved when & Lignt came on. And in the 1930s, two German scientists, F. Dilk
and H. Soest, attempted a crude form of clas sical conditioning with planarians. None of
these latter-named studies satisfied Thompson and me, however, for they all lacked crucial
control groups needed to convince us that learning had actually taken place. Thereiore we
set up our own experiment, complete with what we believed to be the necessary contrels.

A modified version of our first training apparatus appears elsewhere in this manual.
Tt congisted of & foot-long, half~inch-wide plastic tube that could be filled with waier.
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Electrodes mounted at each end of the tube allowed us to pass an electric current through
the water. A pair of lamps suspended above the trough provided the light which served as
the conditioning stimulus. When a planarian was crawling smoothly among the bottom of
the trough and we turned on the eleciric current, the animal would always give a vigorous
contraction of its entire body. We trained the animals by pairing the light with the shock,
First we turned on the light for 2 seconds; then we turned on the shock for an additional
second; then we furned off both the light and the shock. At the beglnning of training, the
worms responded to the light (before the shock came on) no more than 25% of the time.
After we had paired the light and the shock for 150 trials (all given in a period of 2 hours
or s0), the worms responded to the light 50% of the time, just as if they had now learned
that the light was a signal that shock was coming. A group of animals given 150 trials of
light without shock showed the expecied phenomenon of habituation--that is, they responded
less and less often teo the light during training. Anocther group of worms, given 150 Yshock-
only" triais, also showed a decreased sensitivity to cccasional test trials of light (never
paired with the shock). Since the increased responsivity in our experimenial animals was
guite statistically significant, and sinece our various control groups showed us that this
increase was presumably not due o sensitization, we were convinced that we had shown
clear-cut classical conditioning in planarisas. The article describing our research was
published in the Journal of Comparative and Physiclogical Psychology in 1855, In 1958,
when 1 became an Instructor at The University of Michigan, I set up my own laboratory
here and continued the planarian research.

To most people, I suppose. the flatworm is famous not because it is the lowest ani-
mal with a rudimentary brain and a true synaptic type of nervous system, but rather be-
cause it possesses enormous powers of regeneration. The species of planarian we most
often use in our experiments is Dugesia dorotocephala. If one cuts this animal in half
transversely, the animal does not die; rather, the head grows a new tail and the tail grows
a new head, and each regenerated piece will eventualiy become as large as the original
orgenism. Indeed, under the best of conditions, one may cut this animal into as many as
50 pieces and each section will regenerate into an intact, fully-functioning organism.

It had occurred to Thompson and me that it might be interesting to train a planarian,
then cut it in half and test the regenerated sections to see which portion (if any) would re-
tain the memory of the training; Thompson and Inever got to this study at Texas, however.
But once my laboratory was set up at Michigan. two of my students {Allan Jacobsen and
Daniel Kimble) and I undertock that very study.

Giving planarians 150 trials all in a period of 2 hours is not a very effective way of
training them; flatworms, like humans and rats, will usually learn much better if the trials
are siretched out over a period of several days. By spacing the trials, we were able to
get each of our worms to respond to the onset of the light at least 92% of the time. When
each animal reached this criterion., we cut it in half and allowed it to regeneraie for a per-
iod of a month. Then we retrained each regenerated half to the same 92% response level
to determine if it learned faster the second time than the first (this so-called ''method of
savings' was one of the ploneering meathodological contributions of Hermann Ebbinghaus).
We had expected the heads to remember at least some part of what they had been taught--
after all, the head section retained the brain and most of the nervous sysiem of the origi-
nal animal, Our expeciation was confirmed--the head regenerates remembered just as
well ag did planarians that were trained but not cut in half. But what of the tails? They
had to regrow an entire new brain and replace most of their vital organs during the month's
regeneration. How could one expect a regenerated tail to remember anything at all? The
answer is, of course, that one could not expect the tails to remember at ali--but they did.
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In fact, many of the t2ils showed almost perfect retention of the original training! It
seemed a3 if their new brains were created with the old "’learﬂmcr” already ”mred in'
much the same way that an innate behavior pattern (Minstinet™) is "wired in® from birth.
Furthermore, we soon found that if we cut the trained worm in thirds, or even fourths.
each regenersated piece would show significant retention of the memory.

Our "retention following regeneration’ results, published in the Journal of Compar~
ative and Physiclogical Psvchology in 1959, were at first considered somewhat unbelievable.
Since then, however, the study has been replicated in dozens of different laboratories all
around the world. The results are apparently valid--but the nagging question remains, how
could the tail remember anything at all?

As I thought about this question back in 1958, it occurred to me that the "engram’
must be stored throughout the planarian's body, not just in the animal's brain, and that
the storage mechanism probably was chemiecal in nature. Indeed. it seemed obvious that
the same engram was probably duplicated hundreds of times throughout the animal’s body,
being stored within hundreds of individual cells. But what was the chemical {or chemicals)
involved in memory formation? It was at this time that I became aware of Hydén's RNA
theory of memory. Now, the cell that I thought was probably involved in memory storage
in the planarian was the necblast--a primitive, undifferentiated cell that can migrate any-
where in the animal’s body and that has the property of being able to develop into any other
type of cell whatsoever. According to such noted scientists as Prof. Etienne Wolfe of the
College du France and Prof, H. V. Bréndsted of the University of Copenhagen, the neoblast
ig the cell which is primarily responsible for the planarian's powers of regeneratmn When
the animal is cut in half, the neocblasts seem to migrate fo the site of the wound and form a
bud or blastema from which the missing parts of the anima!l are regenerated. The neoblast
is also very rich in RNA, a fact that seemed to support my hypotheszs that this primiiive
cell might zct as the site of the engram in planarians.

The first experimental test of the RNA theory of memory with planarians was, how-
ever, performed by Prof. E. Roy John and his student, William Corning, at the University
of Rochester. John and Corning reasoned that if they would somehow destroy or alter the
RNA in a trained planarian's cells, they would also destroy or alter the memory itself.
Therefore, in 1960, they trained flatworms using the light/shock conditioning technique
we had developed and, once the animals had reached criterion, cut them in half. Some of
the animals were allowed to regenerate in the usual pond water; others were forced te re-
generate in a weak sclution of ribonuclease {an enzyme that hydrolyzes or breaks up RNA).
They reported that both heads and tails that regenerated in pond water showed the usual
retention, as did the heads that regenerated in ribonuclease. The tails that regenerated in
ribonuclease, however, showed almost complete forgetting of the original training, much
as if the enzyme had somehow "'erased the blackboard™ on which the memory was written.
Two recent studies by Jacobson, Fried and Horowitz at UCLA indicate that much the same
result obtains when one injects ribonuclease directly into the body cavity of trained planar-
ians. Hibonuclease iz 2 very powerful destructive agent, however, and there is still some
question whether these studies show that the ribonuclease affected specifically the memory
storage or whether the "forgetting' was due to a more general, debilitating effsct on the

animalsg! hesglth.

While Corning and John were working with ribonuclease, we attacked the RNA hypothe-
sis from rather a different dirsction. It had been known for & great many years that planar-
ians lacked any "immune' reaction, and that one could often graft a small portion of one
animal’s body onto the body of ancther planarian. This non-specificity of planarian tissue



suggested that we might be able to transfer engrams from one animal to another if we
could somehow get chemicals from a trained animal into the body of an unirained planarian
Our first attempts at grafting large portions of cne animal onto another were not particul-
arly successful, however, and so we turned to what was a simpler but perhaps a more
spectacular type of tissue transfer, that of “cannibalistic ingestion. "

Many species of planarians, when hungry, cannibalize quite readily. The species
we have used most often, Dugesia dorotocephala, is & particularly voracious cannibal.
Beginning in 1960, my students and I conducted a series of experiments involving what
we now call "the cannibalistic iransfer of training” in planarians. First we trained some
tiyictim '’ worms to criterion (using the now-standard light/shock conditioning technique}.
We then fed the trained victims to starved, untrained cannibals. At the same time, a set
of untrained "victim" worms was fed to a different group of cannibals. Both sets of can-
nibals were then given light/shock training. The results were clear-cut: the cannibals
that had ingested "trained' victims were, on the very first day of training, significantly
superior to the cannibals that had eaten untrained animals.

We repeated the cannibalism study four times over, employing each time a 'blind"”
testing technique (in which the person actuaily doing the training does not know the prior
histories of any of the animals he trains). Each time, as Barbara Humphries, Reeva
Jacobson Kimble and I reported in the Worm Runner's Digest in 1961 and in the Journal
of Neuropsychiatry in 1962, the results were essentially the same. By early 1965, some
type of cannibalistic transfer in planarians had been reported by at least 10 other univer-
sity laboratories {(and by hundreds of American high school students working on what we

call ""Science Fair' projects).

Although we now jokingly refer to these studies as confirming what we call our "Mau
Mau' hypothesis, and although they have been widely replicated, one obviously should not
generalize these results to the human level too readily. To begin with, the planarian has
a very simple digestive system; it lacks a true stomach and does not secrete the massive
array of acids and enzymes necessary for digestion in higher organisms. RNA would
surely stand little chance of baing absorbed in an unaltered form in higher organisms.
And, in the second place, we still do not know just what it is that actually gets transferred
via ingestion, whether the cannibal acquires a specific memory or perhaps just a general
response tendency, or perhaps both. However, there is a growing body of evidence sug-
gesting that, at least under certain conditions, it is a particular and specific engram that

gets passed from one worm to another.

No matier what it is that gets transferred by ingestion, however, we are still left
with the problem of finding what the transfer mechanism itself is. I RNA were really
involved, we obviously should be able to achieve the transfer if we trained some planar-
ians, then extracied the RNA from these animals and injected it info unirained planarians.
We began work on this problem in 1962 and, with the support of grants from the U.8.
Atomic Energy Commission and the National Institute of Mental Health, are still continuing

cur studies today.

Our first experiment was & most crude undertaking. Prior to our work, there had
been little need to extract RNA from living tissue for any purpoese other than analysis.
The extraction technigues usually employed then tended to degrade the RNA rather badly
and typically gave quite smell yields. We needed to get s much RNA as possible from
each animal and wanted it to be broken up as little as possible by the extraction process.
We soon found that, employing the crude techniques at our command, we needed the tissue
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irom several hundred trained planarians in order to extract suificient RNA to inject inio
10 untrained animals! Since it takes from 10 to 20 hours (spread out over several days)
to train one worm, and since we needed at least 500 animals in each of several groups in
order to perform the experiment, it became clear fo us that we could not give the animals
individual, personalized training. Rather, we were forced to put 100 or more planarians
in the training apparatus at the same time with the hope that after the "group™ had been

' given several hundred trials, most of the animals would have learned something. Of

course we had no way of telling just how much any of the animals had lesrned.

In our first experiment, we had some 500 experimental planarians given the usual
light/shock training {(in a group), plus 500 animals in each of several control groups. After
training was complete, we extracied the RNA from each group and injected il into untrained
planarians and then fested the injectees in our usual "blind™ fashion. The animals injected
with BNA from the trained planarians were significantly better than any of the animals in-
jected with "control” ENA. A repetition of the study with & different set of control groups
vielded essentially the same results. In both cases, however, the differences (while statis-
tically significant) were not as great as was the c¢ase in the capnibalism studies. Perhaps
the surprising fact is that, considering the crudeness of our methods, we got any significant
resulis at all! Jacobson, Fried and Horowitz, working in the Department of Psychology at
the University of California, Los Angeles, were recently able to confirm our findings using
a somewhat different extraction technigque than the one we have been developing. Since their
training procedure was probably superior to curs, and their study better controlled, their
work lends considerable credibility to our earlier findings.

if nothing else, these attempts io transfer memories from one planarian to ancther
seem to have started something. Since 1964, there have been reported more than a dozen
successful attempis to achieve the same sort of transier in rats, mice and other higher organ-
isms. Albert at McGill, Reinis in Czechoslovakia, Fierdingstad, Nissen and Réigaard-Ped-
ersen, Jacobson and his colleagues at UCLA, Essman at Queens, Rosenblatt at Cornell,
Ungar at Baylor Medical School, and Addm in Hungary have all reported they were able fo
achieve the "transfer of training! effects in rats or mice by taking chemical substances
{such as RNA) from the brains of irained animals and injecting them into untrained animals.
These studies have met with considerahle skepticism, however, despite the fact that they
seem in general quite well controlled. Perhaps the skepticism springs from the fact (as one
scientist put it) that the findings contradict “'the conventional wisdom of biochemists and
psychologists, " perhaps it is due to the fact that not everyone who has attempted such exper~
iments has met with unqualified success. As far as the latter point is concerned, it is of
some interest that in my own laboratory we have recently been able to identify at least two
eritical factors that influence the transfer effect in rats that have beern neglected by many
prior investigators. Our work indicates that the recipients must be very well gentled and
habituated to handling, and very very hungry when tested, if the transfer is to work. Since
most of the experimenters whe have failed to achieve success have used relatively undeprived
and unhsbituated animals, while most of the experimenters who have gotien the fransfer ef-
fect used animals that were well ~deprived and weli-habituated, our fmdmgs may be of con-

siderable importance,

In sddition to the studies mentioned above, there are seversl other experimenis that
seem to link RNA with memory formation. Prof. Ralph Gerard and his associates found
that injections of 8-azaguanine (which inhibits RNA synthesis) increased the time required
for "fixation of experience” in rats and that injections of malonenitrile (which stimulates
RNA synthesis) did just the opposite. The fact that substances which facilitate or inhibit
production of RNA in vive also speed up or retard learning does not, however, mean that
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RNA is the "memory molecule,” since these effects might well have been due to an inter-
ference with protein synthesis or some other cellular function. However, Cock, Davidson,
Davis, CGreen and Fellows have reporied that when they gave brain injections of yeast RNA
to rats, the znimals learned an avoidance habit significantly better than did control animals,
while Goren obfained similar resulis with mazes. Pickett, Jennings, and Wells, at Occi-
dental College in Los Angeles, have recently reported much the same thing for planarians.
And Cameron and his colleagues at McGill University have found that administration of
yeast RNA to aging patients sometimes retards or even reverses the memory deterioration
that often plagues the elderly. Improvement is most marked in arteriosclerctic patients,
less s0 in presenile or senile patients., Montanari, Cutole and Mazzoni in Italy have re-
ported similar results using a mixture of nuclectides rather than RNA. (Unfortunately,
most RNA now avallable commereially {ends to induce fever in human subjects; until a
sure method for removing the pyrogens from yeast ENA is discovered, Cameron's findings
will probably have more theoretical than practical significance. }

At the moment, it seems safe to conclude that KN A is intimately involved in the
storsge of memories, but it is obviously far tvo scon to conclude that RNA is indeed the
"memory molecule' itself. As Dingman and Sporn have pointed out, it is likely that RNA
is but ene smsall link in a complicated chain of cellular processes that, taken all together,
functions to store our "remembrance of things past. ' It is my own opinion that ENA msa
play two distinct and somewhat different roles in memory formation. First, since Hyden's
experiments indicate that RNA is quite sensitive to changes in the neuron's external environ-
ment, it may be that incoming sensory signals {that is, an ocrganism's experiences) are
"coded" first of all by physico-chemical changes in RNA molecules. The altered RNA
wouid then produce different types of proteins than before the message was encoded and
the neuron would function differently than before. But second, the "transfer' studises on
planarians suggest that ENA may occasionally serve o transport coded information from
one part of the body to another. Quite recently, Bonavita and his colleagues have reported
that monoculeotides can probably pass through the hlood-brain barrier in mammals. If
RNA can enter into and exit irom the blood stream in the same fashion, it is quite possible
that Nature uses RNA as her means of transferring engrams from one point in the nervous
system to another, even from one side of the brain to the other. If an engram formed in
one part of the brain could be spread via RNA {o distant parts of the nervous sysiem, it is
no wonder at all that Lashley was unable to find the "locus" of the engram even by extir-
pating very large portions of the coriex.

Let me conclude by pushing my speculations to perhaps an incredible limit, If
"coded" ANA is indeed Nature's "transfer agent,"” and if we can discover what that code
is, we may eventually be able to implant some {ypes of knowledge directly into a human
brain by injection of suitable "memeory meolecules. ' Whether or not the day of "instant
learning" ever dawns remains to be seen. DButitis certain that the vistas opened by re-
search on the biochemistry of memory will be fascinating ones for all of us to explors.

*A slightly different version of this paper appeared (in German) under the title
"Die Suche nach dem Engramm'" in Naturwissenschaft und Medizin (published by C, F,
Boenringer & Soehne GmbH of Mannheim), 1865, 2(9), 14-25,
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Bection 11

ON THE PROCURING AND THE CARE OF PLANARIANS

James MaConnell

Introduction

This Manual will concern itself chiefly with the behavior of planarians, hence little
reference will be made to the extensive literature on the zoology of these animals. The
scientist who expects to perform meaningful psychological studies on planarians, however,
will do well to familiarize himself with what goes on inside these animals. No better source
for such information can be found than the works of Hyman (see the annotated bibliography
at the end of this Manual for complete references). In brief, planarians belong to the phy~
lum Platvhelminthes, the order Turbellaria, and the family of triclads. Members of this
phylum are the simplest animals to possess bilateral symmetry, a rudimentary brain which
is located in the front end of the animal (anterior encephalization}, and the complicated,
synaptic-type nervous system found in all higher phyla. Thanks to some very recent work
by Jay Boyd Best (Colorado State), we now know that their brains, although quite small in
size, are really much more complicated and highly developed than was thought io be the
" case when Hyman wrote her classic text. Planarians do not have an oral cavity, but rather
eat by means of a food tube or pharynx that is extruded from the center part of the under
side of the animal's body whenever food is present, or whenever the animal is traumatized.
The planarian has no circulatory system, but the intestine runs from the tip of its head to
the tip of its tail. Digestion in the planarian is primarily intre- rather than inter-cellular;
planarians do not secrete the array of acids and enzymes which aid higher organisms in
their digestion of food. Planarians, when sexual, are hermaphroditic; during copulation,
cross —fertilization typically occurs and both planarians produce cocoons containing several
eggs. The exact characteristics of these animals vary markedly from one species fo an-

other.

SPECIES

Planarians are found widely distributed throughout the world in veeans, ponds,
streams and rivers, and on the land. The marine (salt water) species are quite common,
but their behavior has heen little studied. The classic research with marine flatworms
was performed in the late 1920s by Hovey, who demonstrated that an innate reaction to
light could be suppressed if he repeatedly tapped the animals on their snouts. The land
planarians, sometimes brightly colored, often grow to be 40 to 50 inches in length. While
found chiefly in hot, humid climates, land planarians can occasionally be discovered hiding
under flower pots and other receptacles in hot houses and botanical gardens even in the far
north. The only studies on the learning in land planarians with which I am familiar are by
Noel Weeks and by Barnwell, Peacock, and Taylor. Both studies appeared in the October
1964 issue of the Worm Runner's Digest. Further information on land planarians can be
found in Section VIII of this Manual.

Several of the more commen type of American freshwater planarians are shown in
the accompanying photographs. Dugesia tigrina is perhaps the most common freshwater
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planarian and is widely distributed throughout the United States. It seldom grows io more
than 20 mm. in length. D. tigrina regenerates fairly well, undergoes spontanecus fission
readily, is comewhat less cannibalistic than D. dorotocephala, is more sensitive to x-ir-
rediation than D. dorotocephala, and is typically very lightly colored. Indead, D, figrina

is congiderably more "trangparent” than is D). ddrotocephala {ox any of the other more com -
mon types of planarians found in the United States). Reproduction is chiefly asexual; we
have seldom encountered a sexual specimen of D. tigrina. The undersurface of D. tigrina
is typically coloriess and appears to have the consistency of custard or nearly transparent

gelatin.

Dugesia doroiocephala has a much darker, less spotted color pattern than D. tigrina.
The under surface is often neavily pigmented and seldom has the "gelatin® appearance com-
mon to D. tigrinz. D. dorotocephala is found chiefly in springs and running streams but is,
nonetheless, fairly common in the United States. D. dorotocephala is much larger than
D. tigripa as a rule; by overfeeding the animal, we have gotten specimens well in excess
of 50 mm. in length. Sexual sub-species of D. dorotocephals are quite common, and can
often be induced to mate in the laboratory. Such mating is, however, usually seasonal and
sporadic; we have, however, encountered one sub-species of D. dorotocephala taken from
2 spring in Oklahoma that remains sexual throughout the year and mates continuously. The
sexual sub~species of D, dorotocephala do not regeneérats as well as the asexual. The ma-
ture, sexual specimens undergo spontaneous fission but rarely. D. dorofocephala is a
voracious cannibal and will cannibalize even when decapitated. Indeed, I have seen za fresh-
ly decapitated specimen move forward and attempt to cannibalize its own head immediately

after decapitation took place.

. A third fairly common type of {reshwater planarian found in the United States is
Phagocata gracilis, which can readily be differentiated from Dugesia by its much darker
pigmentation and the squareness of its head. D. tigrina and D. dorotocephals have bul
one pharynx; P. gracilis has many pharynxes. Its much darker pigmentation protecis it
from x-irradiation to a greater extent than is frue with D. tigrina andé D. dorotocephala.

P. gracilis regenerates poorly, if at all; we have never been able o induce sexual behav-
ior in this species in our laboratory. E. gracilis cannibalizes poorly, if at all. This spec-
ies typically attains lengths intermediate between those of D. tigrina and D. dorgtocephala.

A fourth fairly commen type of planarian is Cura foremanii. Pigmentation in this
species is typically darker than in Dugesia, although the two species resemble each other
superficially. C. foremanii typically grows tc about the same size az D. tigrina, however

C. foremanii does not regenerate as well as D. tigrina since it is z sexual species.

For descriptions of other common planarians, see Hyman.

Most of the research in our laboratory has involved D. tigrina, D. dorotocephala.

and P. gracilis. In choosing a species for behavioral experiments, one must usually take
into aocount the tvpe of training to be done in order to pick a "good' experimental animal,
D, tigrina clings to surfaces tenaciously, and moves distinctly more slowly than does D,
dorotocephala or P. gracilis. D. tigrina seems much less "excitable' in its movements
than the other two species. We therefore tend to prefer to use D. tigrina in studies on

classical conditioning but not in studies invelving maze training--its slow, stately. unex-
, makes it a frusiraling

citable mode of locomotion, ideal for conditioning experiments
animal to observe in mazes or open field experiments. Obviously, if one wishes to study
cannibalism or regeneration, one picks a species other than P, gracilis.

The behavioral characteristics of planarians vary considerably from one sub-
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species to another. D. dorotocephala native to California show guite different reaction
nulterns than do D, dorotocephala native to Michigan or Oklahoma. For example, we have
scldom had trouble training D. tigrina in a light/shock conditioning experiment, but Rag-
lind and Ragland repert finding 2 race of D. Hgrine that could not be trained until fed pieces
oi previously conditioned D. derotocephala.

Our own studies on the effects of x-irradiation on regeneration in planarians show
that D, tigrina has & LD5q (30 days) of around 300 roentgens (that means that when the an-
imals are given an acute dose of 800 roenigens, hall of the animals die within 3% days fol-
tewing the irradiation). P. dorofocephala has an 1Dz {30 days) of approximately 1000
roenigens, while P. gracilis has an LDzqp (30 days) that lies between 1200 and 1400 roent-
gens. Further research indicates that D. tigrina and D. dorotocephala can be given chronic
doses of 200 roentgens per week and will survive indefinitely, even though they accumulate
dosages well in excess of 20,000 roentgens.

Planarians contain a type of primitive, undifferentiated cell called the neoblast,
which apparently gives them their enormous powers of regeneration. According to Profes-
sor Etienne Wolfe, the neoblast is found scattered throughout the body of the planarian;
when the animal is wounded, the neoblast migrates to the locus of the wound where it forms
2 bud or blastema of regeneration from which the missing parts of the animal regenerate,
The neoblast therefore has the power to differentiate into any other type of cell. Accord-
ing to Professor H. V. Bréndsted, as many as 30,000 neoblasis may be contained in a
single planarian's body. For additional information on planarian regeneration, see the
articles in that section of the annotated bibliography.

According to Hyman, sexuality can be :nduced in some planarians by putting them
in a cold place for a few days before vreturning them to the normal warmth of the lasberatory
(70° F.). We have seldom found this technique to be of great value. While some species
may be induced to mate in the laboratory, it has been our observation that once one begins
to handle the animals, or o train them, copulation ceases and recurs again only after an
extended period of rest. The one exception to this finding is the sub-species of D, doroto-
cephala faken from the spring in Oklahoma that mates regularly and consistently through-~
out the year even when it is being trained. Flanarians are hemaphroditic--that is, during
copulation each animal fertilizes the other and each animal later produces a cocoon. When
freshly laid, the cocoon of D. dorotocephala is typically an orange-red color; within a few
hours, the cocoon turns jet black., FEach cocoon contains approximately 16 eggs which will
hatch about 14 days after the cocoon is laid. Whenever possible, the cocoon should be re-
moved from the bow! or aguariuwm in which it is laid if larger animals are present since
the adults will typically eat either the cocoon or ihe young pianarians if hungry enough.
Ornce the young worms have hatched, the empty cocoon shell should be left in the bowl with
them for severzl days since the veoung tend to return to the cocoon fer food and shelter.
For further information on this subject, see the articles by Marie Jenkins and H. Brown
in the bibliography.

A schematic drawing of the nervous system found in the species described above
is shown below. While organisms lower on the phylogenetic scale than the planarian do
show evidence of having synapses, these more primitive synapses lack the extensive den-
dritic and axonic ramifications found in planarians and most higher organisms.

Sensory Characteristics

The planarian has specislized receptors for detecting light, chemicals, vibrations
and water currents, and various types of pressures. It can also sense temperature grad-
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nerve cord

Fig, 5. Schematic drawing of planarian Dervous sysLem
Fig, 5. Schen
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ients, electrical currents, gravity, and perhaps even magnetic currents, although little

is known about the receptors that allow the planarian to detect the foregoing stimuli. The
common freshwater planarians described above usually have two eye spots which, since
they lack lenses, allow the planarians to detect the presence and the direction of light
sources, but not shapes or patterns. Specimens of . foremanii may occasionally be found
with three, four, or as many as six distinet eye spots. Planarians are colorblind and typi-
cally are insensitive o the red end of the visual spectrum. One may often read in the liter-
ature that, in addition to the eye spots, planarians contain "Hght receptors' throughout
their bodies. The evidence for such an assumption is questionable at besi, and is based

on a poorly designed set of experiments done many years ago. Our attempts to replicate
these early experiments under more controlled conditions suggest strongly that there is
little if any sensitivity to light in the planarian other than in the eye spois., Flatworms

are usually "negatively phototaxic, ' which means that they tend to avoid light. When given
a choice, they typically seek out the darkest part of a container. This negative phototaxis
mayv be reversed in some species when the animals are guite hungry, however. When z
planarian crosses a sharply defined light/dark boundary, if typically shows & rapid head
movement and moves to the darker side. When a planarian has been kept in a dark place
for some period of time, and is brought into the light, if typically begins moving and con-
tinues to move for a period of several minutes before coming tc rest in the light. If one
eye spot is destroyed, and the planarian is put in a lighted situation, it will offen circle
slowly towards its blind side.

The main chemical receptors in the planarian are located in the auricles or "ears".

If a piece of food is dropped into water contzining a planarian, the animal often moves dir-
“gctly towards the food. Planarians can locate food in their watery environment by fellowing
the chemical gradient set up by tiny particles of food as they diffuse through the water. U
one of the auricles is removed, and the planarian is put close to a piece of food, it will

tend to circle towards the unwounded side. The planarian also seems to have chemo-recept~
ors in the region close to itg pharynx, and perhaps on the tip of its pharynx. When the
planarian comes close to food, the pharynx offen exirudes and moves towards the food even
though the body of the planarian is motionless ai the time.

Planarians seem to like to keep their underside in contact with some surface and
will typically attempt to escape from & situstion in which their upper side is in contact with
some object. Planarians cannot swim--they move only when in contact with some surface.
Oceasionally a planarian may be foudn crawling upside down on the meniscus {or film on
the top of the water). Often they drop from the meniscus to the bottom surface, making
slow "righting movements'™ as they fall. A planarian turned over on its back will show
much the same sort of reaction (see cover photograph). Planarians secrete a mucus as
they move (more will be said akout this later). Occasionally, as they move across the
meniscus, they secrete enough mucus so that when they drop to the bottom, the mucus
trails behind them much like a spider web, The planarian then can crawi back up the mu-

cus trzil to the meniscus again.

Planarvians are attrected by wezk vibratory stimuli. This behavior probably has
fairly high survival value since many of the small animals on which planarians prey move
about by means of the rhythmic beating of legs or cilia. Small animals such as daphnis
or brine shrimp often become ensnared in the muecus trails left by planarians--the moere
vigorously such trapped snimals attempt to escape the mucus, the more likely if is that
a planarian nearby will be attracted to them. I have seen planarians that were crawling
upside down on the meniscus oceasionally stop and lower the anterior portion of their
hodies when prey such 2s mosquite larvae were nearby. When & larva bumped inte the
anterior portion of the planarian, the worm would wrap itself around the larva like a boa
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constrictor and drop with it to the bottom where it would encase the larva in a web of mu-
cus and devour the larve at iis leisure.

When planarians encounter a weak electrical field, they tend to move -away from
the anode and towards the cathode. The behavioral ramifications of this sensory character-
istic of planarians will be discussed later.

When given a choice, planarians will pick the temperature best suited to them.
While most of the gpecimens you are likely fo encounter can readily be kept at "room
temperature,’’ some species such as P. gracilis actually prefer temperatures just above
freezing. Hyman states that P. gracilis is killed by temperatures in access of 30° C.
{86° F.). We strive to keep the temperature in our laboratory at approximately 21° C.
{70° F.) and have had no trouble keeping P. gracilis alive {or long periods of time.

When they encounter a rapidly moving siream of water, most species of planarians
tend to move with, rather than against, the current. We will have more {o say about this

characteristic later on.

For a description of the experiments which have led Brown and his colleagues to
the conclusion that planarians can deiect weak magnetic fields, I refer you to the articles
by Brown listed in section seven.

Distribution

Planarians can be found in lakes, streams, ponds, and rivers almost anywhere
in the United Siates from mountain tops fo tidal basins. They abound in the rivers and lakes
close to Ann Arbor. We usually take D. dorotocephala from & rapidly moving stream near
the Thiversity. In the swifter portiong of the stream, the animals are usually found under-
neath large rocks {we also find a number of leeches under the rocks --be carefull}., In the
siower, deeper portons of the stream, one can often find the animals moving ir large num-~
bers either on the bottom of the stream or on muddy rocks. D. tigrina we usuaily take
from more slowly moving sources such as the Huron River (or from lakes nearby). In
such situations, the planarians are typically found under rocks, or crawling under leaves
or other debris. Unless one is lucky encugh to find a large colony of the animals, one may
have to search for hundreds of yards along the shoreline to find even a few specimens.
Under such circumstances, one’s work is made easier by taking a piece of liver, tying 2
string to it, and throwing it into the water and leaving it for an hour or more. When one
returns, the meat is often covered with planarians. The lazy or less venturesome person
may obiain planarians on order from any of the biological supply houses listed below.

Carolina Biological Supply Co. Misco Corporation
Burlington, North Carolina, and 5780 Jackson Road

Powell Laboratories Arn Arbor, Michigan

: : o
Glif“?gfg}gl egon tgz;fzezgd of Manual) Ward's Natural Science Est. , Inc.
s {see advertisement at Manual P. O, Box 1712

General Biologicel Supply House, Inc. Rochester 3, New York
£200 Soufh Hogne Avene Ward's of California
1CAgO 2U, LINOS P. O. Box 1749

Monterey, Celifornia
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CARE, FEEDING AND HOUSING

The most important thing to remember about taking care of planarians is that they
Are exlremely sensitive to changes in the water in which they live. If the water becomes
even slightly contaminated, the worms are likely to die. You must also remember that
most tap water contains chlorine which is lethal to the animals. If you obtain your plan-
srinns from a nearby stream or pond, it would be better if you also regularly got water
from this same source and kept the planarians in the type of water to which they have be-
romce accustomed.  If you must use tap water, oy all means aerate it or let it stand for
ntleast 24 to 48 hours before using it {this allows the chlorine to escape). In our labora-
tory, we make use of "an artificial medium" made by adding certain chemicals to distilled
witler. The recipe for making this "artificial medium" follows: -

Stock A. Sclution: Stock B. Solution:
133. 0 Grams Na(l 3.8 Grams NaHCOS
26.6 Grams CaCl, 1.0 liter distilled Hy0

1.0 liter distilled Hy0

Make artificiz] pond water by adding 10 m!. Stock A Seolution and 10 mi. Stock B
Solution to each gallon of distilled water,

We have found it advisable fo change the water that the planarians are kept in at
st once every week, twice a week if the container is small. At intervals, depending on
the size of the container in which the animals are kept, and the type and frequency of food
that they are given, the container itself should also be cleaned. The simplest way of clean-
ing the container is to transfer the planarians tc another receptacle and then to serub the
original container thoroughly. The mucus that the planarians secrete sometimes becomes
very thick and is not particularly water soluable to begin with--therefore one must wash
amlwipe the container well to make sure that it is thoroughly clean. If you use sovap or
detergent in washing out the containers, make sure that you rinse them very thoroughly be-
fore putting the planarians back in for even a slight trace of soap can be lethal to the animals.

You must not change the type of water during an experiment. Even z slight change
i the chemical composition of the water in which the planarians are kept may be enough to
change their behavier radically,

H;_n.{_:i'mﬂ'

Flanarians can be kept in a wide variety of containers--in fact, almost anything that

will hold water successfully will hold planarians successiully. We store large numbers
oi animals in long, shallow glass irays like the ones used for baking cakes. 4 20¢ glass
~oup howl 1s large enough to house a dozen or more planarians. When we want io keep
+ swingle animal by itself {as we do when we are giving it training trials over a period of
Hivs). we use glass custard cups. Typically we prefer to keep the animals in glass con-
tners since the glass is inert and not at all harmful to the animals and we can use a
erense pencil or laundry marker pen to note on the side of the bowl anything about the
planarian that we wish o keep track of. It is not necessary tc put & "bubbler'’ or aerator
i willy the worms if the container is left open. Planzrians can also be kept in a large

A8 dguartum along with snails and other small aguatic creamres on which the pianarians
will prey, Since fish have the nasty habit of eating planarians, as do frogs and other am-
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phibia, they do not make suitable companions for flatworms. Llarger specimens of Dugesia

dorotocephala will occasionally attack snails, but snails do not seem to harm the planarians.

Food

Although planarians are chiefly carnivorous, they will eat almost anything; unfor-
tunately, they grow and thrive on only a few things. If vou want io fatien your worms up in
a hurry, by all means feed them fresh liver. According to Hyman, frozen liver (indeed, all
frozen meats) may not be particularly suitable for feeding to planarians. Our experience is
shat liver fresh from the siaughter house is superior to frozen liver, but that the animals
will live and grow on the latter. Lean beef and other muscle tissue {such as heart) is noi
particularly suitable. One occasionally reads in the literature that planarians should be
kept on egg yolk; Hyman states that both egg volk and egg white are unsuitable as food.
When we first began keeping planarians in the laboratory, we followed the nstruciions given
to us and fed the animazals on egg yolk. The planarians readily ate the egg yolk and turned a
beautiful yellow color after each meal. Most of the animals grew smaller and smaller rather
than larger and larger, just as Hyman said they would., A few of the planarians {the ones that
probably couldn't read) did seem to grow and thrive on a diet of egg volk, however. The dif-
ficulty with using liver or some other bloody meat is that the juice rapidiy contaminates the
water in which the planarians are kept. Thus, if you feed the animals liver, you must re-
move the residue and change the water within two or three hours after the meat is put in.
Because liver contaminates the water so badly, we often feed the animals fresh-hatched
brine shrimp instead (for instructions on how to culture brine shrimp, see your local pet
store owner who will sell you the eggs at a reasonable price).
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If you are going to keep large numbers of planarians on hand for any length of time,
you may wish to follow a different technique. Setup a large aguarium {with or without
sand on the bottom). Add a few free-floating plants and several large snails. An aquarium
of this type can easily house several hundred planarians. For food, setup a culture of
daphnia (2 small crustacean) in a separate aquarium. The daphnia will thrive on green
algae. In our laboratory, we reserve several small aquaria for the growing of green algae
to feed to the daphnia which are then fed to the planarians. The algae tanks shculd contain
some free-floating plants. a large number of snails. and guppies or other small fish. The
bacteria which form on the snail and fish droppings provide a suitable food source for the
algae which will bloom in great profusion if vou keep an electric light burning by the tanks.
Once the water has turned dark green, transfer some of the water to the tank containing
the daphnia {caution: make sure you pour the algae water through a fish net before you put
it in with the daphnia; otherwise, a stray fish may get into the tank with the daphnia and
devour them zil). A thriving culture of daphnia will turn & dark green container of water
quite transparent in a matter of a day or so. When all the color is gone, add fresh algae.
The daphnia may be caught with a small-mesh fishnet and transferred to the tank coniain-
ing the planarians. The daphniz will swim about and occasionally get caught in a mucus
trail, whereupon they will be readily eaten by the planarians. Once your cultures are
thriving, you may actually add sc many daphnia to the tank containing the worrms that you
can culture the daphniz in that tank by adding algae water (poured through a Iish net, please!)

to the worm tank.

Do not overfeed your worms. A large, healthy planarian can live for six or more
months without any food whatsoever. The more you feed your (asexual} planarians. the
more likely it is that they will underge spontaneous fission (or, as we put it, "drop tails').
Overfed worms are sluggish worms. It is probably best to stop feeding the animals sever-
al days before you start using them in & peychological experiment and not to feed them



during the course of the entive experiment if at all possible. Planarians kept in the daph-
nia-rich environment described in the paragraph above are thinner but healthier and much
more active than planarians kept in shallow trays and fed liver once or twice o week. If
vou have sexual specimens and you wish them to mate, however, they will do so more read-
ily when they are fed liver or brine shrimp once or twice a week than when they are kept

in a daphnia tank,

Do not overcrowd your animals, particulariy if they are cannibalistic by nature.
And do not keep cannibal planarians in the same bowl or aquarium with small animals of
the same species or even large animals of a different species. For example, if three or
four D, dorotocephala are housed with a hundred or more P. gracilis for a period of sev-
eral months, you are quite likely to end up with two or three dozen D. dorotocephala (fat,
happy animals) and no P, gracilis at ali! ’

Miscellaneous Information

As was mentioned above. cocoons should be removed from aguaria housing larger
animals as soon as the cocoons are noticed. Whenever an animal undergoes spontaneous
fission. the tail section should probably be removed to a separate container, particularly
if one is dealing with a cannibalistic species. When large numbers of animals are kept
in the same container, it is quite difficult to separate out all the tail drops and this in-
struction may be ignored. When the animals are housed individually {(as during an exper-
iment). tail drops should be removad at once. however. D. tigrina and D. dorotocephala
can regeneraie a new head within a matter of days. If you haven't taken out the tail drop,
you may not be able to tell which is the parent animal and which the offspring.

We prefer to keep our animals on a normal diurnal cycle of light and darkness,
since keeping the animals in the dark over-sensitizes them to light. Do not keep your
animals in direct sunlight, however--the sun may kill the worms either by raising the
water temperature too high or by exposing them to an overdose of ultra—violet irradiation.
Try to keep the water temperature to 70° ¥. or below.

Planarians ate subject to 2 number of diseases and parasites. P. gracilis, for
example. may occasionally lose all of its pigmentation and turn almost completely white.
If you notice an animal that is changing color, remove it from the aquarium at once and
keep it sepavately. If the animals still in the agquarium continue to show signs of sick-
ness. change the water very often and reduce the number of animals in any one aguarium
as drastically as you can. D. tigrina and D. dorotocephala occasionally sprout strange
protuberances on their body or develop holes” {usually just posterior fo the head region),
such aberrances usuzlly being due to the presence of destructive bacteria in the colony,
Once a few of the animals have shown signs of this sort, the entire cclony is usually
doomed and one might as well order a new supply of animals.

"Tail Drops "

Planarians tend to "drop tails.' that is. undergo spentaneous fission, whenever they
are overfed or roughly handled. The healthier (but thinner) vour animals are, and the
more gently you treat them, the less likely it is that they will drop tails. The stronger
the electric shock that you give ther, the more that you punish them, the more trials
per day that you give them and the more days per week that you train them. the more
likely it is that they will drop tzils. Just before a planarian undergoes spontaneous

0000000000000 AR LA LRAAANIAALARLMAESGSEe--e oo - o o



e e Wy RGE R W W Gy W 9y W W W
W W W W W W W™ W W
w T WYY WYY
-

el
0

fission, it becomes hypersensiiive to 2 variety of stimuli and the less normal its behavier
becomes. If yvou are training an animal and it drops a tail, you should discard the tail,
and let the head rest for at least 5 or 6 days before testing it again. It would be much bat-
ter, in fact, if you discarded that animal entirely and did not include its resulis in your
experiment. However, since 7. tigrina will often drop a tail if one merely says unKind
things to it in annoyance, such discar

ding may not always be practicable.



Sectiion 111

APPARATUS AND PROCEDURE

James V. McConnell

introduction:

There are two basic laws of human behavior that each person experimenting with
iower organisms must take into account if his research is to be well planned and well
exceuted; (1) All humans are anthropocentric; (2} all humans are lazy. B is common-
pince in most psychological laboratories that the person who works with white rats for
muny years comes to think of them as being "people.” Rats are not people; neither are
planarians. Yet when it comes to deciding what responses a given species can best be
trught, or even whether or not a given animal can learn, most sxperimenters tend io
think in terms of human capabilities rather than, let us say, inveriebrate capabilities.

Ne one expects a dog or a cat to be able to learn to recite Shakespeare's sonnets or the
Stnr Spangled Banner; yet there are those scientists who, when asked to define "learning, "
will frown and reply, "well, it's like, you know, it's like vou learn a poem. Such de-
linitions tell us precious little about "learning” in organisms other than man {and indeed
precious little even about learning in humans). The only way vou will ever discover "how
much"” a given organism can learn is by testing the organism in a variety of experimental
#ituations. 1If you decide on a priori grounds that planarians are too primitive an organism
1o be able to learn a maze, it is guite unlikely that vou will ever get around to testing them
in such an apparatus. A scientist may argue from a variety of theoretical viewpoints that
Hutworms are too stupid to learn mazes; the planarian, however, never having heard of
these fancy scientific theories, goes right ahead and learns a maze! It is quite likely that
whun we say an organism is "not intelligent enough’ to perform a certain task, what we
really should say is that we are not intelligent enough to learn how to train the animal ade-
fquitely.  Planarians can learn many tasks, but thev do not learn these tasks in exactly the
same way that humans learn. If you are to train planarians well, you must begin by ob-
serving them in a somewhat natural environment to determine exactly what their behavioral
vepertory is. Then you must come to “think like 2 planarian' {that is, you must attempt

to see the world as a planarian sees it) if you are to design experimental situations that
wili really test the animal's capabilities.

