
Chapter 4 

ANIMAL BEHAVIOR 

The Argument 

The experimental work carried out on the behavior of animals, from the 

unicellular organisms to anthropoid apes, has often been undertaken with the 

purpose of investigating their relatively simple patterns of reaction and apply-

ing the results to the more complex behavior of human beings. Cinematog-

raphy has played a very important part in such research, since it allowed 

the repeated evaluation of the single experiment; it recorded permanently 

the most complex patterns of behavior, which it would have been difficult, 

if not impossible, to describe in verbal terms; and on occasion it has been 

employed to slow down or to speed up the appearance of the experimental situa-

tion. It has thus contributed directly to new knowledge in this field. The tech-

niques necessary for filming animal behavior are reviewed below, and examples 

of its application are described in the field of sensory perception and response, 

instinctive behavior, social behavior, behavior influenced by learning, and expe-

rimentally produced abnormal behavior; they include some of the classic work 

in this discipline. This chapter may well be considered to form a bridge between 

the biological and the human sciences. 

Scientific Cinematography of Animal Behavior 

Only a few specialized aspects of production technique have to be men-

tioned here. Synchronous recording of sounds produced by the animals during 

the experiment, or subsequent recording of a spoken commentary by the inves-

tigator to complete his research evidence, make it obligatory to employ the 

camera frequency of 24 f.p.s. The use of color film is often essential, for exam-

ple in color discrimination experiments. In certain types of experiments it may 

become necessary to record simultaneously the precise moment of application 

of a stimulus together with the animal itself. For this purpose, Hunter (647) 

has suggested flashing a small ophthalmoscope lamp, mounted on a frame a few 

inches in front of the camera lens. As his lamp and frame were attached to the 

camera itself, the lamp always remained in the same unobtrusive position of the 

field of view, irrespective of any camera movement. In many animal experi-

ments a maze, puzzle box or other specialized apparatus is constructed to per-
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mit analysis of behavior in a given situation. If filming is proposed, then the 
apparatus should be made from transparent material, such as glass or plastics, 
and a scale of length or a suitable grid might well be etched or drawn perma-
nently onto its floor. 

The quantitative use of cinematography in this field is strongly recom-
mended. For this particular purpose, the equipment of Dusser de Barenne 
and Marshal (375) should prove ideal since it provided both time and distance 
scales in one apparatus and allowed considerable camera movement (see p. 
89 ) . The method of frame-analysis, indispensable for quantitative use, has 
been described above (see p. 23 ) , and other Chronometrie devices have been 
reviewed (see p. 17) . In addition, by changing the frequency of the camera 
in comparison with that of the projector, slow animal movements can be speeded 
up, or conversely, slow motion can be obtained by running the camera faster 
than the projector (see Fig. 4 3 ) . These cinematographic techniques, which 
have found such wide application in the field of biology, have so far only on 
rare occasions been employed in the study of animal behavior. Quantitative 
measurements become possible with them and can provide a basis for accurate 
comparisons between different experimental conditions. 

F I G U R E 4 3 . H I G H - S P E E D C I N E M A T O G R A P H Y O F I N S E C T S I N T H E F I E L D : 1 9 3 8 

A Zeiss Ikon Zeitlupe is shown, operating at 1 , 5 0 0 f.p.s., to record the flight of a swarm 

of bees. In order to obtain the necessary illumination for such work, additional reflectors 

were mounted and a carbon arc lamp was employed, the light from which was cooled by 

passing through a water trough. The resulting film was not employed for research pur-

poses, although the recording technique would have made it eminently suitable for such a 

purpose. 

Courtesy of U. Κ. T. Schulz, Hamburg , Germany. 
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To review, then, the main advantages of cinematography in research dealing 

with animal behavior: it provides a permanent record of the experiments and 

the results, and a difficult experiment need not be repeated many times in order 

to obtain from it all the inherent information. Running the film backwards 

through the projector, frame-analysis, the running of small sections in loop form, 

and the photographic reproduction of selected sequences are all additional meth-

ods of analysis which, jointly or separately, provide the utmost information from 

a single experiment which has been filmed. 

One further advantage can be claimed for the application of cinematographic 

techniques in this field. In order to describe the complex behavior pattern of 

a group of animals, for example the tail-wagging dance of bees (see below), a 

large number of drawings and an extensive verbal narrative would be essential. 

The film record of the particular example quoted has been seen by many scien-

tists in different parts of the world and has conveyed the facts in an interna-

tional language better than the original paper, however excellent, could ever 

hope to do. 

SENSORY PERCEPTION 

To begin with the visual sense, v. Frisch (477) investigated and filmed, at 
the University of Munich in 1936, the ability of bees to distinguish various 
colors. They were, for example, trained to take a sugar solution from a small 
dish standing on a blue square. This was surrounded by fifteen other squares of 
different shades of grey, and whatever the position of the blue square, the bees 
always returned to it, even when the sugar was removed. Use (653) made very 
similar experiments at the University of Birmingham in England in 1937 and 
also used film for record purposes. Spontaneous reactions of butterflies to color 
were likewise recorded by her. Further work on insects was done by Hecht, 
Wolf, and Wald (593) , who developed a method for measuring the visual 
acuity of insects, for example Drosophila, which was based on responses to a 
movement in their field of vision; cinematography was used to record the 
results. Fish were also srudied in similar experiments by Herter (601) . 
Among mammals, cats could be shown by Smith (1249) to distinguish easily 
between a number of visual stimuli in the shape of triangles, circles, and fields 
with black and white striations; their reactions to these were filmed. Inter-
esting also was the work by Koehler ( 740 ) , who investigated and filmed at the 
University of Königsberg the visual reactions of seals to food. A number of 
experiments were performed which proved conclusively that the seals were 
attracted by the visual appearance of their keeper, but only if he was dressed in 
the accustomed way. 

The auditory sense of fish has been doubted from a functional, an anatomi-

cal and physiological point of view. Von Frisch and Stetter (490) , however, 
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set out in 1929 to confirm the positive results obtained by Parker in America. 

They worked with blinded minnows, Phoxinus laevis, to rule out any interfer-

ence from the sense of sight. A conditioned reflex could soon be established if 

feeding was always accompanied by a given sound; differential sensibility to 

two given sounds could also be demonstrated, if one of the sounds meant food, 

and the other a punitive tap on the nose. 

The sense of smell is not easy to investigate or to film, particularly if fish 

are used as the experimental animals. Von Frisch (478) began his studies in 

this field with bees and used twenty-four identical cardboard boxes; the insects 

were conditioned to a certain ethereal oil by placing it in the same box as an 

abundant food supply. In his investigations of the olfactory sense of fish, his 

experiments were based on observations of the startled behavior of a shoal after 

one of its members had been caught by a predatory fish of another species. Von 

Frisch (479) found the quick dispersion of the shoal to be due to the release 

of a chemical substance from the lacerated skin of the attacked minnows on 

which these classic experiments were carried out. Skin extracts from one min-

now could be used to produce this startled behavior in a tame shoal of other 

minnows; that this reaction was due to the sense of smell could be proved by 

the complete extirpation of the bulbus and the tractus olfactorius, after which 

a skin extract, even if used undiluted, was no longer effective (see Fig. 4 4 ) . 

The highly developed sense of taste of flies, bees, and minnows was investi-

gated by v. Frisch, and certain crucial experiments were recorded cinema-

tographically by him. In the blowfly, Calliphora erythrocephala (480) , his 

main experiment was a confirmation of D.E. Minnich's work. In bees (481) , 

the tests were simple and easily filmed. To establish the sense of taste for 

minnows, the first step was the removal of both eyes under urethane anesthesia 

to eliminate any possible interference from their sense of sight. A dilute solu-

tion of sodium chloride was colored by a tasteless dye and then allowed to flow 

into the aquarium; as soon as the fish swam into it, it was given a small piece 

of salted meat as a reward. Conditioning could soon be established, and dif-

ferential sensibility to the four fundamental tastes of sweet, bitter, salt, and acid 

was proved and filmed by v. Frisch (482) . 