One of the "greut psychological laws’ was first propounded by Zipf, who noticed
that most organisms tend to take the shortest possible path to get to food in an open-field
situation. Zipf called this tendeney "the law of least effort. " Humans are probably as
subject to this law as are rats or planarians. It is much easier to rush into an experiment
und o do it in "a quick and dirty' manner than if is to plan and execute the experiment
adequately. In like fashion, it is simpler to adapt to planarians a given psychological
technique that is standard for rats or humans than it is to invent & totaily new method of
training that will take advantage of the planarian's known biological characteristics., An
- Xperimenter appears to save meore time by giving his planarians hundreds of trials all
- nt gnce than if he spreads the trials out in tedious fashion, z few each day. The fact that
neither rats nor worms learn particularly well when the trials are all bunched togather
apparently does not deter the usual experimenter from “saving time. " Behavioral research
i dull; it takes an enormous amount of time and patience to perform suck studies well.
The experimenter who zlways obeys Zipf's law will discover too soon that his experimental
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subjects seldom obey him'!

1. What is learning?
A, Definitions, measures, eriteria, and baselines

any definitions of "egrning'’ as there are people to define
come communality to most of the definitions. In general,
in psychology we speak of Mearning' as being a vfairly regular and uniform change in
benhavior caused by or correlated with some change in the organism's environment {usually
under the control of the experimenter).' Usually this change in the behavior can be seen
(post hoc} to he of an “'adaptive’ nature, and usually it comes about because we have re-
inforced {rewarded) the orgapism for having changed its way of behaving. Learning is,
however, something that takes place inside the organism; learning can never be seen by
the experimenter in and of itself--he can only see the change in the organism's behavior.
Tor this reason. psychologists often call learning ''an intervening variable.” Those
changes that we make ir the animal's environment in order to force the animal to change
s'-—that is, variables over which the exper-

its behavior are called nindependent variable
jmenter has direct control. The changes in behavior themselves, over which the exper-
smenter has but indirect control, are called "dependent vaTiables” because thelr cccur-

rence depends on (and is a measure of) the independent and intervening variables. itis
very important to remember that learning can never be measured directly~--we look at
the changes in an organism's behavior and we infer that learning has or has not taken
place, but such decisions are always a matier of inference, not of direct observation!

There are probably as m
the term. There is, however,

According to some theories, learning is "an increasing tendency of an animal to
repeat a response for which it has been reinforced {rewarded).” This type of definiticon.
which works well in some situations but is inappropriate to others. does have the benefit
of pointing out one critical feature of the learning situation--the fact that behavioral
changes are the end producis of both positive and negative factors operating within the
organism. Lelus assume that we aTe training a planarian in a simple maze that consisis
of a starting alley (painted 2 neutral grey) that connects at right angles with two other
alleys, one painted white, the other painted black. As the planarian attempts to escape
from the grey starting alley, it comes to a choice point where the three alleys meet and
must there decide whether to enter the white or the black alley. Letus farther assume
that we wish fo train it to go to the white alley. Each time the planarian enters the black
alley at the choice poini, we punish it in some fashion (negative reinforcement). Each
time it enters the white alley. we reward it in some fashion {(posiilve reinforcement).

At the beginning of training, the planarian tends to enter the white alley as often as the
black: after being rewarded time and time again for entering the white alley, and after
being punished time and time again for entering the black aliev, the planarian tends to
enter the white alley significantly mere often than it does the black. We now say that
the planarian has mearned' to enter the white alley because the response of entering the
white alley was positively reinforced and the response of entering the black alley was
negatively reinforced. Here learning can be seen to result from at least twe different
factors: {1) those positive faetors which encourage the animal to approach the white,
and {2) those negative factors which discourage the animal from entering the black,

one can find both positive {excitatory) factors

and negative (inhibitory) factors operating, You must realize that both the positive and
the negative tendencies affecting the organism's behavicr are learned and that the behav-
ior which the organism displays in the mage is a sort of summation of poth types of

Tn slmost all learning situations.
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factors. There are many situations in which one may attempt to irain an animal to ap-
proach a given goal {an excitatory tendency) in which the organism does not seem to leamn

at all because of the presence of overwhelmingly strong inhibitory tendencies. For example,
B bl ) 2 P

suppose that the white alley in the maze had, unbeknownst to us, a very rough surface that
the animal disliked intensely. Under normal situations, the worm would tend to avoid this
zlley and enter the black alley ail the time. but we punish the animal if it enters the black
and reward it only if it enters the white. Now the animal is faced with a difficult choice--
no matier which alley it enters, it will receive punishment of one kind or another (although
we do not realize, as experimenters, that this is the case). Under these circumstances,
the planarian is likely to refuse fo enter either alley, it may turn over on its back and go
into convulsions, il may enter first the white and then the black alley, trial after trial,
hunting desperately for the lesser of the two evils; or if the black alley is somehow less
punishing than the white (although we, as experimenters, would not see the situation in
that light}, the planarian may pick the black alley all the time. Most of us would look at
this "aberrant"” type of behavior as being non-adaptive and perhaps might even cite this

as evidence that planarians "cannot learn. ' What we should say in such circumstances,

of course, is that we as experimenters "cannot learn” how to train planarians! It is not
easy to analyze a given experimental situation and o determine from such an analysis
what the stimulus factors are {that is, what the conditions are in the external world) that
affect the worm’s behavior, for the stimuli to which & worm responds are not likely to be
the same stimull to which a human would respond. The planarian that comes to enter the
white alley more and more often during training has most certainly learned something a-
bout the maze, but it may not have learned what you think it has learned nor may it have
learned for the reasons you think it should have learned! And the planarian that obstinately
refuses to enter the white alley even after hundreds of trials may well have learned a great
deal more about the maze than the animal that enters the white alley readily!

As I indicated earlier,. learning is typically accompanied by a change in behavior.
If we wish to measure learning. then. we must set up an experimental situation in which
behavioral changes can take place and be easily measured. So we hunt for a situation in
which the animal gives a specific, well-defined response at 2 particular response rate be-
fore training begins; if after we impose a training schedule. the animal gives a different
type of response, or responds at a much different rate, we can usually be sure that learn-
ing has nccurred. In shori, in most situations we measure both the qualitative and the
quantitative aspects of the animal's behavior both before and after training.

Ag an example, let us Igok at "classical conditioning. ' The noted Russian physiclo-
gist, Ivan Pavlov. noticed that his animals sgiivated whenever he blew food powder into
their mouths (he was actually studying the physiology of digestion, not learning)., Pavlov
also noticed that after he had given the dogs food many, many times, they would begin ic
salivate as soon as he entered the laboratory without waiting for him actually to give them
the food. Pavlov assumed that the dogs did not have to learn to salivate when presented
with food-~he called this “instinctive behavior.” The food powder then was an unconditioned
{unlearned) stimulus that innately evoked or elicited an unconditioned {(unlearned) response.
that of salivation. The unconditioned stimulus is always dencted by the letters UCS; the
unconditioned response by the letters UCR. An untrained dog almest never responds by
salivating to the stimulation of someocne’s walking into the laboratory; the stimulus “wall-
ing into the laboratory™ is therefore "neutral” insofar as the response of salivation is con-
cerned (although, of course. the dog may respond by barking, perking up its ears, ete. ).
This neutral stimulus Pavlov called the "conditioning stimulus" (or sometimes the “condit-
ioned stimuius'’) because it seemed to have no innate connection with the UCR of salivation.
The conditioning stimulus is abbreviated C3. In Paviov's first experiments, the C8
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{entering the room) always preceded the 1UCS {food powder to the dog’s mouth) by a few
seconds; the UCS always elicited or evoked the UCR {salivation). Eventually. asiwe have

seen, the CS came fo elicit the UCR even withou
point, Pavlov decided that the dogs had been neondifioned” to salivate when he entered the

room; there was obviously now some sort of connection between the CS and the UCR, so0
Pavliov decided to describe the latter by the term eonditioned response” (CR).

t the presentation of the TCS. At this

s about Pavlovian conditioning that rmust be pointed out

smmediately. To begin with, Pavlov {and most other experimenterg) discovered that the
CR was seldom exactly the same as the UCR. The dogs did not salivate in guite ‘the same
way when Paviov entered the room as they did when food powder was blown into their
mouths. The important thing was that the animals responded to the CS in a way that they
had apparently never responded before the training took place. Second, Pavlov discovered
from a set of not entirely adequate experiments that the CS 'had to' precede the TCs if
jeaTning were to take place, and that the closer together in time the 8 and the UCS were,
the faster and the better the learning. Move Tecent experiments have called into question
this particular finding, but we will discuss that later in this chapter. The third point of
interest has to do with the fneutrality'’ of the CS. FPlanarians are small and it is usually

dGifficult to observe all of their reactions with the naked eye. Most experimenters there-
fore tend to restrict their conditioning experiments with planarians to situations in which
rather gross or large body movements can serve as the UCE. The UCS is typically some-
thing like an electric shock passed through the water which causes the planarian to contract
the stimulus is applied. But what should we

or to give a gross bodily movement each time
use 28 a CS? Suppose wWe pick a very faint, flashing red light as our 8. We present the
weak, red, flashing light for several hundred trials, each time pairing it with an electric

shock. The shock always causes the animal to respond, but the light never does even after
211 the training trials. Can we conclude from this experiment that the planarian could not
he conditioned? No, for we must prove first that the worm actually could detect the CS

in the first place. If we were unfortunate encugh to choose 2 weak, red, flashing light,

we would never be able to condition worms to respond to it since planarians are insensitive

to visual stimulation in the red end of the spectrum!

{ow there are several point

se the C87 Why, onlyif it oceasional-

How can we be sure that the planarian does sen
other to notice (typically) is a gross

1y responds to the 08, and since the only response We b
bodily reaction, we have now set up & situation in which the CSis actually 2 weak UCS!

Here we do not hope to achieve conditioning by pairing 2 tpeutral’t CS with 2 UCS, but rat-
her we hope to change the rate of response that the planarian gives to a weak UCS (the elect~
ric light) by pairing this with a strong UCS {electric shock) to which the organism always
responds. If one carries this analysis a little further, one soon discovers that all C3s are

in fact weak UCSs, but that perhaps is another story.

Whenever one undertakes & conditioning study with planarians, then, one must begin
by presenting the co-called CS a great many times in order to determine what the naive
(pretraining} response rate to the TS is. It goes without saying that one must adjust the
intensity or the type of the CS properly before conditioning actually is begun; if the naive
response rate is too low, one cannot be certain that the planarian actuzally perceives the
stimulus, and if it is too high one can never be certain that conditioning has actually taken
place. We have found over the years that a naive Tesponse rate to the CS of approximately
10-20% is optimal. One can usually adjust the response rate 10 a CS such as electric light
by moving the bulb itself closer to or further away from the conditioning trough, or by in-
creasing or decreasing the length of time that the light is on prior to the onset of the shock

(TCS). See below for further details.
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By now you will have realized that 21l definitions of learning are guite arbitrary. It
goes without saying that the point during training at which one is willing to state that an
animal "has reaily learned" is alsSo an arbitrary decision that each experimenter must
make for himself. If we gave you a long poem to learn 'y heart,” and you studied it for
quite some time, how would we be sure that you ''really knew the poem?" We might state
arbitrarily that whenever you could repeat the poem once perfectly, without prompts, that
vou had "learned. " However, as all students and teachers know, material which is learned
"perfectly” to this criterion on a given Tuesday cannot always be repeated perfectly two
weeks later if the student has not practiced in between times. Furthermore, suppose we
made the poem so long and so difficult that you could never repeat back more than half of
it without prompting. Would this mean that you were incapable of learning anything about
the poem? Or suppose that in addition to repeating back the poem. we also required you
to stand on your head and play "The Jolly Farmer' on a pianc with your tees. Perhaps,
under the best of circumstances, yvou could learn the poem rather well, but the additional
requirements might make it so difficult to repeat the poem, and so¢ annoying to you, that
you simply wouldn't bother putting forth your "best effort” under the circumstances. Should
we then conclude that you were stupid, or that the experimenter was?

Psychologists are usually willing to state that an organism has "learned® a given
task if iis rate of responding to the CS increases significantly because of the training giv-
en the organism. But what do we mean by "significantly?"” This term has & rather pre-
cise mathematical meaning far toc complicated for us to discuss in this particular Manual;
in essence, what we mean is that the change in the rate of responding is great enough sc
that we are reasonably convinced that the change was not due to some chance or random
factor other than the training itself. In most conditioning experiments, we have a choice
of at least two different ways of proceeding. Suppose we are using light as our C8 and
eleciric shock as our UCS, and that the animal's naive {(pretraining) response rate to the
light is 20%. We can decide ahead of time that our "criterion of conditioning’ will be §0%-~
that is, we will continue to pair the CB and the UCS until the animal has shifted from a
20% response rate to a 90% response rate, at which time we will be satisfied that the ani-
mal has "learned.” This is 2 very fine procedure provided that all the animals are capable
of reaching the 90% response rate criterion under the circumstances, But suppose that
we find that only half of the animals reach this criterion even after we have given them
several hundred trials. Does this prove that half of the snimals have learned while the
other half have not? Suppose, for eXample, that half of the animals reached the 90% re-
sponse rate, but the other half reached only 89%--are the latter animals really "too stupid
to learn?" A more logical way of setting a criterion of condiiioning is the following: one
gives all of the animals a set number of trials. At the end of this pericd of training, one
calculates the average or mean response rate for the last few trials for all of the animals
and compares if with the initial response rate. Suppose in this case that the terminal
response rate for all of the animals was, on the average. 50%. Could we say that planar-
jans had learned? Most psychologists would be willing to say "yes' provided that we showed
mathematically that this increase in response rate were statistically significant {using a
mathematical formula too complicated to describe in this manual), Fither of these defini-
tions of learning is acceptable, and we have used both in our laboratory from time fo time.
Which method you choose to employ depends on what it is about planarian behavior you are
attempting to study. The important thing to remember is that both types of definition are

entirely arbitrary.
B. Controls and Control Groups

There is probably no other group of scientists as enamored of the use of “control
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groups'' as are psychoelogists; indeed the entire history of scientific psychology may be
viewed as a continuing search for better controls. A1l well 2nd good, you say, but what
does & psychologist mean when he speaks of a "control group"? Weil, let us suppose that
vou believe you have discovered a new drug which will cure headaches. How would vou set
2bout proving to the U.8. Food and Drug Administration that your pill rezlly does what vou
say it does? Obviously, you would have to run an experiment. Suppose you took 100 people
who had headaches and gave them the pill, and then several hours later vou asked these 100
people whether or not they still had headaches. Probably 90% or more would say that the
headache no longer bothered them. Could you conclude from this type of experiment that
your pill had "cured” these 90%? The answer is, of course, no, Most headaches do not
iast for more than a few hours whether the person takes a pill or not. The FDA would re~
guire that you found another 100 people (matched as closely as possible to the original 100}
who also had headaches and that you not give this group of people the pill. At the end of

the same length of time, you would ask the second group whether they now had lost their
headaches. Suppose only 30% of this group eaid that their headaches had now disappeared.
Would this mean that vour pill cured 90% minus 30% or 60% of the people? After all, the
second group of 100 people served as a control group to measure what would have happened
had the original 100 not been given your pill. Unfortunately, in this case, one contrel group
sg not enough. Experiment after experiment has shown that people with headaches tend to
get well if they are given any kind of medication whatsoever, even if it is only a pill made
of sugar! In this case you would obviously need a third group of 100 individuals with head~
aches who are given a "'sugar pill" (the technical name is placebo). 1f the recovery rate is,
say, only 50% in the placebo control group, then and only then can you be fairly certain that
your pill has some medicinal properties. As we will menticn below, there are still further
controls you would wish to institute, but their description can wait for a few minutes.

{.et us return to classical (Pavlovian) conditioning. Suppose we are using light as
our C8, shock as our UCS, and we pair the light and the shock for 200 trials. If the naive
response rate to the light was 20%, and after training the response rate to the light was
90%, can we say that the animal has actually been conditioned? The answer is "no," not
without the use of some control groups. Perhaps just giving the animal several hundred
trials of light somehow "sensitizes' the animal so that it now responds ic the light much
more than it did at the beginning. How can we contrel for such "sensitization?” The simp-
lest way is by having & control group of animals that receives trial after trial of light but
which are never given the UCS (shock). In such cases (particularly with planarians), one
typically finds that the animals respond less and less to the light. For example, in 1955
Thompson and McConnell reported an initiz]l response rate to light of 28% in their planar-
ians. Animals that werg given 150 trials of light paired with shock had a terminal response
rate to the light of almost 50% (a statistically significant increase). A "light control group"
was given 150 trials of light only; their naive response rate to the light was again approx-
imately 28%, but at the end of 150 trials they were responding to the light less than 10% of
the time. This decrease in responsivity to the light is known technically as "habituation, "
and its occurrence suggests strongly that the increase in response rate found in the exper-
imental animals was not due simply to giving these animals 150 trials of light. But what
about the shock? Perhaps shocking the animals 150 times ''sensitizes’ them to the onset
of the light. To control for this, Thompson and McConnell had anothe r control group that
% only (never paired with light}. In this conirel group, the an-
shock, followed by one "est trial” of light only. followed by
The light and the shock were, of course, never paired
(that is, light and shock were always presented at least 20 seconds apart). In the case of
the "shock control animals,” the naive response rate was around 30%, but had dropped to
less than 25% at the end of the 150 trials. This "habituation' to the shock also suggestad

was given 150 trials of shoc
imals were given § trials of
another five trials of shock, etc.
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that the inerease in response rate found in the experimental animals was not due to some
form of Y'sensitization. ' The design of this latter control group could have been improved
had it been given an equzl number of shock-only and light-only trials (thatis, 150 of each),
in which case it would have become 2 ‘'pseudo-conditioning control group. ™

Pavlov's experiments led him to theorize thati the CS had to precede the UCS by a
very brief period of time or "true” learning would not take place. Paviov, you see, be-
lieved that the CS came to act as a “signal’ that the UCS was soon to appear, and that the
animal came to associate the CS and the UCS because they always appeared so closely to-
gether in time. This theoretical framework led Pavlov to believe that if one merely pre-
sented the CS, then removed it, and then several seconds later presented the UCS, learning
should not occur. Unfortunately, not all animals have apparently bothered to read Pavlov's
theory, and many of them show an increased response rate even when the CS and the UCS
are separated in time by several seconds. Since, according to the theory, this change
could not be 'true™ conditioning, it was calied "pseudo-conditioning” and has typically been

ignored ever since except as a type of situation one wishes to avoid. Whether or not "pseudo-

conditioning’ is really e form of learning is rather a knotty problem best not discussed in
these pages.

Control groups serve to reassure the experimenter that the changes he observes in
an organism's behavior are the result of the specific experimental manipulations that he
has made, and not due to some chance or random factors or to the mere fact that one has
done something to the organism rather than merely leaving it alone. The importance of
using control groups cannot be overestimated, and the clever experimenter is the one who
almost intuitively knows which control groups are necessary in any given situation. In
general, of course, one chooses control groups to rule out every possible logical explana-~
tion for a change in an organism’'s behavior other than the explanation one believes is

really true
C. QOther Types of Controls

Let ug return now to the "pill"” experiment described above. Even if we use a con-
trol group which is given no pill at all, and another control group which is given a placebo,
can we be absolutely certain that the greater recovery rate found in the experimental group
was due to the chemical ingredients in the medication they received? The answer is, un-
fortunately, a resounding "no. " Human beings. like most animals, are quite sensitive to
a variety of envirenmental stimuli that most scientists never bother to measure. In the
past, a great many pharmacological studies have yielded inaccurate results for a very
odd reason. Suppose you were the person who had discovered this new medication for
headaches, and suppose too that you were in charge of the experiment to test its efficacy.
Obviously, you have a great deal of pride and prestige (not to mention financial gain) riding
on the outcome of the experiment. You want the pill to work, and so do your associates
in the experiment. Under these circumstances, don't you think that you might very well
{quite unintentionally) handle the placebo control group and the experimental group in
slightly different fashion? You might well think that you were treating the groups identical-

iy, but study after study has shown that under these circumstances. the experimenter often

biases his results by subtly suggesting to the experimental group that their pill really works,

while equally subtly suggesting to the placebo control group that their pill doesn't!

Let us repeat--the experimenter usually is completely unaware that he is exercising
this subtle influence.
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1t was to control for this type of bias that a procedure now known as the tidouble-
blind’ technique was devised, which would operate in the "headache experiment” as fol-
lows: one team of experimeniers would prepare an equal number of placebo pills and real
pills, and would make sure that both types of pills appeared identical in every way possible.
Each type of pill would then be given a code number, but only the firsi team of experiment-
e of pill. A second team of experi-
menters (which didn't know the code) would be in charge of passing out the medication io
200 people having headaches. Since there were 100 placebos and 100 real pills, half of
the 200 people would be the experimental group and half would be the control group, but
neither the experimental team that passed out the pills nor the subjects themselves would
have any idea until after the experiment was cver who was in which group. Once the final
reports from the subjects as {o the effects of the pills had been gathered., then and only
then would the code be broken and would both teams of experimenters find out which sub-

ject had received which pill.

in running planarian experiments, or experiments with any other animal, it is jusi
as important that one centrol for experimenter bias' as it is when Tunning drug studies.
It is quite possible to bias one's observations of an animal's behavior guite unconsciously
if one knows ahead of time whether the animal is in an experimental orina conirol group
(and hence knows what sort of response rate the animal is supposed to show if one's theory

is correct).

There are several types of methods for eliminating "experimenter bias' in planarian
studies. To begin with, it is important to be as objective as possible in recording the ani-
mal’s responses. Did the worm really wiggle, or was that just a figment of your imagin-
stion? If two or more pecple are watching the same worm st the same time, anc recording
its responses independently, you have a gocd measure of control over the reliability of the
observer. In our laboratory, we typically find that trained observers agree aimost 100%
of the time when observing the same animal, The important word in that last sentence, by
the way, is trained. I atall possible, when you first begin to experiment with planarians,
you should serve as an apprentice to someone who has already learned the techniques ior
handling the animals and for scoring their responses. If such a procedure is not possible,
trv to talk one of your friends into observing the animals with you so that you can be sure
that someone else sees the same sorts of reactions that you see.

Another type of control should be used in the foliowing situation. Suppose you were
giving vour animals 25 srials 2 day and are running them until they reach a response raie
of 90%. This sort of learning typically takes several hundred trials to achieve, so you will
be running the animals over a period of many days. Now, off hand, you would expect that
an animal that has been given 125 trials would respond at a higher rate than an animal that
had never been given any training trails at all; and since you would expect the former ani-
mal to respond more than the latter animal, you might well see what you expected to see.
Having a second observer does not help much in this case, since he might be expecting
the same sort of results. To control for this type of bias, it is usually necessary to ar-
range things so that the person actually running the animals has no knowledge from one
day to the next of which znimal has had previous training of any kind. This means that the
experimental animals (and the controls) should be given code numbers which are changed
from one day to the next by someone other than the person who is going to be training the
smimals, Furthermere, if you start running all of the experimental animals at the same
time, so that on any given day they will all have had the same smount of prior training, it
ig usually wise to throw in “ringers''~-that is, each day to add one or two animals that
have never received any prior training whatscever. Since the person actually running the




it
[te)

animals knows that he will be training both naive and experienced {sophisticated) anfmals
on any given day, he will not expect any particular animal to have either a high or a low
response rate. Not knowing what to expect, the experimenter cannot easily bias his re-
sults under such circumstances. And obviously, if you were performing some of the'can-
nibalism® or "chemical injection’ studies described below, there ave rather special con-
trol groups that you will wish to employ. We will discuss these particular groups at a
later time.

It may well seem to you that the use of control groups is a great waste of time and
that the controls for experimenter bias are something you can easily do away with in your
own experimentation. If you believe this strongly, let me recommend that you get out of
science immediately and go into a1t or the humanities instead. No scientific experiment
is any better than the control groups it includes. I would estimate that better than 50%
of the experiments performed in the general field of psychobiology in the past (including
studies by the greatest names in the field) are probably invalid {or at least open to seri~
ous guestion) because the experimenters did not perform adequate controls, particularly
the controis for “experimenter bias.” There are enough bad studies in the literature as
is. Anyone who wishes to increase this terrible mass of useless experimentation by add-
ing his own inadequately controlled studies is merely asking for trouble.

One final point. At any given moment in the history of science, it is likely that no
individual knows enough about the subject he is working with to be able to design the "per-
fect” experiment. Time and time again, particularly in the study of behavior, the discov-
ery of new information about a given organism or a given experimental situation has called

into question the results of past experiments which seemed ''classic™ when first performed.

The wise scientist is absolutely certain about absolutely nothing, and continually re-evalu-
ates yesterday's "known facts' in light of today's "mew evidence. ¥

II. Variability

A, If you read any report of a learning study which appears in a "professional”
scientific journal, you are liksly to be impressed by two things--the relative ease with
which the experiment was performed and the relative smoothmess of the curve which de-
scribes the rate at which the animsals "learned. ' However. anyone who has performed
many such studies himsell will not be so taken in; few experiments really go “smoothly™
in anybody's laboratory, and the "regularity' with which most animals seem to acquire
a new habit is a function more of the way the data are reported in the journal than it is
of the way the animals actually learned. Nonetheless, one of the standard myths in the
field of learning is that ¢ne encounters but little day-to-day variability in one's experi-
mentzal animals. In fact, worms, rats, dogs and cats are just as different from one day
to the next as human beings are, if not more so. Worms have their good days and bad,
their ups and downs, just as do students and teachers. Perhaps the only difference is
that worms are under no sccial constraints '“to behave properlvi--if they do not feel like
“performing' on any given day, they simply don't perform. Variabilify in an animal's
behavior is a fact of life that each experimenter must learn to face. The question that
should concern us at this point is this--what causes this variability?

Most psychologists assume that an animezl's performance at any given instant in
time is the direct resuli of boih external and internal factors which act in combination to
shape the organism’s behavior. Anything in the external world arcund the animal (the
temperature of the water. the acidity of the water, the shape of the apparatus it is in,
the amount of light falling on the animal, stc.) can thecretically have an influence on the
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organism's behavior. In most learning experiments, we attempt to hold all of these ex-
ternal stimuli constant except for the one or two (the CS and the UCS) that we are mani-
pulating. In general, the more successful we are in holding these extranesous stimuli
constant, the less varizble the animal will be from day to day in its behavior. Howsver,
it is terribly difficult for even the most astute psycholegist to know precisely what exter-
nal stimuli have the greatest effect on an organism's behavior and we often fail even to
identify what all of the important external stimuli are! And while the psychologist can
hope to have at least some minimum control over the external environment, the conditions
inside the animal that likewise affect its behavior at any given moment in iime are often
far bevond the psychologist's control. Does hunger affect the animal's speed of learning?
We believe it does, so we atiempt to make sure that the experimental subjects are fed on
a regular schedule. Does the age or the size of the animal somehow affect its responsivity
to various external stimuli? We believe so, therefore we attempt to make sure that all
our animals are approximately the same size and of the same age. Does a worm thai is
ot feeling very well” perform as well as a planarian that is in good physical health?
Since we believe the animal’s physical condition is an important variable, we handle the
animals extremely gently in order not to damage them, and if any animmazal seems to have
become ill through no known fault of ours, we put it on "sick call" for a few days until it
has recovered, Since we are confident that past experience influences the animal’s pre-
sent behavior, we aitempt to make sure that &1l of our experimental subjects have had
pretty much the same experiential background before the experiment starts; typically this
means that we run only "naive subjects” (that is, animals that have had no prior experi-
mental training). Buti notice, please, that ihe only control we have over the animal’s
internal environment comes from manipulations that we make or have made in the past

in its external environment.

B. Planarians have a very small but relatively complicated brain; humans have an
extremely large and frighteningly complicated central nervous system. What behavioral
differences can we expect to obtain between hurnans and worms as a direct result of their
neurcophysiological differences? Obviously humans can perform many tasks and learn
many things that planarians cannot. But the size of the human brain gives us one further
advantage over the flatworm--we can surely learn to ignore fluctuations in our environ-
‘ment {0 a much greater extent than can the simple flatworm. The larger an organism’s
brain is, the more 'its behavior is under the control of its own central nervous system;
since planarians have a very small brain, we would expect them to be much more sensi-
tive to minute changes in the external environment than would men be. It is apparent
then that we must exercise much greater control over the stimulus world that we expose
our planarians to than we would if we were attempting to train mere huwman beings.

C. Learning is usually thought of as being the end product of positive, excitatory
tendencies and negative, inhibitory tendencies which build up within the animal. We know
a great deal more about the conditions that promote the creation of positive, excitatory
sendencies than we do about those conditions which promote or facilitate the build-up of
inhibitory tendencies within the animal. Much of the day~to-day changeability in an or-
ganism's behavior 1s probably due to the relative amounts of positive and negative tend-
encies operating within the animal at that moment. Most experimental psychologists
attempt to minimize the negative tendencies as best they can sc that the behavior they
observe is chiefly a function of the positive tendencies created by the learning experiment
itself. In the past, we have discovered that planarians, like peopis, grow tired if one
forces them to Tun too many trials in a short period of time, or if one gives them too
much negative reinforcement in a short period of time. Planarians that are given a
great many trials in one day, and are given training every day, will surely show much
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greater variability than animals that are given but 2 few trials per day and are given fre-
guent "days off'" to rest. Many of the negative factors inside an organism will dissipate
or diminish if the animal is given frequent rest periods; the excitatory tendencies in gen-
eral tend not to dissipate as rapidly. The wise experimenter will always resist the tend-
ency o get it over with quickly" by over-training his animazals since he will realize that
such procedures can be depended on to make the animals quite undependable.

D. Variability is a biological fact of life which all experimeniers must come to live
with. But the more you learn about the external and internal factors which influence your
planarians' behavior, the more rigor you employ in the design and execution of your exper-
iments, and the more gently you handle your animals, the less the variability will be.

III. The Response
A, Types of responses

As we noted above, planarians are rather small and only large or gross movements
of the body are typically visible to the naked eye. In the case of maze learning, the size
of the response is unimportant--it matters little whether the animal creeps. dashes, or
corkscrews intc the correct arm of the maze so long as it eventually gets there. In the
case of classical (Pavlovian) conditioning, however, the type or ''shape” of the response
is of critical interest. Planarians have two major types of movement--a smooth or glid-
ing motion {thought to be accomplished by the rhythmic movement of the cilia on the ani-
mal's ventral or bottom surface) and a2 "humping” or "inching' movement which is usually
referred to as "ditaxic” or "amoeboid” movement and which is accomplished by muscular
contractions. The latier type of movement is observed chiefly when the planarian has been
disturbed by something in the environment. Planarians also show such minor movements
as a brief lifting of the head, a sudden contraction of its anterior or posterior end, a
twitching of its auricles, etc. (not to mention the rather specizlized movements involved
in eating and reproductive aciivities). When badly stressed, planarians often roll aover
on their sides and show a rhythmic convulsive activity. Any of these responses could be
counted as "conditicmed responses’ under the proper circumstances; the question is,
which types of reactions should we record?

In our discussion of classical conditioning above, we pointed out that while the con-
ditioned reaction is not always identical o the unconditioned response, usually the two
responses have certain features in common. Therefore, in classical conditioning, we
typically record only those responses elicited by the CS which are somehow reminiscent
of the UCR. Electric shock, a typical UCS, evokes a strong contraction of the planarian's
body if the animal is moving directly towards one or another of the elecirodes, or a com-~
bined contraction and turning movement if the aniral is oriented at some angle across the
fleld of maximal current flow between the two electrodes. Typically, in the latter condi-
tion, the animal’s head is forced automatically to move towards the cathode or away from
the anode. If we are using the onset of light as our CS, we record any major contraction
or turning movement the animal makes before the onset of the UCS. In my own laboratory,
we usually do not begin a conditioning trial until the animal is gliding smoothly along the
bottom of the conditioning trough and is oriented towards one or another of the electrodes.
The CS {light} is turned on for 2-4 seconds before the UCS (shock) is turned on, and any
noticeable response which oceurs prior to the onset of the UCS is recorded. Since the
animal is gliding smoothly, we arbitrarily score as a response any noticeable deviation
in its direction of movement (i.e. if the animal turns at least 90 degrees away from the
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electrode it was approzching) or if it siops or contracts.

As one might expect, different species of planarians characteristically respond in
different ways. D. dorctocephals is a much more "mervous' and active anirnal than is
D. tigrina, hence the {ormer is more useful for maze studies than is the latter, although
both may readily be used for conditioning experiments. In the case of classical condition~
ing, however, D. dorofocephala will have a much higher naive {pre-iraining;} response
rate than will D, tigrina. Some species of planarians react o the onset of new stimulation
with a violent lifting of the entire anterior portion of the animeal’s body {the "rearing" re-
sponse). In these species, of course, this type of reaction is usueally scored.

Very recent conditioning studies suggest that the head turning response is a much
poorer index of learning than is the coniraction. Animals run in "clean' conditioning troughs,
for example, appear to show an immediate increase in head~turns but not in contractions.
In like fashion, the differences between experimental and pseudo-conditioning control ani-
mals are often maximized if one ignores head-turns and scores only contractions. I may
well be the case that when the planarian becomes sensitized to iis environment, it responds
by making a greater number of head movements, but when it is actually learning, the con-
ditioned response it acquires is that of a bodily contraction. In one sense, this is good
news indeed, since the beginning experimenter usually can score contractions much more
reliably than he can head turnings. Until the issue is fully resclved, however, the wise
investigator will probably wish to record both types of response and report the data on

them separately.

B. Scoring the response

Often one wishes to record not only the presence or absence of a CR, but zlso the
type of CR which cccurred and its strength. We have found the following scoring sysiem

io be of value.

Strength of response: O--a "goose egg' indicates that the animal gave no visible
response on this particular trial. 1l--a doubtful reaction at best. A very weak response.
2--a strong, vigorcus, marked Teaction of one kind or ancther. When you are adding up
the reactions of the animal to determine whether or not it has reached critierion, you may
wish to include the categery V1" responses either as Zeros or twos -—~that is to force your
data into a "response--no response’’ dichotomy. if you are of a cautious or conservative
frame of mind, you will probably wish to inelude the ones with the zeros; as you become
more confident of your powers of observations, you will probably wish to include the ones
with the twos. When two observers watch the same enimal and score iis responses inde-
pendently, it is (as might be expected) the ones that give the most difficulty.

Type of Hesponse. Turning reactions are typically recorded in ferms of the direct-
{on in which the animal turned--that is, we record an L for a left turn and an R for a right
turn. A contraction of the animal's body we score as a C. A stop is scored as an 5, while
a vigorous lifting of the animal's head may be scored as an A. If the animal makes two or
more Tesponses within the period of time that the CS is on (prior to the onset of the UCS),
both responses are noted; thus LE means that the animal first turned left and then contract-
ed. The numeral denoting the strength of the animal’s response fellows the letters denoting

the type of response: thus SAZ means that the animal first stopped then raised its head in

2 very vigorous and marked fashion.
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In classical conditioning experiments, one always makes sure that the strength of
the UCS is great enough always to evoke the UCR. Therefore, there is little need to re-
cord either the type or the strength of the UCE since it varies little from one trial to
another. However, if on any given trizal the UCS does not evoke the UCR, you should
make note of this fact {and incresse the strength of the UCS before running another triall.

It has been my experience that at the beginning of classical conditioning, the planar-
ian will make very few responses fo the CS and these will often be type 1 reactions. As
the animal approaches criterion, however, {ype Z reactions begin to predominate, If is
also interesting that many plansrians show a combined turning and contraciion as their
predominant reaction to the CS as they approach criterion--in many instances, indeed,
the first appearance of this type of reaction means that the animal will soon reach criter-

ion.

IV. Apparatus.
A. Classical conditioning

The best type of apparatus for obtaining classical conditioning in planarians is a
long, shallow trough either semi-circular or V-shaped in cross section. The trough is
usually gouged out of plastic or some other inert material and is usually colorless or
white in order ic make the animals more visible. A simple trough can be constructed
from a long plastic tube which is split from one end to the other and then blocked at eith-
er end so that it will hold water. A simple trough can also be gouged out of parafin or
wax. Special care must be taken to make sure that the surface of the trough is as smooth
and as clean as possible since any irregularity is likely fo cause the planarian to react,
Electrodes should be mounted at either end of the trough and should be of some noble met-
al (gold, silver, or platinum;} if at all poessible since metals such as brass will typically
release ions into the water when direct current is passed through them. A view of the
tvpe of conditioning trough we used for many years is shown in Figure 6.

Fig. §. A pre-19864 conditioning trough for planarians
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he trough iz long and narrow in order to insure that the density of the elecirical gurrent
wing between the iwo electrodes will be relatively the same no maiier where in the ap-
paratus the znimal is. I the electrodes are not at the far ends of the trough, of course,
the planarian will not be shocked in the same way {(if it is shocked at all) if it is behind one
of the electrodes as it will if it is between the two elecirodes. Allan Jacobson and his
students at DO LA have devised a conditioning trough made out of the iop section of 2 plastic
butter dish, for a description, see Section VII of this Manual.

o

o~y
i

We found the type of trough shown in Fig. § unsatisiactory for two reasons. First,
since the animal must be moving slowly in & straight line and oriented towards one of the
electrodes before a trial can be started, one obviously cannot begin a trial when the animal
is close to either electrode, for as it reaches the electrode it will be forced to turn around
and come back {a condition which might disguise the appearance of any CR). Planarians
apparently have no difficulty in learning that they will not be shocked when they are actually
resting on one of the electrodes and a sophisticated animal will often make straight for one
of the electrodes as socn as it is put in the trough and will show a great reluctance to leave
the elecirode. Some animals aiso learn {apparently} that no trials will be started if they
are showing either violently agitated movement or if they are not moving at all. Itis not
at all unusual to find a planarian gliding smoothly and calmly about its home bowl before a
day's training begins and then, when one puts the animal in the conditioning trough, to find
that it will either refuse to move at gll or that it shows agitated movement for a long period
of time. Needless to say, when the animal is refurned to its home bowl, it Tesumes iis
smooth and unexcited gliding once more. Unfortunately, this type of "learning” is seldom
recorded or mentioned in the scientific liferature.

in order to overcome some of the difficulties mentioned above, we have recently
instituted & new type of conditioning trough, shown in Figure 7. Since this new trough is
"eontinuous, ' and since the electrodes are counter-sunk into each of the four corners so
that they are flush with the bottom surface of the trough, the planarian cannot find "an end"
to the trough to which to cling. Although trials are not run when the animal is approaching
one of the corners. we have so far not noticed that the animals tend to remain in any one
part of the trough. It might be thought that a circular trough would be even more effective
than a square trough, but 2 moment's consideration will convince you that the current den-
sity is better controlled in a square thanina circular piece of apparatus. In the case of
the square trough, the elecirodes at opposite corners of the trough {that is, diagonally op-
posite to each other) are connected together fo form one single, cominon electrode. One
set of these diagonal electrodes leads tc the anode of the power source while the other leads
to the cathode; thus, no matter where in the trough the planarisn is, itfis always between

an anode and 2 cathode.

If you will look again at the photograph of the square trough. you will notice in the
upper right hand corner the small glass tube projecting over the surface of the trough and
lying almost parallel to the surface of the water. 4 wezk jet of alr from this glass tube
passes over the surface of the water in one arm of the irough and sets the water inte contin-
wous motion. Planarians have a strong, innate tendency to move with the flow of the water
in such situztions. If & planarian is run in a square trough without the water’s being in cir-
culation, it will usually come to rest in & matter of ten to fifteen minutes; if the air jet is
turned on, the planarian will often move for cne to two hours before it comes to rest. This
modification of the square trough was first introduced in our laboratory by Lerey Vernon.

Planarians, like humans, are not only lazy but also tire rather easily. When vou
first put a planarian into a conditioning trough, it will move about rather vigorously for a
minute or two, then usually seitle down into a smooth gliding motion as it expleres iis new
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Fig. 7. A "square" conditioning trough for planarians.

‘environment. However, particularly after it has received a few electric shocks, the plan-
nrian has a tendency to cease movement altogether and to come to a halt, ofien clinging to
the bottom of the trough tenaciocusly. After the snimal has been given a minute or so to rest,
il can be prompted to movement again by touching it very gently on the tail with 2 camel's
huiy brush, or by agifating the water in the animal’s vicinity. If a brush is used, one should
mupke certain to stimulate the animal on the tail rather than on the head, since the latier type
of stimulation typically causes the animal to cling even more tightly and makes it even more
rejuctant to move than before the stimulation occurred.

As of the spring of 1965, there was still considerable argument zbout the type of
shock best suited as the UCS in conditioning studies. Alternating current has been used by
only a few experimenters and, in my own experience, is not as effective {and often more
deleterious) than is divect current. However, Allan Jacobson and his colleagues have made
uxcellent and effective use of AC stimulation in recent vears (see Section VII). If cne uses
& direct current, it is better to find 2 means of rapidly pulsing the current flow if at all
pussible, since a weak pulsed current will usually evoke as vigorous a contraction as will
a8 slrong unpulsed current. The use of an Harvard inductorium is highly recommended
whonever possible. If the electrodes in the trough are hooked directly to some non-fluctuat~
ing source such as a battery, a 6 volt source should he sufficient. No matter what the source
of the current, one must make every effort to arrange the apparatus so that one can control
the polarity of the shock. If 2 planarian is headed towards the anode when the shock is ap-
plind, its head will contract first; if headed towards the cathode, its tail will contract first.
Burnes and Katzung (see bibliography) have reported that if they always delivered the UCS
when their animals were headed towards the anode, no learning cccurred; learning did occur
rendily, however, when they always shocked the planarians when headed towsards the cath-
le. As we will discuss below, the opposite seems to be the case when maze learning is
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considered. Although the Barnes and Katzung results have been repeated by Roy John
{personal communication}, in my own laboratory we have usually obtmined the opposite re-
sults --that is, anodal shock leads to faster conditioning than does cathodal. The wise ex~
perimenter will probably undertake both types of {raining paradigms at the beginning of
his work in order to determine which type of shock' seems o work best for him,

The intensity of the shock used in any situation should be just great enough al-
ways 1o evoke a vigorous UCR from the planarian. The exact amount of shock will, of
course, vary from one piece of apparatus o another--which is why one should always let
the planarian itself determine how much shock is necessary. Begin with an intensity of
eurrent toco weak to evoke a reaction and, trial after trial, increase the intensity until a
level of stimulation is found that always evokes a reaction. This sirength of shock can
then usually be maintained dayafter day, from one planarien to another, with excellent re-
sults. In this case, cddly enough, it is less useful to know the exact physical dimensions
of the shock used in an experiment than the exaci behavioral dimensions (UCR) that the
shock (UCS) elicits from the planarians,

if one picks electric light as the CS, the first problem one must scive is the ex-
act intensity of the light to be used. In general, the more intense the CS, the higher the
naive response rate will be. We find it of some benefit to adjust the intensity of the Iight
so that our naive response rate is no greater than 20%.and to give each planarian at least
50 trials of "light only" prior to initiating light/shock training. Even under the best cir-
cumstances, a small percentage of naive planarians can be expected to respond at a very
high rate when first given trials of light alone. If after the 50 or so "light only" trials,
these animals are still responding &t a very high rate, they should probably be discarded
(and some note of this be made in the write-up of the experiment). Obviously, if the per-
centage of these animals is much greater than, say 10%, the intensity of the C8 itself
should be sharply reduced. If a large number of the animals still respond at a very high
naive rate, it is probable that some other factor {such as illness of the animals} is re-
sponsible. Whatever the intensity of the CS used is, cne should make sure that the light
is as uniformly distributed over the entire length of the conditioning trough as possible.
Plaparians are quite sensitive to minute variations in both the intensity and in the direct-
ionality of a light source and may therefore respond more often in one part of the {rough
than in another if the distribution of the light is not relatively uniform.