The sense of touch of white rats and their limits of cutaneous sensitivity 

were investigated by Skolnik (1233) , who conditioned them to obtain food 

after touching vibrating wooden platforms. He recorded their behavior on 

film and showed that they could discriminate between frequencies of 1,200 and 

1,800 cycles per second. In none of the above investigations was any cinema-

tographic difficulty encountered; standard cameras (a 35-mm Askania Ζ by v. 

Frisch) were employed. 
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F I G U R E 44. S T A R T L E R E A C T I O N O F A S H O A L O F M I N N O W S : 1941 
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INSTINCTIVE BEHAVIOR 

Although many different definitions of instinct have been given, there are 

included in this section only behavior patterns that are inborn, unlearned, auto-

matic, and those appearing purposeful in character. As it will often prove 

exceptionally difficult to find an example of the specific instinctive behavior 

that is required for a research project, the value of filming such a rare example 

is particularly great, and repeated evaluation becomes possible. 

Invertebrates 

Instinctive behavior in unicellular animals was recorded by Ford (427) in 

1935, when he used cinemicrography to examine Paramecium. Its conduct 

during feeding, its negative response to touch, electrical stimulus, and acid could 

be analyzed from his films. Very similar work was carried out in 1938 by 

Schlieper (1198) at the University of Marburg in Germany. Von Uexküll 

(1373) investigated an extensive series of experiments among the echinoderms 

as early as 1905. He used the star fish Ophyoglypha lacertosa and recorded 

various types of locomotion, righting responses of animals turned on their backs, 

feeding habits, and autotomy. Excellent excerpts from his films accompanied 

his paper. Hullin and Moore (645) who repeated some of this early work in 

1942, used time-lapse cinematography to speed up the slow righting responses. 

Von Skramlik (1243) investigated and filmed the instinctive behavior of some 

tunicates, a group of marine animals characterized by their coat of tunicin, a 

substance almost identical with the cellulose of the plant kingdom. This coat 

is sensitive to touch and thickens as a protective function. For his experiments 

he used sea squirts, and compared their individual reactions to a given stimulus. 

The spider's web, whose beauty and ingenuity of construction might easily 
suggest purposeful behavior, is in fact an outstanding example of an instinctive 
action. Peters (1060) , at the University of Tübingen, recorded this cinema-
tographically in 1950. Working with Aranea diadema he was able to record 
the entire spinning of its net and the final complete destruction and inges-
tion of the web. In another experiment (1058) he recorded the catching of 
prey and the effect of various artificial stimuli which produced in the spider 

Cinematographic record of the behavior of minnows when an extract from the lacerated 
skin of other minnows was introduced into the research aquarium through a feeding tube; 
a chemical substance was perceived by their sense of smell. Reading Downward, the nor-
mal behavior of the fish awaiting food is shown. Cut-up earthworms are being fed and the 
fish congregate at the end of the feeding tube. The introduction of lacerated minnow skin 
has driven the shoal into the small stone hideout on the right of the aquarium. Finally, 
renewed feeding of earthworms, one minute after the skin-extract was given, produced a 
rapid flight into the hideout. 

Reproduced from K . von Frisch ( 4 7 9 ) , courtesy of Springer-Verlag, Germany. 
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the same instinctive behavior as a natural insect caught in the web. In another 

interesting investigation, Peters (1059) let the spider spin its web in a rotatable 

frame, so that he could study the influence of gravity on its instinctive move-

ments. High-speed cinematography, 75 f.p.s., was used to analyze certain of the 

more rapid movements of the spider. 