The intensity and the uniformity of the background illumination is as important
to control as that of the CS. QObviously, planarians cannct be run in complete darkness
hetween trizls since one could then never determine whether or not the organism was
moving smoothly so that a trial could be begun. The stronger the background illumination,
however, the more intense the CS has to be in order for the planarian to be able to sense
its onset. One must also take great care that the trough itself is located between the
source of the background illumination and the person observing the planarian's behavior.

If the background illumination is overhead, for example, any movement that the observer
makes will cast a shadow over the trough that will act as a €3 of sorts. Furthermors,

the intensity of the background illumination should be identical from day to day and from
animal to animal. Therefore, conditioning studies cannot be performed adeguately under
“normal’ daylight illumination, which varies radicaily according to the time of day and

the weather. We have found it expedient to run our conditioning studies in a light-proof
room, and to put the trough itself inside a large black box open at the front so that the
chserver can watch the planarian but with the background illumination coming from the
rear of the box. Most sources of stray light and shadows are controlled in such an arrange-

ment.



Planarians are quite sensitive to temperature fluctuations, and the hotter they
are, the more responsive they are to the onset of light. In general, planarians that one is
likely to encounter in the United States survive best at femperatures between 50° and 70°
¥. Both the CS and the background illumination will, of course, act as heat sources, and
a special effort must be made to insure that the temperature of the water in the trough is
maintained at & relatively consiant state, and that this temperature does not exceed 70° F.
Since the CS is usually on for only a few brief seconds, it will have little effect on the water
temperature in the long run. The source of the background illumination is, of course, an-
other matter entirely. The onset of the CS will provide thermasl stimulation to the planarian
as well as visual stimulation; indeed, it is something of & guestion as to whether the planar-
ian utilizes the change of temperature or the change in illumination as the real C3 in such
a situation. Rather carefu!l studies by Westerman {see bibliography) suggest that light is
by far the most important component of the C5. In any case, both the visual and the ther-
mal stimulation should be the same from one trizl to the nexi and it should matter litile
{for all practical purposes} which stimulus the animal becomes conditioned to.

Several other types of stimulation have been employed both as the CS and the
UCS in various studies on conditioning. Planarians are sensitive to vibratory stimull; weak
vibration can therefore be used as 2 substitute stimulus for light as a C8, while a very strong
vibration can be used as a UCS. However, planarians adapt very rapidly to strong vibration
50 it is probably a less useful UCS than is eleciric shock {to which the animals adapt but
slowly). We have, however, successfully conditioned planarians using light as the CS and
strong vibration as the UCS. A simple means of delivering vibration as a stimulus comes
from attaching a doorbell or a buzzer of some kind to the conditioning trough itseli; the dif-
ficulty with such a procedure is that one has little if any control over the intensity of the
vibration. One can also use the offset of visual stimulation as the CS. Several years ago
we trained a number of planarians as follows: a light above the conditioning trough was on
continuously except at the beginning of s training trial, at which time it was turned off for
a few seconds. Affer the animal had been shocked, the light came on again. In this situation,
we found it expedient to use a fluorescent bulb that delivered considerably less heat than
would an incandescent bulk. C. D. Griffard was able tc condition his planarians using the
onset of 2 current of water as a stimulus {see bibliography}. All things told, however, the
onset of light probably is the easiest and most reliable type of CS and electric current is
probably the most relisble and easy to use UCS. Beveral experimenters have recently em-
ployed weak vibration 25 a2 C3. In my laboratory, we mount a small loudspeaker directly
to the bottom of the square trough {Fig. 7) as a vibratory source. The loudspeaker is
energized with & 60 Hz {cps) signal input, the intensity of which is adjusted until the plan-
arians respond naivaly bui 10-20% of the time.

B. Mazes

The first person o achieve successful maze learning in planarians was probably
Edward Ernhart of Washington University in St. Louis who, in 1958, reporied that he had
been zble 1o train his planarians in what is called a 2-unit T-maze. Ernhart also reported
that afier the animals had been trained, when he cut them in half transversely {across the
middle} and allowed each half to regeneraie into & complete organism, both the head and
the isil regenerates showed excellent and statistically significant retention of the prior
training. Ernhari's resulis, of course, both confirmed and exiended the prior findings of
McConnell, Jacobson and Kimbie. The use of mazes in experiments on animal learning
has been standard since the American psychelogist Small introduced them many decades
agae.  The usual maze {s shaped like 5 capital T; the siem of the T is the "starting
alley” into which the animal is put at the beginning of any trial., When the animal moves
along the stem, it eventually encounters the two cross-arms extending at right angles
from the stem. In some experiments, each cross-arm is painted with a distinctive color
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or pattern and both cross-arms are different in color or patiern from the starting aliey.

The experimenter usually designates one of the cross-arms 4s being Ycorrect’ and the

other as being "incorrect. '’ If the animal enters the incorrect arm it is punished {or at

lezast not rewarded) and usually is removed from the incorrect alley and placed again in

the starting alley and forced to run another trial.. If the animal enters the correct alley,

it is typically given a reward (or at least not given punishment) and is usually removed
‘from the maze for a period of time before being given ancther trial.

Another common shape for simple mazes is that described by the capital lefter 7,
in which all three alleys are the same length, meet at a central point, and form 120°
angles with each other. Multiple-unit mazes may be constructed by attaching several
simple T- or Y-mazes together. Schematic drawings of these various kinds of mazes

sppear in Figure 8.
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Animals such as planarians learn o go the “eorrect way' in & maze because they
sre rewarded for doing so or are punished for choosing the incorrect route. Itisupto

the experimenter, however. to meke ceriain that the task isas easy as Eossible for the
snimal and the experimentsr must "see the world as the worm does™ if he is to design

2 successful piece of apparatus. For example, 2]l mazes for planarians should be either

semi-cireular or V-shaped in cross section; a maze which is L f-shaped simply will not
work. As the planarian crawls alongen the hotiom of a semi-circular or a V-shaped
maze. it is forced to remain pretty much in the center of the alley {(particularly if the
width of the alley is not much greater than the width of the planarian itself), and when the
anirmal Teaches the choice point, it is forced to turn either left or right. In the case of

a LJ~shaped maze, however, the animal may either crawl down the center, staying on
t or the right hand wall. I

the bottom of the maze, or it may crawl along either the lef
the planarian is erawling on one of the walls when it reaches the choice point, it is not



Jnreed to turn lelt or vight but rather is forced to turn either up or down. In such circum-~
=iances, planarians usually cling to the wall on which they are crawling and ignore the

mentor makes ihe choice point, the more likely it is that the planarian will learn the maze
readily, '

There are two more or less standard procedures that one follows in training animals
im0 maze: either one teaches the animals always to go to the right or always to go io the
efl, or one trains them to 2pproach a given stimulus {such as the white alley) no matter
which side of the maze it appears on. If one uses "place learning" in a maze, then it is
“probably best for both the right and the lefthand alleys to be 2s identical as posgible., If
-one wishes to train the animal tfo go to a distinctive cue (stimulus) then one must have two
“mazes, one of which is the mirror image of the other. For instance, suppose the left arm
“ina T-maze is painted white and the right arm is painted black and we wish to train the
planarian to go to the white. If the white arm always is on the lefi, and the planarian learns
he task, can we really say that it learned tc approach white? No, because the planarian
could just as easily have learned always to turn left in the maze. Therefore, we must have
#n fdentical maze in which the white arm is on the right and the black arm is on the left;
during training the two mazes are randomly aliernated.

What sorts of stimuli can be used in a simple maze? Most experimenters have used
‘black arms and white arms since the planarian is quite sensitive to visual stimuli. How-
wver, Jay Boyd Best trained planarians in 8 maze in which one arm had a smooth surface
and the other arm had 2 very rough surface. Obviously any two different stimuli which the
animal can detect can be used as cues in a maze. There is, however, one problem that
one has to face, particularly when using such distinctive cues as white and black. Under
most circumstances, planarians tend to be "negatively phototaxic' (that is to say, they
have a strong tendency to avoid light and to approach darkness). In a brightly lighted room,
planarians will aimost always pick the black arm of a T-maze and it is very difficult to
irain them to reverse this innate preference. One wishes to choose the stimuli for 2 maze
in such fashion that naive {untrained) planarians wiil typically pick one arm just about as
olten as the other. Therefore, after the maze is designed and built, one typically tests a
lnrge number of animals in the maze to see what their naive preferences are. Unless the
animals pick both sides with about the same frequency, the maze should be redesigned.
Fer instance, we often find it more useful to use light grey versus dark grey in a simple
T-maze since the behavior of naive planarians is much more random in such a maze than
i we used 2 white and a black arm. By adjusting the intensities of the colors in the arms
and the intensity of the overhead lighting, one can usually arrange the situation such that
untrained animals will show relatively random behavior.

We have found it of some value to give each of our planarians at least 10 Ypreference
tridls” in a T-maze before actually instituting training (that is, before rewarding or punish-
ing the animal for making a choice). If the maze is well designed, some of the animals will
show a slight preference for white, some 2 slight preference for black, and some will 26
five time to the white and five times to the black (although the total number of black and
white choices for all of the animals taken together will be about the same)}. If a planarian
has shown a preference for white, we then make the black arm the "corrept! arm during
“raining, and vice versa for the animals that have shown a preference for black. Of the
snimals that have shown no preference at all, half are trained with white &8s correct and
“half with black. The "criterion of learning’ in a simple maze experiment is usuaily 9 cor-
reet cholces out of any 10 consecutive trigls. One may, of course, adopt 2 more stringent
eriterion {such as 19 out of 20} if one wishes to do so.

“dmut that they have arrived at a choice point. Clearly, then, the more distinctive the experi-
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Since planarians occasionally Wwurn around in & maze, it is necessary to setup &
"response crifervion’ in order to judge when the animal has actually made a choice. One
may either draw a line a few millimeters from the choice point on both the right and the
left arms of & T-maze and decide arbitrarily that when any part of the animal has crossed
this line, the animal has '"chosen’ that arm; or one may decide that when the planarian
has moved at least half of its body into one arm or the other. it has "chosen® that arm.
As the planarian begins to learn its way around the maze, it will often show what is czlled
"wicarious trial and error” behavior at the choice-poini--that {s, as it reaches the choice
peint, it will poke its head first in one arm, withdraw its head, poke its head in the other
arm, withdraw its head, and continue this behavior for some time before it actually com-
mits itself to entering one of the arms. Unless the experimenter adopts a firm response
criterion and keeps to it, he is likely to "fudge™ in scoring such responses.

What sorts of rewards and punishments can be used in maze sifuations? Since a
reward is usually defined as any situation or stimulus an organism will appreach or do
nothing to avoid, and since a punishment is usually defined as any situation or siimulus
an organism will aveid or do nothing to approach, it might seem that one could use a
great many different types of rewards and punishments with planarians. Theoretically
this is true; practically it is not. In maze studies using higher organisms. the animal
is typically given a positive reward such as food when it makes the correct cheice; such
a procedure is indeed difficult to employ with planarians. I one has food waiting for the
animal at the end of a given arm, small particles and chemicals from the food will dis-
perse through the water very rapidly and when the animal reaches the choice point, it
has bui to "follow its nose'’ to reach the goal. In such situations, planarians {as well as
white rats and other organisms) appear to pay little attention to the stimuli in the maze--
hence it is difficult to say that any real learning occurred. Jay Boyd Best overcame this
problem by running his planarians in a dry maze and, if the animals chose the correct
arm ., rewarded them by filling the maze with water. We have typically trained our an-
imals in simple T-mazes by using 2 combination of punishment and reward. Planarians
typically do not appreciate being removed from their home bowls and put inte the confines
of a small maze; indeed, one might say that they show a certain anxious desire to return
to more familiar and comfortable surroundings.. Therefore, when our planarians make
a2 correct choice (in a water-filled maze) they are immediately returned to their home
bowls {using the elevated T-maze shown in Figure 9, we tilt the entire maze into the
water and the planarian slides gleefully cut of the correct arm back into its home bowl
where it is allowed to remain for several minutes before being given its next trial), I
the planarian makes an incorrect choice, it is picked up from the incorrect zlley and
started over again and does not get back to its home bowl until it makes & correct choice.
In the hexagonally-shaped maze shown in Figure 10, we give the animals an elsctric
shock whenever they enter an incorrect alley but do not return the animals to their home
howls until after they have run a set number of trials.

The difficulty with single-unit T-mazes is that one must handle the animals a
great deal, particularly at the beginning of training when the planarian is making a signifi-
cant number of incorrect choices. & hard and fast rule of planarian psychelogy is this-~
the less you handle your animals, the healthier and happier they will be. In order to de-
crease the amount of handling that the animal must receive per trial, we have cccasionally
used a continuous Y-maze first designed by Kiki Roe, of UCLA, shown in Fig. 10. At the
start of a day's training, the planarian is put in the center track of the hexagonzlly-
shaped maze and allowed to wander in either direction until it reaches one of the six choice
points, whereupon it must choose either fo continue in the white center track or fo enter
one of the black arms radiating from the center hexagon. If the planarian enters the black
alley. it is given 2 brief burst of eleciric shock; if it stays in the white center track, it
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avoids a shock. Fach time the planarian crosses a choice point, we consider that it has
run one trial. The beauty of the hexagonal maze is that it makes no difference whether

the snimal runs in a clockwise or a counier ciockwise manner, nor how many times it
reverses direction--the spatial relations obtaining between the black and the white arms
are always the same no matter from which direction the animal approaches the choice
point. In addition, from one direction the black arm will be on the left; from the other
direction it will be on the right. Electrodes are buried at the ends of each of the six

bizck arms radiating from the center white hexagon and are so wired that by pressing

one switch, zny of the six electrodes can be made the anode. It is important o arrange
she shock circuit in this fashion since planarians do not learn the hexagonal maze well if
they are given cathodal shock whenever they enter one of the black arms. There is noth~
ing magic about this finding; you may recall that earlier I pointed out that when a planarian
is headed towards the anode and shock is applied, the animel's head centracts, while if it
is headed towards the cathode, the animal's tail contracts. When a planarian turns out

of the center hexagon into one of the incorrect black arms, and one delivers cathodal shock
to the animal, its tail contracts and it is automatically propelled directly into the incorrsct
arm: if at this point it is given anodal shock, its head is knocked back out of the incorrect
arm and the animal is more or less forced to make another choice. ¥ one wires the elect-
rodes in arms one, three, and five together, and the electrodes in arms two, four, and six
together, a simple circult can be arranged so that pressing on one button turns electrodes
one, three, and five into anodes and two, four, and six into cathodes, while a second but-
ton will make one, three, and five cathodal aad two, four, and six anodal.

As in the case of classical conditioning, one should adjust the shock level in the maze
so that the organism is given just enough current to evoke a consistent reaction whenever
it enters the incorrect alley. Resist the tempiation io “gver punish’’ your animals--when
the planarian enters the incorrect alley in the hexagonal maze, it should be given no more
than one or two brief bursts of shock and then allowed to crawl around without further molest-
ation until it re—enters the center hexagon of its own accord. Under no circumstances should
vou shock the animal when it is actually leaving the black alley, or heading in that direction,
or you will be punishing it for making the correct rather than the incorrect response.

One difficulty with the hexagonal maze needs explaining. As a worm crawis a-
round the center track in either direction, it is continuously forced to turn its head in one
direction. For example, if it moves clockwise, it must make a right turn at each choice
point. Now, all animals (from paramecia up to man} have a tendency to alternate direction-
al responses; having turned right at one choice point, they have a tendency to turn left at the
next available intersection. The more responses to the right, for example, they are forced
to make, the sironger their innate tendency to turn left when given an opportunity. Yelin
the hexagonal maze, if they are to gain 2 perfect score, they must make a long string of
responses in the same direction. Thus this maze pits an innate tendency to alternate re-
sponses against a learned tendency to make the same Tesponse. For this reason, it is al-
most impossible for most planarians to maintain a response rate of greater than 70% to
the correct alley, and use of this maze has decrezsed in recent years in favor of the simple

T-maze.

The planarian maze should be designed with planarians_(rather than rats}. iﬁ‘ mind.
1f the alleys are too large, or too long, or improperly shaped, tl}e planarian will have a
great deal of difficulty learning what it is you want to train it to do. The more q;;lg:kly you
give the animal its reward after it has made the correct response, or the more gquickly you
punish it after it has made the incorrect response, the sooner the a:mmgl will Egam. 1\112:12:8
learning is typically a more interesting type of training o ‘etr‘lploy than is clas‘sma} con'chtmn—
ing, at least as far as the experimenter is concerned: put it is also more challenging since
the experimenter can make & great many more mistakes both in the design of his apparatus

and in his handling of the animals than is usually the case in classical conditioning.



A
Cad

C. Other types of training situations

Although most of the published research on learning in planarians has invelved either
classical conditioning or maze learning, there are several other types of situations in which
planarians can be irained. For example. both Lee and Best {see bibliography) have heen
able to train their animals to turn off a noxious {unpleasant) stimulus such as a bright light
overhead by interrupting 2 much weaker and smaller beam of light that activates a photocell.
In this sort of situation. the planarian is housed in a small glass chamber during training.
A large electric light is located immediately above the chamber; projecting upward through
the bottom of the chamber is a tiny beam of light which is aimed at a photocell. Any time
the planarian crawls across that part of the bottom through which the tiny beam of light
projects, the beam is interrupted (as you would interrupt the beam of a flashlight by put-
ting your hand in front of it) and the photocell records the fact that the beam was broken.
At the beginning of a trial, the bright light overhead goes on, prompting the planarian to
movement. If the worm breaks the tiny beam of light, the photocell not only records this
fact but also turns off the bright overhead light for 15 minuies. The number of times the
planarian interrupts the tiny beam of light both when the overhead light is on and when it
is off is recorded automatically in this situation. Both Lee and Best report that planar-
ians appear tc be capable of learning to interrupt the tiny beam of light in order to turn
off the noxious stimulus. The good point about this type of experiment is that all the
recording of the animal's responses is automatic. There is little likelihood that exper-
imenter bias' will influence the results. Unfortunately, this sort of experiment (which
is usuaily referred to as "operant conditioning’’ since the animal learns "o operate on
its envivonment') requires a great deal of sophisticated electronic apparatus; indeed, the
cost of setting up just one of these "operant conditioning apparatuses' may run as high as
several thousand dollars. A schematic drawing of Lee's apparatus is shown in Fig, 13,

C.D. Griffard (see bibliography) has devised two different conditioning procedures,
one involving the onset of a current of water as 2 stimulus, the other involving the use of
a moveable electrode to force planarians to turn in a certain direction. Both of these
procedures are quite interesting in and of themselves but require a great deal more ap-
paratus and scientific sophistication than do the maze studies and classical conditioning
experimenis described above.

The first American to train flatworms successfully was H. B. Hovey, who reported
in 1929 that he had been able to train a marine flatworm in the following fashion. The on-
set of light typically will cause a motionless flatworm to begin moving; however, a tap on
the animal’s snout will usually stop the animal. Hovey brought his flatworms out into the
light and, &s soon as they began moving, tapped them on the snout gently. After several
such taps, the worm would typically stop moving altogether. It would then be returned
to the dark for a period of time and later brought out again for another series of trials.
Hovey reports that the number of taps necessary to prevent all movement in the animals
decreased markedly as training progressed. The use of various control groups assured
Hovey that his resulis were not due to fatigue or to some injury to the animals. Although
Hovey's experiment is a "classic," I cannot recommend its use if long term retention of
the learning is desired. The reversal or "unlearning' of a strong innate reaction, such
as Hovey obtained, is not only hard to achieve, but usually is quite short lived.

A rather different type of "training situation” is that emploved by Shinkman and
Hertzler and by Tricia Lee (see bibliography). If planarians are forced to make several
right-hand turns in an apparatus such as they shown in Figure 12, they have a tendency
to turn left when offered the opporfunity to do so at the choice peoint of the T. In general,
the more forced turns they must make before being given a free choice, the stronger the
animals’ tendency to go in the opposite direction. These results are similar to those
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found with & variety of other organisms, ranging from paramecia to white rats, andlare
of censiderable theoretical interest. I cannot recommend this type of experiment to the
average beginping worm runner, however, since each animal is typically given only one
trizl in the apparatus {and a great many animals must be run in order to get valid resulis}
and since the tendency to furn in the opposite direction is usually “forgotten' almost as
soorl as the animal is removed from the apparatus. In short, this is not the sort of

study one wishes to perform if cne has but a limited number of experimental animals or

if one wishes to study long term retention.

Gddly enocugh, one of the most convineing studies on planarian learning ever per-
formed appeared in the literature 45 years ago and is probably also the first study of any
kind clearly to demonstrate learning in planarians. This experiment was performed by
the Dutch biclegist P. Van Oye, and appeared in 1920. Since it was printed in Van Oye's
native tongue and appeared in a little-read European journal, it was not generally known
until Roman Kenk called it to our attention a few years age. Most fresh-water planarians
cannot swim-~they must always be in contact with some surface in order to move. Thus
they typically restrict their activities to the bottom and the sides of any container in which
they are housed. On occasion, however, thev can be seen to crawl upside down on the
menisous or surface tension of the water itself. Van Oye trained his animals to find 2
rather unusual route to food, and did so in the following fashion. First he put ten planar-
ians in a glass container filled with water to a height of 7 cm. Then he hung a piece of
meat on 2 metal wire and suspended the meat in the water so that if was 3.5 em. from
both the top and the bottom. BSince the pilanarians could not swim through the water to
reach the meat, the only way they could get to the food was by crawling along the bottom,
up the sides, out on the meniscus until they hit the wire, and then crawl down the wire
3.5 cm. to the meat. Van Oye placed the meat in this position for several dayvs and found
that none of his animals ever reached the food. Then, several days later, he put the food
on the surface of the water rather than 3.5 cm. below it. Now the planarian could find the
meat simply by crawling out on the meniscus until it reached the food. Under these cir-
cumstances, it took but a few days until almost all the animals were reaching the meat
each trial. Now Van Oye began lowering the meat a few mm. at a time. The planarians
still reached the meat with great success, although Van Oye had soon lowered the meat
to the point where they had to craw! down the wire a couple of mm. to get to the food it~
self. By moving the feod lower and lower into the water on successive trials, Van Oye
eventually trained the planarians such that they were reaching the food even though it was
now suspended 3.5 cm. from the surface of the water.

We have been able to repeat Van Oye's experiment quite successfully in my own
laboratory using twe control groups that Van Ove did not think to employ. The success
of our replications of Van Cye's work quite clearly depends on the manner in which the
animals are handled, however. The planarian's visual system is quite simple--it can
detect light~dark gradienis. but its eyes have no lenses and it cannot see shapes or objects
in the same way that higher organisms do. Furthermore, the animal does not seem to
possess the rather sophisticated sensory equipment needed to allow it to detect slight
Tap-dowmn'' differences as it moves around the container it is in. If the planarian is on
the bottom of the container when the food is put into the water, it senses the presence of
the {ood chemically, and may even be able to detect that the food is somewhere shove it.
But even if it has learned that it must "go up the side of the wall and out on the meniscus
and down a wire' to get fo this food, it probably has no way of finding the wall of the con-
tainer except through random motions, it may well have difficulty in determining whether
i is moving straight up the side of the wall or at an angle, and once it has reached the
meniscus, and crawled out on the surface film, it can probably find the wire itself only
through chance or random motions. It is obvicus from this discussion that the larger the
container is, the more difficult it will be for the animals to learn how to get to the food.
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turthermore. the cleser to the center of the container one places the food, the more dif-
fieult it will be for the planarian to find the wire by random movement after it has crawled
cut on the meniscus. Realizing this fact, Van Ove inserted the wire close enough to one
side of the container so that the animal could {ind the wire readily but not close snough

so that the animal could reach ocut from the side and crawl directly on the food without
first crawling all the way up to the fop and cut on the meniscus. One may make this learn-
ing task much more simple for the planarian by marking the side of the container at which
the food will be presented with a characteristic color of some kind--in our experiments,
we mark the location of the food by putting a colored stripe up the side of the container as
a trail which the animal may follow. We begin each trial by shaking all of the animals in
the container into a small area opposite that point at which the wire will be inserted, &
procedure which not only insures that all the animals begin each trial from the same point,
but also aciivates those animals that were gsleep’ when we were ready to begin 2 trial.
Van Oye allowed his worms to feed on the meat as long as they wished on any given irial;
we have found it better to let the animals feed for no more than a minute or two belore
shaking them off the meat and making them siari over again. The hungrier the animal is,
the more likely it is that it will seek out this rather wnusual route to food. A hungry ani-
mal will therefore come back to the food several times during one 'trial” if one does not
allow it to feed too long once it has reached the meat,

We have used liver in most of our experimentis but have learned that it must be
handled with care. After the meat has been in the water for any length of time, it will
begin to crumble and flake apart, and these particles of meat will fall to the bottom of the
container, Sensible planarians will therefore wait underneath the meat until the particles
begin to fall and will eat the particles off the bottom rather than climbing up the walls and
down the wire to get to the main chunk of liver. One may overcome this sort of difficulty
by searing the liver with flame before impaling it on the wire. One must also resist the
temptation to hurry up the experiment by lowering the food in too large steps after the plan-
arians have learned to reach the meat at the surface of the water. The first few steps down-
ward should be no greater than one mim. . and the animals shouid be given several trials be-
fore the next step downward is made. Do nol move the liver lower until all of the planarians
seem to be reaching the meat with great regularity. After the meat has been lowered an-
other step, one typically finds that the percentage of successiul "hits" drops off sharply.
if the percentage drops to zero, you have made too large 2 step and must pull the liver
back up part way (at least) and begin again. The animals will alsc show a drop in percent
of hits™ if they are overfed--do not run the animals more than a trial or two on each day
(although each trial may well take 50 minutes or more} and do not run the animals more
than 3 or 4 days a week, "Again, shaking the animals off the food after they have been on
it for a minute or two will help keep them hungyy and therefore will help improve the speed

with which they appear to learn.

The two control groups which we employed were the following: one group of planar-
ians was given the same number of "trials" as were our experimental animals, but the
liver was always suspended halfway between the bottom of the container and the suriace of
the water. After a great many trials, the animals in this group showed a slight improve-
ment in their performance, but they still obtained only a small fraction of "hits™ that the
animals in the sxperimental group ohizined. The second control group was treated exact-
iy as the experimental snimals were, but no meat was ever hung on the wire. We used
this control group to determine how many times the planarians might be expected to hit on
the wire strictly by accident. Needless to say., the animals in this latter control group
showed no tendency whatsoever to increase their few "hits” from the beginning to the end of
training. The animals in both contrel groups were given food at the bottom of the contzin-
er for no more than two or three minutes following each trial to equate for the amount of
food that the animals in the experimental group were obtaining.
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The Van Oyve experiment is a fascinating one and deceptively simple to perform; As
with all other types of training, however, the more patience one has and the more feeling
one has for the world as a planarian must see it, the more successful a worm trainer one
wiil be,

V. Procedure
A. Pre-training

As T explained earlier, the wise experimenter will do everything possible to control
everything in an animal's environment that might lead to variability in its behavior. Since
it is rather a trawmatic situation for an animal to be piucked from a large aquarium, dumped
intc & small glass bowl and shortly thereafter be removed from this new "home' and dumped
unceremoniously into yet another new environment {the training apparatus), it probably is
& good idea to set the planarians up in their small, numbered containers at least a week he-
fore an experiment begins. This gives the animal time to become habituated {0 living by
itself in its new container before it undergoes the trauma of being trained. This also gives
the experimenter a chance to look over each animal individually for 2 perieod of time to de-~
termine the animal's state of health. During this week, a few of the animals (particularly
if one is using D, tigrina} will underge spontaneous fission (that is, "drop a tail"); these
animals should be discarded., Any animal whose behavior or general appesrance suggests
that it is not in fop-notch condition should also be discarded before training is begun. The
animals chosen should all be of approximately the same size {and if possible, of the same
age} and certainly of the same species. You will probably get betier results if you use ani-
mals that have been kept alive in your laboratory for several weeks prior to the beginning

of training.

Planarians can be easily damaged and everything possible should be done to decrease
the amount of handling they are given and to increase the gentleness with which they are
treated. When transferring the animals back and forth from their home bowls to the ap-
paratus, use 2 large camel's hair brush rather than s pipette. The brush itself should be
geveral times larger than the planarians. If you must use a pipette (or a medicine dropper).
make certain that the opening through which the water is to be sucked up is quite large--
oiherwise the worm will be shredded a bit as it is pulled through the opening. Planarians
can be sucked up off the bottom of a glass bowl much more easily if you use a brush to
shake them loose before using the pipette. Qccasionally when one uses a pipette the plan-
arian will cling tenaciously to the inside of the glass tube and wiil not be dislodged no mat-
ter how vigorously one pumps water back and forth into the pipeite. Under such circum-
stances, one simply squiris all the water outl of the pipette leaving the planarian high and
dry. In less than a minute the planarian will begin to move in search of water, zt which
time it can readily be dislodged from the tube.

A planarian can live for several months without eating and is typically more active
when hungry than when satiated with food. If one's training schedule will not extend for
more than a2 couple of weeks, it is probably unnecessary to feed the planarians during this
period of time. If the training is fo take longer than two weeks, one can feed the animszls
but no more often than once a week., We typically give our animals g good feeding several
days before an experiment begins and then do not feed them for at least several days after

the training has started.

In my opinion planarians learn best when they are kept on & normal diurnal light/
dark cycle--that is when kept in a room with unshaded windows when they are not being
run. If the planarians are kept in total darkness for any length of time, they become hyper-
senslifive {o the light and will show a much higher naive response rate to light in a classical
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conditioning situation and a much stronger preference for the black arm in & maze situation
than will animals that have been kept under normal lighting conditions. If for any reason it
is absolutely necessary to house your animals in total darkness before training begins or be-
tween training sessions once the experiment has begun, give the animals at least fifteen
minutes of habituation time in a dim light before putting them in the apparatus. If vou keep
your animals in & room with unshaded windows, make certain that direct suniight does not
fall on them at any time on the day.

Planarians, like students, tend to be more active at night than they are during the
daytime; for this and other reasons it is probably 2 very good idea to run your animals &8t

the same time of day every day.
B. Habifuation

1 is probably an anthropomorphic truism that "the happy worm is an educable worm, "
hut what can one do to make & worm happy? Aside from leaving it entirely alone or return-
ing it to the stream from which it was taken, the best that one can hope to do is to make the
animal as comfortable as possible in its present surroundings and to make sure that the
training situation itself is as unstressful as it can be made. Planarians secrele mucus as
they move, leaving behind them a trail of slime as they glide along. Very recent and &8
vet unpublished data from my own laboratory indicate quite clearly that planarians become
very distressed and disturbed when they are put into any container or piece of apparatus
that is not coated with & layer of slime. In a well-cleaned maze, for example, planarians
will alnost invariably pick the black arm and will learn only very siowly and reluctantly
to pick the white arm instead. If the maze is coated with slime, however, the planarian
will usually pick the white arm about as often as the black. A planarian put into a clean
conditioning trough will show a much higher random response rate arnd will show much
greater day-to-day variability in its behavior than if the trough is coated with slime. 1t
does not matter whether the slime was 12id down by one animal or a hundred--the results
are the same. Apparently the presence of slime in a piece of apparatus makes a planarian
feel "more at home. ' If the apparatus is ¢lean, a planarian will not feel Ycomfortable”
until it has itself coated the apparatus with slime. For this reason, we always keep on
hand a bowl of untrained planarians that are put into the apparatus from time to time to
"ra-glime'! the trough or the maze. Particularly after any piece of apparatus is cleaned,
these Vslime-providing animals® should be allowed to roam freely over the apparatus for
several minutes to lay down 2 coating of mucus before an experimental animal is frained
in the trough or maze. Be sure to change the water between animals or after the slime-
providing planarians have been removed--the important components in the mucus are ap-
parently not particularly water soluble and will rermain in the apparatus if you empty the

water out very gently.

n the case of classical conditioning, each experimental subject should be allowed at
least 3 minutes of 'hebituation time" in the trough before training is staried. When you
first put & planarian into a conditioning trough, its behavior will usually be somewhat dis-~
turbed for a few minutes. Only when the animal settles down and is gliding smoothly along
the bottom of the trough should the trials be started. The pre-training trials of 'light only"
that one gives to planarians in a classical conditioning situation and the Viree cholce’ trials
given in the maze also serve the purpose of allowing the animals to become accustomed 1o
the apparatus before training actually starts.

C. Training.

In setting up 2 classical conditioning experiment, one must de cide not only what
stimuli will be used but also how the stimuli will relate to each othex In time. For example,
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in our early conditioning experiments, we typicaliy turned the CS (light) on for three seconds;
during the final second, the UCS (shock) was also turned on, Only those responses which
occurred during the first two seconds of the trial (prior to the onset of the UCSE) were scored.
As soon as the animal was again gliding in a straight Hne, another trial was run. The aver-
age time between trials was around 20 seconds, The planarians were given 150 or more
irials as rapidly as possible, usually within a time span of two hours or less. While plan-
arians will show learning under these circumstances, their behavior is much more variable
and it takes them many more trials to reach any set criterion of conditioning than if the #ri-
als are spaced out over time. Learning in planarians (s in all higher animazals) seem's to be
more stable if the animals are given but a few trials a day, if the time period between any
two successive trials (which is called the inter-trial interval or I77) is at least a minute or
more, and if the animals are run no more than three or four times per week. We ugually
give our planarians no more than 25 trials per day and run them on a Monday-Wednesday-
Friday, or Tuesday-Thursday-Saturday schedule. The animals are fed either on Friday

or on Saturday and the food is removed and the water changed a few hours afterwards.

Planarians are fairly sluggish animals and do not always respond rapidly o the onset
of & stimulus. Thus, while in the past we have turned the CS on for only two seconds prior
to the onset of the ULS, we have recently increased this time span to three or even four
seconds with excellent results. If this time span is decreased to one second or less, the
planarian simply does not have time to give a response to the light before the shock comes
on, and little evidence of learning is manifested,

In simple T~maze experiments, the animals should probably be given no more than
10 to 15 trials 2 day since they must be handied during each trial. I recommend giving the
animals at least two or three minutes rest between trials, If one is running several ani-
mals at once on a T-maze, 2 simple procedure is to run one animal for z trial and, after
it has been rewarded by being put back in its home bowl, the next animal is Tun, ete. Try
to arrange things so that if the first animal is being trained to go in one direction, the sec~
ond animal is trained to go in the opposite direction, a procedure which would control for
any tendency the animals might have to follow each other's slime trails in the maze. In
the case of the hexagonal maze. since the animals are not handled between trials, one may
give the planarians 25 or 30 {rials per day. We find it wise, however, fo run the animsals
in the hexagonal maze no more than two days per week; since the T-maze does not involve
the use of shock, the animals can be run on a six- or seven-day-week.

I an animal ceases to move during a trial, it can be prompted to motion by touching
it gently on the tail or by disturbing the water in its vicinity with a pipette. Keep track of
the number of {imes that each animal had to be prodded to motion. If an animal refuses to
move at all, even after repeated proddings, it should be refurned to its home bowl and given
several days to rest.

Occasionally an animal will turn upside down and crawl on the meniscus during a
training trial. If this happens during maze learning, force the animal to tarn right side
up immediately. If it happens during classical conditioning. do not disturb the animal
{unless it remains upside down for a very long period of time) but under no circumstances
Tun & training trizl while the animal is crawling on the meniscus.

D. Avoldance and Escape Learning

When psychologists speak of "conditioning, ” they usually are referring o "classical
r Pavlovian conditioning. " However, the term is often used as & synonym for any type
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of learning whatsoever. Most of the time when some other form of conditioning than clas-

sical conditioning is being referred to, hovever. the psychelogist will modify the term to

give his lisiener a clearer idea of what ype of training he has in mind. In "clas sical con-
ccedes the UCS, while in "backwards conditioning® the

ditioning," for example, the CS pr
UCS precedes the CS, and in "pseudo~conditioning , " the C8 and the UCS are presented

to the animal randomly, but unpaired, and are usually separated in time by at least 30
Many learning theorists hold that backward conditioning and pseudo-

geconds or more.
arning on the part of the animal, a view-

conditioning technigues should not lead to any ie
point hotly contested by other theorisis.

“ only the UCS (typically a noxious stimulus such as eleciric

1 can escape this unpleasant situation by making some action
such as pressing on a lever or leaping 2 hurdle to get into a different compartment in the
training apparatus. If a warning signal (a2 CS, of course) precedes the onset of the UC S,
and if the animal may prevent the onset of the UCS by making some response, one speaks

of "avoidance conditioning. " In classical conditioning using light as the €S and shock as

the UCS, the animal is shocked whether or not It responds during the few seconds that the
light is on prior to the onset of the shock: in aveidance conditioning, if the planarian re-
sponds to the light, the light is immediately turned off and the animal is not given any shock

on that trial.

In "escape conditicning,
ghock) is presented; the anima

We succeeded in training a few planarians in 1957 using an avoidance conditioning
paradigm with light as the CS and shock as the UCS, but for a variety of reasons switched
back to classical conditioning shortly thereafter. Quite recently (1965) Ernhart at Wash-
ington University informed me that he had compared the effects of classical versus avoid-
ance conditioning in planarians and got much more stable and less variable behavior when
using avoidance than when using classical conditioning (private communication). Ernhart's
results are quite interesting, since thig is the sort of finding that one typically gets with
many higher organisms. The difficulty with using avoidance conditioning in planarians
(or any other organims) is this--as the animal approaches criterion, it seldom if ever re-
ceives the UCS, a condition which theoretically should rapidly lead to experimental extinci-

ion.

-psychologist, probably be-

The jargonish word "extinction” often confuses the non
Extinction refers to an exper-

cause the psychologist typically misuses the term himself.
irnental procedure which is designed to achieve the opposite of training--that is. the tear-
ing down rather than the building up of a conditioned response. ¥ the pairing of the CS and
the UCS leads to an increase in the probability that the animal will respond to the onset of
the C8, then if we give the organism & greal many trials of the CS alone without presenting
the UCS, we should decrease the probability that the animal will respond to the C8. Sup-
pose we have trained 2 planarian to go 1o the black arm in a T-maze by rewarding it some-
how whenever it made the correct turn &t the choice point; after it has learned this habit,
we can ‘untrain'’ the snimel by giving it a greai many trials in the maze in which it does
not receive reward if it chooses the black arm. If we classically condition a planarian

by pairing light and shock, and the animal eventually comes to respond to the light 90% of
‘he time or more, we can then institute "extinction training'’ by presenting the light for a
great many trials and never giving the animal shock no matter what it does. In fruth. we
have "extinguished the conditioning. " A psychologist would likely refer to this as "exting-
uishing the animal' although he really means that he has extinguished the habit. Most or-
ganisms (including planarians) that have been classically conditioned to a set criterion and
then put on extinction training will rapidly drop back to their naive response rate to the CS
(extinction usually takes fewer trials than does conditioning). In better than 90% of the
learning experiments involving extinction reported in the scientific literature. the experi-



Lt
b=

mental animals were trained to some arbitrary criterion and immediately upon reaching

this criterion were at once put on extinction training. Under such conditions, animals
usually show a rise in response rate to criterion during conditioning, and a drop off back

to the nailve response rate in extinction. Almost never do psychologists bother to give

their animals large numbers of conditioning trials after the organism has reached criterion,
Oddly enough, planarians and most other organisms will often undergo “spontaneous extinci-
ion™ after they have reached criterion even if one continues fo give conditioning (rather than
extinction) trials. a fact that has received scant attention from most experimental psycholog-
ists perhaps becruse it does not readily fit within their theoretical frameworks. Spontaneous
extinetion is also found in maze learning and, indeed, in almost every other form of training.
For reasons not yet clear, planarians appear to undergo sponisneous extincetion much more
readily than do higher organisms, a fact that worm runners must consiantly keep in mind.

There are many different methods for measuring whether or not learning has occurred.
For example, one may measure the probability that a response will occur; in a well designed
maze experiment, the probability that an animal will pick 2 given arm on any given trial at
the beginning of training is 0.5, while at the end of training the probability has usually risen
to at least 0.8, One may also measure the strength of 2 conditioned response (animals tend
to respond more vigorously after they have been trained than before they have been trained),
or the latency of responding (animals typically respond more rapidly to the onset of a stim-
ulus after training than before training). One may measure the retention of learning over
time by means of a "savings score”; if it takes a planarian 150 trials to reach a given crit-
erion of conditioning the first time it is trained, and if one lets the animal sit without any
further training for 2 month or two and then retrains the snimal to the same ¢riterion, one
expects to find that the animal will take fewer trials to regain this same criterion the second
time around than if did the first. ‘ '

A rather crude measure of the strength of learning can be caleulated from determining
the resistence to extinction that an animal shows. Let us assume that the more strongly
ingrained a habit is, the more difficult it will be to "extinguish'® this habit (a dubious assump-
tion at best}. We could then train one animal by one method, 2 second animal by & second
method, and institute extinction training for both animals after they had reached criterion.

If it took longer for the first animal "to be extinguished!' than the second. we could then as-
sume that the first animeal had "learned better’ than the second.

Because these various methods of measuring learning apparently tap different aspects
of the learning process itself, they seldom give the same results. Let me illustrate the dif-
ficulties by comparing classical and avoidance conditioning in the dog. Suppose we place
our dog in a harness that suspends the animal in air with its legs hanging downward. We now
attach an electrode to one of its front paws. The ringing of a bell serves as our C8, shock
delivered to the paw serves as our UCS. If we pair the CS and the UCS in a classical cond-
itioning paradigm, the dog will rapidly begin lifting its paw as soon as the bell rings rather
than waiting for the shock to force it to make this response. Learning should take no more
than 10 or 20 trials. If we now institute extinction training (that is, sound the bell without
ever delivering shock), the dog will rapidiy stop lifting its paw when the bell rings; extinction
should take no more thap 10 to 15 trials. Now let us change the apparatus --instead of at-
taching the electrode directly to the dog's paw, we will put an electric grid under the animal
so that as it hangs in the harness, its paw just barely touches the grid. Now the snimal can
obviously avoid the shock by lifting its paw when the bell rings; it will do so often in fewer
trials than were needed for classical conditioning. Now we institute extinction training--
that is to say, we turn off the shock entirely. The dog, of course, does not know that it
will no Ionger be shocked for fziling to Lift its paw and indeed will continue to KHit its paw
"to avoid the shock™ for hundreds and hundreds of trials after extinction training™ has been
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instituted. Poor stupid dog! Obviously avoeidance training, although it took fewer conditioning
trials, ig stronger than classical conditioning if one locks at the extinction data. But sup-
pose we modily the extinction procedure just a little; suppose We tie the dog's paw down 1o

the grid so that it cannot 1ift its paw no matfer what happens. Now, if we sound the bell

and do not give the animal shock, it will undergo textinction' in five txials or so. Which

set of extinciion data shall we believe?

Why do animals undergo extinetion? At a very simple level of anzlysis the answer
seems to be this: Training usually involves the use of some kind of reward and build up
of some connection between two different types of stimuli, or at least between a stimulus
and a response. This is the positive factor in learning. But during training, negative or
inhibitory factors are also building up; lower animals, like humans, tend to obey Zipi's
law, and it is usually easier for an organism not to make & response +than to make & re-
sponse. In a classical conditioning situation, it helps the animal little to make a condit~
joned response--the beast will receive the shock no matter what it does, and most ani-
mals apparently are capable of learning this fact. Spontaneous extinction is then to be
expecied in any type of classical conditioning situation. Aveoidance conditioning is a dif-
ferent matter entirely; if the UCS is made particularly noxious (as was the case in the
experiment with dogs mentioned above) the animal can aveld a considerable amount of
pain by continuing to respond to the CS indefinitely. In avoidance conditioning . unless the
experimenter somehow notifies " the animal that extinction training is now underwsay, the
animal ig likely to continue io respond for a long pericd of time. If the noxiocus stimulus
is quite weak, this massive resistance to extinction typically does not obtain, and the an-
imal’s own innate lethargy soon forces the animal to omit a response 1o the CS, at which
time it discovers that the UCS is no longer being presented, whereupon it typically “exting-

uishes' quite rapidly.

Planarians are very lethargic animals and often respond to any form of stimulation
by contracting and refusing to move or o respond further. The moTe training 2 planarian
is given in a short period of time, the more inhibitory or lethargic it usually becomes.
Jay Boyd Best trained his planarians in 2 dry maze; if they chose the correct alley, they
were rewarded by having the maze flooded with water. If they made the incorrect choice,
they were forced to retrace their steps and were not given water until they had entered the
correct alley. If they refused to Tun the maze at all, they would of course eventually die
from desiccation. Best found that his animals typically showed random choice at the be-
ginning of training; after they had been rewarded for picking the correct alley 2 few times,
the probability that they would pick the correct alley on any given frial rose significantly.
¥ Best continued to train the animals, however, they usually showed = dramatic reversal
and began picking the incorrect alley atmost all the time. Soon after this, the animals
would Tefuse to Tun the maze at all and would have perished had not Best rescued them.
That this dramatic reversal of choice and refusal to run the maze at all were not due to
the operation of & nfreudian death instinct' in planarians is shown by the fact that these
phenomeng disappeared almost entirely if Best gave his animals only a few {raining triais
per day, with considerable time off between trials. We have confirmed Best's results
many times in my own laboratory, and have likewise found that giving the animals too
many conditioning trials per day leads to the same sort of result. We refer to this phen-
omenon as ‘conditioned inhibition" or "conditioned lethargy. "

Vi, Cannibalism

es to perform studies involving “the cannibalistic transfer of train-

do well to remember the following facts. First, D. dorotocephala
Second, 21l planarians will cannibalize

Anyone who wish
ing" in planarians will
cannibalizes more readily than does D. tigrina.
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members of another species more readily than members of their own species. Third, all
planarians will cannibalize more readily if hungry than if satiated. Fourth, within 2 given
species, some planarians will cannibalize more readily than others even if all the animals
have been starved for the same length of time. Fifth; once a planarian has shown cannibal-
istic behavior, it will very likely do so again the next time the opportunity is presented to it,

When we wish to undertake a study involving cannibalistic transfer of training, we
typically select 2 large number of healthy looking specimens and starve them for a week or
more. Then we chop up several other planarians and put the minced pleces in with the hun-
gry worms. Some of the intact animals will immediately begin to cannibalize--these ani-
mals are removed from the bowl 4t once and are used as experimental subjects. Those
animals that refuse to cannibalize under these circumstances are discarded. The cannibals
are then typically starved for another several days before they are to be fed experimental
or control subjects in the experiment proper.

Ii we are going to feed trained animals to untrained cannibals, as is typically the case,
we usually feed the "victims" to the cannibals as rapidly as possible after the victims have
finished their training. If the victims are trained to a given criterion, we remove them from
the training apparatus the instant they have reached criterion and cut them into equal thirds
with a razor blade. Each third of the victim is fed to a different cannibal. If the cannibal is
"asleep” when the piece of trained victim is put into its bowl, it should be awakened by prod-
ding it gently in the tail witk a brush., The piece of the victim should be poked as close to
the cannibal as possible. Usually the cannibal will almost at once seize the chunk of victim
worm and devour it. Cutting the victim into thirds does not kill the victim, of course, and
the pieces of the victim continue to move even after they have been put into the bowl] with
the cannibals; indeed, the pieces will often seem to be attempting to elude the cannibal, If
the cannibal does not seem interested in eating, or if the piece of the victim worm is success—
ful in eluding it, we usually perforate the piece of the victim with a needle or a pin several
times, an operation which not only tends to slow down the vietim but alsc releases into the
water more of the "wound substance' that excites the cannibal's appetite. It is not enough
merely to put the piece of the trained victim into the cannibal's bowl and hope that the can-
nibal will eat it--one must stand by watching fo insure that the cannibalism has actually
taken place, for the piece of the trained victim will occasionally "disintegrate™ spontaneous-
ly in a matter of a few hours thus deluding one into thinking that the cannibal has in fact dined
when it hasn’t. A well starved cannibal usually has no difficulty in downing a third of an ani-
mal its size. If one minces the victims into pieces smaller than a third, one has consider-
able difficulty in determining exactly how much a given cannibal has been fed, not to mention
difficulty in determining how much a given cannibal actually ate.

To the best of my knowledge, no one has performed a study to determine whether or
not feeding cannibals the heads, middles, or tails of trained viciims makes any difference
in how much "learning" is transferred to the cannibal. In most of our studies invelving can-
nibalism, we fed each animal three times or more and made certain that each cannibal ate
one head, one middle, and one tail. OQur studies also suggest that three feedings are a5 ef~
fective as 12 or even 24 feedings. It has been onr practice to give the cannibals one or two
feedings of "trained victim,'' then to wait at least 24 {usually 48) hours before we begin train-
ing. If we plan on no more than 25 trials per day, we typically give the cannibals additional
feedings as fraining continues. In any case, one should probably wait at least 24 hours after
feeding before giving the cannibals any training at all since it presumably would take at least
that long for the "memory chemicals' that the cannibal has just devoured to be distributed
throughout its body. Our own studies suggest that the best time to0 institute training is 48
hours after feeding, and that if one waits as long as 7 days after the feeding before starting
the training. not much transfer is accomplished. But Capretta (see WORM RUNNER'S
DIGEST, Fall 1985) got almost as much transfer when he waited 7 days before starting
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raining as when he walted but one day. As of the fall of 1886, we do not know the min-
imum amount of tissue that a cannibal must ingest for any transier at all to take place,

we do not know whether the more a cannibal eats, the more transier one gets, nor which
part of the victim's body is most effective in achieving fransfer. nor how long it takes for
the chemicals the cannibal has ingested fo become effective, nor whether it is a specific
memory that is transferred via cannibalism or merely an excitfatory substance of some
kind which speeds up learning in the cannibal, nor what the chemicals are that achieve

the transfer (if indeed chemicals are responsible at alll}, All we do know is thatif en
untrained cannibal eats 2 trained victim. the cannibal will, right from the start of train-
ing, be significantly superior to another cannibal that ate an untrained victim. Obviously,
as scientists like to put i, "further research is needed in this area. ™

Anyone undertaking studies of the cannibalistic transfer of training in planarians
{or studies involving injection or regeneration}, should take particular care to guard against
Yexperimenter bias’ by utiiizing "blind” experimental techniques (described above) and any
other safeguards he can think of. ""Transfer' studies that do not contain adequate controls
are no longer acceptable for publication in most journals {including the WOERM RUNNER'S
DIGEST) and probably should noi even be entered as Science Fair projecis.

¥1i, Publication

it is customary. after one has performed an experiment or a series of experiments,
to communicate one’'s results to one's collesgues. Indeed, it is often said that one exper-
imenis in order to publish {that is, o see one's name in print). Whatever one's motivations,
publication of research findings is obviously a worthwhile endeavor. Most beginning scient-
ists have little idea of how to prepare a manuscript for publication, however, so perhaps a

few words of advice are in order.

Any scientific paper worth its salt is written with a particular audience {and usually
with a particular journal) in mind. Since, in the long run, the journal itself determines
both the style in which one writes and the audience that an article will reach, the beginning
writer is well advised to consider seriously first of all to which journal he intends to sub-~
mit his paper. In general, the safest procedure is to hunt for the journal which has already
published one or move articles of the same type or on the same subject that one intends to
treat. Onece a writer has selected his target journal, he should quite carefully read sever-
al recent issues of that journal {no maiter how distasteful a task this may seem), select one
or two articles that seem to be guite similar to the paper he intends ic prepare., and then
patiern his manuscript as closely as possible after these "inodel™ papers. Most scientific
journals contain at least'some skeichy "advice to authors' somewhere in each issue of the
journal, or publish a "Manual of Style” which may be obtained from the editor for a smasil
fee. Most scientific articles are comprised of an infroduction, 2 section on apparatus and
procedure, a results section, and a discussion section. The article will also usually con-
tain either an absiract or a summary and conclusions section.

The introduction typically begins with a genersl statement of some broad problem
ares within a given scientific discipline, a brief history of the problem znd a survey of
the research done in this area, and then narrows down to a tiny segment of the topic area
itself. The introduction usually ends with a brief description of the experiment which was
undertaken and a discussion of how this experiment might be expected to have pertinence
to the topic area as a whole. The supposed purpose of the intreductory section is to explain
to the reader why this particular study was done; in fact, the introduction acts zg "bait" to

lure the unwary reader into plowing through the rest of the article.



R
e

In the apparatus and procedure ssction, one should {in theory, at least) describe
what one did in such detail that anyone rezding the paper should be able 1o Tepeat the ex-
periment exactly if he so wished; this section is therefors quite exiensive. In fact, if is
almost impossible to replicate any given experiment merely from reading about it in a
journal article; the author usually manages to omit several critical bits of information
about his work simply because he is so familiar with what he did he cannot realize that
anyone just beginning te work in this area would of necessity lack the suthor's extensive
background. The major failure that most scientists have in communicating their results
stems from this one fact-~they know what they did, and they know what they mesan by the
technical terms they empley, but they do not realize that their audience typically does not
share this knowledge. As z rule of thumb, put in the apparatus and procedure section ev-
ery bit of information you can think of that would help explain exactly what you did. The
editor will surely cross out much of what you have put down, but at least you made the
effort! Remember that at a given point in time, no one really knows what the truly im-
portant variables in any scientific study really are, and two experiments which differ only
slightly in detail may often yield quite opposite results; hence, include all details that you
can.

The results section should include whatever charts, graphs or iables are necessary
to make it immediately clear to the average reader precisely what the findings of the study
were. If the behavior of two different groups is to be compared, one should be all means
make the comparisen statistical. To say that group A learned faster than group B is to
tell your reader absolutely nothing worthwhile; tc say that group A learned significantly
faster than group B, and that such results would not be expected by chance alone more
than 1% of the time, tells the reader exactly how much faith he may put in your findings.

In the discussion section, one pats oneself on the back for having performed such a
crucial experiment and one explains away all the results that were not consonant with cne's
preconceived notions. Quite often in the introduction section, a scientist will set up an
hypothesis which he intends to test in the experiment he describes. It is almost inevitably
the case that in the discussion section he will point cut how beautifully his hypothesis was
confirmed. The introduction is, of course. written as if the hypothesis were made before
the experiment itself was run; in fact, one often changes one's prior ideas of what the re-
sults of & given experiment would be after the experiment has been run. In such cases, one
is careful not tc state one's old ideas in the introduction if one can possibly keep from doing
80; rather, one staies one's findings in "hypothetical form' in the introduction--a device
that insures that one's hypotheses will always be confirmed. An exception to this rule
occurs when one is testing someone else's hypothesis in a given experiment; one confirms
or disproves another scientist’s hypothesis depending (usually) on how friendly one is towards
the other scientisi, At the end of the discussion section, one speculates sbout other studies
which might follow from the one just described and concludes by stating that "further research

iz needed in the area.V

Unless one is writing for publication in such a bizarre journal as the WORM RUNNER'S
DIGEST, one should make every effort to eschew or avoid the use of humor in writing 2
scientific article. I say this in all seriousness. There is 2 strong tendency in scientific
circles to distrust any article which smacks of "cleverness'. It does help for an author to
write well, however; the editor will surely be shocked if he can find no grammatical errors
in & manuscript, and if he can undersiand from just one reading precisely what it is the
guthor did and why he did it, but few editors will reject a manuscript out of hand for these
reasons. Indeed, a clear, well-written article stands a2 much greater chance of being ac-
cepted for publication than a poorly written one dees, if only because the former requires
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considerably less work on the editor's part than does the latter.

All manuscripts should be typed on cne side of the page only, double spaced, and
submitted in duplicate. Most journals require that an article be read by a referee or critic
prior to acceptance, and most editors will pass along the referee’s criticisms when they
write vou telling you whether or not the manuscript has been accepted for publication. Al-
most all manuscripts require some revision before being published, the most common sug-
gestion from the editor being that the author cut the paper down to half its present size. If
an author does not agree with a referse’s criticisms, he should say so loudly and strongly.
But the author should be more interested in winning the war {that is, in getting the article
published) than in winning any particular battle over editorial revision. The author might
also remember that most editors have considerably greater journalistic skill than does the
average author and that the scientific manuscript that could not be improved by good editing

has yet to he written.

VIl Afterthoughts.
A, What actually gets learned?

According to most psychological theories, when an animal is put in 2 training situ-
ation, it learns new habits or new responses to the envirenment in which it finds itself.
But consider a simple T-maze in which a planarian is trained to enter the black alley.
When it solves this problem, what can we say that it has learned? Has it done no more
than to "acquire the habit of approaching black," or "the tendency to respond by turning
right at a given choice point?'" No training situation is probably that simple. A planarian
in 2 maze first of all has to learn that something is expected of it--that il musti perform
in order io avoid the punishment or achieve a reward. It must therefore become habituated
to the handling that it will receive before, during, and after each trial, it must become ac-
customed to the apparatus itself, to the training regimen and the feeding and diurnal light-
ing schedule, to eating a certain kind of food, etc. It must become sensitive to the new
patterns of stimuli in the maze itself--that is, it must learn to notice that one arm is
black, the other white, and that the stém of the maze is a neutrzl color. It will probably
also learn how high the water level is in the maze, the width of the arms, the intensity of
the light overhead, the temperature of the water (whether it is the same or different from
ihe water in its home bowl), whether or not there is slime in the maze, the fexture of the
floor and the walls in the maze, the length of each of the arms, and perhaps a dozen or
even a thousand other things about the experimental situation. We seldom bother to mea-
sure any of these forms ef learning, being interested only in whether the animal turns
right or turns left (and at that, not being interested in how the animal makes the correct
response). All forms of learning probably include components such as "habituation” and
sensitization, ' although many psychologists speak as if "learning'’ were different than
sensitizetion and habituation rather than including these types of behavioral medification.
Because our theories of {and hence our understanding of) learning are quite simple, we
typically take a simplistic viewpoint towards the behavior or organisms. Bui animals,
even planarians, are not at all simple nor are their behaviors as uncomplicated as we
sometimes like to pretend in scientific articles. The scientist who is more interested
in his own prior theoretical preconceptions of what planarian behavior should be than in
discovering what planarian behavior could be does a disservice not only to science, but
also to his animals. If you attempt to train your animals in a given situation, and they
do not appear to learn, blame people like me for not telling you how it should be done or
vourself for not being bright enough fo figure out what is wrong rather than assuming that
the fault necessarily lies in the planarians. We do not know as yet how intelligent flatworms
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are; we do have ample evidence, however, that the more we know shout the animals ) and
the greater control we gain over their environment, the more easily we can shape their
behavior in a wide variety of extremely complex situations.

BE. The purpose of Science.

Underneath it 21l, science is a way of life jusi as is Presbylerianism or bootlegging.
Science is one of many possible methods of finding out the whys, wheres, hows, and "what
ifs" of the world around us, including our own behavior. Buf science is also a way of
killing time and of earning money, a way of challenging one's inteliect and of gaining the
respect and admiration of one's peers. Science should therefore be a pleasant occupation,
and one probably should not be a scientist if one could be happier doing anyvthing else. Life
is far too short a game for anyone to wasie much time doing things simply because he's
told they cught to be done, whether those "things' be playing baseball, listening to Bach,
or running worms. Try worm running on for size; if you don't like it, the worms will
know it even before you do. If you do like it, if it fascinates you as much as it does me
{and bundreds of other people), if you think the whole business is really fun, then you are
in luck--and so are the worms.
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action IV
GRAFTING TECHNIQUES FOR PLANARIANS

Stuart J. Coward
Department of Zoology
University of Georgla

Athens, Georgia

Graft and transplantation experiments with planarians allow the investigator to ask
the organism a nearly infinite variety of complex questions with a simple method. Two
basic methods of grafting are to be described, both of which have been used successfully
with Dugesia dorotocephala in the author’s laboratory.

General considerations

Two points must be kept in mind when altempting graft or iransplantation operations:
first, the animal must be restrained from moving: second, the actual operation must be
performed as rapidly and defily as possible. Complete anesthesia of planarians is extreme-
ly difficult with conventional methods. The best method in our hands combines the anesthe-~
tic M§-222 (Sandoz Pharmaceutical), 0.03% in tap water, with cool {10-15°C) temperatures.
Exposure to this anesthetic should not exceed 5 minutes. All operations should be done
with the aid of a dissecting microscope. The safest way to transfer planarians is with 2
small artist's brush, not with a2 pipet. When transferring from z damp surface it is best
to 1ift the worm with 2 small, flat spatula. A nearly ideal cutting surface for routine use
is provided by a flat clean piece of soft pine placed on the stage of the dissecting micro-

scope. It should be kept moist during use.

In the subsequent procedures, there will be need for Petri dishes with a layer of
2% agar poured in the boitom half. Some should be made with a 2 to 3 mm layer of the agar
to be used as a physical substrate, and a few with a2 1 mm layer. The thinner sheets of
agar will be cut into narrow bands for the purpose of securing the graft until healing occurs.
1t is definitely advisable to use highly purified agar.

I. Implantation graft technique

Cohen (1964) has recently described a similar but somewhat more laborious meth-
od for the implanted type of graft,

A host and a donor worm are placed on the damp cutting surface. A hand-made
pipet {see Figure 13)is used to punch out & hole in the host worm and the hole is filled with
a piece of tissue from the graft-donor worm. The same pipet is used to prepare the graft
tissue, thus ensuring a snug fit of the grait.

In detail, the procedurs is as follows:
1. Prepare the graft site in the host worm by punching out the appropriasie area
with the pipet. Discard the tissue plug by blowing it out of the pipet. Transfer the host

with a spatula to the agar-lined surface of a Petri dish.

2. Punch out the region to be grafied from the donor worm and with it still in the
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pipet, orient it over the wound in the host. Insert the graft by gently blowing on the pipet.
(If this fails, the graft tissue can be dislodged gently from the pipet with a broom straw
or similar divice.} Final fitting is accomplished by gentle pressure with 2 fine blunt—
tipped glass rod.

&. Ome or more of the thin strips {1 mm thickness) of agar is placed over the grafi
o held it in place. The strips should be 2-3 times as wide 2s the graft and 2-3 cm long.
The strips will adhere to the agar surface of the dish, '

4. The Petri dish is covered and stored in a cool (12-18°C}, dark place.

The absence of water and light serve to restrict locomotor activity of the grafied
animal, while the agar maintains a sufficiently high humidity. A high humidity can be en~
sured also by either of two means: either by making two or three 5 mm-diameter wells
containing water in the agar, or by placing a wet piece of filter paper inside the top of the
Petri dish. In cases where a perfect fit of the grafted tissue has been attained, it may be
possible to dispense with the thin agar "bandages™. Successful implantations will heal in-
to place in 24-36 hours, depending on the temperature. When the graft has taken, the
Petri dish is flooded with tap water and the agar "bandages' are removed carefully.

W
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FLEXIBLE TUBING
TO MOUTHPIECE

FIG. 1

Figure 13. The pipet used for implaniation grafis.

Soft glass 7 mm tubing is drawn out to 4 capillary with the aid of a Bunsen burner
flame. At the region of desired diameter, the capillary is bent by gentle heating, Ob-
viously, the diameter will determine the size of the implant to be made. The pipet is
trimmed even by scoring with a file or diamond pencil and breaking. For easy handling
the overall length should be 5-5 inches and the pipet should be fitted with flexible tubing
ic a mouthpiece.
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I, "Butt graftine” technicue:

The principle of this technigue is io immobilize the experimental animals by em-
bedding them in agar, following by cutting both agar and worm and rearranging appropri-
ately the cut embedded parts, The first critical part of the technique is to immobilize
the worm perfectly in the horizontal plane; the second is to out and rearrange as rapidly
as possible.

The procedure is simple:

1. A worm is transferred, free of water, to an agar-lined Petri dish. Adhering
water may be removed by blotting the agar with filter paper. Molten 2% agar st 43°C
(close to the gelation point) is quickly poured over the animal and allowed to solidify.
Gelling may be accelerated by naving the Petri dish chilied and by a stream of air passing
over the freshly poured agar. Grafting will be difficult or impoessible if the worm is not
extended and horizontal.

Z. When the agar has solidified an oblong block of agar coniaining the worm is

cut out with a razor blade. The block is iransferred onto the agar surface of another

Petri dish. - J
3. To illustrate the actual grafting process, the iollowing desecription is for

grafting the head onto the tail of the same planarian. This is diagrarmmed in Figure 14.

A square block of agar, as wide as that containing the worm, is placed next to embedded

animal. The block containing the planarian is cut so as to sever the tail and the head.

The embedded head is transferred to the cut tail surface and the plain agar block is placed

against the anterior cut. It is most important to have a snug fit and good alignment of the

cut surfaces. To keep the agar blocks together, several thin agar strips are arranged in

criss-cross fashion over the entire assemblage,

Aside from working rapidly, the technigue is facilitated by keeping the worm as
cool as possible ... by chilling the bottom layer of agar; by using a worm kept cool and/
or lightly anesthetized, and by cooling the embedded worm prior to cutting. Healing time
varies between 24 and 438 hours depending on the quality of the graft and the temperature.
The grafied arimazls are removed from the agar by covering the block with water and splif-
ting it apart with blunt glass needles.

III. Comments.

The two methods outlined here are capable of adaptation to suit many experimentsa]
designs. For example, the implantation techaique has been used to graft radio-isotopically
labelled parts into normal hosts in our radioautographic studies on regeneration. The "butt
graft” can be used to join parts of two or more blanarians into a chimeric association, Pre-
liminary experiments with the latter technique have produced bipolar worms with the Tegen-
erated head dominant to the grafted head, as far as locomotor behavior was concerned. ¥
may be possible to use either technique for grafting between different species of planarians.

It is conceivable that these techniques can be combined with the superimposition of
electrical (Marsh and Beams, 1932} or chemical gradients {Flickingex, 1959; Flickinger
and Coward, 1962) and lead to further understanding of the problems in planarian biology.



Figure 14. Schematic representation of the "butt graft!
described in the text,

technique for the example
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Section V

THE EXTRACTICON OF RIBONUCLEIC ACID FROM THE PLANARIAN, CURA FOREMANIE

Gary Davis
Mental Health Research Institute
University of Michigan
Ann Arbor, Michigan

Introduction

in this method for the extraction of RNA {Ribonucleic acid} a Z~phase phenol-aqueous
bufier system is used. The phenol precipitates or dissolves protein and DNA (Deoxyribe -
nucleic acid), while leaving the RNA in the aqueous phase. The extraction is carried out
in the cold to minimize degradation of RNA. Although it is now commen to perform the
extraction hot with most tissues, this procedure was found to degrade planarian RNA.

Extraction

During the entire procedure, all materials were kept either in a refrigerator at
2°C or on ice.

1. The planarians were collected by cooling the home bowl, dislodging the animals
from the walls with a soft brush and pouring them into a graduated centrifuge tube. The
tube was spun at low speed to pack the animals, and their volume was read. A volume of
0.2 to 0.3 ml, corresponding to 100 to 150 medium-sized worms, was used in the extraction.
The worms were transferred with a small amount of water to a 3 ml conical glass homogen-
izer, and the water was carefully discarded.

sodium acetate (pH 5.1), 0.1% sodium lauryl sulfate (a detergent) and 10 ug/ml bentonite
{a powerful inhibitor of ribonuclezse).

2. The animals were homogenized with 3.0 ml of buffer, containing 0. 01 Molar

3. The homogenate was transferred with 1. 0 ml buffer to a 10 ml beaker which
contained 4.0 ml water-saturated phenol {(about 12% water). The mixture was stirred
vigorously with a magnet for 1 hour, then transferred to a 10 ml polypropylene centrifuge
tube.

4. The tube was spun at 2°C for 4 minutes at 20,000 x gravity.

5. After being spun, the tube contained 3 layers: a bottom, dark layer of phenol;
a middle, small, white layer of precipitated protein; and a top aqueous layer. The phenol
layer was drawn from the tube by inserting & 4 ml volumetric pipette through the aqueous
and protein layers, blowing out any material from these layers that may have lodged in the
tip, then aspirating and discarding the phenol.

8. The agueous phase and residue were treated as the homogenaie in siep 3. Stir-
ring was for /2 hour.

7. Asno. 4, with an 8 minute spin.

8. The agueous layer was carefully transferred to 2 15 ml graduated conical centri-
fuge tube. The phenol and residue were discarded. If the agueous was not clear, the tube
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was spun for 5 minutes in & table top centrifuge, and the clear supernatant was decanted
into another centrifuge tube.

: 9, 1/1G volume 20% potassium acetate and 2.5 volume 95% ethanol were added lo
P the tube with stirring. The precipitate was spun down in a table top centrifuge for 5 minutes.

10. The precipitate was washed once with 4 ml ethanol, water {3:1}, then redis~
solved in a volume of distilled water equal to the agueous volume in step 8. Step 5 was
repeated.

11. If the precipitated RNA was dissolved in waler for injection into planarian;s,
traces of ethanel were removed by washing the solution with ether 2 few times and blowing
the ether off the chilled solution with nitrogen ox air.

Remarks

This method was described for a convenient small guantity of planarians. If ancth-
er guantity was used, the volumes of buffer and phenol in steps 2 and 6 were adjusted pro-
portionately, If the volumes were too low, a gel was formed and mixing was poor; if too
high, BNA did not precipitate in step 8.

If a high speed centrifuge is not available for step 4, the tube can be spun at low
speed, but the time of centrifugation must be increased proportionately. The product of
gravities and minutes should be around 80, 000.

Purity and Yield

The concentration of RNA in sclution is easily determined by a spectrophotometer.
With a wavelength of 260 millimicra and a cell light path length of 1 cm, 100 ug/mi RNA
gives an optical density of 2. 0.

From this relation of optical density and concentration, the purity of the extracted
RNA was found to be less than 50%. The nature of the impurity was not determined, but
it is probably largely polysaccharide. Black pigment in the RNA is notliceable by eve
(especially in the heavily pigmented species, Cura foremanii), but it probably is not much
of a percentage by weight of the product. Protein could not be detected. A number of
attempts to purify the RNA were made, by methods including chromotography and electro-
pheresis, but all without success.

The vield, measured spectrophotometrically, was 3.5 mg RNA/ml worms or 6 ug
RNA/worm. The weight of & single worm, blotted dry, was found by a separaie weighing
to be in the range 1-3 mg. Assuming 2 mg as an average weight, the yield is 3 mg RNA/g
worms, a figure that compares with the values found for many other kinds of tissue.




Section VI
1.9
AN APPARATUS FOR INJECTING PL;’%Z\J"é‘:\E-"QIMH\TSi o

Paul G. Shinkman and Leroy M. Vernon
Mential Health Research Institute
The University of Michigan

Thempson and McConnell {1955) reported the occurrence of classical conditioning
in the planarian, Dugesia dorotocephala, using light as the CS, shock as the US, and con-
traction or cephalic turning as the CR. A number of subsequent studies have investigated
learning and retention in planarisns; these studies have been reviewed by Jacobson (1963).
Recently, McConnell {(1962) studied the conditioning process in cannibal planarians that
had ingestied the tissue of other planarians. He found that planarians that cannibalized
conditioned planarians were initially more responsive to the CS than planarians that can-
nibalized unconditioned planarians. This finding suggested further experimenis in which
planarians are tested after being injected with various tissue extracts from conditioned
planarians. In experiments of this sort, howsver, planarians tend either to be injured
by the injection process, or else to extrude the injected substance within a2 few minutes.
The purpose of the present paper is to describe an effective, inexpensive procedure for
injecting planarians with approximately known guantities of a solution.

The function of the apparatus (Fig. 15)is to hold a syringe in a fixed vertical position,
and to provide manipulation of the syringe in the vertical dimension with reasonable pre-
cision. The apparatus is made from a ring stand, three lengths of metal rod, three double
C clamps, a sleeved C clamp, 2 standard test-tube clamp, a spring, and a threaded bolt
surmounted by a knurled knob. Two double C clamps hold two rods (R1 and R2) parallel
to each other and perpendicular to the ring stand. Another double © clamp is used to at-
tach the remaining rod {R3) perpendicularly to the upper of the two parallel rods (R2), in
a nearly horizontal position. The sleeved C clamp fits over K1 and forms a hinge. This
sleeved C clamp holds the test-tube clamp perpendicular to Ri. The spring is permanent-
Iy attached to R2 and the test-tube clamp, and holds them roughly parallel. A threaded
rod (40 turns/in. ) is threaded through R3; its rounded lower end rests in 2 small depras-
sion milled into the arm of the test-tube clamp. The syvinge (Hamilion 80 pl. ) is held
firmly in the jaws of the test-tube clamp, and may be moved up and down with considerabie
sensitivity by turning the knob surmounting the threaded rod. The lengihs of R3 and the
test-tube ciamp (about 6 in.) ensure that the arc described by the syringe does not differ
appreciably from a straight line, over & short distance.

A glass micropipette, drawn from capillary tubing, is glued to the inside of an 18
gauge hypodermic needle and extends from the end of the needle, which in turn fits on the
syringe. Directly below the needle, a solid brass cylinder stands firmly in the center of
a bowl filled with ice. A planarian is placed, dorsal side down, on a sheet of zluminum
foil on the brass cylinder, and the position of the bowl is adjusted sc that the needle, when
lowered, will strike the planarian about halfway between the head and the pharynx (Fig.16)°,
The scene is strongly illuminated, and a microscope is focused on the planarian. The nesedle
is slowly lowered to puncture the planarian, and is then retracted very slightly to aveid plug-
ging the tip. Using gentle pressure on the plunger, the pianarian is injected with 2 solution.
If a brightly colored solution is used, the color is observed to disperse immediately through-
out the planarian’s body.
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Fig. 16. A planarian being injected,
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To study the effectiveness of the procedure, 12 planarians (D. dorotocephala, about
2 crm. in length) were each injected with 2 ul. of a solution of ribonucleic acid (RNA} ex~
tracted from planarian tissue homogenate. Three other planarians served as sham inject-
ees: they received identical treatment including puncture, but were not injected, and were
returned to the same bowl as the injectees. To a small quantity of the solution in which
the planarians are normally maintzined {. 4 mg. /ml. NaCl, .67 mg./ml. CaClg, and
.01 mg./ml. NaHCOg3; pH = 6.5), a vital dye {eosin Y} was added to give 2 concentration
of 4. 0 mg./ml. The pH, raised to 8.0 by the dye, was adjusted to 6.5 with HCl. Planar-
ian RNA was then added to give a concentration of 3. 0 mg. /ml. Of the 12 planarians that
were injected with this solution, 9 received but one puncture and remained intact, while
3 received multiple punctures and were discarded.4 The 9 remaining planarians each ex-
truded an indeterminate amount of the colored solution within 2 few minutes after being
injected, but were nevertheless readily distinguishable by their celor, one day later, from
the shaWsa Each injectee initizlly received 6 ug. of RNA {(approximately the a-
mount ordinarily present in one planarian}, so that each probably retained as much RNA
as if it had cannibalized a2t least half of another planarian. One injectee died; in the other
8, no ill effects from the injection procedure were apparent after three days.
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In these animals, the needls penetrated both the dorsal and the ventral surfaces and
the solution wag injected chiefly outside rather than inside the animal. Onee an ani-
mzl has received multiple punctures, it will not readily retain an injected solution.
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SECTION VII
2

AN APPARATUS FOR TRAINING PLANARIANS EN MASSE"?

Allan L. Jaccbson, Sheldon 1. Hovowitz, and Clifford Fried
University of California
Los Angeles, California

Since Thompson and McConmnell's (1955) report of classical conditioning in planar-
ians, and particularly since MeConnell, Jacobson, and Kimble's (1959) report of savings
following regeneration, there has been a lively interest in the training of this animal
{Jacobson, 1963, 1985, 1966a). A previous paper irom McConnell's laboratory (MeConnell,
Cornwell, and Clay, 1960) described an apparatus for conditioning individual planarians.
Like most apparatus employed with planarians, this one requires a particular orientation
of the animzl for efficient UCS delivery and is thus ill-suited for purposes of mass frain-
ing. With the increasing use of planarians in research relevant to the biochemical basis
of memory, the desirability of conditioning planarians en masse rather than individually
has become apparant. We shall describe here an apparatus which has fulfilied this function
successfully in cur laboratory over an extended period of time. This apparatus can be
used to train or test planarians either singly or in groups of up to 25. {If appears that
conditioning may be less effective with more animals than this.) Furthermeore, as we
shall describe, the apparatus can be used for differential conditioning. Reports of our
work with this apparatus have appeared and will appear in print {Jacobson, Fried, and
Horowitz, 1966a, 1966b; Jacobson, Horowitz, and Fried, 1966).

The Conditioning Trough

The conditioning trough proper is a butter dish,5.3" by 2" by 1. 5. It seems to
be important that the inside bottom be flat rather than slightly curved. Mounted on the
insides of the two long walls are metal plates which serve as electrodes. The plates may
be bonded to the dish either with aquarium sealant or with small flathead screws counter -
sunk into the plates. We have used aluminum electrodes, although platinum or silver
electrodes would be better in terms of reactivity with the water. When we used stainless
steel electrodes, we observed that the planarians did not respond to the shock in some
parts of the trough. With our aluminum plates, the animals respond to shock regardless
of their position or orientation (including when they are on one of the electrodes), but this
may depend to some extent on the type of aluminum used. The trough is filled with water
to a depth of 0.6 inches. To achieve adequate specification and uniformity of composition,
we have found it convenient to use commercially available spring water.

Stimulus Presentation

The unconditicned stimulus {shock) is provided by a variable step-down transformeoer
(60 Hz). We have found the range of 2.5~~17.5 ma pezk through the volume of water to be
effective, but this will depend upon a variety of factors, such as the amount of water and
the type of planarian used. In general, as in other clzssical conditioning peradigms, the
UCS intensity should be set at a level which consistently evokes a UCR, W ich does net
permit too much adaptation, and which does not fatigue the animeals any more than {s neces
sary to secure good training results.

The conditioned stimulus may be either light or vibration. The light stimulus is
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sorad by operation of a single bulb in 2 10V reflector suspended 6-8" above the top of
frough. We have found thai either a 75-watl or 2 150-watt bulb 15 an effective C8 in

sustion. {In fact, according to our tesis, they are equally effective when an extinction
iz uxed), We have not explored intensities below 75 watts.

The vibratory stimulus is produced in the following manner: a 6" x 9" speaker is
«d to the underside of a plexiglas platform, 8" by 10" by 18", which rests on plywood
The conditioning trough is anchored to the platform by means of hooks attached to
Bilwr bhands, which are in turn anchored to the platform. A signal produced by a tone
switor and then amplified is put into the speaker, thus causing the platform and the
b lo vibrate. We have achieved our best resulis with an input of 1. 5 volts peak to
¢ula frequency of 500 cycles per second, but again, the optimal setting will depend
w o variety of factors, including in this case the dimensions and materials of the plat-
und the characterisiics of the speaker. The response tendencies of the narticular
wils employed will in large part determine the choice of intensity setiing.

Noles on the Use of the Apparatus

For both logical and empirical reasons {(details in Jacobson, 1966b), we have chosen

wrd only contractions {including contractions during which the animal also turns its

} us conditioned responses. We do not score other changes in locomotion, such as

Ing or head-waving, as positive responses. Contraction would appear io be the most
priate CR, since it is the UCR to shock as we use it. Also the contraction measure

fies systematically with respect to experimental treatment, whereas turning and the like

rot, ol least in some cases (Jacobsan, Horowitz, & Fried, 1966; Vattanc & Hullett, 19843,
ihility of judgment of responses is high (. 92-1. 00) for trained observers. We have not
unskilled observers. We have also validated our differential and single-stimulus

ioning results by the use of blind testing procedures (Jacobson, Horowitz, & Fried,

Il has been our experience that vibration, as we use it, is less effective as 2 CS

1 light (Jacobson, 1966b; Jacobson, Horowitz, & Fried, 1966). Consequently, it may
vssary 1o set the vibration at a level which svokes more initial contractions relative

dight C8, in order to secure equivalent levels of conditioning. It should be noted that

dumingnt unconditioned response to light is turning rather than contraction, whereas

appusgite 18 the case for vibration.

We have found it expedient to leave water in the trough between daily training ses-
According to McConnell and Mpitsos (1963), this might well aid conditioning by
sitling slime to remain and act as an habituating agent. At regular intervals » includ-
he start of each day's session, we put fresh water in the trough.

When many daily trials are given, the animals tend o get sluggish and eventally
ase moving. This may not be a problem when individual data are not being gathered,

v we have customarily kept the worms moving during mass training to prevent their
ing any particular orientation (having noted a tendency for animals at rest to align
gulves parallel to the electrodes when repeated shocks are given). When individual
ure being collected, one can deal with the situation in any of several ways: a) fewer
b per day can ne administered; h) a brush or medicine dropper can be used to induce
mient in a stationary animal; c) testing of animals can be performed with an extinction
dure Tollowing the training series. The last alternative has the added advantage of
ing blind testing procedures.
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Two other factors which we feel may influence training resulis are {eeding and
duration of time in the laboratory prier to training. Our pelicy has been to use animals
as soon as possible after arrival {usually 1-3 days in our major experiments) and not {o
feed them at a1l before or during an experiment.

We wish also to mention that Dr. William Corning {personal communication) has
schieved successful en masse conditioning of planarians with 2 somewhat different appar-
atus. The subjects are confined inside a cylinder of furnace core material which is glued
o a base. Cvylinder and base are set in a larger container which is filied with water.
Four electrodes are located in the water culside the cylinder, and the latter is porous
enough to pass water and shock (but not worms). Thus the worms cannot tonch the elec~
srodes. Dr. Corning has found it expedient to cover the top of the ¢ylinder with saran-
wrap and then 2 second piece of furnace core to keep the animals from crawling out. An
nddifional feature of the Corning apparatus is that it permits switching between seis of
electrodes, thus diminishing the problem of animal orientation.

Finally, we should note that although our vesults have been generally good, we
have had periods during which poor levels of conditioning were obtained. This phenomenon,
which has also been observed by others {(e.g., Corning, McConnell) may well reflect sea-
sonal variations. The problem clearly deserves further attention.

REFERENCES

Jacobson, A, L. Learning in flatworms and annelids. Psychol. Bull., 1963, 60, 74-94.

Jacobson, A. L. Learning in planarians: current status. Animal Bebav., 1865, 13
{(supplement), 76-82.

Jacobson, A. L. Passion and planarians: an editorial. Worm Runner’'s Digest, 1966,
8, 5-7. (a)

Jecobson, A. L. Classical conditioning and the planarian. Paper presented at AiBS
Symposium, ""The Chemistry of Learning: an Evaluation of Planarian Research
and other Invertebrate Prepsrations,'! Michigan State Universiiy, September

7-10, 1966. ()

Jacobson, A. L., C. Fried, & S.D. Horowitz. Planarians and memory: I. Transfer
of learning by injection of ribonucleic acid. Nature, 1966, 209, 599-601. (a)

Jacobson, A. L., C. Fried, & $.D. Horowlitz. Planarians and memory: II. T&
influence of prior extinction on the RNA transfer effect. Nature, 1966, 209,

601. ()

Jacobson, A. L., § D. Horowitz, & C. Fried. Classical conditioning, pseudo-condition-
ing, or sensitization in the planarian? J. comp. physiol. Psychol. . in press.

MeConnell, J.V., P.R. Cornwell, & Margaret Clay. An apparatus for conditioning
planaria. Amer. J. Psychol., 1860, 73, 618-622.

MoConnell, J.V., G.J. Mpitos. Effects of the presence or absence of slime on
classical conditicning in planarians. Amer. Zoologist, 19645, &, 122,




ii

McConnell, §.V., A. L. Jacobson, & D.P. Kimble. The effects of regeneration upon
retention of a conditioned response in the planarian. J. comp. physiol. Psychol. .,

1959, 52, 1-5,

Thompson, R., §.V. McConnell, Classical conditioning in the planarian, Dugesia dorot-
ocephala. J. comp. physiol. Psychel,, 1955, 48, 65-68.