Ramme (1118) at the University of Berlin recorded cinematographically 

the stridulation of crickets and grasshoppers. Von Frisch (483) also used cine-

matographic methods to record the formation of a new beehive and the instinc-

tive behavior that led up to it. Other instinctive behavior (484) of bees, the 

action of the proboscis, the collection of pollen and nectar, and their transport 

back to the hive in small masses attached to the hind legs of the bees were also 

filmed. 

Vertebrates 

The difference in the instinctive feeding behavior of such types of fish as 

the carp and the pike, was recorded cinematographically by v. Frisch (485) in 

1937. The carp was tranquil and placid in its habits, while the pike used 

aggressive methods to secure its prey. Rieck (1146) has recently succeeded in 

filming the fighting of fish in the dark by using infrared illumination (see p. 

91 and Fig. 4 5 ) . 

Among birds, the extraordinarily selfish behavior of the cuckoo in laying 

its eggs in the nests of others has been known from ancient times. The be-

havior of the newly hatched bird, however, and its even more egoistic instincts 

have been filmed only recently by Heinroth (595) . It worked itself under-

neath the eggs of its foster-brothers, and, backing to the edge of the nest, threw 

them out over the rim. A film on the same subject has also apparently been 

made by Bürdet. A complete inventory of the instinctive behavior of the com-

mon goose, Anser anser, was made in 1951 by Lorenz (834) at the Institute for 

Comparative Behavior Research, Altenberg, Austria. He stated that cinema-

tography was particularly suitable for an objective recording of the behavior 

patterns conditioned by instinct, and he made a detailed film of the goose's con-

duct prior to, during, and after reproduction. A similar inventory of the court-

ship behavior of ducks, Anas plathyrhynchos, was recorded cinematographically 

by Lorenz (835) in 1952. Chaffer (257) has also filmed courtship behavior 

of the satin bower bird in Australia. Valentine, Wenrick, and Sarbine (1381) 

filmed in 1936 the behavior of newly hatched chickens, with special attention to 

their instinctive behavior during pecking, drinking, preening, and perching. A 

comparison of the pecking habits of normal chickens with those of chickens 

reared in the dark was made and filmed by Ford (429) in 1929. 

Among mammals, a number of interesting examples can be quoted, not the 

least being the cinematographic record of mice fighting in the dark, made by 

Rieck (1146) in 1953 (see p. 91 and Fig. 4 5 ) . Carmichael and Coronios 
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F I G U R E 4 5 . T H E F I G H T I N G O F F I S H A N D M I C E , F I L M E D I N D A R K N E S S : 1 9 5 3 

Using the equipment shown in Fig. 2 6 , it was possible to record animal behavior which 

would normally be inaccessible to human observation. 

Reproduced from J . Rieck ( 1 1 4 6 ) , courtesy of the Askania Warte, and the Institut für den 

Wissenschaftlichen Fi lm, Göttingen. 

(242) recorded cinematographically in 1934 prenatal behavior in the cat and 

the guinea pig from the twenty-second day of gestation onward, up to and 

including air-breathing kittens. Hewer (607) , of the Imperial College, London, 

employed cinematography in 1951 to record some interesting behavior of the 

grey seal, H dich ο ems grypus, and particular attention was focused on the 
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young seal. Carpenter (244) made extensive use of cinematographic tech-

niques in 1939 to record the behavior af rhesus monkeys, gibbons, and orangou-

tangs on the island of Santiago. He showed their feeding, play, grooming, 

dominance, and sexual behavior. A complete cinematographic record of the 

birth of a Javanese monkey was made by Spiegel (1271) in 1931. The char-

acteristic body movements of the mother, the onset of labor and, after 2 to 3 
hours, the first appearance of the head of the fetus were filmed; a crouching 

position was assumed throughout and active help was given by the mother after 

the emergence of the head. This was undoubtedly a very significant film, which 

may well be imitated by a comparative study of the birth-act of different species. 