Vattano, F.J., & J.W. Hullett. Learning in planarians as a function of interstimulus
interval. Psychonom. Sci., 1964, 1. 331-332,

FCOTNOTES

1. We wish to thank Lon Davis for technical assistance in the construction of the
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Pigures 17 and 18: Apparatus for training planarians en masse
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G .M, Barwell
Institute of Statfistics
Raleigh, North Carolina

The only tricks to keeping Bipalium kewense in the laboratory are to find the
right moisture conditions, change the dirt regularly, and feed the planarians correctly.

Containers: The best containers to use are plastic or polvethylene refrigeration
dishes. They should be round and about one o two inches deep and three or four inches
in diameter. Square containers could be used, but are harder {o clean.: Deeper con-
tainers are also harder to clean and require more storage space. The containers must
have tight-fitting tops. After you get your containers ; use a heated needle to make small
air holes in each container, about one inch apart around the edge of the container near
the top. This allows the containers to be stacked on top of each other to save space.
Bipalium kewense should be kept in a dark placs.

Dirt The only way to make sure you have the right kind of dirt to keep the
Bipalium kewense healthy is to use dirt from the rlace where you find the planarians.
The dirt in each container should be about 1/4 to 1/2 inch deep. Use of more dirt will
only make it harder to find the animals when you want them. The dirt should be slightly
damp; if it is not already damp, it should be moistened with boiled rainwater. Be
careful not to use too much water. The &rt must be changed and the containers thou-
roughly cleaned about once a week. The best time to change the dirt is one day after
the planarians have been fed. k

Water: An easy way to collect rainwater is o use a plastic sheet stretched over
a wood frame so that the rainwater flows into a large glass jar. Boil the rainwater for
15-20 mirutes in a corningware dish or other type of heat-resistant kitchen glassware -
do not use metal pans. After the water has cooled to room temperature, it may be
added to the dirt a few drops at a time until the dirt is just moigt.

Temperature: Bipalium kewense seems to tolerate a fairly wide range of tem-
peratures. If possible, they should be kept at temperatures ranging from 60° F. -~
90° F. They will survive 2t near -freezing temperatures, but do not regensrate or grow
as rapidly at these temperatures.

Food: Bipalium kewense, 5 or more inches in length should be fed a whole, Iive
earthworm about once every 6-10 days, depending on the temperature and sizes of the
planarian and earthworm. They tend to eat more often at higher temperatures. Smaller
Bipalium may be fed cut pieces of earthworm. There are two methods to insure that
the smaller Bipalium will eat: (1) an earthworm with & body diameter approximately
equal to the body of the Bipalium shouid be cut into pieces less than or equal to the length
of the Bipalium, and one of these pieces placed in contact with the Bipalium, (2) If
large and small Bipalium are in the same container, the large planarian may be fed a
very large earthworm (or two earthworms). After the large Bipalium has coiled around
the earthworm, the smaller ones can craw! onto the earthworm and eat part of it.

Although many species of planarians are cannibalistic, we have never observed
any instances of cannibalism, even when small Bipalium have been kept in the same
containers with large Bipalium which have not been fed for two weeks or more.
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IMPORTANT: Remove undigested portions of earthworms by changing the dirt
o day or two after feeding.

Reproduction: In temperate zones, Bipalium which are around 8" or 8" in length
or longer will generally drop one or two tail sections a few days after feeding. These
lail sections will be anywhere from 3/8" to 1 1/2" long and can crawl around under their
own power. After several days or a few weeks, the dropped tail sections will regenerate
su that they have the shape of the adult Bipalium, although they will still be small in
size. After the regenerated pieces have an adult-shaped head, they can be fed small
carthworm pieces. Until the head is regenerated, they will not eat.

Handling: Bipalium kewense is handled easily by using two small wooden sticks
or dowels to pick up the planarian. The sticks are gently rolled under the planarian to
pry it loose from the surface of the dirt or container. Two sticks are necessary to
move the larger planarians. The sticks should not be sharp -pointed, since this could

result in injury to the planarian.

Problems: If the planarians tend to stay on the tops and sides of the containers,
the dirt may be too moist. In this case, mix in some dry dirt. If the dirt looks damp.
it is generally all right. If some of the planarians seem to dissolve into z jelly-like
mass and die, the dirt is far too moist and should be made drier.

If smaller planarians tend to disappear, the tops of the containers are loose, the
air holes are too large, or they have starved to death. To correct this problem, refer

again to the directions above.




et A A AL A B A A 40 A 40 A A B A A A N N B B

sf

BEFERENCES

Bardeen, C.R. The function of the brain in Planaria maculata. Amer. J. Physiol. ,
1801, 5. (Cited in Hyman, 1951).

Barnwell, G., L.J. Peacock , and R.E. Taylor A light-dark discrimination problem
with terrestrial planarians. Worm Runner's Digest, Oct. 1964, VI (2), 52-53.

Barnwell, G.M., L §. Peacock., and R.E Taylor. Behavior of a land planarian,
Bipaiium kewense. Paper presented at Southern Society for Philosophy and
Psychology convention Atlanta, Georgia, April 15-17, 1965. (A typed version of
this is not yet available, but will be in the future.)

Hyman, L.H. The Invertebrates: Platyhelminthes and Rhynochocoela. Vol. II. New
York: MeGraw-Hill, 1951, {(Biological information)

Kepner, W A., and A. Rich. Reactions of the proboscis of Planaria. J. exp. Zool.,
1818, 26, 83-100.

Kew, H.W. On the slime threads of planarian worms. Naturalist, Oct. 1. 1900, 307-
317,

Koehler, O Beitrage zur Sinnesphysiologie der Susswasser~-planarian. Ztschr. Vergl.
Physiol, , 1932, 16. (Cited in Hyman, 1951).

Lehnert, G.H. Beobachtungen an Landplanarien. Arch, Natuzrgesch., 1891, 58, 306-
350.

Levetzow, K. Beitrage zur Reizphysiclogie der Polycladen. Ztschr. Vergl. Physiocl. ,
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AN ANNOTATED BIBLICGRAPHY OF
EA

RES RCH ON PLANARIANS

Compiied by
Ursula Mosler, Margsret L, Clay and James V, McCennsall

One of the most important personalily traits a good scientist can possess is an
enthusiasm to get inte the laboratory and gei things done. Without this necessary urge on
the scientist’s part, few experiments would ever be underiaken and fewer still ever fin-
ished. Bui no behavioral scientist can undertake adequate research withoutf having at
least a minimal amount of bagkground knowledge about the animais with which he will be
working and without knowing a great deal about the sorts of results that other experiment-
ers have gotten in the past when working with the same organism. To many young scientists,
1 fear, the very idea of library work, of boning up on "past history, ' is distressing. Un-
fortunately, library work simply cannot be avoided, and that's that. Scientific journals
are not ususlly found in high school libraries, however, and if may take some ingenuity
for the beginning behaviorist to obtain access to many of the more esoteric or unusual
pericdicals. The wise scientist learns the following rule early in life, though: take all
such problems to the nearest librarian! That's what librarians are there for, and if your
own library doesn't have the book or journal that you need, perhaps a loan can be arranged.
Then, too, most universities and colleges will give high schoeol students access to their
books and journals if the student is sponsored by one of his feachers or by the high school
librarian. Whatever the case, the young sclentist can save himself a tremendous amount
of time and effort by becoming thoroughly grounded in ''the literature' belfore he begins

his own experimental work.

For a aumber of years now, the WORM RUNNER'™ DIGEST has published in esch
issue an YAnnoizted Bibliogrzphy of Research on Planarians,’ covering not only the fields
of behavior and regeneration, but genetics, morphelogy, physiclogy, ete. This continuing
bibliography is perhaps the most complete and up-to-date of any such in the world, partic-
ularly as far as behavioral studies are concerned. Most of the important references the
starting psychobiologist will need are described in the following pages of the MANUAL.

As far as general references are concerned, Hyman's many writings on the piaty-
helminths are classic, although they are perhaps a little out of date at the present time,
A student interested in regeneration should read the writings of Bréndsted, Wolfe, Stephan-
DuBois, Lindh, and the Sengals perhaps above g1l others. Allan L. Jaccbson's 1863 and
1985 surveys of the various experiments involving learning in planarians is a "must" for
anyone planning to undertake behavioral studies. In the summer of 1964, a conference on
"Learning in Invertebrates” was held in Cambridge, England. The several papers on
planarian behavior presented at this meeting were published as a special supplement of
the journzl Animal Behaviour in the summer of 1965, We have listed each paper in this
supplement separately in the following bibliography, but the seriocus student will want to
obtain the entire issue, As we mentioned in the Preface to this Manual, a further con-
ference on invertebrate behavior (and the chemistry of memory) was held at Michigan
State University in September of 1966. This latter conference, perhaps the most product-

ive ever held on lesrning in planarians and other simple organisms, should appear as a
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book edited by William Corning and Stanley Rainer {published by Plenum Press) some
time in 1867. Anyone interestsd in the controversy surrounding the planarian literature
should make every effort to procure the book as soon as it appeaxs.

And, of course, all the back issues of the DIGEST itself arve well worth plowing
through; the amount of material to be found in these back issues is incredible.
The references themselves listed in the following bibliography are divided into
iwo groups--articles on behavicr, and articles on physiology, etc. Almost all of the
papers dealing with the behavior of planarisns are shstracted or annotated; only the most
important articles, from a behavioral point of view, dealing with other aspects of plan-
ariang are summarized, For the most part, we have simply printed the "abstract' of
the article written by its authors; In some cases, however, we have made comments about
the materizl presented. The undersigned accepis full responsibilities for these comments.

Good reading!

James V., McConnell
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Agoston, Zva. Learning and regeneration in the planarian. Worm Runner’s Digest, 1880, 2(2),

Results show a retention of the conditioned response (light/shoci conditioning) following
cutting and regeneration, the head regenerates showing better retention than the tails, Head or
tall regenerates from anterior portions of trained animals showed greater retention than did

regenerates {rom posterior portions.

Austad, E. A preliminary attempt at focd-reward conditioning in planarians. Worm Runner's
lyigest, 1865, 7(2}, 41-45,

A replication, with controls, of Van Oye's classic study (1920) showing that worms could
be "shaped" to take an unusual path to get to food reward.

Baker, J.J.W. On the question: are planarians able to learn? Worm Runner's Digest, 1963,
541y, 30-34.

First report of a study performed in 1952 (prior to the work by Thompson & McConnell}
indicating that planarians could learn and retain such learning for at least short pericds of time,

Barnes, C. D, & B. G. Katzung. Stimulus pelarity and conditioning in pianaria. Science, 1983,
141, 729,

A more complete account of their work reported earlier in the DIGEST showing planarians
learn when shocked when headed toward the cathode but not when headed towards the anode.

Barnes, C. D. & B. G. Katzung. The use of monopolar electrical shock as the UCS for condition-
ing planarians. Worm Runner's Digest, 1963, 5(2), 47-50.

Animals shocked when approaching the cathode iearned; those shocked when approaching
the anode falled to learn, in a light/shock conditioning experiment.

Barnwell, G. M. The role of encephalization in the feeding behavior of a land planarian, Bipalium
kewense, Worm Runner's Digest, 1966, §(2), 41-47,

A decapitated Bipalium kewense can successfully atiack, capiure and est earthworms.
Encephalization plays a role in the attack and feeding behavior, but is of such a rudimentary nature
that possession of g head is not a necessary requirement for successful attack and feeding behav-

ior fo cceour,

Barawell, G, M., L. J. Peacock, & R. E. Taylor, A light-dark discrimination problem with
terrestrial plansrians. Worm Rumner's Digest, 1964, 6(2), 52-53.

An attempt to train land planarians failed due to deaths of all the experimental subjects,

Baxter, R. Classical conditioning in the planarian. Unpublished masters thesis, University of
Florida, January, 1961.

An experiment was performed to determine whether or not an unambiguous differentiation
could be made between classical conditioning and pseudo-conditioning in planarians., A further
purpose of this study was to evaluate what effecis two different levels of both CS and US intensity
would have on the establishment of conditioning and subsequent extinction rate,

The analysis of the data of the acquisition phase of this study showed 2 significant differ-
ence between the conditioning group and the pseudo-conditioning group. It was concluded that
classical conditioning had been demonstrated. Difference due to intensity variation of both the
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C8 and the US were found to be significant, That these effects did not interact with the difference
between the two pairing-groups suggested that CS and US intensity are both parameiers of per—
formance rather than of the conditioning process,

On the basis of the extinction data, a conclusion was reached that in the conditioning pro-
cesg the C3 lost its intrinsic response-producing functions and became a cue for the responses
which were observed. In the pseudo-conditioning group the C8 maintained its functions as s
drive-arouser or response-producer and continued io elicit, not conditioned responses, but, un-
conditioned responses, :

Baxter, R. & H. D. Kimmel. Conditioning and extinction in the planarian. Amer, J. Psvchol,

1963, 76, 665-669,

When compared to pseudo~conditioning controls, planarians given light/shock condition-
ing showed learning during acquisition trials. However, extinction proceeded so rapidly that
no significant differences were noted during extinction training.

Beauchamp, R.S.A. The rate of movement of Planaria alpina. J. exp. Bicl., 1835, 12, 271-85.

(1) The rate of movement and the length of the periods of activity of Pl. alpina are in-
creased by raising the temperature, except at very low temperatures,

{2} The normal rate of movement appears to be controlled by a balance between two
nervous processes, one being excitatory, the other being inhibitory.

(3) The inhibitory process is broken down at the higher temperatures before the excitatory
or muscular mechanisms are damaged.

{4) Starvation may lead to a slight increase in the raie of movement.

{6} External stimuli affect the rate of movement.

(6} The chemo-receptors are situated on the extreme anterior border of the head.

{7) The effect of temperature on the normal rate of movement gives no information re-
garding the chemical reactions responsible for muscular contraction.

{8y Pl. alpina cannci tolerate indefinitely temperatures higher than 12 degrees C.

(9} Under natural conditions Pl. alpina is never found at temperatures above 5 degrees C,

Bennett, E. L. & M. Calvin. Failure to train planarians velizbly. Neurosciences Research
Program Bulletin, 1964, July-Augusi.

A report of several studies involving various types of training in planarians. Although

significant learning was found in many cases, and technical problems marred several studies,
the authors believe that while planarians could be trained, their behaviour was so erratic that
they were not suitable for studies on the bicchemistry of memory, See also J. V. MeConnellls
"Reply™ to this paper.

Best, J. B. Behaviour of planaria in instrumentsal learning paradigms. Animal Behaviour,
Supplement 1, 1965, 88-75,

A "Cambridge Conierence'' paper. See introduction to this bibliography.

Best, J. B. Diurnal cycles and cannibalism in planaria. Science, 1860, 131, 1884-18835,

Dugesia figrina aftacks Cura foremanii under ceriain circumstances. The lengih of
ast prior to the aitact and diurnal rhythms are involved in evoking such behavier.

Best, J. B. Protopsychology. Sci. Am., 1983, 208, 55-64.

A review of planarian resezrch from McConnell and Thompson to date, with emphasis on

the relevance of this research to whether the vertebrate brain is necessary or only sufficient to

P

roduce motivated, flexible hehavior. Best!s own research with flatworms in mazes is dis-

cussed at length, and detalied pictures are included of the apparatus and procedurs used. He
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cresents evidence that “psychological’ behavior patierns seen in vertebrate forms during
learning avre replicable with planarians {i.e. lethargy, anxiety and conflict behavior). Best
suggests that there are proitopsychological properties al a cellular or subcellular level of
organization within even primitive animal forms.  Better understanding of these, he coniends,
will shed new light on the ultimate structure of the human brain and the true role of nerve gir-

cuitry in this structure.

Rest, J. B. & E. Elshtain. Biophysics of unconditioned response elicitation in planarians by
«iric shock, Worm Runner’s Digest, 1968, 8{1), 8§-24.

A mathematical description of the best parameters of UCS(shock) to use in conditioning
experiments.
Rest, J.B. & I. Rubenstein., Environmental familiarity and feeding in the planarian. Sciencs,
62, 135(3507), 916-918.
tend to delay feeding In environmental

Planarians, in common with higher animals,
conditions to which they are not habituated.

Best, J.B. & . Rubinstein., Maze behavior of planaria. Worm Rumner’s Digest, 1981, 3(13,

lanarians can be trained to approach either the lighted or the dark arm of a dry Y or
delta maze using water as a reward. Performance is betier if the animals are given zccess to
a large space in which to locomote freely between frials than if they are confined to the arms

of the maze.

7
3

Best, J.B. & I. Rubinstein. Maze learning and associated behavior in planaria. J. comp.
phvsicl, Psychol., 1862, 35, 560-566.

Planarians were trained in simple two-choice deltz and Y mazes in which removal of
water was the incentive to ‘'run' the mage, its restoration the reinforcement for a correct choice,
and light and darkness the cues. Some were reinforced on the lighted and scme on the darkened
aliernative. Both exhibited an initial phase of enhanced preference for the reinforced alternative,
These results are not derived from sensitizationor desensitization to light or water, nor from
accrial of substances in the water, nor from spoors of previous passages. The decrease in
correct chelces was followed by a lethargic state which was not the result of fatigue or injury.
Phenomena resembling vicarious trial and ervor and conflict behavior were observed,

Seven S8 were subsequently fested In either z vim maze or dual maze, modifications of
the Y maze. No rejection of the reinforced alternative or lethargy was observed in the rim maze,
which made a larger chamber available to 8 between triais. Inthe dual-maze situation, one 3
learned ic choose the lighted alternstive in 2 ¥ maze with rough well walls and the dark alternative
in one with smooth well vvalls, and showed neither rejection of the reinforced aliernative nor

lethargy.

Brown, F. A., iT. An orientational response to weak Gamma radiation. Biol. Bull., 1963, 125

{1} The common planarian worm Dugesia dorotocephala, displays a significant orientational

responsg o increase in Cﬁ:léf gamma radiation when the increase is no greater than 6 times

hackground.
(2) The worms are able {¢ distinguish the direction of the weak gamma source, turning

away from it, whether if is presented on the right or lefi side., The response sign is, therefore,
the same as that of the response of these negatively pi‘.ototactic worms to visible light.

(3) There iz a clear compass-directional relationship of the responsiveness to the experi-
menial gamma radiation. A conspicucus negative response is present when the worms are
traveling northward or scuthward in the earthis field with the gamma change in an sast-west axis.
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P : No statistically significant mean turning response 1o the gamma radiation is found when the
worms are traveling eastward or westward in the earth’s fleld with the gamma change in =

north~-south axis. ‘
(4} The previcusly observed annual fluctuation in the character of the menthly orientational

S} rhythm of north-directed worms has been confirmed in an additional year of study. During cold-
? 0 er months, the rhythm is monthly; during warmer months it is semi-monthly.
bR : (5) There is a semi-monthly fluctuation in the response of Dugesia to weal gamma radia-
S tion during mid-morning hours, the worms turning away irom the sourece for four days prior io

new and full moon, and toward it for two days following new and full moen. The stronger the
figld strength, up to 9 times background, the larger the amplitude of the rhythm.

(6) There is a direct relationship between intensities of gamma radiation between fhat of
background and ¢ times background, and the strength of the negative response of the worms. '

() Evidence suggests that the negative response of Dugesia to gamma source may be
modified by experimental alteration of the natural ambient elecirostatic fleld,

(8) Some possible biological significances of this remarkable Tésponsiveness 1o gamma
radiation, and its particular properties, are discussed briefly.

Brown, F. A. Response of the planarian, Dugesia, to very wealk horizontal electrosiatic fields.
Bicl. Bull., 1982, 123, 2382-294,

(1} The planarian Dugesia is able, even while in water, to perceive a change of 2 volts/

em. in electrostatic gradient in the surrounding air.
(2) There is reason o presume that in order to show this response the organism is
responding to differences in ambient static gradient of the order of fractions of a microvolt per

CIll.

{3) The strength and character of worm response to a right-angle potential change are

related to the direction the worm is oriented in the earih’s geographic field, and o time of day.
(4) A field-change in South-bound worms in the morning effects clockwise turning. A

similar field-change for North-bound worms effects counterclockwise turning. In the afternoon

the relationship of electrostatic response to geographic direction is essentially the mirror-image

of that in the morning.

(3) Dugesia is zble to distinguish the direction of a gradient across its body.

(8) A few of the possible significances of these findings are discussed briefly.

Brown, F. A. Responses of the planarian, Dugesia, and the protozoan, Paramecium, o very
weak horizontal magnetic fields. Biol. Bull., 1962, 123, 164~181.

(1) The orientational response of the planarian, Dugesia, at a given iime of solar day
undergoes what appears to be a semi-monthly or monthly fluctuation, probably a consequence
of the possession of a lunar~day rhythm in respoase to some compass-~directional factor,

(2) The monthly rhythm of the planarian, Dugesia, is modifiable by & weak magnetic field.

{3) The monthly rhythm appears to undergo an annual modulation.

(4) Dugesia exhibits a response to weak magnetic fields in the range of 0.17 to 10 gauss.

(8) Dugesia differentiates between a horizontal field parallel fo the long axis of the body
and a field at right angles, and between N and S poles, and, furthermore, is able to resolve inter
medizie angular orientations of field with remarkable precision.

(8) The response of Dugesia aliers its character in passing from = field close to the
earth's strength to one as little as 10 gauss, suggesting the perceptive mechanism to be specifi-
cally adapted to such a weak field as the geomagnetic one.

(7) There is suggestive evidence that the protozean Paramecium also responds to very

weak magnetic fields.
(8) Some possible roles for organisms of such astounding responsiveness to very wesk

magnetic fields are discussed briefly.
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Brown, F. A., jr. & Y.L.H. Park. Seasonal variations in sign and strength of Gamma-~taxis
s opdinarians.  Nature, 1864, 202{4%3D, 469-471.

. ..The svidence presented here, together with that offered earlier, cleariy indicate
thai an informationzl input reflecting changes in the externsal environment is available in
terms of gamma radistion to at least two widely different kinds of organisms, mud-snails
and planarians, and probabiy fo living things in genersl. Along with such other stimuli such
as light, sound, and odors, therelore, gamma radiation is a poiential modifier of biclogical
systems and activities, WNo attempt has been macde as yetl to discover pessible normal ecclogical,
physiclogical, or behavioral significances of this newly disclosed sensory inflow. # could,
concelvably play subtlie bul imporiant parts in still unexplained aspects of such phenomena as
biological clocks, animal homing and navigstion, and human behavior. .. "

Brown, H. J., ir. Photoreversal of the light-response decrement in planaria due to ulira-
wvioiet light. Am. Psych., 1984, 19, 484,

The purpose of this study was to determine the effects of 2, 800 A and photorestorative
light, known to affect celiular mucleic acids, on the behavior of planarians. Nine groups of
conditioned and naive worms were used. Three groups each received either ultraviolet light
or ultraviclet pius photorestorative light and 3 groups were used as controls. Worms in 8§ of
the groups were bisected and zllowed o regenerate 2 weeks. Resulis disclosed that worms
exposed to ultraviolet light alone took more extinction trials than controls or those exposed
to ultraviclet and photorestorative light. However, tzils consistently showed the greatest
response decrement forcing the interpretation that shert regeneration periods and lower light
intensities (480 ft-c) used to test retention reveal intrincis differences in head and tail regen-

erates and can confound treatment variablies.

Brown, H.M., R, E. Dustman & £. C. Beck. Experimental procedures that modify light
response frequency of regenerated planaria. Physiol. and Behavior, 1966, 1(3), 245-8,

These authors abstract their paper as follows: 'Experimental variables that affect the
response of planarians to light (& measure of planarian "learning’) were investigated, Plan~
arian length and conditioned stimulus illuminance were found to have an effect on light re-
sponse frequence. The origin of regeneraied planarians along the central axis of the original
worm also had an effect on response frequency. At a moderate level of C8 illuminance (500
it-c) the light response freguency of planarians regenersated from head segments was greater
than that of tail segments. When the illuminance was 1000 fi-c, the performances of head and
tail segments were indistinguishable. It must be pointed out, however, that all experiments
reported in this paper were performed in clean (i.e. unslimed) troughs, and their resuits are
similar to most other experiments in which clean troughs were used; that is to say, the sbsence
of slime so sensitizes planarians in a light/shock conditioning paradigm that any learning that
might take place is masked by the animals' great sensitivity to light.

Clay, Margaret, The feeding and care of planaria {Dugesia tigrina and dorotocephala),
Worm Runner's Digest, 1959, 1(1), 8-5,

An early description of how to care for planarians.

Clay, Margaret L. Preliminary report on project "glewworm®., Worm Runner's Digest, 1859,

A description of the effecis of lonizing radiaiion on planarizn behavior,

Clay, Margaret L, Project "glowworm' revisited, Worm Hunneris Digest, 1860, 2(2) 42-44,

The LD~-50 (30 days) for Dugesiz tigrina is found to be between 800 and 700 rosntgen,

under the conditions described.
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Clay, Margaret L. The sags of "project glowworm' chapier II. Worm Runnper's Digest, 1881,
3{1}, 28-30.

The effects of ionizing irradistion on classical conditioning in planarians zre complex
and varizble, Sub-lethal doses appear fo improve performance if the animals are trained
within 10 days after dosage but to retard learning if the training is given 2 months after ir-
radiation.

Cohen, E. An experiment in grafting planarian bedy parts. Worm Runner’s Digest, 1964,
6{1), 65-67.

The size as well as the type of grafi tissue used is important in determining the success
of the graft and the specific nature of the grafied animal.

Cohen, E, Grafting planarian tissue. Worm Runner’s Digest, 1865, 7(2), 51-53.

A description of grafting technigues useful for working with planarians.

Cohen, J.E. Diurnzl cycles and maze learning in planarians. Worm Hunner's Digest, 1865,
7(1), 20-24. i

Planarians trained in a T-maze learned better in the morning than In the evening.

Cordaro, L., & J. R. Iscn., Psychology of the scientist: X. Observer bias in classical
conditioning of the planarian. Psych. Reports, 1963, 13, 787-783.

An experiment purporting to show the susceptibility of planarian research ic obssrver
bias. '

Corrning, W.C. A preliminzry report on the effects of RNA-ASE on retention in the flatworm.
Worm Runner's Digest, 1960, 2{3), 85-97.

RNA-ase appears to destroy retention of the CR (light/shock conditioning} in regener-
ating tails, but not in heads. A preliminary report of work later publishéd by Corning & John,
1961,

. Corping, W.C. Evidence of right-left discrimination in planarians. J. Psgych., 1964, 58, 131-
139,

The ability of planarians to perform a right-left discrimination has been examined. It
was observed that 10 of 17 irained subjects were ghle to achieve a criterion of nine out of 10
correct responses, while none of the 18 control animals succeeded in atiaining the same level
of performance, However, the subjects of both the trained and the control groups displayed
a marked tendency to shift their turning preference, suggesting that some factor peculiar to
the maze situation prevents response stabilization.

Corning, W.(. Evidence of right-left discrimination in planarians, Worm Runner's Digest,
1964, 6(1), 89-94,

Planarians ¢an be trained to pick either the right or the lefl hand alley in a T-maze,
but their long-term behavior in the maze tends to be somewhat unsiable.

Corning, W. . Retention of a position discrimination after regeneration in planarians.
Peychon. Sci., 1968, 5(1), 17-18.

When planarians are trained in a right-left discrimipation and then seciioned, both the
anterior and nostericr portions demonstrate reteantion of the discrimination afier regeneration.
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In sebsequent retraining trials these s also require fewer trials to reach eriterion than the
original §s. Control groups indicate that the retention levels are comparable to those of
trained uncut animals and that regeneration by itself does not facilitate learning.

Corning, W. C. & E. R. John. Effects of ribonuclease on retention of conditioned response
o repenerated planarians. Science, 1961, 134(3487), 1363-1365.

Conditioned planarians were iransected and allowed to regenerate in a ribonuclease
solution or in pond water. Heads which had regenerated in ribonuclease displayed a retention
level equal to that of head and tail sections which had regenerated in pond water. However,
tails regenerated in ribonuclease performed randomly although they could be retrained to

critérion.

Cornwell, Gretchen, P. Cornwell, and Margaret Clay. Retention of a conditioned response
isliowing regeneration in the planarian. Worm Runner’s Digest, 1961, 3(1} 34-38.

A replication of the original study by McConnell, Jacobson & Kimble showing retention
of a CR following cutting and regeneration. The tails showed significantly greater retention
of the CR than did the heads, although the heads themselves showed significant retention when
compared io the original animals, Extinction trials given during regeneration reduce the sav-

ings considerahbly.

Corawell, P. An atiempted replication of studies by Halas et al. and by Thompson and McCon-
nell. Worm Runner's Digest, 1981, 3(Z), 91-88.

Thompson and McConnell had shown classical conditioning in planarians by measuring
acquisition during training trials. Halas et al. measured resistance to extinction and found
little evidence of retention, but their training procedure differed significantly from that used
by Thompson and McConnell, In the present study, it is shown that both sets of data are
repiicable if the procedures used by both groups of experimenters is followed exactly. The
method of testing learning used by Halas et al. is therefore open to severe guestion.

Cornwell, P. Classical conditioning with massed trials in the planarian. Worm Runner’s
Digest, 1960, 2(2), 34-39.

In brief, massed training appears to sensitize planarians to the onset of light, while
spacing the trials does not appear to do so.

Cornwell, P. A preliminary study of pseudo-conditioning under conditions of massed stimula-
tion in the planarisn. Worm Runner's Digest, 1860, 2(3), 101-108.

Repeated trials of shock alone lead to an increased sensitivity to light if the shock trials
are massed, and if no intervening trials of light are imposed. Sensitizalion does not seem io

ocour if intervening irials of light are given. Light alone does not seem o cause sensitization

to further trials of light.
Cornwell, P. & Gretchen Cornwell. The effects of vibration as the UCS in the conditioning of
planaria. Worm Runner's Digest, 1860, 2(1;, 5-6.

Strong vibration can be used as an unconditioned stimulus instead of shock. Learning

oceurs, but less reliably than if shock is emplioyed as the UCS.
Cornwell, P. & Gretchen Cornwell, Inter-judge
in the planarian, Worm Runner's Digest, 1860, Z(3), 11i8.

Inter-judge agreement varies betwsen 80-1 00%, being highest {abou
arians are responding vigorously towards the end of training.
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Cornwell, P. & Gretchen Cornwell, Planaria running procedure. Worm Runner's Digest, 1958,

A description of the training procedure used in pre-1960 planarian studies.

Coward, §.J. Grafting techniques for planariansi. Worm Runner's Digest, 1865, 7{i}, 13-17.

A short piece demonstrating techniques for various Lypes of grafts in planarians.

Coward, S5.J. A technique for the proper fixation of planarians. Worm Runner's Digest, 1566,
823, 37. '

Crawford, F.T., F. J. Xing, & L.E. Siebert. Armino acid analysis of planarians following
conditioning. Psychon. Sci., 1963, 2, 45-50.

Four groups from a study of partial reinforcement effects upon classically conditioned
planarians were subjected to amino acid analysis. Results of the amino acid anzlysis were
found to have significent correlaticns with behavioral measures.

Crawford, F.T., & L. W. King. Spontangous recovery of a classically conditioned response by
planarians. Psychon. Sci., 1966, 6(9), 4278,

Thirty flatworms, Cura foremanii, were classically conditioned with light and shock,
Ss were given acguisition iraining of 20 trials a day for 5 days and then were divided into 2
matched groups. One group was given 40 extinction irizls on day 6. The other group was given
20 extinction triazls on day & and 20 extinction trials on day seven. Spontaneous recovery of
the response wae demonstrated by significant differences between the groups as a result of the

24-hour delay in extinction trials.

Crawford, F. T., P. A. Livingston & F. J. King. Distribution of practice in the classical
conditioning of planarians. Psychon. Sci., 1966, 4i1), 28-30.

Eighty Ss were divided into four groups receiving training conditions of either light or
shock, light paired with shock, or neither light nor shock. Half of each group were given trials
30 sec. apart and the remainder were given trizls 60 sec. apart. Conditioning occurred only
among §s given paired light and shock with spaced training producing significantly greater con-
ditioning. Half of all 8s were then given either massed or spaced extinction trials. Massing
and spacing of acquisition trials were found to he of more significant influence upon rate of
extinction than were the massing and spacing of extinction trials.

Crawford, F. T., P. A. Livingston, & F. J. King. The effect of massed and spaced irials
upon the ¢lassical conditioning of planaria. Am. Psvych., 1964, 19, 485.

See report of same authors in Pgychonomic Science, 19686,

Cummings, 8. B. & €. C. Moreland. Sensitization ve. conditioning in planaria: Some method-
clogical considerations. Amer. Paychol., 1958, 14, 410.

An early study involving classical condilioning in planarians . Significant differences ob-
tained between experimental and control groups, aithough conditioned inhibition seems a more
likely explanation of the results than does ciassical conditioning.

Davis, G.R. Memory loss through retrograde amnesis in the planarien. Worm Runner's Digest,
1983, §{2), T7-84,

As is the case with rats, planarians given electroconvulsive shock immediately after
training show retrograde gmnesia, shock applied several hours after training has no effect.
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Twenty planarians of each of two species were run in a light-dark apparatus. In addition
to morphological differences between the two species, there were found to be highly significant
differences between the species on the percentage of time speni in the light. Two measures

were used with paralle!l resuits.

Denaro, J. Factors retarding and accelerating regeneration in planaria, Worm Runner's

Digest, 1861, 3(2), 102-111.

Aleohol, caffeine, paregoric and thyroxin apparently speed up regeneration, while
lowering the temperature or use of chloral hydrate retards same. Only one planarian per
condition was employed. :

Dilk, ¥. Ausbildung von assoziationen bei Planaria gonocephala. Z. vergl. Physiol., 1937,
25, 47-82.

An early study of planarian behavior. Although the author concludes that learning was
demonstrated, not enough controls were employed to justify this conclusion.

Erchart, E. An informal report on two heads being better than one. Worm Runner's Digest,
1969, 2(3), 92-94.

Two-headed planarians acquired a classically conditioned response (light/shock condition-
ing) faster than normals or surgical contrels.

Ernhart, E.N, & C. Sherrick, Jr. Retention of z maze habit following regeneration in planaria
(D. maculata). Paper read at Midwestern Psychological Association, St. Louis, May, 1959,

Planarians were trained in a two-unit T-maze, then cut in half and allowed to regen-
erate. Heads and tails showed equal, significant retention of the maze habit following regen-

eration.

Ewald, D.A. Factors affecting the acguisition and retention of conditionad responses in planaria.
Worm Runner’s Digest, 1980, Z{2), 50-5Z.

Light-shock conditioning proceded faster in animals given blocks of 20 trials, each
block 12 hours apart, than in animals given blocks of 10 trials, each block 3 days apart. Trained

1

animals were superior to light control, shock control and 'response’ contrel animals.

Fantl, 8. & J. A. Nevin. Classical discrimination in plararians. Worm Runner's Digest, 1965,
7(2), 32-34,
Planarians presented with one conditioning stimulus (light or vibration} that was paired
with shock showed a higher response rate to the CS than to a neutral stimulus presented as
many times but not paired with the shock. The planarians apparently could discriminate between
the two previously neutral stimuli and respond appropriately.

e

Feldman, E.J. &. P.J. Capretta. Post conditioning delay and memory transfer through can-
pibalism, Worm Runner's Digest, 1965, 7{Z), 35-40.

Untrained cannibals were fed trained worms, the feading taking place either immediately
after donor animals were trained or 2 week later, While 2 Vtransfer’ effect was found, it made
litile difference whether the freshly trained worms or worms that had sat for a week after train~
ing were used,
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Tried, C. & 8. Horowitz., Ceoniraction--a leaRNARle response. Worm Runner’s Digest, 1864
3 £y = 3 E)

8(2), 3-8,
Injecting untrained planarians with RNA extract taken fromn trained planarians facilitates
learning, while injection with yeast RNA or with trained RNA hydrolyzed prior to injection has
no facilitatory effect, Injecting trained planarians with RNA~ase destroys the memory trace

Fuchs, A., R. Harrington, R. Lariviere, & T. Robinson. Degree of learning and degree of
memory transfer in planarians. Worm Runner's Digest, 1966, 8(z), 28-31.

Donor planarians were given various amounts of classical conditioning training prior
to being fed to naive cannibals. The cannibals were subsequently irained. In general, the
more training the donors had been given, the greater the "cannibalistic transfer of training.”

Godwin, J. Planaria regeneration as affected by temperature and chemicals., Worm Runner's
Digest, 1960, 2(3), 109-111,
Planarians regenerate move rapidly in warm than in cold temperatures. Celchicine
appears to retard asexual reproduction in planarians.

Griffard, C. D. Classical conditioning of the planarian Phagocata gracilis to water flow,
J. comp. physiol. Psychol., 1863, 86, 597-800.

Planarians can be trained using onset of water flow instead of shock as UCS.

-\ ! Griffard, C. D. & J. T. Peirce. Conditioned discrimination in the planarian. Science, 1964,
44(19 June), 1472-3.

To demonstrate classical conditioning in the planarian in a situation uncontaminated by
the possible artifacts of pseudoconditioning or sensitization 30 Phagocata gracilis were success—
fully trained, by the use of directional shock as the unconditioned stimulus, to turn in one dir-
ection to a light, and in the opposite direction to vibration. Ten similarly trained planarians
tested by an independent observer who did not know the previous training conditions experienced

by any animal showed similar results.

Ealgs, E.S., R. L. James, & C. Knutson. An atiempt at classical conditioning in the planarign,

J. comp. physicl. Psychol., 1962, 55, 568-971.

The purpose of the present experiment was to reproduce the results of the Thompson and
McConnell (1955} study, which indicated that classical conditioning could be established in plan-
arians. The present experiment divided 48 planarians into an experimental group, a light con-
trol group, a shock control group, and & normal response control group. The resulis agree in
general with Thompson and McConnell’s, but it is suggested that reflex seusitization is a more

tenable interpretation of the data.

Halas, E.8., R.L, James, & L.A. Stone. Types of responses elicited in planaria by light.

J. comp. physicl. Pgych., 1981, 54(3), 302~305.

The present study was undertaken to determine the type and number of responses elicited
in planarians by light. Four groups of animals were given 150 training trials under four differ-
ent conditions: (a) light-shock pairing, (b) light-no shock, (c} no light-shock, and (d) no light-
no shoek., After 18to 22 hr. of rest, these groups were given 25 test trials to light to deter-
mine the number and types of responses elicited in planarians by light. A fifth group was used
25 a conirol o determine the number and types of responses emitied by planarians under normal
conditions. Tt was found that light was capable of eliciting two types of responses {a) cephalic
turning and (b) longitudinal body contraction. The turning response was preferred over the body

contraction.
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Halas, E.5., R. C. Mulry, R.C., & M. Deboer. Some problems involved in conditioning
cehanaria: electrical polarity. Psych. Reports, 1982, 11, 395-98,

Twenty planarians were randomly divided into two groups and then trained in 2 narrow
trough 1o approach & non-preferred light, Electrodes were mounted at each end of the trough.
For Group I, the elecirode at the right end was zlways negative whereas, for Group II, the
electrode at the right end was always positive. Planarians were found tc be more sensitive to
an electrical current when they were approaching the ancde as compared to when they were
approaching the cathode. Sensitiviiy was measured by the number of electrical shocks and
time reguired to induce the planarians to reverse their direction of travel. The findings
suggest that one or more variables are not properly controlled in studies attempting to
condition plansgrians,

Hartry, Arlenel., Patricia Keith-Lee, & W. D. Morton. Planaria: Memory transfer through
vinnibalism reexamined. Sciepce, 1964, 148, 274-5.

Planarians which have cannibalized unirained planarizns exposed to photic stimuli only,
handling ounly, or previous conditioning, all require significantly fewer trials in 2 conditioning
gituation than naive planarians.

It should be noted that this is the only cannibalism study so far published in which the
znimals were given massed conditioning triazls (approximately 150 trials all in one session}
rather than spaced trials. Whether this difference "makes a difference’ has not as yet been
determined,

Hovey, H. B. Associative hysteresis in marine flatowrms. Physiol. Zool., 1929, 2, 322-333.

Assoclative hysteresis has been demonstrated by the conditioned reflex method i the
flatworm Leptoplana. The animal is photokinetic. Through simultaneously exposing the worm
to light and preventing it from creeping forward, an inhibition of photokinesis was effected.
Light was the biological stimulus for movement, and contact was the biclogical stimulus for
prevention of movement. Light became also 2 conditicned stimulus for prevention of movement,
Thus light was conditioned to inhibit a response which it itself elicited, Experiments with worms
whose cephalic ganglia had been extirpated indicated that these organs took part in the learning.

Hullett, J.W. & M. J. Homzie. Sensitization effect in the classical conditioning of Dugesia
dorotocephala. J, comp. physiol. Psychol., 1966, 62(2), 227-230.

The authors found that the onset of light was an effective conditioning stimulus but, under
the conditions employed in this study, the offset of a continuous light was not an effective CS.
Those animals given "forward” conditioning trials with light-on as the CS learned, while none
of the several control groups given "backwards" conditioning trials showed any evidence of
learning.

Humphries, Barbara. Maze learning in planaria, Worm Bunner's Digesi, 1951, 3{(2}, 114-1184,

Preliminary work indicates that planarians can be taught a simple {(dry) T-maze, using
waler as a reward.

Humphries, Barbara M. & Reeva Jacobson. The effects of ingestion of conditioned planaria
on the response level of naive planaria. Worm Runner’s Digest, 1961, 3(3), 41-47.

A successful replication of the original "cannibalism' study. Additional evidence suggests
that the donor worms must be at peak performance when fed to the cannibals, however, or the
effect may fail.

000000000 20000000000R000AR R AARA AARAARMSRMSA S« o m o~



je]
[

Wil &

Humphries, Barbara & James V. McConnell. Factors affecting magze learning in planarians,
Worm Runner's Digest, 1964, 6(1), 52-59. .

Dlanarians learn z maze, or fail to do so, depending on how many trials per day they
are given, the number of days per week they are given trials, the intensity znd polarity of the
shock used and, probably, how often and when they are fed.

Ichikawa, 4. & M. Kawakatsu. Learning in planarians: A recent advancement. High Schoaol
T duesation Journal, 1966, 3{1), 3-4.

Jacobson, A.L. An attempt to demonsirate transfer of 2 maze habit by ingestién in planaria,
University of Michigan, dissertation, 1962.

Previous experiments have demonstrated that transfer of a classically conditioned
response can occur in planarians by means of ingestion of the tissue of trained planarians. In
these experiments, the learning involved was an assoeiation between light (CS}) and shock (UCS),
the the response was g cOnsSpPicUOUS muscular response. The present experiment attempted o
determine whether this same phenomenon, transfer by ingestion, occurs also in a maze-lgarn~
ing situstion.

DPlanarians were trained to turn to eithexr the right or left side in a single-unit, undii-
fereniiated T-maze. After an initial preference assessment, each worm was trained to its own
non-preferred side. Upon choosing correctly, an animal was immersed in its home bowl. If
it chose incorrectly, the animal was required to run the maze again, and again if necessary,
until it had ehosen correctly. After three consecutive incorrect runs on a given irial, the
animal was forced to the correct side and immersed in the home bowi. In addition, an incor-
rect choice resulted in the animal's being exposed to & brief burst of bright light.

When a given animal had satisfied a criterion of § correct choices out of any 10 consec-
utive trials, its training was terminated for a period of one week., At the end of this period,
retraining was instituted, and was continued until the animal attained the same criterion a sec-
ond time. Thereupon, that animal was cut into three pieces, and each piece was fed to an un-
trained cannibal worm. Concurrently, an untrained worm was caut and fed to other unirained
cannibals. This feeding process was repeated at several day intervals until each cannibal,
experimental or control, had eaten trained or untrained worms, respectively, a total of three
times. Training was then begun for the cannibal worms. All training was conducted 'blind",
i,e., in such & fashion that E did not know the group membership or past performance of any

of the worms.

her of trials to criterion, or number of initial correct responses, the

In terms of num
hypothesized difference between the groups did not oceur. This failure does not lead, however,
indicated that the habif

to a complete rejection of the original hypothesis. Datz on retraining i
established in the present experiment was an unstable one. It was thought reasonable o assume
that iransfer of a T-maze habit might well ocour if a more durable habit were employed.

Since classical conditioning in these animals is remarkably persistent, it is likely that a habit
of comparable stability can be established in the T~maze situation. Suggestions were made as

to how the present learning situation might be changed to prolong the performance of the learned

response,
Consideration was alsc given to other factors which might have been responsible for the

fzilure to find differences between the groups .

Jacobson, A. L. Apparatus. Worm Runner's Digest, 195§, 1{1), 1-2.
PR H H 5

A description of the apparatus used in pre-1960 planarian studies.

4

racobson, A,L. Chemical transfer of learning. Discovery, 1966, February, 11-186,

[

New experiments involve injecting brain material, principally RNA from trained znimals
into untrained animals. The resulting changes in the behavior of the untrained animazls support

a chemical explanationof memory.,
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Jacobson, A.L. Learning in flatworms and annelids., Psychol. Bull., 1963, 80, 74-94,

This article attempts an exhaustive review of the research purporting to demonsirate
behavioral modifications in earthworms, planarians, and related organisms. Studies are
grouped first according to phylum, and for each of the phyla considered according to certain
subcategories of learning: habituation, classical conditioning, instrumental learning, and
variability. Examination of the literature reveals that wheress sarlier work was often ill~
controlied, more recent research has for the most part been rigorous and convincing. If is
concluded that learning and related phenomens have indeed been demonstrated clearly in each
of these two phyla, and that research on these animals provides z promising means of investi-
gating the "molecular' basis of learning.

Jacobson, A.L. Learning in planarians: current status. Apnimal Behaviour Supplement 1, 1965,

A "Cambridge Conference! paper, See infroduction to this bibliography.

Jacobson, A. L., C. Fried, & 8.D. Horowitz. Planarians and memory: 1. Transfer of learn~
ing by injection of ribonucleic acid, IiI. The influence of prior extinciion of the RNA transfer effect.
Nature, 1966, 209(5023), 599-,

I, One group of planarians which received paired presentations of light and shock
developed a conditioned contraction response to the light. A second group which received
unpaired presentations of light and shock did not develop the response. Untrained planarians
injected with ribonucleic acid from the first group mads 2 significantly greater number of
responses to light than did planerians injected with RNA from the second group or from an
untrained group.

II. Two groups (1 and Z) of planarians which received paired presentations of light and
shock developed a conditioned contraction response to the light. The response to light in one
of these groups was then extinguished (to naive level) by giving repeated presentations of light
alone., A third group which received unpaired presentations of light and shock did not develop
the response to lighi, Three groups of untrained planarians were injected with RNA from
groups 1,2, and 3, respectively. Recipients from groups 1 and 2 responded at the same levsl
to the light, and both were significantly superior to recipienis from group 3.

Jacobson, A.IL. & Reeva Jacobson. Maze learning in planaria--a case history. Worm Rumner's
Digest, 1963, 5{1) 69-71.

The authors discuss ways of improving performance of planarians trained in various
types of mazes.

Jacobson, A.L. & J.V. McConnell. Research on learning in the planarian. Carolina Tips, 1962,

[
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|

A summary of the planarian literature to 1882.

Jacobson, Reeva. Resulis of studies of planaria. Worm Runner's Digest, 195¢, i(1), 10-12,

A summary of several planarian experiments prior to 1960,

James, R.L. & E.8, Halas. No difference in extinction behavicr in planaria following various
types and amounts of {raining, Psvch. Record, 1564, 14, i-11.

One hundred-twenty planarians were randomly divided into 12 equal groups. The experi-
mental groups were given 0, 150, 300, and 450 trials of paired light and shock. The light
control groups were given 9, 150, 300, and 450 trials of light. The pseudoconditioning groups
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were given 0, 150, 300, and 450 trizls of unpaired light and shock. After their respective
training procedures, all groups were given 5 exiinction trials on 4 successive days. Ansalysis
revealed that there was no significant difference among the groups.

James, R.L. & E.S. Halas. A replyto McConnell. Psych. Record, 1964, 14, 21-23.

The authors of the original article which reported no difference in extinciion behavior
reply to McConnell’s critical commentary of their work (which is listed elsewhere in this
bibliography). Their contention is that conditioning in planarians has not been adequately
demonsirated, and that experiments dependent on conditioning are therefore difficult io
to evaluate.

Jensen, D.D. Paramecia, planaria, and pséude—iearnings Animal Behav., 1865, 13 (Suppl. 1},
5-20. .
A "Cambridge Conference’ paper. Ske iniroduction to this bibliography.

John, E.R. Studies on learning and retention in planaria. In Brain Function, M.A. Brazier
{ed.), Vol. II, University of California Press, 1684, 181-83.

An excelleni replication of the early cannibal studies by Barbara Humphries, Reeva
Jacobson et z1. Jchr and his students fed trained planarians to untrained cannibals and con-
firmed the Toannibalistic transfer of training’ when classical conditioning was involved,
Giving the cannibals a second feeding during {raining increases the differences between contrcl

and experimental animais,

Kzbat, L. Transfer of training through ingestion of conditioned planarians by unconditioned
planarians. Worm Runner’s Digest, 1964, 8(1}, 23-27.

The planarians that ate a trained planarian responded more freguently to light stimuli
than the contro! worms that zie an untrained planarian,

Kauffman, R.R. & Margaret L. Clay. A radiation thinge" for project glowworm, Worm Runner’s

Digest, 1961, 3{3), 185-194.

Although the LD-50 (30 days) for Dugesiz lies between 500 and 1000 roenigens, for a
single acute dose, planarians may be given spaced dosages of up to 400 roentgens and survive
{or an indefinite period of time, although they may sceumuizte as much as 7000 roentgens over

this period of time.

Kawakatsu, M. Mailing of living plznarians. Worm Runner’s Digest, 1966, 8(1}, 43-45.

Techniques for mailing planarians anywhere in the world,

Kawakatsu, M. & W. Kim. Morphological studies on the freshwater planarian, Dugesia japonica
Tchikawa et Kawakatsu from Korea. Zool. Mag., 1966, 75{(4}, 103-7.

Keith-Lee, Tricia., An investigation of alternation hehavior under conditions of free and forced
choice. Worm Runner's Digest, 1564, 6{1}, 4=.

If forced to turn in one direction in a T-maze, planarians will show a significant tendency
to pick the other arm when given a free choice on the next trial.

Kellv, ¥., R. Nesbit, & M. Schlawin. Does colored light have any effect upon regeneration of
planaria and upon behavior of the intaet animal? Worm Runner's Digest, 18962, 4(1), 14-2%,

The intensity of the light passed by colored filters appears to have more efiect on
J & 3, p




planarian regeneration than the hue of the filter itself,

Kimmell, H.D. & V. L. Harrell. Further study of differential conditioning in the planarian,
Psvehon, Sci., 1966, 5(7), 285-6.

Twelve planarians were cut in half and regenerated. One member of each regensrated
pair received 30 paired trials of light plus shock and 30 unpaired presentations of a vibrator
each day for 5 days while the other member of each pair received vibrator plus shock and
light paired. On the sixth day all 24 animals were given 30 trials of light and 30 of vibrator,
both unpaired with sheck. During the five days of acquisition the v1brator—-p§us shock group
showed significant differential responding while the light-plus~-shock group did not. In extinct-
ion both groups made more responses to the vibrator than to the light, regardless of previcus
pairing with shock. Since the pilot study had shown vibrator and light to have equal unconditioned
response-evocation strength, the difference could not be attributed t0 a simple dynamogenic
process. The authors conclude that it is likely that differential conditioning can take place in

planarians, but their data do not prove this conclusively.

Kimmel, H.D. & R. M. Yaremkc. FEffect of partial reinforcement on acquisition and extinction
of classical conditioning in the planarian. J. comp. physicl. Psychol., 1968, 61(2), 299-301.

Three groups of 6 planarians were given 48 light and 48 shocks each day for 5 days. For 1
100% of the lights and shocks were paired, for a second group only 50% were paired and the
others delivered unpaired, and for the 3rd none of the stimuli were paired. All S$s were given
50 extinction trials on Day 6. During acguisition both the groups that received paired pre-
sentations made significantly more CRs than the 0% group. During extinction the 50% group
made significantly more responses than the other groups. The 100% group was not different

. from the contrel group during extinction.

: i “Lee, B.M. Conditioning of a free operant response in planaria. Science, 1983, 18%, 1048-49,

The first study showing that planarians could be trained in an operant conditioning
chamber (Skinner Box). The planarians learned to interrupt a beam of light in order to furn
off 2 noxious stimulus. See also Best, 1965,
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Lemke, G. Beilrage zur lichtorientierung und zur frage des farbensehens der planariens.
Zeit, vergl. Physiocl., 1935, 22(2), 288-345,

Lenhoff, H.M. Rearing response of a marine flatworm to the lowering of light intensity. e
Nature, 1964, 201(4521), 841-2.

2 McConnell. J.V. Cannibalism and memory in Hatworms, New Scientist, 1964, 21, 465-8,

The author's experiments during the last few vears, which have suggesied the existence
) in planarians worms of a chemical memroy distributed through the body, have aroused wide
'7 % interest. Here he explains and discusses the experiments and reflects on their implications

for learning theory.
McConnell, J.V, Cannibals, chemicals and contiguity., Animal Behaviour, Supplement 1, 1965,
§1-68,

A "Cambridge Conference” paper. See introduction to this bibliography.

McConnell, J.V. Comparaiive physiclogy: Learning in invertebrates. Ann. Rev. Physiol.,
1964, 28, 107-136.

The paper begins with a2 discussion of the various theoretical and empirical definitions
of the learning process, and shows how these definitions may be applied to the behavior of
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invertebrates. The literature on inveriebrate learning from 1962 through 1985 is reviewed.
The author contends that if the broadest definition of learning is employed, the evidence suggests
strongly that learning occurs at all levels nf the phviogenetic scale, ‘ ‘

McConnell, J.V. Die suche nach dem engramm. Naturwissenschaft und Medizin, 1865, 2(8),
14-26 {Publ, C.F. Boehringer & sons GmbH Mannheim, Germany).

What material are memories made of? Present-day experiments indicate that our
memory in the form of definite molecular configurations is located within the brain. Such

a situation might open up possibilities of isolating specific memory molecules and transfer

of predetermined memories.
McConnell, J. V. Memories, molecules and minde. Sandorama, 1865, March, 16-17.

A theoretical paper in which the author outlines his ideas on the chemistry of memory.

MecConnell, J.V. Memory transfer through carnibalism in planarians. J. Neuropsychiat., 1862,
3{suppl. 1), 342-848.

Dlanarians are capable of isarning & simple conditioned reaction. This learning survives
cutting and regeneration, and the memory storage mechanism has a biochemical component,
probably ribounucleic acid, which is distributed throughout the body. Learning seems 1o be
transferrable via cannibalistic ingestion.

Mc®onnell, J.V. New evidence for the sepansfer of training’ effect in planarians. Paper pre-
sented at the 18th Internaticnal Congress of Psychology, 20 Symposium Moscow, 1966,

Planarians were given preference trials in 2 T-maze and then trained cpposite to thelr
preference. After reaching a criterion of 9 correct responses out of 10 trials for two succes-
sive days, the animals were given a few days rest and then retrained to the same criterion. The
animals reached criterion the second time in significantly fewer trials than the first time.’

Upon reaching criterion the second time, the "victims'' were cut in small pieces and fed
to one of three groups of untrained cannibals. Group I (8 cannibals) was trained in the same
direction as the victims they ingested. Group I was trained in the opposite direction from the
victims they ate. Group III was fed tissue from victims trained in both direction (the "conflict-
ing instructions” group). All animals were run blind and the results were: Group I was found to
he noticeably superior to Group I in terms of the speed with which they reached criterion and
both Groups I and II were significantly superior to Grouplll. Group I appeared to show

greater vacillation at the choice point.
This experiment would suggest that a fairly specific "ransfer of training via cannibalistic

ingestion’ can be achleved in planarians.

McConnell, J. V. On the turning of worms: A reply to James and Halas. Psych. Record, 1964,
14, 13-20.

A critical commentary on the James and Halas article (1964), The author suggests that
ot follow from their research. He lisis a variely of reasons,

James and Halas's conclusions do n
including the facts that James and Halas did not train their animals individually, hence provide

a0 "acquisition’ scores, thet resistance to extinction is perhaps the poorest measure of "learn—
ing’’ available, and that even naive animals in this study showed an initial response rate io light
of from 50 to 80%, a fact which suggests that all of the James and Halas animals were pre-sen-

sitized to the light even without training.

n "Macromolecules in Complex Behavior” (ed. J. Gaito).

McoConnell, J.V. ENA and memory.
A symposium held at Kansas Staie {niversity, Manhatian, 1964.

Principal investigator is John Galto with papers by M.B. Spora and W. Dingman, J. M.
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15, L. Augenstein and J. VanZyiveld, N.K. Jerne, S5.H. Appel, J. Gaito, J.V. McConnell,
onner and K. H. Pribram.

cUonnell, J.V.,, P. R. Cornwell, & Margaret Clay. An apparatus for conditioning planaria.
Psvchol,, 1880, 73, 618-822,

This paper presents a modification of an apparatus used in conditioning planarians {with
i-shock pairing} that is more efficient and more ¢conomical than the one used in earlier

TR
clonnell, J.V. & A.L. Jacobson. Transfer of training through cannibalism in planaria.
mer's Digest, 1962, 4(1), 41-48,

A summary of the cannibalism studies to May, 1982,

ictennell, J.V. Reeva Jacobson, & Barbara M. Humphries. The effects of ingestion of con-

planaria on the response level of naive planaria. Worm Runner's Digest, 1961, 3(1) 41-47,

The first and ''classic’ study showing that untrained cannibals that devour trained an-
winlys subsequently learn faster, thus demonstrating the ""cannibalistic transfer of training”
henomenon,

AteConnell, J.V,,A.L. Jacobson, & D.P. Kimble, The effects of regeneration upon retention
ioned responge in the planavrian. J. comp. physiol. Psychol., 1959, 52, 1-5.

The purpose of the present experiment was to study the effects of regeneration upon
tention of a conditioned response in the planarian (D. dorotocephala). A classical conditioning
sHuntion was employed in which light was the CS and shock the US. Fifteen animals were divided
into Lhree equal groups, an experimental group and two control groups., The experimental ani-
is were first conditioned te a criterion of 28 responses in 25 consecutive trials. They were
cut in half transversely and allowed to regenerate. Following regeneration, both head and
ii sections were retrained to the original criterion.

t was found that both head and tzil sections showed significant retention of the CR and
the same degree. That these findings were not the result of sensitization due to the processes
# culling and regenersation was indicated by the performance of one of the control groups. That
beo=mall amount of "orgetting!' of the CR which occurred in the experimental animals was pro~
iy due merely to the passage of time was indicated by the performance of the other control

i,

it was concluded that in planarians the rudimentary brain is necessary for learning io

e piuce but not for retention of the legrned response. Two intriguing questions posed by these
witngs are: How does the taill retain anything? and when the tail section regenerates z new
srain, ig the CR "built into'! the cerebral ganglia?

{ennell, J.V., Reeva Jaccbhbson, & D.M. Maynard. Appsrent retention of 2 conditioned
iviiowing total regeneration in the planarian., Amer. Psvchologist, 1958, 14, 410,

Data reported in this paper suggest that significant savings of light-shock conditioning
vurs even in Mhird generation’ animals composed entively of reformed tissue, although the
svings 18 not as great as that found in “'second generation' animals.

onnell, 5.V, & G. Mpitsos. Effects of the presence or absence of slime on classical
sing in planarians., Amer. Zool., 1965, 5(4), 122,

Planarians conditioned in slime-free troughs show litile or no learning but much sensiti-

Burphy, J. Learning in the planarian. Worm Runner's Digest, 1983, 5(2), 37-41,

ratlon, Planarians conditioned in well-slimed troughs show learning and little if any sensitization.
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A pilot report indicating successful replication both of the regeneration experiments and
of the cannibalistic transfer studies reporied earlier by other workers,

Olmsted, J.M.D. Gectropism in Planaria maculata. J. Anim. Behav., 1817, 7, 81-8,

(1} Unfed Planaria maculata which have been in the light are positively geotropic when
~ first placed in the dark. After several days in the dark they become indifferent to gravity.
(2) Fed P. maculata which have been kept in the light are likewise positively geotropic
at first. But they become negative after twe dayvs and indifierent after five days.
(3} Fed planarians which have been in the dark for some time are negatively geotropic.
(4) The presence or absence of slime tracks has no influence on the geotropism of these

planarians,

Parker, G.H. & F.L. Burnett, The reactions of planaria with and without eyes to light. Amer.
J. Physiol,, 1800, 4, 373-385,

Planarians without eyes react to the divective influgnce of light in much the same way as
those with eyes, in that they have a tendency io turn away Ifrom the course when directed toward
the source of light and to keep in it when directed away from the source, though with less pre-
cigion and often o less extent than planarizns with eyes,

Planariang with eyes move more rapidly (1.12 rom. to 1.04 mm. per sec.) than those
without eyes (0.89 mm. to 0.82 mm. per sec.); and those moving away from the light (1.12 mm.
and 0.89% mm. per sec.) than those moving toward it {1.04 mm. znd 0.82 mm. per sec.),

Peirce, J.R. A siudy of classical conditioning in the planarians. Worm Rumner's Digest, 1980,
2(2), 56-58.

A successful replication of earlier studies showing light/shock conditioning in planarians.
Some evidence for retention of the CR following cutting and regeneration was found.

Pickett, J.B.E., III, L.B. Jennings, & P.H. Wells, Influence of RNA and victim trahing on
maze learning by cannibal planarians., Am. Zool., 1864, 4(4).

These results suggest that no specific template synthesized during maze learning is
transferred to cannibals. Under conditions of this experiment, exogenous heterologous RNA
facilitated maze learning.

Pickett, J.B.E., {I, L.B. Jennings, & P.H.,Wells. Influence of RNA and victim training on
maze learning by cannibal planarians. Worm Runner'!s Digest, 1965, 7(1), 30-38.

Cannibals ingesting worms (whether trained to criterion or not) in the presence of
exogenous RNA reached criterion in significantly fewer trials than those in plain water.

Powers, Ann, & B.G. Katzung., Effect of temperature on sensitization to light in planarians,
Worm Runner's Digest, 1966, 8§(1), 28-30,

Planarians showed increased respouses to z vepeated light stimulus. The average rate
of sensitization was independent of temperature.

Eagiand, R.8,, & J.B. Ragland. Planaria: interspecific transier of a conditionehility factor
through cannibalism. Psychon. 8ci., 1865, 3, 117~8.

The authors found & species of planarians (Dugesia dorciocephsala) that could readily be
classically conditioned, another species (D, tigrina) that could not be irained. Feeding the
former to the latter did not help, but if trained dorotocephala were fed to cannibalistic tigrina,
the latter for the first time shuwed a capabilily o learn.
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Raven, R. The photic responses of the planarizn Dugesia tigrina as a function of Weber's Law,
Worm Runner's Digest, 1963, 5{2), 59-65.

Results show that Weber's Law can be used to describe the phototactic responses of
planarians.

Reynierse, J.H., D.D. Jensen, & O.F. Schroeder. Shock duration and adhesion in the planaria
Phagocata gracilis, Psychon. Sci., 1966, 4(9), 335-6.

The authors shocked planarians until they came to rest and ''discovered” that the anlimals
occasionally turned their heads to one side after stopping. The authors use their results in an
aitempt to explain away the study of Griffard and Peirce in which a conditioned discrimination
in planarians was clearly demonstrated. The applicability of the results of the present study
to any criticism of the earlier work by Griffard and Peirce is extremsly doubiful.

Rice, G.E., Jr. & R, H. Lawless, R.H. Behavior variability and reactive inhibition in the maze
hehavier of planaria dorotocephala. J. comp. physicl. Psyehol., 1857, 50, 105-108,

In previous experiments by Lepley and Rice and by Grosslight and Ticknor the reactive
inhibition principle successfully predicted the maze behavior of paramecia and meal worms,
respectively. The present experiment was designed to retest the hypotheses of these experi-
menters with planarians as 8s. Twenty-eight D. dorotocephals were run through each of three
distance variations of five major experimental maze conditions. The authors found the distri-
bution of right and left turns in each of the maze situations was no greater than chance expect-
ancy, but a cogent criticism of this research appears in the paper by Shinkman and Hertzler.

Rieke, J. & L. Shannon. The effects of deoxyribonuclease and ribonuclease on the transfer
of learning by cannibalism in planarians. Worm Runner’s Digest, 1964, 6, 7-9.

Pieces of trained animals were sosked in BNA-ase or DNA-ase prior to being fed to
uintrained cannibals. Neither RNA-ase nor DNA-ase treatment destroyed the "transfer' effect,

Roe, Kiki. In search of the locus of learning in planarians. Worm Bunner's Digest, 1983, 5(2)
16~24,

The effects of RNA-ase on retention of a CR in planarians are difficult to interpret due
to the large number of deaths in all groups of animals. First study to indicate that planarians
iearn better in slime-covered mazes than in ireshly cleaned mazes.

Salive, H.T. An operant test chamber for planaria using a force transducer. Worm Runneris
Digest, 4(1), 1962, 83-65.

A description of a Skinner Box" for worms.
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Planarians given but 200 or 250 rosutgens per week may accumulate more than 13, 000
roentgens without dying, although the LD-100 (30 days) for & single acute dose is only about
1000 roentgens.

Schwartz, M.C. & S. Sweet, An investigation of the relation between RNA and learning in
planarians. Worm Runner's Digest, 1966, 8{2), 25-27

Planarians, conditioned to contract to a iight stimulus, were quartered and opposing
head and tail sections grouped. One of these groups was treated with BRNA-ase, while the other
was treated with tap water. Untrained planarians were fed these groups and then trained, Those

alive, H.T. & Margaret L. Clay. Project glowworm rides again. Worm Runner’s Digest, 1964,
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animals fed groups trested with tap water showed significant savings while no gignificant dif-
ferences were shown by those animals fed planarian sections ireated with BNA-ase as compared
to controls, i

Senger, C.M. Effect of x-ray irradiation on oxygen uptake by planarians. Worm Runner's
Digest, 1964, 8(1), 45-48. ; -

No evidence was found for an increzse in oxygen uptake foliowing irradiation of planarians .

Shannon, L. & J. Riske. The effects of deoxyribonuclease and ribonuclease on the transfer of
learning by cannibalism in planarians, Worm Runner's Digest, 1964, 8(2), 7-9,

reating tissue from trained animals with RNA-ase or DN A-ase prior to letting untrained
cannibals ingest same did not destroy the "cannibalistic transfer effect, Cannibals fed un-
trained tissue did not show the effect.

Shinkman, P.G. & D.R. Hertzler. Maze aliernation in the planarian, Dugesia tigrina.

Psychon.
Seci., 1864, 1, 407-8.

Six hundred planarians (D. tigrina) made 0, 1, 2, 3, 4, or & forced 90 degree righi-hand
turns immediately before reaching a T choice point. There were 100 Ss in each of 5 groups,
and each S was given one trial only. The proportion of S that turned left at the choice point
increased with the number of forced 90 degree right turns preceding the choice point. The pro-
portions ranged from .43 o . 78.

Shinkman, P.G. & Carol L. Kornblith, Comment on observer bias in classical conditioning of
the planarian. Psych. Rep., 1985, 16, 56.

Reviews Condaro and Ison's study (1963) and indicates why the experimential conditions
they used may be inappropriate and insufficient for the conclusions they drew,

smith, S.J. An attempt to replicate the cannibalism studies. Worm Runner’s Digest, 1963,
5(1), 45-54, .

Several attempts by an English scientist o repeat the earlier cannibalism studies done
in America were successful.

Soest, H. Dressurversuche mit ciliaten und rhabdocoelen turbellarien. Z. vergl. Physiol.,
1837, 24, 720-748, i

An early paper purporting to show that ciliates and planarians could be conditioned to

escape from or avoid envirnomental stimuli. The lack of controls makes the conclusions
suspect, however,

~--. Stephen, W.S. The influence of varying light intensities on speed of movement in planaria
lugubris. Worm Runner's Digest, 1983, B(1), 40-453,

It is suggested that Kiino-Kinesis is not an adeguate explanation of orientstion o light
in planarians.

Stokely, P.8. & J.C. CGrossi, Jr. Observations on the behavior and reconstitution of chiopromsa~
zine-treated planaria {Dugesia tigrina)., Ohio J, Sci., 1963, 63(6), 290,

Behavior of planarians in various concentrations of chlopromazine was obssrved, as
was the drug's effect on regenerstion in planarians.

Sun, K.H. & F. T. Dun, Note on gectropism in the dark-adapted Plansaria gonocephala. Chin,
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|, Psych., 1836, I, 1-9.

(1) When there is no change of the water for a week the majority of the unfed and dark-
adapted Planaria gonocephala collect in the neck region of the flask.

{(2) When the effect of the foul water is eliminated the majority of them remain in the
bottom.

(3) The continuously fed worms which have been kept in the dark for seven days show

indifferent distribution.
(4) In the light of our results we maintain that the so~called negative geotropism in the

Planaria maculata as found by Olmsted is in all probability a chemicaliy-induced phenomenon
and is therefore not a "true response to gravity',

Taliaferro, W.H. Reactions to light in Planaria maculata. J. exp. Zool., 1920, 31, 58-11s,

Thiemann, W. Die phototaxis als priferendumernstellung versuche an Planaria gonocephala
Zool. Jahrb., 1957, 82, 177-208,

Planarians placed in a light gradient from 0.3 to 20 Lux selected the region 1.7 to §
Lux and showed avoiding behavior at the boundaries of this region. Anterior ends react like
whole animals or even more definitely, while decapitated worms show no orientation. Removal
of the auricles caused a uniform distribution of the animals in the lighter part of the gradient.
In a stronger gradient, 4-150 Lux, intact worms sought the same part of the gradient as before
to the extent this was possible; bilateral blinding was without influence on the behavior. Anter-
ior ends showed marked tendency to seek the darker part of the gradient and decapitated worms
exhibited no orientation. In a still stronger gradient, with strongest light at the two ends, de-
creasing to the middle (348-135-355 Lux), the worms gathered in the middle where the light
intensity was least. In a weak gradient, 0.1 to 6,5 Lux, the worms still showed preference for
the weakest part of the gradient but eventually came to rest at the ends of the apparatus, a thig-
notactic response. In ultraviolet, the parts of the gradient farthest from the light source was
sought; blinded animals showed less sensitivity to UV and decapitated worms dic not orient.
With a single light, no preference could be found. Rate of locomotion is greater when the an-
terior rather than the posterior end is illuminated and the same result obtained for blinded
animals with or without the brain, but the speed is lessenad. If the anricles are ramoved, the
speed of locomotion is greater when the posterior end is illuminated. In a light gradient, speed
is diminished in the preferred area.

Thompson, R. & J,V. McConnell, Classical conditioning in the planarian, Dugesia dorotocephala.

Jd. comp. physiol. Psychol., 1955, 48, 85-58,

The purpose of the present experiment was to study the facility with which planarians
(D. dorotocephala) form CR's in 2 classical light-shock conditioning situation. Forty animals
were employed. They were divided into four equal groups: the experimental group and three
different control groups.

It was found that for the experimeutal group there was a significant rise in the number
of contractions and turning responses as a function of the number of trials. That these incre-
ments in frequency of responses were not caused by sensitization o either shock or light stim-~
ulation was indicated by the performance of the control groups.

Ullyott, P, The behavior of Dendrocoelum lacteum. 1. Responses af light-and-dark boundaries.
J. exp. Bioi., 1936, 13(3), 253-254,

(1) B. lacteum can orientate itself to a lateral stimulation intensity of less than 7 ergs/

em. 2/sec. when not stimulated by other light sources.
(2) This orientation is produced equally well by "diffuse’ or by point sources of light,
{3) The threshold value of lateral stimulation, to which orientation is pessible, is a
function of the total stimulation to which the animal is subjectad.
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{4} Graber (1884) and workers after him found that if planarian worms were put into 2
Petri dish one-half of which had been darkened with black paper, they congregated in the darker
ha 1i This was described a3 z phototactic or non~orientated response.

{3} It has been shown that if a random movement brings an animal into the darker haﬁ“
of the dish, it immediately moves in an orientated fashion away from the lighter half, on
account of its exireme sensitivity to lateral illumination. In reality tropotaxis and not phobo-
taxis iIs responsible for the behaviour observed.

{6) & reinvestigation of photophobotaxis is necessary.

Ullyott, P. The behavior of Dendrocoelum lacteum. I. Responses in non-directional gradients,

J. exp. Biol., 1936, 13(3), 265-278.

(1) Stimulation by non-directional light produces in the animal an incresse in random
movements, that is to say an increase in the rate of change of direction (r.c.d.)

{23 Th:{s r.c.d. can be expressed as a funciion of the stimulating intensity.

(3} In total darkness there is a basal r.c.d.

{4} In constant stimulation the r.c.d. decresses as the animal becomes adapited.

{8) The "shock reaction” is not an essential part of the mechanism of phobotactic behav-
iour. Photophobotaxis occcurs without it.

(8) The r.c.d. phenomena and the adaptation associated with them are sufficient to ex~

plain the mechanism of photophobotaxis. Alternate adaptation and stimulation sccur when the
animal is moving down or up 2 non-directional gradient, a5 a2 result of its random movements,
{7} This alfernate stimulation and adaptation has an affect on the r.c.d, of such a kind

that the animal is led automatically to the place of minimal intensity.

VanDeventer, J. M, & S.C. Ratner, Variables affecting the frequency of response of planaria
to light. J. comp. Physiol. Psvch., 1964, 57(3), 467-411.

The results of Experiment 1, designed as a replication of the retention-following-regener-
ation study by McConnell, Jacobson and Kimble (1859), indicate that a Regeneration Control
group that had not been trzined prior to cutting and regeneration perfcrmed zs well on training
irials as an Experimental Group that had been trained prior to and after cuiting and regeneration.
These resulis are in conirast to prior findings by McConnell ef. al. in which the Regeneration
Conircl group did not show this sensitization following regeneration. In the present study, the
animals were kept in the dark during the several weeks required for regeneration to take place;
in the prior study, the animals were exposed fo lignt daily. Thus it is possibie that both Experi-
mental and Control animals in the present study hecame over~sensitized to light during the re-
generation peried, and that this sensitization masked any "savings following regeneration” that

might have obtained.
Experiments Z through & indicate that a number of variables, uncontrolled for in Exper-

iment 1 and in some other similar experiments, affect responsiveness of pianarians to light.
Specificaily, the results of these experiments indicate: {a) responsiveness to light increases as
a function of temperature and dark-adaptation, and that the shape of the training trough is im-
poriant in the species D. tigrina; responsiveness to light varies inversely with the size of the
animal for the species C. foremanii; (c) A change from creek o tap water, "starvation,' and
environmental contamination (of a sort) do not affect responsiveness to light for D. tigrina.

Van Oye, P. Over het geheugen bij de flatwormen én andere biologische waarnemingen bij
deze dieren. Natuurwset, Tiidschr., 1820, 2, 1-92,

Planarizns learnsd to obtain food by descending a wire placed in the water of the animal?s

bowl. The response was acquired only if a gradual training regimen {resembling operant "shap-

111<f”) was employed; was maintained in 2 series of tests at 2~day intervals; and disappeared afier
& lapse of 2 months.

Vatiano, F.J, & J.H. Hulleft. Learning in planarians as a function of interstimulus interval,

Psychon. Seci., 189684, 1, 331—2.,
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Efficiency of classical conditioning of 72 planarians was studied as a function of the
interstimulus interval. Results indicate that the most mesaningful response measure is the
longitudinal body coniraction. Two forward conditioning groups were significantly superior
to two backward conditioning, one simultaneily, and one pseudoconditioning control group.

Walker, D.R. Memory transfer in planarians: an artifact of the experimentsl variables.
Psychon. Sei., 1866, 5, 357-8.

The author found a transfer of training in planarians, but claims it was "'sensitization”
heing transferred, not "memories,. " Author’s findings are in contradistinction to those of
Hartry et al, .and to those of most other experimenters. Species Walker worked with unnamed,
but cannot be Dugesia since author reports his animals consistently refused to cannibalize
living tissue. Donor tissue was hence dried prior to being fed to cannibals, an artifact that
should be kept in mind. Author fails {o explain how "sensitization® {which he faiis tc define)
couwld be i{ransferred cannibalistically.

Walker, DB, & G. A. Milton. Memory transfer versus sensitization in cannibal planarians,
PPgychon. Sci., 1866, 5(7), 283-4.

Naive plangrizns were fed planarians which had been subject to varying amounts of
electric shock but no light-shock conditioning, A positive relationship was found between the
amount of shock received by the cannibalized planarians and the light conditioned responses of
the cannibals. This is interpreted as supporting a tissue sensitization hypothesis, rather than
a memory transfer hypothesis.

However, since the authors do not clearly state what their "sensitization hypothesis' is,
and since these results are at variance with most other reports of similar studies, it is dif-
ficult to know how to interpret this study. One item should be noted: although the authors never
state what the species is they use, they do state that none of their planarians would cannibalize
living tissue, hence their trained animszls had to be "killed by dehydration' before being fed to
the cannibals. Since Dugesia dorofocephals and tigrina, the two species used in all other can~
nibalism experiments, are voracious cannibals and readily ingest living tissue, one suspects
that Walker and Milton performed their experiments on some other species.

Waiter, H.E. The reactions of planarians to light., J. exp. Zool., 18907-8, 5, 35-162.

Light is not an essential factor in planarian activities, since the behavior necessary to
the welfare of the individual and the race is mainly referable to other factors.

A planarian's response to light is of a passive character, which may have an adaptive
significance only in so far as its phototaxis tends to conceal the worm from its enemies. The
presence of pigment may zlso be regarded as an adaptive condition induced by the animal's re-

lation to light.
The evolution of the photoreceptive apparatus of the planarian has not reached the degres

of differentiation necessary to enable it to secure for itself such adaptations to the factor of light
in its enviromment as would make agressive activity possible to it in 2 manner characteristic of
higher animals,

Weeks, N.K. A study of classical conditioning in land and fresh water planarians, Worm Run-
ner's Digest, 1964, 6(2), 33-53.
An extensive report of attempts to train both aguatic and land planarians in Australia,

Wells, P.H. Experimenis on conditiong of learning in planarian flatworms. Worm Runner’s

Digest, 1963, 5(1), 58-59.

Studies show both learning {classical conditioning and T-maze) and retention in planarians,
The cannibalistic transfer of training was demonstrated when untrained cannibals were fed light/
shock conditioned planarians. ' .
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Westerman, B.A. A siudy of the habituation of responses to light in the planarian Dugesia

dorotocephala, Worm Runner's Digest, 1863, 5(2), 6-11,

1963,

An excellent description of a carefully controlled set of studies demonstrating habituation
to light in planarians. The habifuation survives regeneraticn.

Westerman, BE.A. Somasatic inheritance of habituation of responses to light in planarians. Seci.,
140, 876-677.

Plangrians show long-lasting reversible decrease of responses to a photic stimulus
repeated 25 times each day. This habituation was found to be significantly faster in regenerated
offspring of previcusly habituated pianarisns, and was also transferred by cannibalization, thus

resembling light-shock conditioning. Habituation provides a new situation in which to study the
somatic inheritance of learning in planarians. .

Zelmsn, A., L. Kabat, Reeva Jacobson, & J.V. McConnell. Tramsier of training through in-

jection of "conditioned ENA inte untrained pianarians. Worm Runner's Digest, 1963, 5(1), 14-21.

The first study published anywhere indicating that RNA extracted from trained animals
and injected into untrained animals could have an effect on the speed of learning of the injeciees.

Ziegler, Ruth A. Is knowledge edible? A siudy of conditioned responses in planaria. Worm

Runner's Digest, 1963, 5(1}, 55-5%,

A high school student replicates both the regeneration and the cannibalism studies,
using a relatively large number of animals in each group.
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An der Lan, H., Der verlauf de:
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Osterreichische Akademie dey Wissen {1y, 3-G.

Anderson, J. M. & J. C. Johann. Some aspects of reproductive biclogy in the iresh water triclad

turbellarian, Cura foremanii. Biol. Bull., 19358, 115(3) 375-383.

Ansevin, Krystyna D. & R. Buchsbaum. Observations on planarian cells cultivated in solid and
figquid media. J. exp. Zool., 1961, 148(Z), 153-161.

Bardeen, C. R. On the physiclogy of the Planaria maculata, with especial reference to the phe-
nomena of regeneration. Am. J. Physiol., 1901, 5{(1), 1-55.

Barnes, T.C. & E. J. Larson. The influence of heavy water of low concentration on spirogyra,
planariz and on enzyme action. Proioplasmsa, 1935, 22, 431443,
Comp. Biochem. and

Behrens, M. E. The electrical response of the planarian photoreceptor.
Physiol., 1962, B{2}, 129-138.
Benazzi, M. Appunti sulla distribuzione dei tricladi in Italia. {Noies on the distribution of triclads

in Italyy Estratto dal Boll, di Zool., 1855, 22, fasc. 2.
Proc. Int. Congr. Zool.,

Benazzi, M. Cross between diploid and polypleid biotypes in planaria.
15, 752-753.
Attl del Simposic Internazionale di Biclogia

rikladen, unier der einwirkung von aminosauren.

Benazzi, M. Imeccanismi riproduttivi nelle planarie,
Sperimentale, 1962, 8, 1-16.

Benazzi, M. Il comporiamento dei fattori di pigmentazione in una planaria studiato mediante le
variazioni di ploida {nota preliminare), Atti A.G.I., 1961, 6, 291-2,

Benazzi, M. Il problema sistematico delle Polycelis del gruppe nigra-tenuis alla luce di ricerche
citologiche e genetiche. Monitore Zool. Ital., 1962-3, T4-71, 288-300.

Benazzi, M. L'azione delle radiazioni ionizzanti sullo sviluppo delle planarie. (The effect of
ionizing radiations on the development of planarians.} Acc, Naz. del Lincei, 1962, Ser. 8,32, fasc. 1.

Benazzi, M. Lazione dello spermio irradiats neilo sviluppo anfirmittico e pseudogamice delle
planarie. Atti A . G.1., 1963, Pavia, 8.

Benazzi, M. L'azione dello spermio irradiate nella fecondazione normale e nella pseudogamia
delle planarie. (Action of the irradiated sperm in normal reproduction and in "pseudogamogenesis.”
Acc, Naz, Del Lincei, 1962, Ser. 8, 32, fasc. 3, 286-0.

Benazzi, M. L'eredita dells pigmentazione nelig planaria Dugesia lugubris. Attl, A . G.I., 1982,
7, 213-218,

Benazzi, M. Les planaires des iles tyrrheniennes et leur differenciation raciale, cytologique et

genetique. Collogues internationaux du Centre National de le Recherche Scientifique, 1949, 94, 1063-112,

Benazzi, M. Sulla possibilita di riproduzione sessuata senza accopplamento in tricladi 4l acqua
dolce., Estratto dagli Atti della Societe Toscansg di Scienze Naturali, Memorie, 59, ser. B.

Benazzi, M. Ulteriori ricerche sul poliploidi sperimentali della planaria Dugesia lugubris {O.
Schmidty. Carvelogia, 1880, 12, 414-438.
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Benazzi, M. & N. Pochini. Alcune csservazioni citologic

g UBEer g sulla nlanaria Dendrocoslum lacteum
(C. F. Muller). Bollattino di Zoologia, 1959, 26, fasc. 2, 435-444

I
44,

Benzzzi, M. & I. Puccinelli. Analisi comparativa del caricgramma dei biotipi di Dugesia Tagubris
{Tricladida paludicola). Ati A G.T., 1861, 6, 419-4286,

Benzzzi, M. & I. Puccinelli, I. Cariclogia di Planaria torva {O.F. Muller). Caryologia, 1963,
1B{3), 653-661.

Benazzi, M. & I. Puccinelli. Il Corredo cromosomico di Planaria torva (0. F. Muller). Atti
A, G. 1., 1962, 7, 243-5.

Betchaku, T. A copper sulfate- silver nitrate method for nerve fibers of planarians. Stain tech-
nology, 1960, 35, 215-218.

Brédndsted, Agnes, & H. V. Bréndsted. The acceleration of regeneration in starved acid. J.
embrvel. exp. Morph., 1853, 1, 48-54.

Experiments indicate that RNA in concentrations of the order of 1:10,000 accelerate the
rate of regeneration in starved planarians.

Bréndsted, Agnes & H. V. Brdndsted. Influence of temperature on rate of regeneration in the
time-graded regeneration field in planarians. 4. Embrveol. exp. Morph., 1961, 9 {part 1), 15%-66.

(1) The aim of the experiments was to see how different levels in the time-graded head-
regeneration field of two species, differing strongly as to the characteristics of the field, might
bhehave at different temperatures.

(2} As was expected, regeneration was retarded for all levels by lowering the temperature.

(3) Regeneration of heads was retarded relatively more strongly at posterior levels of the

fleld,
{4) Some characteristic differences in regeneration raies of the two species were found,

leading to certain suggestions as to the possible nature of the field.

(5) By lowering the temperature regeneration may be separated into {wo main components:
formation of the blastema and differentiation of the cells.

(8) Formation of the blastema is not seriously impeded at temperatures below 5-6 degrees
C., whereas the differentiation processes are nearly brought to & stop at these low temperatures.

{7y Doubt is therefore cast on the hypothesis of an adaptive value of regeneration in view
of the fact that several planarian species zctually live and reproduce at temperatures well below

those necessary for regeneration.
Bréndsted, H..V.. Planarian regeneration. Biol. Rev., 1935, 30, 85-126.