Perhaps the film made by C. Hartman of Baltimore, projected at the same 

meeting in Berlin in 1931, was such a one; it also dealt with the birth of mon-

keys, but no detailed description of it was given. A. C. Kinsey et al., in their 

recent book on Sexual Behavior in the Human Female, mentioned that they had 

made extensive use of cinematography to record the characteristic actions of 

coitus in a large variety of mammals; loop-projection was employed for 

analysis. 

SOCIAL BEHAVIOR 

Cinematography may have an important part to play in investigations that 

are concerned with any outwardly visible method of communication, and three 

examples of such use can be quoted, the first being that of Goetsch (527) at the 

University of Breslau, who was working on ants, Pheidole pallidula. He found 

that the location of a rich source of food was announced to other members of 

the community by agitated behavior, not unlike a dance. Preliminary film 

records of this work were reported in 1936. 

The language of the bees provides the outstanding example ot research into 
social behavior, the work of v. Frisch (486) , who has been studying it since 
1923. Investigating the way in which bees can inform others of their own 
hive about a supply of food, he found that the information was communicated 
by means of a dance, which he recorded cinematographically in 1926 (487) . 
Two types of dance were recognized by him, the "round dance" and the "tail-
wagging dance." While working at the University of Graz, Austria, v. Frisch 
(488) made lengthy film records of the dance of the bees, in which high-speed 
cinematography was used for the analysis of their intricate motions. He found 
that the tail-wagging dance gave a very clear indication of the distance of the 
food supply by a variation of the tempo, and of the direction of the food by 
pointing the main axis of the dance toward it. This was easily observed in the 
case of a horizontal hive; in the normal vertical hive, the bee showed the angle 
between the Sun and the source of food by an equivalent angle between the 
main axis of its dance and the direction of gravity. These classic experiments 
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have been seen by many scientists all over the world because they were recorded 

on film. Von Frisch (489) concluded in a recent paper that they showed the 

wonderful organization of the nervous tissue and how presumptuous it would 

be for us to say that we had even begun to understand it. 

Another aspect of social behavior was investigated by Scott (1212) of 

Wabash College, Indiana, who used cinematography in an investigation of daily 

and seasonal changes in the behavior of domestic sheep. He found that the 

social behavior of the females might be classified in descending order of impor-

tance into mutual imitation, care of others, fighting, sexual and shelter-seeking. 

In the case of males, however, sexual behavior and fighting were the most impor-

tant activities. 

BEHAVIOR I N F L U E N C E D BY LEARNING 

When animals adapt themselves to prevailing circumstances, memory and 

association with previous experiences combine to present a process of learning, 

similar to that in humans. A great deal of experimental work has been carried 

out in recent years in which the learning process has been studied in a variety 

of animals; here again, the cine camera has often and successfully acted as the 

perfect observer for the animal psychologist. It has objectively recorded com-

plicated patterns of conduct and has thereby facilitated the final analysis of the 

experiments. 

Fish, Birds, and Rodents 

Herter (601) carried out some interesting experiments, at the University 
of Berlin in 1937, in which he established the learning ability of minnows, 
Phoxinus laevis. He trained them to distinguish between two optical signals, 
and he proved that the fish were susceptible to optical illusions, for example 
Muller-Lyer, similar to human beings. 

The learning behavior of birds, especially their ability to count, was investi-
gated by Koehler (739) at the University of Königsberg between 1936 and 
1940. He established that pigeons distinguished correctly between two groups 
of grain up to the limit of 6:5 grains. Apart from comparative measurements 
of the picking speed by a frame-analysis of the film, he found that after some 
training the pigeon hesitated before approaching the "forbidden" heap of grain, 
and this delay could again be measured from the film, taken at 16 f.p.s. The 
cine camera was, of course, carefully hidden during the experiments. Further 
extremely carefully arranged experiments were carried out by Arndt ( 8 0 ) , in 
association with Koehler, in which the cine camera not only recorded the be-
havior of the pigeon but made possible an improved experimental design and 
thus, by working automatically, ruled out any possible human influence. "Count-
ing," in the human sense—the formation of consecutive number images—could 
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not be proved in any instance. Marold (906) . also in association with Koehler, 

repeated some of these experiments with budgerigars, and Schiemann (1195) 

used jackdaws for similar investigations; in these comparative learning situa-

tions, the temperament of the individual species could be clearly noted. 

Rodents have proved extremely useful experimental animals in the study 

of learning behavior; Maier (882) , at the University of Berlin, was apparently 

the first in 1933 to record their performance on motion picture film. He con-

structed a maze into which breaks could be inserted, and also used the Lash ley 

jumping technique (884) to determine their memory for past experiences and 

discrimination in new situations. ^Warden and Jackson (1414) in 1940 re-

corded the physical and behavioral development of white rats from birth to 

3 months and their performance in a Columbia obstruction apparatus, a maze, 

and a problem box. Schlosberg and Katz (1199) used high-speed cinema-

tography in 1942 to analyze the behavior of rats faced with the difficult learning 

problem of obtaining food after pushing a lever twice to the right and then 

twice to the left. In 1943, Hunter, Schlosberg, and Knauft (648) used blinded 

rats in their experiments on maze learning, and graphs showing the progress 

of learning could be derived from these motion pictures. In 1948, Miller and 

Hart (953) recorded on film their experiments on the motivation of learning. 

While a hungry rat learned to get food by pressing a bar, a satiated animal went 

to sleep and had to be roused by mild electrical shocks to learn to press another 

bar which turned off the electric current. Gordon (532) carried out a number 

of learning experiments on golden-mantled ground squirrels in 1937 and re-

corded their behavior cinematographically. Puzzle boxes and peanuts sus-

pended from strings were used, and the often very ingenious attacks on the 

problem by the squirrels were filmed. 

Further Mammals, Particularly Primates 

With larger and more costly experimental animals, the difficulties of con-
structing suitable situations also increase; the advantages of filming the prog-
ress of learning therefore become more marked. Liddell (818) in 1928 used 
sheep for learning experiments, and by employing an electric shock technique 
he trained them to display a response to 120 beats per minute of a metronome, 
but not to 50 beats. Their learning progress was filmed. The most famous 
experiments on animals in the field of learning were, of course, carried out by 
Pavlov (1054) on dogs. A Russian film directed by Vscvolod Pudovkin was 
made about his research, in which the theory of reflexes was explained and its 
anatomical implications given. 

Cats, next to rats, have probably been the favorite animals for experiments 
in which learning could be demonstrated. Guthrie and Horton (567) in 1938 
used a modern version of the Thorndike animal problem box, made of trans-
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parent plastic, in which cats had to learn to press an upright lever to open a 

door and to get food. Smith (1251) made extensive use of motion pictures to 

record various methods of learning in cats. In 1940, working with Kappauf 

(1253) , he distinguished four different forms of learning in cats and recorded 

them cinematographically: conditioned response, problem solving, discrimina-

tive learning, and compound learning. Unusual perhaps, and therefore making 

their film of great value, was the work of Kuckuk and Koehler (751) ; they 

used a pair of bears, one male and the other female, about 9 months old, to 

carry out a number of learning experiments. Koehler designed a number of 

experimental situations, where the bears had to remember in which cache 

various types of food had been placed; their behavior in choosing the most 

preferred article was cinematographically recorded. 

Trendelenburg (1358) , at the University of Berlin, used a cine camera for 

registration of primate behavior. On certain standard tasks, for example the 

opening of a box by pushing the locking bolt away, the learning ability of chim-

panzees and rhesus monkeys could be compared. Warden and Gilbert (1413) 

also used motion picture film to record the behavior of rhesus and cebus mon-

keys while engaged in a number of food-getting tasks. On one occasion, when 

this became too difficult, the almost neurotic behavior of the animal could be 

filmed. Hayes (589) went further, in 1950, and succeeded in demonstrating a 

certain amount of vocalization in chimpanzees, whom he could teach to whisper 

the words "mamma," "papa," and "cup." These experiments were recorded on 

sound motion picture film. In a further series of experiments, Hayes (590) 