(1) T. H. Morgan was the first to merge the problems of planarian regeneration into the
science of morphogenesis.

(2 C. M. Child was the first to introduce quantitative methods into this field. He and his
co-workers demonstrated the phenomenon of head-frequency, i.e., an ability to regenerate head,
graded in a species-specific way along the main axis of the body.

(3) I have extended this notion as follows: there exists a time-graded regeneration field
tapering antero-caudad and medio-laterad. Every wound or cut exposes a surface in which there
will always be & 'high-point’ where regeneration starts earliest; from here forces travel to other
parts of the blastema inhibiting these from regenerating the same siructure as the 'high-point'.
The material basis of the time-graded regeneration field is unknown. The regeneration rate of
every point in the field is firmly fixed as a species-specific characieristic.

{4) Wolff & Dubois have conclusively shown, by an ingenious X-ray techrique, that the
cellular material forming the blastema is made up of totipotent neoblasts migrating from the
interior of the body.




(5) The problem of dedifferentiation of ceils is not soived; therelore the processes involved
in morphaliaxis, the v
involves problems of the same kind; it is thus not anderstood.

{6} The relationship of asexual reproduction to regeneration is a close one, but nothing
definite is known; for this reason morphological, histochemical and cytochemical investigations
are greatly needed,

' (7) Polarity may be reversed, especially in short pieces, e.g. 'Janus-heads’.

{8) The head-irequency phenomenon induced Child to formulate his much-debated hypothe -
sis of gradient metabolism,.in which he states that the level of metabolism is decisive for morpho-
genesis: 'The axial gradients in rate of reaction constitute the basis of polarity and symmetry in
the organisms.' Later work on planzrians did net, however, substantiate his claims.

{9} The totipotent, embrvonic neoblasts are the cells most sensitive to irradiation.

{10) Rate of regeneration is not decisively influenced by the size of piece; this rate depends
on forces in the time-~graded regeneration field.

{11) Prolonged starvation retards the rate of regeneration.

(12} Regeneration is inhibited if a wound is closed in such a way that pieces with opposite
polarity meet one another.

{13) Wolff & Lender have shown that eye formeation in competent tissue is dependent on the
presence of the head ganglion. Apart from this observation, the role played by the nervous system
in planarian regeneration is still unsolved.

{14) An adult head dees not act as an ‘organizer’.

{10) Neoblasts coniain ribonucleic acid. Rate of regeneration is accelerated by ribonucleic

&cid in starved planarians. SH-groups are probably of special importance in regeneration. Gly-
cine, arginine, cystine and histidine are claimed to accelerate regeneration. Riboflavin acceler-

ates regeneration.
{18) Rate of respiration does not follow the head-frequency curve. Respiration of the

blastema is largely unknown.

(17) The following working hypothesis is proposed. After removal of a body-part, the rest
"determines’ the fate of the blastema in this way: the totipotent neoblasts start at a given level in
the time-graded regeneration field; they regenerate head or tail respectively until morphogenesis
by differentiation of the neoblasts has filled up the lacking bicchemical niches; then the neoblasts
are inhibited from going further by the serological factors differentiated in the already existing
adult tissues. The mozphogenemc equilibrium is established by finer adjustments of a serological
kind from cell to cell. No freely diffusing 'Organisatorstoffe’ have been found. Inhibitory influ-
ences irom the 'high-point' in the blastems traverse the blastema laterally, in 80-%0 hr., in an

anterior head-blastema of Dendrocoelum.

Bréndsied, H.V. & Agnes Bregndsted. Number of neoblasts in the intact bodyv of Euplanaria torva

and Dendrocoelum lacteum., J. embrvoel. exp. Morph., 1961, 9, 187-172.

fion in

(1) The total number of neoblasts were counted in a specimen of D. lactewm and in 2 speci-
men of E. torva. The numbers were respectively 37,526 and 31,320,

{2) The distribution of the neoblasts throughout the planarian body does not ¢oincide either
with head-regeneration ability or with cross-sectional area along the cephalo-caudal axis of these
animals.

{3} Although the distribution curve of the neoblasts shows fair agreement in the two species,

the time~graded regeneration field is quite different, in Dendrocoelum stopping short just in front
of the pharynx, in Eaplan&wa distributed throughout the animal {A. & H. V. Brdndsted, 1952).

(4) The planarian time-graded regeneration field cannot therefore be ascribed to the avail-

able numbers of necblasts at the level of the cut, as is the case in hydroids.

Buchanan, J. W. An analysis of physiclogical states responsible for antero-posterior disintegra-
Planaria dorvotocephala., Protoplasma, 1935, 22, 457-512,

Planarians were treated with equi-maolzl sclutions of ammonium . potassium. sodium. mag-
nesium, and calcium chlorides, made up in dstilled water and the rates of cytolysis compared
with cytolysis in distilled water. Potassium and ammonium accelerate cytolysis; some protection
is afforded by sodium; still more by magnesium, and complete protection by calcium in the con-
centrations emploved.

emoulding of old tissues, ave unknown. Reindividualization of heterumorphs .
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5 In distilled water solutions of caleium chioride no cytolysis occeurs in concentrations from
M/500 to M/40,000; cytolysis is distinetly delayed in M/100,000. The protective action of M/ -

‘ 1,000,800 is detectable. '

t : Potassium oxalate accelerates dizsintegration in hypoionic solutions.

' One per cent ethyl alcohol in distilled water causes cytolysis more rapidly than does dis-

tilled water alone, but in M/500 molal calcium chloride the aleohol solution is much less effective

Ringer's solution minus caleium affords no protection against death due to absence of cal-
cium and death due to potassium oxalate but completely protects against cytolysis. Death in
Ringer's solution minus caleium and in Ringer's solution with potassium oxalate occurs first in
the anterior region and describes an anterc-posterior gradient.

Cytolysis in distilled water, in potassium oxalate solutions, in alcohol solutions, and in
hypotonic calcium solutions of exireme dilution i{s initiated in the anterior end and describes zn
anterco-posierior gradient withih & zooid.

Earlier work of the writer on the disintegrative action of lipoid salvents, heat, KNC,
hyper- and hypotonic solutions is discussed. It is concluded that in Planaria dorotocephala the
antero-posterior gradient in cytelytic disintegration represents zn antero-posterior differential
in sensitivity to disturbance of the calcium -lipoid-water relation in the organism.

: Buchanan, J. W. The effect of planarian extracts and exudates upon head regeneration in Fupian -
aria dorotocephala. Physiol. Zool,, 1938, 11(2), 144154,

Buchanan, . W. The nature of disintegration gradients. I. The significance of a gradient in
susceptibility to distilled water in planarians. J. Exp. Zool., 19830, 57(2), 307-329.

Buchanan, J. W. The nature of disintegration gradients, II. The effect of hypertonic solutions
on the disintegration of planaria by high temperatures. J. Exp. Zool., 1930, 57(3), 455-471,

Bucharnan, J. W. & C. A. Levengood. Axial susceptibility to serurm antibodies in Euplanaria.
Phyvsicl. Zool., 1839, 12, 57-81.

Cohen, E. Is there an aminc acid gradient in the planarian? Worm Runner's Digest, 1963, 5(2)

32-36.
Cole, W. H. Temperature and locomotion in planaria. J. gen.Physiol., 1926, 9, 503-12.

Coward, S. J. & R. A. Flickinger. Axial patterns of protein and nucleic acid syntheses in in-
tact and regenerating planaria. Growth, 1965, 29, 151-163.

Coward, S. J., R. A. Flickinger, & E. Garen. The effect of nutrient media upon head frequency
in regenerating planaria. Biol. Buil., 1964, 128(3), 345-353. -

{1} Planarians, Dugesia dorotocephala, were starved for periods of 5-30 days, the
heads and tails removed and the remazinders of the worms were cut into three, four or six
pleces. These sections were allowed to regenerate in tap water or in solutions containing
veast sodium ribonucleate (0.005-0.01%), horse serum (5%}, amino acids {1%) and chick
embryo extract {1%}. The media were changed every second day. The cultures were ob~
served daily and the time of eyespot formsation was recorded.

(2) All of the nuirient sclutions tested were effective in promoting the rate of regen-
eration of eyespots, particularly in the posterior pieces in which eyespois appeared 1-2 days
sooner than in the tap water controls. The effect of the test solutions upon the extent of eye-
spoi regeneration is less consistent, but some stimulation of differentiztion 2t the posterior
levels was observed,

(3) Exposure to yeast sodium ribonucleate for only a day after cutting the worms also
stimulated head frequency posteriorly; but this is not as effective as continual exposure.

{4} The biological results were confirmed by C1409 incorporation studies which dem-
onstrated increased synthetic activity in posterior levels of the worms that had been exposed
to the nutrient medium.
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Dubois, F. Coniribution & I'étude de la migration des cellules de régénération chez les planaires
dulcicoles. Bull., Biologigue, 1948, 83, 1-71,

i

{1} The planarians used are Euplanariz lugubris, Euplanaris maculats, and Polyeelis
nigra, The experimental methods used are localized irradiation {the mosti often irradiation
of the anterior two fifths of the body with subsequent section behind the eves), and irradiation
combined with transplaniation.

{2} The E. lugubris are normally endowed with great power of regeneration. The rate
of regeneration diminishes at lower temperatures and when the section is performed in the
posterior region of the body of the animal,

(3) Planarians submitted to a dose of X-rays of greater than 3500 roentgens are incapabile
of regenerating and die three to five weeks after irradiation. Planarians locally irradiated but
left whole die.

{4} The E. lugubris irradiated ahead of the pharynx and amputated behind the eyes re-
generate after a period which corresponds to the duration of the migration of the cells coming
from the healthy region toward the irradiated region. The cells of regeneration of neoblasts
have, then, migrated through the whole irradiated region.

(5) The duration of regeneration is a function of the distance o be traversed by the
neoblasts. Migrations exist from back to front as well as from front to back and from side to
side in the planarian. The rate of migration varies with temperature in the same manner as
the rate of normal regeneration. Migration exists also in E. maculata and in Polycelis nigra.

{6) The method of grafts combined with irradiation also proves the migration of the
cells of regeneration. A rectangular transplant embedded in an irradiated host brings to
him healthy neoblasts which migrate toward the head if the host is decapitated, and regener-
ates a head which takes the background color of the graft. The inverse experiment ends in the
repair of the necroses of the graft. The organizing power of the planarian is not destroyed hy
X-rays. ‘

{7) Migration does not unleash spontaneously. It must be brought forth by section. It
is oriented toward this section, and cannot be directed toward another part.

(8} A simple incision not causing the formation of 2 blastema suffices to atiract the neo-
blasts toward the affected region. There exists a system of interrelationships in the bodies of
planarians. From the injured part goes a stimulus which is unaffected by X -rays and which
sets in motion the migration of the neoblasts.

{9} The call to migration extends under normal conditions through the whole of the
animal’s body. The flow of neoblasts halts at the center of where the call to migration was
set up by the lesion.

{10) The effective duration of the stimulus to migration is 4 to 5 days. A stimulus can
affect neoblasts at rest or in the act of migrating, but the effect is lost as soon as the cells

begin to differentiate.

Dubois, F. Polentialites histogenetiques des necblastes chez Euplanaria lugubris, et facteurs
qui declenchent leur migration. Coll. Inter. du Centre Nat. de la Rech. Sc. sur la Morph., Ann. Biol.,

1950, T. 28, fasc. 12,

Fédecka-Bruner, Barbara. la ré'ge/ne/ration de l'appareil copulateur chez la planszire Dugesia
lugubris. {The regeneration of the copulatory apparatus in the planarian D. lugubris) Archives D'Anat-
omie Microscopique ef de Morphologie Expériméntale (Extrai®, 1961, 50(2).

Fédecka-Bruner, Barbarz. Radiodestruction des testicules suivie de regeneration chez iz plan-
aire Dugesia lngubris. C. R. Acad. Sc. Paris. 1964, 258, 3353-3356.

ngeckaﬂaner; Barbara. Régénération des testicules des planaires aprés @éstruction par
les rayons X. {(Regeneration in animals and related problems.} An international symposium held at
Athens, Greece, 1964, North-Helland Publ. Co. , Amsterdam, 1265,

Flickinger, R. A. A gradient of proiein synthesis in planaria and reversal of axial polarity of
regenerates. Growth, 1959, 23, 251-271.

Intact plenarians sxposed to C1402 or glyvcine-1 -C1% show a cephalo-caudal axial
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gradient of incorporation into protein. This pattern appears to be maintained in regeneraiing
WOTT S,

When cut sections of worms are embedded in agar and the anferior ends ave placed in
chloramphenicol, the biological polarity is altered in a significant number of czses, producing
hipolar or reversed polarity regenerates,

Both chloramphenical or colcemide tend to obliterate the axial gradient of proiein synthe-
sis. The evidence suggests that reversal of a gradient of protein synthesis causes reversal of
biological polarity in regenerating planarians.

Flickinger, R. 2. & 8. J. Coward. The induction of cephalic differentiation in regenerating
Dugesia dorotocephala in the presence of the normal head and in unwounded tails. Devel. Biol., 1982,

5, 179-204.

The differentiation of a secondary head was induced at a posterior level in regenerating
D. dorotocephala even though the original head was present anteriorily. This was accomplished
by exposing the intact worms to coleemide for a day, cutting the worms just anterior to the
pharynx, embedding the worms in agar and placing the slabs so that the heads were immersed
in 2 solution of colcemide for 1-2 days. Upon removal from the agar and culture in tap water,
complete secondary heads were seen to form at the posterior cut surface in a small percentage
of the experimental animals. -

The differentiation of heads from unwounded tdils was cbtained in tail pisces provided
by cutting just posterior to the pharynx. These were embedded in agar with the wounded surface
in 2 solution of # -mercaptoethanol. Complete cephalic differentiation was found in the un-

wounded tails in about 10% of the regeneraies.

Gazd, L. R., L. J. Torbk, & G. Y. Rappay. Contricutions to the histochemistry of the nervous
system of planarians. Acta Biologiea, 1961, 11, 411-428,

Goetsch, W. Versuche Uber den einfluss des lebensraum auf die ké’rpergrosse von hydren,
planarien und kaulquappen. Verh. D. Zool. Ges., 1924, 29, 60-62.

Goldsmith, E. D. The relation of endocrine feeding to regeneration, growth, and egg capsule
production in Planaria maculata. Blol, Bull., 1840, 73, 227-236,

Gruber, Sheila & D. W. Ewer. Observations on the hyo-neural physiology of the polyelad,
Planocers gilchristi. J. exp. Biol., 1962, 39, 455-477.

Hammen, C. 8. & 8. ¢, Lum. Carbon dioxide fixation in marine invertebrates: Quantitative
relations. Nature, 1964, 201{4817), 416-7,

Hammen, ¢. S, & 8. C. Lum. Carbon dioxide fixation in marine invertebrates, II. The main
pathway in flatworms. J. Biol. Chem., 1962, 237(8), 2415-2422,

Hznsen-Melander, E. & V. Melander. A new species of freshwater iriclad belonging {o the genus
Polveelis, Nature, 1854, 173{4399), 354-5.

Hanstrom, B. Ueber den feineren bau des nervensystems de trikladen turbellarien auf grund von
untersuchungen an Blelloura candida. Acta Zool., 1826, 7, 1011-5.

Henderson, R. F. & R E. Eakin. Alterstion of regenersation in planaria treated with lipoic acid.
J. exp. Zool., 1859, 141, 175-180,

S

Henderson, T. R. & R. E. Eakin. Irreversible alteration of differentiated tissue in planaria by
purine analogues. J. Experimental Zeol,, 1861, 146(3), 253-263.

Hoff-Jorgensen, E., Ebba Lovirup, & 8. Lovtrup. Changes in deoxyribonucleic acid and fotal
nitrogen in planarian worms during starvation. J. Embrvol. exp. Morph. , 1953, I, 161-165.
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Hyman, Libbie E.
©Am. Mus., Nov., 1857, 18

. Hyman, Libbie. H. Descriptions and records of fresh~water turbellaria from the U.S. Arn. Mus.
© Nov., 1855, 1714, ' ‘

Hyman, Libbie H. Environmmental contrel of sexual reproduction in a flatworm. Anat. Ree., 1941,
¢ 51 (Suppl. ), 108,

The common planarian Dugesia tigrina {Planaria maculata) exists in nature as sexual and
asexual stocks. The latter reproduce exclusively by fission and no means of inducing sexual
reproduction in them by environmental changes has been discovered. The sexual stocks develop
a reproductive system annually in spring and lay cocoons for about 3 months thereafter; the
sexual system then degenerates and fission becomes the mode of reproduction. Fission may also
occur during the sexual phase. Contrary to the opinion of other workers, the sexual stocks do
nct have an inherent sexual rhythm but the appearance of the reproductive system is controlled
by temperature. Sexuality can be induced in sexual stocks at any season by lowering the temper-
ature {0 15° C. or lower for 2 weeks or less and then raising it to around 25° C. Indications of
the male system can be seen within 2 or 3 davs after the temperature rise and viable cocoons
begin to be laid within a week. Some individuals are so sensitive to temperature change that
exposure to low temperature for only 2 or 3 days duffices to induce sexual development. Sex-
uality can be repeatedly induced in the same worm but apparently not immediately after a period
of sexual activity. Only worms of a sufficient size respond to temperature change but some
worms of apparently adequate size also fail to respond. The development of the reproductive
system may be partial and the condition attained shortly after temperature rise does not progress

further.

Hyman, Libbie H. Miscellaneous marine and terrestrial flatworms from South America. Am.
Mus. Nov., 1955, 1742,

Hyman, Libbie H. North American triclad turbellaria. 15 . Three New Species. Am. Mus.
Nov., 1956, 1808,

Hyman, Libbie H. North American triclad turbellaria. 16. Fresh-water planarians from the
vicinity of Portland, Oregon. Am. Mus. Nov., 1863, 2123,

R POR e )

Hyman, Libbie H. On two fresh-water planarians from Chile. Am. Mus. Nov., 1959, 1932,

New York: Wileyv, 1933, Chapter 13, 326-334.

A recent and brief taxonomic key to the identification of planarian species with helpful

diagrams. This article alseo includes references to more detailed taxonomic and ecological

studies.

Hyman, Libbie H. The polyclad flatworins of the Pacific coast of North America. Bull. Am.
Mus, Nat, Hist.,, 1953, 100, 269-392,

Hyman, Libbie H. The polyeclad flatworm of the Pacific coast of North America: Additions and
corrections. Am. Mus. Novitates, 1955, 1704,

Am. Mus., Nov., 1862, 2110.

Hyman, Libbie H. Some land planarians from Caribhean countries.
Hyman, Libbie H. Some land planarians of the U.8. and Durope, with remarks on nomeneclaiure,
Am. Mus. Nov., 1954, 1887,
1959, 1943,

Hyman, Libbie H. Some turbellariz from the coast of California. Am. Mus. Nov.,

A few turbellarians from Trinidad and the Canal Zone with corrective remarks.
nd ' f
62

Hyman, Libbie H. Ovrder tricladida, in Ward, H. B. & G. C. Whipple {eds.) Fresh Water Biology.
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Ichikawa, 4. & M. Kawakatsu. A new freshwater planarian, Dugesisa japenica, commonly but
erroneously known s Dugesia gonocephala (Duges). Annot. Zool. Japon., 1964, 37(3), 185-194.

Tchikawa, A. & M, Kawakatsu. Experimental technique for planarian students. Zool. Instit. and
Biol. Lab., Hokkaidc U. and Fuji Women's Col., Sapporo, Japan. )

Ichikawz, A. & M. Kawakatsu. On D, gonocephala and D. japonica. Zool. Inst., Hokkaido U.,
Sapporo, Japan.

Ichikawa, A, & M. Kawakatsu. Phagocata albata, a new probably subterranean, fresh water
planarian, from Hokkaido. Annot. Zool. Japan., 1862, 35(1), 29-37.

Tchikawa, A. & M. Kawakatsu. Phagocata iwamai, a new freshwater planarian, from Hokkaido.
Annot. Zool. Japan., 1962, 35(1), 37-46.

Ichikawa, A & M. Kawszkatsu. Phagocata tenella, a new freshwater planarian, from Hokkaido.
Annot. Zool, Japan., 19863, 36{2).

ichikawz, 4. & M. Kawakatsu. Phagocata teshirogii, 2 new freshwater planarian, from the
T8hoku region in Honshf®. Annot. Zool. Japan, 19862, 35(2), 112-120.

Ichikawsa, A. & M. Kawakatsu. Report on freshwater planaria irom north-east Nepai. Zool.

Magazine, 1964, 73{1), 27-31.

Ichikawa, A. & K. I. Okugawa. Studies on the probursalians {fresh-water triclads) of Hokkaido.
1. On two new species on the genus Dendrocoelopsis KENK, D. lacteus and DD, ezensis, Bull. of the
Kyoto Gakugei Univ., 1958 (March), Ser. B., no. 12,

Jenkins, Marie M. The effects of thiourea and some related compounds on regeneration in
planarians. Biol., Bull., 1959, 116, 106-114.

(1} A study was made of the effects of the three goitrogens, thiourea, phenyithioures,
and thiouracil, on Dugesia tigrina, a species of planarian. Observations were made of the
effects of the drugs on healing, head formation, proboscis development, eye and skin pig-
mentation, and regenerative growth raie.

{2) Phenylthicurea was found to be most effective in preventing healing. Both thiourea

and thiouracil retarded the rate of healing.
(3} Higher concentrations of all three goitrogens were effective In retarding or suppressing

the normal developmént of :sense lobes and proboscis. Phenylthiourea was most potent. Lower

concentrations were ineffective. The effect was reversible.
(4) Phenylthiourea inhibited eve-pigment formation, but not eye formation. The effect
was reversible. Thiouracil had little effect on the formation of eye-pigment. The effect of

thiowrea was varied.
(5) Bodies with severed tails, placed in water, showed a characieristic growth curve

when body length was plotted against time in days. Flotted curves of planarians in goitrogens,
compared with controls, showed retardation of growth. Noticeable recovery was made upeon

the refurn of the experimentals to water.

22, 48~56,

Jenkins, Marie M. Oklahoma planarians in Virginia. Studies andi Res., 1964,

Jenkins, Marie M. Respiration rates in planarians. IL The effect of goitrogens on oxygen
consumption. Biol. Bull., 1861, 120, 370-374.

Jenkins, Marie M. Respiration rates in planarians. III. The effects of thyroid compounds on
oxygen consumption, Biol. Bull., 1961, 121, i88-192.
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Jenkins, Marie M. & H. P. Brown. Cocoon-production in Dugesiz dorotocephala (Woodworth)
1887. Trens, Amer, Migroscop, Scc., 1963, 82, 167-177.

{1y A study was made of cocoon-production in planarians of the species Dugesia doroto-
cephala, obtained from springs in Oklahoma in which a constant temperature is maintained
throughout the year. The studies included both worms of unknown age, collected from springs,
and worms of known age, hatched and reared in the laboratory.

(2) Contrary to earlier reports for this species, the planarians studied produce cocoons
the year around, both in the laboratory and in the natural habitat.

{3} Cocoon-production appears not to follow 2 season cycle, but to depend upon the age
of the animal. The planarians become sexually mature about six months after hatching. and
are sexually productive for a little over a year. TFission then beging, and both worms and
fission fragments begin fo die.

{4) The period of incubation for cocoons of this species is three to four weeks st a
temperature of 18.5 degrees C. The average number of young produced per cocoon is 16.5.
The juveniles are somewhat pigmented at birth, and otherwise resemble adult planarians except

that they have disproportionately large heads.
{5} Cocoon-deposition, and behavior in newly emerged juveniles are discussed.

Jenkins, Marie M. & H. P. Brown. Sexual activities and behavior in the planarian, Dugesia
doreotocephala. Am. Zool., 1962, 2(3), 121.

Jennings, J. B. Further studies on feeding and digestion in triclad turbellaria. Bicl. Bull.,
1962, 123, 571-581. ’

Jennings, 3. B. Observations on the nutrition of the land planarian Orthodemus terrestris
(0. F. Muller) Biol. Bull., 1959, 117(1), 119~124.

Jennings, J. B. Studies on feeding, digestion, and food storage in free-living flatworms
{Platvhelminthes: Turbellaria) Bicl. Bull., 1957, 121, §3-80.

Johnson, W. H., C. A. Miller & J. E. Brumbaugh. Induced loss of pigment in planarians,
Anat. Rec., 1981, 134, 588-59.

K zoogeografii planarii USSR. {The zoogeography of planarians in the USSR} Zoel. Zhur, 1961,
40(3), 454457, {Referat Zhur. Biol. 18961, no. 21D28.)

Kanatani, . Effect of environment on the occurrence of supplementary eyes induced by Iithium
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5569,

{1) Dugesia tigrina oceurs in two physiclogical races, a sexual and an asexual race.

(2) If the anterior third of a sexual individual and the posterior two -thirds of an asexual
animal are united by grafting, testes and copulatory crgans develop in the "asexual" part.

{3) The occurrence of genital organs in the asexual component is probably due to the
passing iato it of endocrine substances which otherwise are lacking in the asexual race. How-
ever, the possibility of a migration of "sexual' tissue (neoblasts) into the asexual posterior part

is not overlooked,

Kenk, R. Notes on the planarian fauna of Canada. Can, Field-Naturalisi, 1943, 57, 5-6.

Kenk, R. Sexual and asexual reproduction in Euplanaria tigrina. Biol. Bull., 1937, 73, 280-294.

{1) Euplanaria tigrina occurs in at least two physiclogical races which differ in the
manner of reproduction: a sexual and an asexual race.
{2} The asexual race, accerding o observations covering several years, reproduces

exclusively by fission. Temperature and nutrition control the rate of fission but do not induce

sexuality.
(3) The sexual race periodically develops reproductive organs and lays cocoons. After

the breeding period has ceased, the sex organs degenerate and fission may occur at high temper~
ature. The individual animal can outlive several periods of sexual activity.
{4) In nature, all planarians that have alternating (sexual and asexual) reproduction,
appear to propagate sexually during the colder season and asexually during the warmer ssason
£ .tl 1 -
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Kolmayer, 3. & F. Stéphan-Dubois. Néoblastes et limitation du pouveir de régendration cénha-
yer, P £ I

lique chez la planaire Dendrocoelum lacteum. J. Embryol, exper. Morph., 1980, 8, part 4, 376-86,

aires.

{1}The regeneration of the planarian Dendrocoelum lacteum has been tested at thres
different levels of amputation: just behind the eyes, half-way between the eyves and the pharyny,
and just in front of the pharyngeal base. The planarians always regenerate in the first case,

- never in the Iast case, and about 7 Hmes out of 10 in the intermediate case.

(2) Experiments involving amputations and irradiations show that there are regeneration
cells (neoblasts) in the regions behind the pharyngeal base, regions which are unable to regen-
erate.

(3} When they are not irradiated, these neoblasts are zhle to move towards the head
and to restore the irradiated regions. They reconstitute a blastema with eyes, the number of
cases directly depending on the prepharvngeal level of the section.

(4) The histology confirms the experimental resulis and demonstrates the processes of
regression, of necrosis, and then of colonization of the irradiated regions.

Lender, Th. Analyse des phénoménes d'induction et d'inhibition dans la régénération des plan-
Ann. Biol., 1956, 32, fasc. 11-12, 457-471.

The analysis of the regeneration of the pharynx; the eyes and the brain of planarians
puts in evidence three types of correlations:

(1) The regeneration of the pharynx is determined by & double induction. The gephalic
region and the prepharyngeal region induce the differentiation of a pharyngeal zone. Then the
regeneration of a pharynx is produced in the pharyngeal region without intervention of the anter-
ior region of a planarian body. The dominant cephalic region induces a dominated zone: the
pharyngeal region, capable of differentiating a pharynx. This is an example of zone induction.

(2} The regeneration of the eyes is induced by the brain. This induction is caused by 2
chemical process. The chemical substances secreted by the brain, "the organizers,” normally
cause the differentiation of the eyes in the ocular region. The second example shows that the
differentiation of a definite organ depends on the activity of a~chemical inducer.

{3) The brain secreies inhibiting substances which arrest the formation of other cersbral
ganglia, that is, ihe regeneration of another head. There is then, a third type of humeral
correlation in the planarians: the inhibition, by chemical processes, of regeneration of a defin-

ite prgan.
{4} Thus the regeneration in planarians causes interference in & chain of humersl corre-

lations.

Lender, Th. L'Inhibition de la régénération du cerveau des planaires Polycelis nigra (Ehrb.)

et Dugesia lupubris {G. Schm. ) en presence de broyats de t8tes ou de queues. Bull. Soc. Zool. de

France, 1956, 81{2-3), 192.

(1) The planarians Polycelis nigra and Dugesia lugubris, after excision of the brain and
eyes are kept in the presence of ground up homoplastics of heads or of tails. One uses ground
up animals or the remains of centrifuged ground up animals.

{2} In the presence of ground up heads, the eves regeneraie, but the differentiation of the
brain is more or less strongly inhibited.

(3) In the presence of ground-up tails, the brain differentiates nearly as well as in the
controls.

(4) The inhibition was due to a chemical substance, left in the body of the planarian,
following a gradient decreasing from the head towszrds the tail. The substance diffuses in the
water of the products of centrifugation. Its activity is specific.

Lender, Th. L'Inhibition spécifigue de la différenciation du cerveau des planaires d'eau douce

en régénération. J, embrvel. exp. Morph., 1960, 8, part 3, 291-301.

(1) During regeneration of the head of the fresh-water planarians Dugesia lugubris and

Folycelis nigra a brain inhibits the differentiation of another brain.
(2) When bearing a graft of a brain, a decapitated D. lugubris regenerates a head, but
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the regeneration of the brain is totally or partly inhibited.

(3) The inhibitory power of the brain is cue io its secretion of chemical subsiances. These
can be demonsirated in crude homogenates of heads and in the supernatant of cenirifuged homogen -
ates of heads. Homogenates of tails are inactive.

(4) The irhibitory substances are not species-specific. A homogenate of D. lugubris heads
inhibits brain differentiation in F, nigra.

{5) The inhibitory substances are organ-specific. In the presence of either a brain graft
or z homogenate of heads, a decapitated planarian regenerates all the head tissues except the
brain.

(8) The antero-posterior diffusion gradient of organ-specific brain inhibitors corresponds

to the morphogenetic gradient of Child.

. : P . POy -
Lender, Th. Mise en evidence et proprietes de l'organisine de la regénération des yeux chez la

planaire Polycelis nigra. Revue Suisse de Zool., 1955, 62(14), 268-275.

The existence of a regenerative organism of the eyes of the planarian P. nigra thus seems
to be definitely established. It is a chemical substance which diffuses in the water and across
a gel, which is insensitive to the dessication and action of alcohol at 70 degrees. It does not have
zoological specificity and remains active after color treatment. It is normally present in the
anterior region of the body, the cerebral area, where it originates. In that area it must diffuse
liberally into the tissues to act on the neoblasts which are found in the zone of regeneration of
the cut-out ocular border. It is between the 3. and 5. day that the inductive organism reaches
its maximnum. The concentration of the organism does not change during the experimental regen-
eration, one can thus think that at that time the neoblasts are apt to react to the inductor and ic
differentiate into 2 visual organ. In the tail region, the organism can be tested by killing the
tissues by heating the ground up animals to 60 degrees.

The experiments, done up to the present, again do not permit expressing an opinion on the
chemical nature of the organism. But the achievement of obtaining the inductive substance in
solution or in & suspension in water will permit entering upon the chief problem.

Lender, Th. Recherches experimentales sur la nature et les propri€tés de 1'induction de la
Embrvol. exp. Morph., 1856, 4, 196-216,

{1) After excision of eyes and brain of the planarian P. nigra {Ehrbg. ), regeneration of
eyes fails unless the brain is allowed to regenerate too. Bul regeneration of eyes in the absence
of the brain oceurs if the znimals are kept in the presence of a mince of planarian heads, or of
such a mince embedded in agar, or of the supernatant obtained after grinding heads with sand,
The induction of eye regeneration is therefore performed by a chemical substance, an organisine.

(2) Regeneration of eyes in the absence of the brain is possible if the organisine is only
allowed to act on alternate days, or oanly for two consecutive days in all. In the latter case, best
results are obtained if the substance acts during the 3rd and 4th days after operation.

(3) Regeneration of eyes is favoured by increased concentration of organisine in the medium.

{4} Treating the inducing material with 70% alcohol does not inactivate the crganisine, nor
does warming to 60° for 2 minutes. Higher temperatures reduce its activity, and beiling for 30
minutes almost destroys it.

{5) The organisine is not species-specific. Iis presence can be demonstrated in the brain
region of D. lugubris, D. gonocephala, and Dendrocoelum lacteum.

(6] £ mince of the pharyngeal or caudal Tegion does not produce regeneration of eyes.

But a2 mince of the caudal region can be activated by treatment at 80° for 2 minutes. With stronger
heating the inducing power diminishes, as with the mince of heads.

(7) A mince of caudal regions is also activated if it is treated with alcohol of 70 or 95%.
The supernatant obiained from grinding caudal regions with sand also contains ihe organisine.

(8) Such supernatants from the caudal regions are more active the greater the number of
animals from which they are prepared; but they contain less organisine than the supsrnatant from
an equivalent number of head regions.

(9) The regeneration of eyes of P. nigrsa is thersfere induced by a chemical substance, an
organisine, present throughout the body of the planarian. Its concentration is stronger in the
anterior than in the posterior region; in the latter it is furthermore immobilized within the cells.
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These resulis are comparable with those obtained in the siudy of amphibian embryonic induciion.

-

Lender, Th. Le role inducteur du cerveau dans la ré&génération des veux d'une planaire d'eau
douce. Ann. Bi 01 1952, 28, fasc, 9-10, 191-188.

On the whole the experimental results lead {o the {cliowing conclusion: the brain is the
_inductor of the regeneration of the eyes of P, nigra.

(z) The inductive action makes itself felt only in the receptive ferritory. This is normally
limited to the ocular rim of the planarian.

{h) The inductive action is a characteristic of the brain. The regeneration of the eyes is
impossible in the absence of the brain. If a third of the cerebral mass subsists, the regeneration
of the eyes is possikble. The inductive action of the brain exerts pressure on the nerveus comimun-
ications independently. The brain activates to 2 certain exient and not by contact with the neoblasts

which differentiate into visual organs.
{¢) The brain then seems to exert its induciive aciion ?.hroagh the intermediary of humoral

substances or organisms.
The organisms are without doubt secreted by the nerve cells. They diffuse across the

parenchyma. On the receptive border they regenerate into visual organs.
The organisms are nof destroyed by X-rays. They are produced by nerve cells injured

in the same way. Many of them have no taxonomic specificity.

Lender, Th. & A. Gabriel. Le compeortement des necblastes pendant la régénération de la
planaire Dugesis lugubris. Bull. Soc. Zool. Fr., 1961, 86, 67-TZ.

{1) The neoblasts of fresh~water planarians are free ceils in the parenchyma. A large
nucleus with a nucleolus is surrounded by a thin layer of cytoplasm rich in RNA.

(2} During regeneration the neoblasts build a blastema in which the tissues become dif~
ferentiated. Typical mitoses are visible in the neoblasts of the bud and the neoblasis distributed

in the parenchyma.
{3) Neoblasts are abundant in the parenchyma of planarians basted for two months. They

are used to build the bud of regeneration.

{4) In planarians irradiated "in toto'' with X-rays, the ability to regenerate disappears
with the neoblasts, which entails the death of the animal.

(5) In planarians irradiated locally, behind the wound, the neoblasts of the irradiated zone
disappear. But his zone is colorized by regeneration cells which build the blastema of regeneration.

e

Lender, Th., & A. Gabriel. Etude histochimigue des nfoblastes de Dugesia lugubris {Turbellarig
Triciade) avant et pendant la régénération. Bull. Soc. Zool. Fr., 1960, 85, 100-110.

Lentati, G. B. Ancora sulle modalitd di sviluppo degli ovociti di ibridi interrazziali de planarie.
Monitore Zool. Ital., 1982-3, 70-71, 326-334.

Lentati, G. B. Condizionamento dei processi maturativi in ovociti sinaptici ed asinaptici de
planarie. Atti A.G.1., 1960, 5, 199-206.

Lentati, G. B. Considerazion sul determinismo dei cicli cromoxomici in ibridi di planarie.
Caryologia, 1961, 14{2), 271-7.

Lentati, G. B. Due modalita’ & sviluppo dellc stessc tipe & wova in ibridi mterx’azmah di
planarie. Acta Embrvol. Morph. Experimentalis, 1962, 5, 145-1690.

Lentati, G. B. Precoce separazione dei due cromatidi in cromosomi di Dugesia lugubris (O.
Schmidt). Carvologia, 1960, 1Z, 482-496.

Lentati, G. B. Progessi maturativi ed evoluzione dello gpermic in ovocitl sinaptici ed asinaptici
de planarie. (Developmental processes and evolution of the sperm in synaptic and asynaphic oocytes of
planarians.} Atti Soc. Tosc. Sc. Nat., 1859, 88, Ser. B., 61-80.
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Lentati, G, B, Sviluppo sia anfimittico che pseudogamico in uwova di ibridi tra biotipl idi Pugesia
lugubris. Auti A G.I., 1882, 7, 236-7.

Lentati, G. B. & V. Beritini. Controllo genico immediato sulle dimensioni di zigeti ibridi d
planarie. Acc. Naz. Dei Lincei, 1962, Serie 8, 22, fasc. 5.

Lentati, G. B. & V. Bertini. Incrementc di volume in rapporte all'aumentc del numerc cromo-
somico in zigoti ibridi di planarie. Aiti A.G.I., 1962, 7, 238-0.

Lentati, G. B. & V. Bertini. Sul determinismo della "asinapsi femminile" in ibridi di Dugesia
benazzi {Triclade paludicolo). {On the determinism of the "female asynapsis’ in hybrids of D, bepazei,
(freshwater triclad). At Soc. Tosc. 8¢. Nat., 1861, 68, Ser. B., 83-11Z,

Lentati, G. B. & G. Magagnini. BSulla manifestazione della "asinapsi femminile"” in ibridi inter-
razziali i Dugesia lugubris. Attt A.G.1., 1963, 8, 150-160.

Lentati, G. B. & I. Puccinelli. TUlteriori ricerche sugli ibridi ira biotipo dipioide e biotipo
tetraploide di Dugesiz bepazzii: Produzione di individui iriplo-esaploidi. Caryoclogia, 1958, 1Z, 110-121,

Lindh. N, 0. Heteroplastic transplantation of transversal body sections in flatworms. Arkiv
Zool., 1959, 12, 183-195.

In some cases heteroplastic transplantation can be performed also in flatworms. During
the first day the connection between the joined parts was rather loose, but later the bonds were
gradually strengthened. The affinity between the cells of the two strains is tissue-specific and
to some degree level-specific, i.e., transversal paris from different longitudinal levels are the
more difficult to graft the further apart their original position. At the common internal wound
the fixation of the tissues was primarily made by differentiated tissue cells. When parts from
different longitudinal levels were joined, the neoblasis gradually intermingled after a determin-
ation and differentiation. In spite of the movable cells migrating all over the resulting new unit,
a moszaig was never formed.

The resulting mixed interstitial fluid in combination with membrane reactions in the
area of conjunction (the internal wound) provoked the formation of & peculiar tissue barrier
between the parts. This barrier, which consisted of exiracellulary collagenous structures and
had a great aggregation of pigmented cells, constituted when fully developed a hindrance for
the movabla cells; consequently the old chimerate had pure lines of cells in their two parts.
Notwithstanding this it is incorrect to regard the mixed animals as parabionts because of the
common nerve system and properiy arranged internal organs.

From =z histologic point of view the combination of tissues from different sirains resulted
only in 2 slight increase of basophilia and acid polysaccharides, whereas the content of neutral
polysaccharides and basic proteins showed a marked decrease. All these facts signified a mutval
influence of the grafts and may be regarded as general rejuvenation of the chimeric unit. When
regeneratian was enforced on a mixed animal, the mitotic activity reached the level of that of a
voung animal, which was a further proof of rejuvenating processes caused by the heteroplastic

trapspilantation.

Lindh, N. 0. Histological aspects of regeneration in Euplaparia polychroa. Arvkiv, Zool,11,
§5-103.

Regeneration in E. polvchroa is effected by a series of events. The first is a mechanical
wound closure brought about by a local coniraction. Final closure of the central part of the wound
is the result of a second contraction, which is made possible after an active and partial over-
lapping and adhesion to the opposite side of the wound by certain cells. After the wound is closed,
all cells of the regensrating part exhibit intensified metabolic activity, culminating in 36 hours to
3 days. The activity starts in the wound and is visible as an increased and diffubasophilia. The
iollowing cell multo-lication and restitution is presumably divecied by the remaining nerve system;
cnset and speed depend on the degree of cell modulation, the reversion of which tzke considerable
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fime in old animals. The only cells tc divide during the restitution of the lost part are of the
neoblast type, but, if not demodulating to "necblasts,’ most zells of the wound surface change
their morphology and cytoplasmic reactions and partake in the blast formation, where they
act as inductors.

Lindh, N. 0. The metabolism of nucleic acids during regeneration in Euplanaria polychroa.
Arkiv. Zool., 1956, 9, 421-450.

The reflections of regeneration are studied in regard to the biochemical balance between
nitrogen, sugar, fat znd nucleic acids, all of which are correlated with reduced weight.

Before regeneration the quantity of nitrogenous compounds, fat, sugar and nucleic acids
follows special gradients along the longitudinal axis, This graded distribution is stable and when
a new animal is regenerated from an old part, the distribution is levelled according to the origin.

During regeneration the animal loses and recovers in weight in a rhythmic fashion, which
suggests a variation in density of the animal, an unbalanced metabolism of fat compared with
constituents of greater density or a veal loss and re-absorption of metabolites. The nitrogenous
compounds vary broadly speaking in accordance with the course of loss of weight., The variation
in amount of sugar and fat is synchronous with the energy requirement during the different stages
of regeneration. The content of RNA, DNA and FNA {free nucleic acids) fluctuates according to
the different decomposing and synthesizing stages of regeneration.

The wounding evokes the periodic variation and synclironizes all reactions to a fitted
metabolic systerm. The reactions assume a peculiar step-like character throughout the animal,
and for this reason regenervation dees not affect only the blastema. However, sometimes the
synchronism is absent during the first six to seven days of regeneration, which possibly indicates
an inborn more or less synchronically metabolic rhythm.

The metabolic conversions do not have the same result in the blastema and the peripheral
old part. The old part retains an old-adapted pattzrn of metabolism, but the biastema is an
actually rejuvenated tissue-conglomerate. Rejuvenation in this case is associated with proportion-
ally low content of nucleic acids and polynucleotides,; which have a very low content of non-dis-
sociating protamine. An old animal always has a greater content of polymerized compounds,
containing large amounts of pretamine, but small amounts of free nucleic acids (FNA)}, which are
very pure.

The significance of gradients and rhythm is discussed.

Lindh, N. O. The mitotic activity during the early regeneration in Euplanaria polychros., Arkiv.
Zool., 1957, 10, 497-509.

In the planarian flatworm Euplanaria polvchroa the mitotic activity has an even distribution
before regeneration, but as soon as a part of an animal is forced io regenerate, a graded distri-
bution appears both within the different longitudinal parts and along the old axis, if the number of
cell divisions in the parts arve compared. The greater mitotic activity occurs just behind the old
mid-part, from which point the aciivity decreases cephalically and caudally. However, the
activity in the old head is next to the mid-part maximum. From a mitotic point of view the
gradient means that 2 fore-part blastema is more easily formed in the posterior part of the
animal than in the anterior. On the contrary, 2 hind-part is more easily reconstructed the
more cephalically it has to be created. In the formation of a blastema the mitotic activity has
a rhyvthmic course, which consists of a slow oscillation upon which ig layered a fast one. The
resulting Thythm is longitudinally graded and is different in fore-and hind-part regeneration.

The duration of the four ssparate mitotic stages also shows a periodic variation during the re-
generation. The variation of mitotic spectrum as well as the rhvthm in mitetic activity differs
with the age of the animal.

The origin of blastema cells is shortly discussed.

Lindh, N. O. The nucleic acid composition and nucleotide content during regeneration in the
flatworm Buplanariz polychroa. Arkiv., Zool., 1857, 11, 153-166.

The gqualitative composition of RNA and DNA is not uniform along the animsl axis and
varies during a2 regeneration. This latter variation changes from the one longitudinal level to



the other.
In the case of DNA the qualitative variation is confined to z changing adenine:

{or thymine: cyiosine) ratio; adenine to thymine and guanine to cytosine being constantly 1. The
fluctuations are due to 2 varying adenine {thymine) conient; the guanine {(cylosine} conient, seems
io be more stable, The variation of DNA composition is not correlaied to its varying content but
follows the rate of cell multiplication. Vigorous mitotic activity is characterized by 2 high A:G
ratio, and consequently z double-wounded part has greater A:G ratio than a single-wounded. On
the contrary a low A:G ratio before & regeneration signified a high potency of increased rate of
cell division. After the regenerstion & low A:G ratio of the new units is a sign of rejuvenation.

The composition of RNA varies with its actual content, Low content mainly means a
proportional dominance of adenine over the other bases; guanine proportionally dominates over
the pyrimidines, This composition indicates an action of ribonucleases during a period of de-
creasing RNA content. During a period of dominating RNA-synthesis the A:G is lowered as well
as A:U and G:C, Consequently RNA varies its compostiion by the variation of guanine and pyrim-
idines. Double-wounding and consequent far-reaching protein rearrangements always inflict
fundamental gualitative changes in RNA, In spite of a low ANA content, the (A/~GY/{U/-C) and
A:G ratics are low during a double wound-repair. In this respect the A:G ratics of DNA and RNA
are converse,

The qualitative variation of free nucleotides is greai and also longitudinaily graded.
Only AMP, ADP and ATP seem to reflect the energy consumption. The great amounts of UMP
and UDP increase during a period of cytolysis of old tissues and increased general cell activity.
The adenylic acids accurnulate before and during a period of differentiation. In the proportional
changes of nucleotides, the variations are at first in accordance with a localized reaction pattern,
but later the resctions depend on the number of wounds., At the end of regeneration there is a
great accumulation of free nucleotides. The mutual relation of these in the different parts is,
however, changed, which indicates that the newly restituted animals do not have a uniform chem-
ical composition and identical biochemical reactions but diverge from each other according to

guanine

their crigin.

MacRae, E. K. Chromatographic identification of porphyrins in several species of Turbellaria.
Experientia, 1963, 19, 1-4.

MacRae, E. K. Localization of porphyrin fluorescence in planarians. Science, 1961, 134(3475),
331-2.

MacRae, E, K. Observations on the fine structure of pharyngeal muscle in the planarian Dugesia
tigrina. J. Cell. Biol., 1863, 18(3), 651-662.

MscRae, E. K. Observations on the fine structure of photoreceptor cells in the planarian Dugesia

tigrina. J. Ultrastructure Research, 1564, 10, 334-3483.

MacRae, E. XK. The occurrence of porphyrin in the planarian. Biol, Bull., 13586, 110{1), 69-76,

MacRae, E. K. Porphyrin synthesiz in the planarian. J. exp. Zool,, 1958, 142(1-3}, 667-674.

MacRae, E. K., Porphyrin synthesis in the planarian. II. Incorporation of Delta-aminolevulinic

Acid-4-C1% into Uroporphyrin. J. exp. Zool., 1963, 153(3), 255-262.

Magagnini, G. Cytological researches on populations of the planarian Dugesia lugubris s.1. from
North Ireland., Atii Soc. Tosc. S¢. Nat., Series B., 1861, 181-187.

Manners, H. W. Anesthetize those planarial Turiox News, 1957, 35, 134,

P
Marriott, F.H.C. The absclute lighi-sensitivity and spectral threshold curve of the aguatic

flatworm Dendrocoelum lacteum. J. Physiol., 1458, 143, 368~373.

{1} Experiments were carried out io determine the speciral sensitivily and absolute visual
threshold of Dendrocoelum lacieum. The photonegative response to lateral light stimull was
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used ag an indication of visuzal sensitivity. The threshold, the level at which certain predetermine ]
proportion of the animals {zlled to respond, was taken as an inverse measure of spectral sensitiv-
ity. The absclute vaiue of the threshold was determined for light near the wave-length at which
the animsls were most sensitive,
{2} The following conclusions were reached: &) the animals are insensitive to infra-red

radiation. b} the sensitivity curve for visible light is roughly similar io that of the human eve

~ from which the lens has basen removed. The animals are relatively more sensitive than man
(with a lens) to the blue of the specirum. ¢} the animals are relatively more sensitive than
man 1o the near ultra~violet (sbout 0.380C u}. The calculations in this region are not very re-
liable but probably the threshold energy is rather over-estimated. The shorter ultra-violet
radiation was not investigated. d) The response is mediated through the 'eyespotis’, &) the
absolute threshold for green light corresponds to an illumination of 1.4 x 1073 photopic lux, or
about 39, 000 guanta per eyespot per second, This is an average value, and some animals are
much more sensitive, The efficiency as light detectors of the 'eyvespots’ themselves is possibly
little less than that of the human eye, but the animal requires a much higher illumination to
respond on account of the very small size of the ‘eyespots’,

Marsh, G. & H. W. Beams. Electrical control of morphogenesis in regsnerating Dugesia tigrine.
1. Relation of axial polarity to field strength. J. Cell. Comp. Physicl, 1852, 38{2), 181-210,

{1y Cut pieces of Dugesia tigrina of known original polarity were imbedded in 3% agar and
exposed to direct current for 5.1 days {average} at 21 + I degree C. in a continuous flow chamber.

{2} Pieces oriented with their original anterior end to the cathode developed normally at
all current densities,

{3) Pieces oriented to the anode {a) developed in accordance with the original axis at an
average current density of 7.92 ua/ mm2, but showed temporary development of head behavior in
the tail in the higher range; (b} developed temporary head structures and behavior {o the cathode
at 17,81 pa/mm? (average); (c) developed two permanent heads (bipolarity) at 19,24 pa/mm
{average): and (d) underwent reversal of original polarity at 21.62 pa/mm? {(average).

{4) Tail pieces with a single cut surface oriented f{o the anode became acephalic at
20.47 pa/mm? (average) with no structural alteration, but with cccasional head behavior appear-
ing, in the uncut tips.

(5) The potential gradient in mv/mm was 10.31 x current density., An explanation of the
large magnitude of the potential gradient is offered in terms of the difficulties of tri~axial conirol
by an uniaxial external field.

{6} The first 8 to 4 days of regeneration have the character of an indifferent period. The
minimum effective exposure time to a given current density was about 1.8 days. No regeneration
delay or inhibition was observed other than the implicit in control of ihe pelar axis,

{7) The morphogenetic effect of the current was not related to piece length or original body

position.

Mast, 3. O. Reactions o temperature change in spirilium, hydra and fresh-water planarians.
Amer, J, Physicl., 1803, 10, 165-180.

McWhinnie, M. A. & M. M. Gleascn. Histolegical changes in regenerating pieces of Dugesia
dorotocephala treated with colchicene, Biol. Bull,, 1857, 11, 371-378.

Mengesbeier, W. L. The effect of Na-L Thyroxine on viability and regeneration of Dugesia
tigrina. Virginia J. Sci., 1980, 11¢4), 182. :

Mengesbeier, W. L. & Marie M. Jenkins. Succinoxidase activity in homogenates of Dugesia
dorctocephala. Biol. Bull., 1864, 127(2), 317-323.

. Cephelic grafis between

Miller, 4. A. Studies on heteroplastic {ransplantation in iriclads. I
Euplanaria dorotocephala and E. tigrina, Physiol. Zocl., 1938, 11, 2i4-247,
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Milne, L. J. & Margery J. Milne. Invertebrate photoreceplors. Rad. Biol,, 1856, 3, (Hollzend-
er, A,, ed.}, Chapter 14, §28-631. :

Murray, Margaret R. The calcium-potassium ratio in culture media for Planaria dorotocephala.
Physiol. Zool., 1828, 1(2), 137-146.

27, 47,

Murray, Margaret R. The cultivation of planarian tissues in vitro. J. exp. Zool., 18
487505,

Murray, Margaret R. In vitro studies of planarian parenchyma. Arch, f, exp. Zellforschung,
1931, 11{4), 656-667.

Nobili, R. Contributo alla concscenza di alcuni meccanismi morio-fisiologici della riproduzione
sessuata nel tricladi. Archivic Zool. ftal,, 1857, 42, 185-250.

Nobili, R. La durata della funzionalita degli spermi nei ricettacoli seminali di triciadi paludicoli.
Archivio Zool. Ital., 1958, 43, 187-171.

Noel, Martha S. Animal ecology of a New Mexico springbrook. Hydrobiologia, 1954, 8, 120-135,

Okada, Y.K. & H. Sugino. Transplantation experiments in Planaria gonocephala, 1.
1947, 7, 373~439.

Okada, Y. K. & H. Suginc. Transplantation experiments in Planariz gonocephala I. Jap. J.
Zool., 1837, 7, 373-438.

Osborn, P. J. & A. T, Miﬁer Jr. Uptake and intra-cellular digestion of protein (peroxidase) in
planarians. BRiol. Bull., 1962, 123, 589-596.

Pann, Eugenia. Induced enzyme synthesis in planaria. Zool,, 1962, T02.

Pearl, R. The movements and reaciions of fresh-water planarians. J. Micro. Sci., 1503, 46,
509-714,

The movements and reactions to all the more important stimuli, with the exception of
light and heat, have been described and analyzed into their component factors in the body of the

paper,

Pedersen, K. J. Cyiological studies on the planarian neoblast. Z. Zeliforsch., 1857, 50, 799-
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The paper is a study of the cytology of the regeneration cells {neoblasts) in planaria vitta.

The morphelogy of the living cells has first been examined to provide a reference for an
investigation of the fixed neoblasis as studied by ordinary cytological, cytochemical and electron
microscopical techniques.

A rather selective stzining method has been devised based on the basophilic properties of
the scanty cytoplasm. The morphology of the fixed neoblasts and their digtribution in the intact
animal have been described, using this method.

The marked cytoplasmic basophiliz was found to be exclusively due to ribonucleic acid,
and not to deoxyribonucleic acid or acid mucopolysaccharides.

The cytoplasm containe moderate to considerable amounts of basic proteins. Tyrosine,
cysteine/cystin, arginine, lysine and perhaps histidine were present, while tryptophan could not
he demonsirated.

No enzymes could be demonstrated apart perhaps from cytochrome oxidase.

“The mitochondria are emall and inconspicucus and more or less evenly digiributed through-

out the oytoplasm. A golgl apparatus could not be demonstrated.

Jap. J. Zool.
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The electron microscopic picture is very characieristic, because of the high eleciron
density of the cytoplasm. This densily is the result of the presence of a great number of ribo-
nucleoprotein granules. Most of the granules are free and only a minor part bound i the mem-
branes of the endoplasmatic reticulum. The interesting feature of the cell membrane are dis-
cussed in relation fo the structure of the parenchyma.

The cytochemical properties of the neoblast (RNA and sulfaydryl-group containing protein)
and the fine structure as revealed in the electron microscope characterize the neoblast as morpho-

.genetically active cell.

Pedersen, K, J. Morphogenic activities during planarian regeneration as influenced by triethy-
lene melamine, J. embryol. exp., Morphel., 1958, 6(2), 308-334.

The action of antineoplastic substance, triethylene melamine (TEM) on the morphogenetic
processes of head-regeneration in Planaria vitta has been studied. A description of the normal
regeneration is first given: blastemna formation and biasterma growth {maximal at the 5th to 7th
day after decapitation), cellular migration, mitosis activity (maximal 3rd to 4th day), different-
iation processes elc. descussed. The 2 eyespots are regenerated about the 10th day. TEM in
very low concentrations strongly retards (0.1 mg/1) or blocks (0.5 mg/1) regeneration of 2 eves,
Administered continucusly, 2 high toxicity is observed., Expeosure to high concentrations for a
short time involves severe retardation of regeneration without any mortality. A phase-specificity
is observed. TEM in low concentrations only acts in the 1st phase of regeneration, in higher
congentrations in the middle phase oo, bul no action is encountered in the late phase. The phase
specificity is not due to lact of penetration of the substance, TEM strongly depresses mitosis of
regeneration cells (neoblasts} and this is its primary action on the regenerative process, explain-
ing its phase specificity, TEM has no influence on cellular migration. Differentistion and in-
duction of eyes are not directly influenced, but may be medified as a result of depletion of neoblasts.
Two interesting morphogenetic conseguences of TEM~-administration were cbserved: (1) a dis-
sociation between morphallaxis and epimorphesis, (2) animals regenerating only 1 lateral eye,
possibly because of competition of the 2 symmetrical halves for neobiasts. The phenomenon is
quite distinct from cyclopia. Fission as such is unaffecied by TEM. The regenerztion of the
posterior fragments follows the same pattern as that of the head~pieces. Some histopathological
change following TEM-treatment are described. A timed break-down of the different cell types
can be followed, the neoblasts being the most sensitive. The PAS-reactim is depressed afier _
intensive treatraeni. Some experiments as to the mechanism of TEM-action have been carried
out, Respiratory intensity is unaffected, even in high concentrations. The free amino acids were
studied. Only 1 change was observed, a highly-elevated giutamine reaction. This resuli was
obtained with both intact and decapitated animals. A partial protection is obtained by pretreat-
ment with BAL (2, 3-dimercaptopropancl). The significance of epimorphosis and morphallaxis,
and the respective role played by mitosis and neoblasts in these processes are discussed.

Pedersen, K. J. On the oxygen consumptiion of Planaria vifta during starvation, the early phase
of regeneration and asexual reproduction. J. exp, Zool., 1956, 131, 123-135.

The Cartesian diver technique has been employed for respiration studies on Planaria viita

in different morphogenetic states,
The following resuits were obtained:
(1) The oxygen consumption of intact, genetically pure animals is about § ul per milligram

total body nitrogen per hour (--Q g“; /N7

(2)Within the standard error the oxygen consumption is unaltered duriag starvation for 33-
38 days.

{3) During starvation for 63-56 days.

{4) The respiratlion is likewise of the same intensity aboui 1-2 hours after wound-cutting
{decapitation} and—-

{5) In the regression phase of head regeneration and—-

{6} During the fission process.
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Pedersen, K. J. Studies on the nature of planarisn connective tissue., 7. Zellforschi, 1861, 53,
585-608.

Cytological, histochemical, electronmicroscopical and in vive dissociation methods have
been employed in studies on the connective tissue in two planarian species, Two cell types belong
to the connective tissue: the "free’ neoblast and the 'fixed" parenchyma cell.

The fixed parenchyma cells penetrate and bind together all structures between the epider-
mis and gasirodermis. The cells are very large and provided with many attenuated processes,
The cytoplasm exhibits a strong PAS-reaction, presumably due to a high content of neutral poly-
saccharides, The cytoplasmic RNA is only present in small guantity. There are indications of
very low activities of oxidative enzymes and hydrolases. Correlated light microscopical and
electron-microscopical examination revealed that most of the PAS-reactive material is intra-
celiular.

In electronmicrographs the cytoplasm of fixed parenchymal cells is generally pale and
contains few, irregularly distributed mitochondriz and scanty golgi material, In Planaria vitta
& large number of lipid droplets are present. This is pot the case in Dugesia tigrina. Many
vesicles of several iypes are observed. Alsc the occurrence of lysosome-iike structures is a
characteristic finding,

The fixed parenchyma cells do not form 2 syneytium, and desmosomal contacts with other
cells have not been observed. The extracellular space is extremely small, limited to the narrow
space between iwo opposing cell membranes, In few places it is slightly widened. Little or no
ground substance is present.

Connective tissue filaments are found in the highly developed subepidermal basement
membrane, The finding of filaments in many portions of the narrow intercellular space is of
considerable interest.

The great flexibility and probable great functional significance of the fixed parenchyma
celis is discussed in relation to modern concepts of cellular transport mechanisms.

It is suggested that the connective tissue in planarians perhaps is one of the most primitive
expressions of connective tissue in the animal kingdom.

Pentz, 5. & F. Seilern-Aspang. Die Entstehung des sugenmusters bei Polycelis nigra durch
wechselwirkung zwischen dem augenhemmfeld und der augenindukiion durch das gehirn. Roux! Archiv
fur entwicklungsmechanik, 1961, 153, 75-92,

Pirenne, M. H. & F. H. Marriott. Light sensitivity of the aquatic flatworm Dendrocoelum
lacteum. NatureK 1955, 175(4438), 642,

Press, N. Electron microscope study of the distal portion of the planarian reticular celi, Biol,
Bull,, 1839, 117, 511-517,

Puccinelli, Jeana. Anomalous meiosis in synaptic oocytes with a multipolar spindle in experi-
mental polypleids of the planaria Dugesia lugubris., Atti.Soc. Tosc. Se. Nat., Ser. B., 1961, 233-248,

Puccinelll, Tleana. Variazicni del numero cromoscemico e meccanismi di eliminazione cromo-
somica in poliploidi sperimentali della planaria Dugesia lugubris (O. Schmidt;. Acta Embryvel, Morph.
Experimentalis, 1861, 4, 1-17.

Puccinelli, Deana., Variazioni del numero cromosomico in poliploidi sperimentali dells planaria
Dugesiz lugubris (0. Schmidt) Bollettino di Zool., 1859, 28, fasc, 2, 311-317.

Reynoldson, T. B. A guantitative study of the population hiology of Dugesiza lugubris (0. Schmidt)
(Turbellaria, Tricladia). Oikos, 1961, 12(1), 111-125,

Reynoldson, T. B. A quantitative study of the population biology of Polycelis tenuis {Ijima)
{Turbellaria, Tricladia), Oikos, 1960, 11(1), 125-141.

Reynoldson, T. B. British species of Polycelis {Platyhelminthes). Nature, 19048, 162(4120), 820-1,
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Reynoldson, T. B. & J. O, Young, The food of four species of lzke—dwelling triclads. J. Anim.
N

Feol., 1983, 32, 176-1

ek

Rohlich, P. & L. J. Térik. Elekironemikroskopische untersuchungen des zuges von planarien.
7eitschrift filr Zellforschung, 1961, 54, 362-381.

TRosenbaum, B. M. & C. I. Rolon. Intracellular digestion znd hydrolvtic enzymes in the phago-
cytes of planarians. Bilol. Bull., 196G, 118, 315~323.

Rulon, O. Single and combined effects of cyanide and methylene blue on reconstitution in Euplan-
aria dorotocephala. Physiol. Zool., 1938, 11(2), 202-213.

Sengel, Catherine. Culture in vitre de blastdmes de régénération de planaires, J. embryol.

exp. Mogph., 1960, &, 468~478,

n blastemata of planarians have been cultivated in vitro on an agar-

{1y Young regeneratio
m which is a modification of the organ culture medium devised by

embryo extract culture mediu

Wolff & Haffen.
(2) Transverse cuts were made In whole worms and 3 days later the blastemata were

isolated on the culture medium, where they survive for 10-15 days. There is no visible growth,
but the observations reveal pigment formation by the third day, the appearance of muscles on
the fourtk or fifth day, and the presence of the eyes and brain by the tenth day. All three types
of differentiation have been observed in the cultures of head blastemata, but only pigment and
muscles are present in the cultures of tail blastemata.

(3) When two or more head blastemata are culfured together they differentiate into a
larger head with supplementary eyes. The association of two or more tail blastemata does not
result in the differentiation of eyes or brain. The combination of one head blastema with one or
two tail blastemata in such cultures gives rise to a small planarian with a pharynx and a gut,

(4) The method of culturing regeneration blastemata in vitro reveals that the fate of the
bizstemata is determined guite early. A head blastema can differentiate cephalic structures,
wheress 2 tail blastema cannot. However, if a head blastema is associated with a tail blastema

in culture, then they differentiate into a complete planarian,

Cultare in vitro de blastémes de régénération de la planaire Dugesia lugubris,

Sengel, Catherine.
Ann. Epiphyties, 1963, 14(3), 173-83.

ceneration blastemata of planarians have been cultivated in vitro on an agar-

{1)Young reg
embryo extract culture medium which is a modification of the organ culture medium devised by

£, Wolff and K, Haffen (1952).
(2) Transverse cuts were made in whole worms and 3 days later the blastemata were

isolated on the culture medium, where they survive for 10-15 days. There is no visible growth,
but the observations reveal pigment formation by the third day, the appeszrance of muscles on the
fourth or fifth day, and the presence of the eyes and brain by the tenth day. All three types of
differentiation have been observed in the cultures of head blastemata, but only pigment and
muscles are present in cultures of tail blastemata,

(3) When two or more head blastemata are cultured fogether they differentiate into a
larger head with supplementary eyes. The association of two or meore tail blastemata does not
result in the differentistion of eyes or brain. The combination of one head blastema with one
or two tail blastemata in such cultures gives rise lo a small planarian with a pharynx and a gut.

(4) The method of culturing regeneration blastemata in vitro revesls that the fate of the
blastemata is determined quite early. A head blastema is sssociated with a tail blastema in

culture, then they differentiate inio a complete planarian.

Sengel, Catherine, La region caudale d'une planaire est-elle capable d'induire lz r€génération

dwun pharynx? J. embryol, exper. Morph., 1959, 7, part 1, T3-85.

amputation and irradiation have been made on the freshwater

(1) Experiments involving
to ascertain the precise roles of head and fall in

planarians Dugesiz lugubris and Polycelis nigra
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the inducticn of a pharyngeal zone and of a pharynx. i
{2} During the normal regeneraiion of a prepharyngesal caphalic fragment, a pharynx regen-

erzates in the original tissues of the fragment at the same time as the caudal blasiema appears.
During the normal regeneration of a poesipharyngeal caudal fragment, the pharynx appears in the
new tissues of the blastema., The eyes of the regenerated head have by then already appeared.

" {3) The caudal blastemata of cephalic fragments were cut away every day or every second
day. A pharynx appears after a few days in the fragment. The cephalic blastemata of caudal
fragments were cut away every second day. No pharynx regenerated under these conditions.

{4) A zone close to the cut was irradiated with X-rays, which prevents the fragments
regenerating for a long time. A pharyux appears in the cephalic fragment long before the regener-
ation blastema. In the caudal fragments, the pharyax cennot regenerate before the blastema has
formed. If appesrs only afier the blastema has differentiated into a head,

{5} The same resulis have been obtained in another species of planarian, Polycelis nigra,
{6) The regeneration of the pharynx is therefore possible in a cephalic fragment, devoid
of any blastema. The regeneration of a pharynx is impossible in a tail without cephalic, pre-

pharyngeal or pharyngeal regious.

Sengel, P, Sur 'induction dune zone pharyngienne chez lz planaire d'eau douce Dugesia lugubris
{C. Schm.) Archives D'Anatomis Microscopique et de Morph, Exp., 1953, 42(1}.

(1} Experiments of transplantation have been carried out on the fresh-water planaria
D. lugubris in order to be zble io state precisely the inductive capacity of a cephalic transplant

grafted into the postpharyngeal region of the planarian.
(2) A head graft is implanted into the concordant area or inversely into the postpharyngeal

of a planarian. At the end of 3 o 4 weeks, if is esiablished that the graft has induced a supple-
mentary pharynx in the tigsues of the host. The polarity of the supplementary pharynx is aiways
the same as that of the graft (i.e. orientation of suppl. pharynx tc body is the same as that of
normal pharynx). Then the grafi is cut out. If does not reject (the suppl pharynx). The suppl.
pharynx is extracted next. After 8 to 15 days, it is regenerated in its proper polarity, that is,

concordant or inverse in relation to the host.
(3) This is not a pharynx which the graft has induced in the host, but a whole pharyngeal

region, This (region) retains in effect, the faculty to regenerate its pharynx in the zbsences of

cephalic formations which have presided in its formation.
(4) These results are in agreement with the notion of the "zone of induction'; induction of

a dominated zone, the pharyngesa! region, by a dominant zone, the cephalic region. It is neces-
sary to distinguish the induction of the zone of induction from (the induction of} distinct organs,
as that which Th. Lender has observed in the regeneration of the eyes of P. nigra.

Sengel, P. Sur les conditions de la régénération normale du pharynx chez la planaire d'eau
douce D. lugubris (O. Schm.). Bull. f

Biol. de la France et de la Belgigue, 1851, Tome LXXXV, fasc. 4.

Silber, R. H. & V. Hamburger. The production of duplicitas cruciata and multiple heads by
regeneration in Euplanarig tigrina. Physiol, Zool., 1939, 12, 285-300.

Contribution a 1'8tude de 1'ultrastructure des muscles chez Dugesia tigring {Girard)

Silveira, M,
{Turbellaria). Academie des Sciences, 1882,July 2.

Smith, Agnes A, & C. 8. Hammen. Effects of metabolic inhibitors on planarian regeneration.

Biol. Bull., 1983, 125(3), 534541,

Steinbdck, O. Histopathologische auswiekungen von insektiziden {DDT und Sevin) bel wirbellosen

und ihre concerogene beurteilung. Mikroskopie, 1962, 17, 85-112,

Stéphan, F. REgénération des formes doubles de Dugesia tigrina (Triclade d'zau douce).
"Regeneration in animals and related preblems’, an Internaticnal qympomum held at Athens, Gresece,

April 1884, North-Holland Publ. Co., Amsterdam, 1965,
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Stéphan, F. REgéndration des individus polypharynges de Dugesis tigrina (Planaire d'sau douce).
Comptes rendus des séances de la Societe de Biologie, 1863, 157{(35), 1083.

Stéphan, F. Tumeurs spontanees chez la planaire Dugesia tigrinz. Comptes rendus des sBances
de la Soe. Biol,, 1962, Tome CLVI, no. &, 920,

- Stéphan-Dubois, F. Les celiules de régénération chez la planaire Dendrocoelum lacteum. Bull,
Soc. Zool, .Fr., 1981, 86, 172-185.

(1) The number of regeneration cells (neoblasis) in the planarian D. lacteum af rest shows
that thie species, even if it possesses fewer neoblasts than a planarian capable of total regener-
ation, is however well provided at all levels. The loss of the ability to regenerate cephalically
from posterior regions cannot be explained by a scarcity of neoblasts.

(2} In depriving the prepharyngeal region of its necblasts by irradiation, one proves that
ihe necblasts present in the pharyngeal and postpharyngeal regions are capable of migrating for-
ward and regenerating the head. The necblasts in the posterior re gion are thus totipoient as are
shose of the anterior territories and as those of all planarians of high regenerative ability,

{3} Some experiments with grafts combined with irradiation confirm these results and
show in addition that a very small postpharyngeal fragment is sufficient to reconstitute 2 plan-
arian, -

StEphan-Dubois, F. Les neoblastes dans la régénération chez les planaires. International
Symposium on 'Regeneration in animals and related problems'™,; held at Athens, Greece, April 1864,
Norih-Holland Publ, Co., Amsterdam, 1865,

Histologic observations as well as experimentation (amputation, grafting, irradiation)
clearly demonstrate the role of neoblasts in the regeneration of planarians. These free cells
of the parenchymal connective tissue are distributed all over the bedy, with a gradient slighily
decreasing from head to tail. They may migrate over considerable distances, preferably zlong
the nerve cords, but if necessary in every direction. Such migrations are evoked by a disturb-
ance of quantitative order (wounds, cellular losses of various natures) and are oriented towards
the injured site. Neoblasts play an important { znd sometimes exclusive) role in regenersation,
in epimorphosis, as well as in morphallaxis, but they also repair worn out or damaged parts,

Stéphan-Dubois, F. & F. Gilgenkraniz. Régénération aprés transplantation chez la planaire
Dendrocoelum lacteurm. Comptes rendus des s€ances de la Société de Biologie, 1961, 155(1), 115.

The neoblasts in the posterior region are totally potential {this confirms the conclusions
of 1959) but a cephalic blastema can only reconstitute itself by dividing 2 prepharyngeal area from
a potential area. In the exact frame of experiments, which come to be described, each terrifory
hence conserves its own potentials.

Stéphan-Dubois, ¥. & F. Gilgenkrantz. Transplantation et régénération chez la planaire
Dendrocoelum lacteum. J. embrvol. exp., Morph., 1961, 8, 642-649.

Stéphen-Dubois, F. & $. Kilmayer. La migration etla différ%nciation des cellules de régénér-
ation chez la planaire Dendrocoelum lacteum. Comptes rendus des séances de la Société de Biologie,
1959, 153(11), 1856.

The planarian D. lacteum is not normally endowed with the potential of cephalic regener-
stion when the transverse section of the amputation occurs behind the pharyngeal root. The
pharyngeal and postpharyngeal regions meanwhile contain cells of regeneration capahle not only
of regenerating a tail region, but also of reconstituting & cephelic region affer having gone over
a distance which runs past 2/5 of the body of the worms sometimes. The cells have s fotal but
latent histogenetic potentizlity which reveals itself only if they are iransplanied into a prepharyn-
geal region, Research is being done to try and discover the inhibiting factors which biock the
regeneration potential of the cells.
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Stéphan-Dubois, F. & Th. Lender. Correlftions humorales dans la r8génération dcb planaires

paludicoles. Ann. Des . Nat. Zool., 1958, lle serie.

Stokely, P. 5. & J. C. Grossi, Jr. Observaticns on the behavicor and reconstitution of chiopro-
mazine-treated planaria (Dugesis tigring}. Ohie J. Sci., 1963, 63{6), 290C.

Sugine, H. Homopeolar union in Planaria gonocephala. Jap. J. Zool., 1841, 342).

Sugino, H. Miscellany on planaria transplantation. A supplemental note to the {ransplantation
experiments in planariz Dugesia gonocephala. Anneot. Zool. Japon., 1938, 17(2).

Sugino, H. Recombinaiion experiments of small pieces in Dugesia gonccephala (Duges). Memoirs
of the Gsaka Univ. of the Lib. Aris and Educ. ~B. Nat. Sci., 1953, no. 2.

Taylor, M. C , & T. B. Reynoldson. The population biclogy of iske-dwelling Polycelis species
with special reference to P, nigra (Mull.) (Turbellaria, Triciadia). J. Anim. Ecol., 1962, 31, 272-91,

Teal, J. M. Communiiy metabolism in a temperate cold spring. Ecol. Mon., 1857, 27(3), 283~
302,

Teshirogi, W. Fusion of different body segmenis, using X~-ray~irradiated animals and non-irrad-
iated cnes In a freshwater planarian, Bdellocephala brunnea. Science Reporis, Fac. Lit. and Sci.,
Hirosaki Univ,, 1963, 10(1}.

Teshirogi, W. Transplantation experiments of two short pieces of a freshwsaier planarian,
Bdellccephala brunnea. Jap. J. Zool., 1863, 14{1}, 21-48,

Teshirogi, W. & T. Numakunai. Transplantation of the tzil region into the anierior levels of 3
freshwater planarian, Bdeliocephala brunnea. Science Reports, 1982, 9(2), 86-84,

Tordk, L. J. Experimental contributions to the regeneratlve capacity of Dugesiaz (Euplanaria)

Ingubris (O. Schm 3. Acta Biologica, 1958, IX(1), 79-88,

T8rék, L. 3. & P, Réhlich. Contributions to the fine structure of the epidermis of Dugesia
lugubris {O. Schm.). Acta Biologica, 1958, x{1), 23-48.

THrek, L. J. & P. R&hlich. Elekironmicroszkdpos vizsgdlatok plandridk eozinofil mirigysejtjein.
Bipldgial Kolemények, 1960, 8, 117-124,

Welmer, G. R., C. W. Phillips, & D. M. Andersen. The influence of thyroxin on eye formation
in Phagocate gracilis (Haldeman). Physiol. Zool., 1838, 11{2), 158~167.

Wells, G. P. Worm Autobiographies. Sc¢i. Am., 1989(June), 132-141.

Wells, P.H. & C. O. Harris. Uliraviolet sensitivities of pigmented and colorless flatworm
species, Anal. Rec., 19584, 120{3).

o

e Wiercinski, F. J. The effecis of supersonic vibrations on reconstitution and head freguency in
/Eupéanaria dorotocephala. Physicol. Zool., 1838, 12, 62-685.

Willier, B. H., Libbie H. Hymasan, & S, A, Rifenburgh. A histochemical study of intracelivlar
digestion in triclad flatworms. J. morph. Pheprol., 1925, 40, 295-340.

Wolff, £, Cell migration in planaria. Exp, Cell Research, Suppl. 8, 1961, 216-235.

(1} Numerous animal species possess gpecial cells, called cells of regeneration, which
play a leading role in the process of reconstruction of a mutilated pazrt.
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{2) These cells of regeneration have properties in common. One of the most imporiant is
their capacity for migration. This property can be shown by the method of regional irradiation,
by which healthy migratory cells ave forced to cross z zone where all the cells are in the process
of necrosis,

{3) The "neoblasts’ of planarians are spread
parenchyma, They are ahie to flow from any region
entire body of the planarian to repair all tissues.

{4) In the limicolous Oligochetz the '"neoblasts”
and metarmorphosis of special cells of the dissepiments. They migrate towards the ampuiated
surface, crossing a number of segments which varies with the species. They reconstitute only
mesodermal organs, The cells of regeneration of the ectoderm and of the endoderm effect only
feeble displacements.

(5) In the Polycheta {Nereis) the celis of regeneration arise from leucocyies free in the
coelomic cavity. After amputation they flock towards the sectioned surface; they may cress a
dozen segments, They form 2 blastema of regeneration which is capable of regenerating all
tissues.

{6) In the amphibian Urodeles {(Triturus cristatus) the cells of regeneration of fibro-
blastic aspect accomplish migrations, important in absolute value but relatively confined in
accord with the total length of the limb (maximum extent of migration: 5mm.}. They are dir-
ected in simple or multiple fiux toward the amputated surface. This flow can give birth to a
blastema of regeneration which joins with the neighboring blastema. A strong polydactyl limb
often results.

{7y The factors which determine the migration of cells of regeneration have been studied
especially in planarians. The migration is launched by an amputation, or simply a downright
wound. The movement is oriented in the direction of the wound, stopping at the sourcs of the
stimuius. This migration occurs throughout the body of the animal.

(8} In vitro explantation experiments tend to show that the attraction of necblasts is deter-

mined by diffusible substances which emanate from the injured region.

throughout the body in the middle of the
towsrd the mutilated part, crossing the

are large cells, products of the activation

Wolff, E. Recent researches on the regeneration of planaria. In Rudnick, D. {ed.} Regeneralion.

New York: Ronald Press, 1962,

The study of freshwater planarians endowed with the power of total regeneration has

elucidated certain factors which play a role in morphogenesis during re generation. Under

certain experimental conditions {local irradiation, culture of regeneration blastemata) it is
possible to separate almost completely the cells which are responsible for regeneration from
other cells of the body, These cells are the neoblasts, the distribution and migrations of which
nave been analvzed. Endowed with potencies which are multiple and probably total, they form
a regeneration blastema which can be considered as a grafl of undifferentiated embryonic elements
on the adult organism. The interactions hetween ihe regeneration blastema and the base con-
sisting of the old tissues have been analyzed. The morphogenesis of regeneration can be explained
by a succession of inductions and inhibitions. Phenomena of induction, comparabie to those which
intervene in amphibian morphogenesis, have heen demonstrated. in the regeneration of planarians.
Tt can be assumed that the base induces the formation of an anterior blastema, in which the first
differentiagtion is that of the brain. The brain has an inducting action, through the intermediary of
diffusible substances, on the eyes. The differentiation of the head is thus achieved. I is sup-
posed that the prepharyngeal reglon ig induced by the head. But it is known that the pharyngeal
region ig induced by the orepharyngeal region. The pharynx differentiates spontaneously within
ihig pharyngeal zone. Firnally, the copulatory organs are induced by the zone of the genetal
glands which are anterior fo them. Under usual circumstances, these mnechanisms prevent, at
211 levels of the body, repetitive regeneration of an organ. The work of Lender has shown that
shere is a diffusible inhibiting substance in the brain. The strength of the action of this sub-
stanece decreases with distance. Inhibitions are also exerted by the prepharyngeal and pharyngeal
zones, but the existence of inhibiting substances is still hypothetical., Even though these results
are as yet incomplete, it is felt that many phenomena can be explained Dby the hypothesis of in-
ducing and inhibiting subsiances diffusing zlong the cephalo-caudal axis of the srganism. The



doetrine of physiological gradients would find a biological explanation and a concrete basis for
further research. .

Wolff, E. & Th, Lender. Les necblastes et les phenomenes d'instruction et d'innibition dans

la régénération des planaires. Ann. Bicl., 1862, 1{%-10), 499-529.

A study of the interaction of isolated neoblasts of freshwater planarians with a base con-
stituted of old planarian tissues allows demonstration of a succession of inductive and inhibitive
processes. Inductive influences from old tissues assure regeneration by the nechlasts of tissues
and organs appropriate to the surrounding field of tissue. Inhibitive mechanisms prevent regen-
eration of tissues and organs which would otherwise exactly duplicate the tissues already present,
The authors suggest that their data provide a bicchemical explanation and a new base for research

with physiological gradients.
Wolff, ., & H. Lender. Sur le determiniame de la régénération des yeux chez une planaire
dleau douce, Polycelis nigra. C.R.Soc. Biol., 1950, 144, 1213-1216.

The first phase of the regeneration of the eyes, the differentiation of pigmentary cupules,
was determined by an inductive action of the brain exercised at a limited distance on a raceiving

iigsue, the lateral margin of the body.

Wolff, E., Th. Lender, & Catherine Ziller-Sengei. Le rdle de facteurs auto-inhibiteurs dans la

régéaératien des planaires. Revue Suisse de Zool., 1964, T1{1}, 75-98.

(1) The inhibitory effect or organ extracts during the regeneration of freshwaier planarians
(D. lugubris, P, nigra, D. tigrina) bas been demonstrated for two regions of the body: the head
and the pharyngeal region. ‘

(2) Graft of brain, or head extracts prevent or delay the regeneration of the brain in an
anterior head blastema. The supernatant of the centrifuged extracts has the same effect as the
whole extract, The tail extracis do not delay the regeneration of the head.

{3) The supernatant of exiracts of the pharyngeal region has a specific inhibitory effect
on the regeneration of the pharynx, after this organ has been excised, Neither the head extracts,
nor the tail extracts have such specific inhibitory action on the regeneration of the pharynx; on the
contrary, in some experiments, they have an entrancing action on this process.

(4) The authors formulate following hypothesis: specific inhibitory substances are pro-
duced by a regenerating organ or region, and prevent this organ or this region from being regen-
erated several times. Thus the regeneration is restricted to the reconstruction of the missing

pa;t,
3) The regeneration of the missing parts of a planarian resulis from & balanced succes-
= =] p

sion of inductions and iphibitions. In the case of the anterior regeneration, a sequence of induct-
ions proceeding from the head towards the tail (brain, eyes, pharyngeal region, pharynx, copulat-
ory apparatus} is controlled by antagonistic factors which are present in the remaining part and
which act in the opposite direction.

(6) The theory of axial gradients (Child) and the concept of dominance can be expiained

by the presence of specific inhibitory substances which diffuse from a center wherse their con-

centration is maximum, to distant regions where their concentration is minimum.

vamada, T. Fcological studies on freshwater planarians inhabiting in the spring-fed stream in

Nayoro City, Hokkaido 1. Seasonal migration of the three species, Zool. Mag. 1965, T4(5) 156~-64,

Yamada, T. Ecological studies on freshwater planarians inhabiting in a spring-fed siream in

Nayoro City, Hokkzide, 1. Life History of the three species. Zool. Mag.. 1985, 74(7), 226-37.

Yamada, T. Notes on the freshwater planarians found in the vieinity of Mt. Piyashiri, Kitami

Mountains, Hokkaido. Nayoro High School, Nayore, Japan.
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Yameda, T. Beporton {he ecological survey of freshwater planarians in the ME. Teshic District,
Kitami Mountains, and in the Okhoisk Seaboard District, Hokkaido, Jap. 4. Ecol., 1966, 186, 28-33.

Yamamoto, T. D. Histochemistry of the freshwater planarian Dendrocoeiopsis sp. Ann. Zool,
Jap., 1957, 30, 150-1585. :

2iller~Sengel, Catherine. Inhibition de 1a rég&nération du pharynx chez les planaires, ""Regener-
ation in animals and related probiems' an Internztional Symposium held at Athens, Greece, April, 1964,

Noxth Holland Publ. Co., Amsterdam, 1965,

The regeneration of the pharynx of freshwater planarians can be inhibited by extracts of
pharyngezl regions. This effect is of the same type as that which has been demonstrated by
Lender for the brain of these animals (a head extract prevents the brain from regenerating, but
an extract of tails has no inhibitery effect). When planarians, previously deprived of their
pharynx, are placed in a solution of a pharyngeal extract, the regeneration of their pharynx is
considerably delayed in comparison with the controls. The head or ta il exiracts do not delay the
regeneration of the pharynx, and sometimes they even enhance it. Therefore, the inhibitory
effect of the pharyngeal extract can be considered as z specific action. It can be said that the
pharyngeal tissues contain a specific substance which inhibits the differenciation of the pharynx
jusi as the brain. One can suppoese that during normal regeneration, a&an organ or 2 region of
the body, such as the brain or pharyngeal region, produces specific inhibitory substance, which
prevent that organ or region from being regenerated more than once during this process.
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