filmed a home-raised chimpanzee at 20 and 36 months of age when it per-

formed a number of imitative activities, such as hammering, blowing a whistle, 

solving problems, and opening food cans. Weinstein (1433) recorded the 

behavior of a rhesus monkey family group after a year's training on discrimina-

tion problems. A particularly interesting and useful application of film records 

was made by Riesen and Clark (1147) in 1947. Two infant chimpanzees were 

reared in complete darkness, from birth to 18 months, and their behavior was 

filmed immediately on their emergence into light. The unique behavior on 

emergence into light would have been difficult to record without the use of 

cinematography. A number of other investigators have used cinematography 

for the recording of learning in primates. Yerkes (1479) studied a young 

mountain gorilla and his performance in various test situations. Jackson (657) 

carried out similar experiments with a chimpanzee, and Wolfe ( 1461 ) showed 

that the anthropoid apes were prepared to work for token rewards, which could 

be exchanged for food and drink. Pavlov (1053) apparently filmed the be-

havior of chimpanzees learning to extinguish a flame when they had to reach 

for food placed behind it. Cooperative behavior between two chimpanzees in 
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the performance of a task too difficult to be undertaken singly, was filmed by 

Crawford and Nissen (322) in 1936; many other investigators have probably 

made use of cinematographic recording techniques in their work on primates. 

E X P E R I M E N T A L L Y PRODUCED A B N O R M A L BEHAVIOR IN A N I M A L S 

Two types of experiments have been performed to produce abnormal be-

havior in animals : purely physical or chemical methods can be used, or artificial 

neuroses can be induced and studied by placing the animal in complex or insolu-

ble situations. Cinematographic recording has here again the advantage that 

only one successful experiment needs to be done; the specific behavior of the 

experimental animal and controls can be fully analyzed from the repeated pro-

jection of the film. 

Physical and Chemical Methods 

Surgical, mechanical, electrical, and chemical methods have been used in 
conjunction with cinematography. To consider the first of these: Maier (883) 
in 1932 produced a number of cerebral lesions in rats and compared the 
behavior of these experimental animals with that of normal rats in his three-
way elevated maze. Liddel (817) removed the thyroid gland from one of a 
pair of twin sheep and recorded the behavior of both in the running of a two-
way maze. Polimanti (1083) , at the University of Perugia, Italy, used cinema-
tographic records as long ago as 1909 to study locomotion and general behavior 
of dogs whose cerebellum had been surgically removed; similar cinematographic 
records were made by Autrum ( 9 2 ) , at the University of Berlin, in 1936, in 
which the removal of the corpus striatum was particularly investigated. Kel-
log (718) , in 1947, hemidecorticated dogs and used motion pictures to record 
behavior after extirpation of the frontal and occipital lobes. Autrum ( 9 0 ) , at 
the University of Berlin, was able to produce tetany by extirpation of all four 
parathyroid glands. Smith and Carmichael (1250) removed the occipital (vis-
ual) areas of the cerebral cortex and recorded cinematographically the altered 
behavior of cats. With the removal of the frontal cortex (1252) severe altera-
tions in posture and locomotion, as well as an unusual tendency of the animals 
to follow slowly moving objects, were observed and filmed. Uni- and bilateral 
sections of the eighth nerve were also performed by Smith, Neff, and Kappauf 
(1254) in 1939, and the classic symptoms of the vestibular syndrome were 
recorded and compared with normal animals. Bartorelli and Wyss (112) at 
the University of Zürich in 1942 used young rabbits and cats, which were 
rotated around the three main body axes; their behavior was recorded cine-
matographically at 128 f.p.s. from the moment when rotation was stopped. 
High-speed cinematography allowed a more detailed analysis of the complex 
postrotational movements than had hitherto been possible and confirmed some 
of the earlier work on the subject. 
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Turning now to electric methods of influencing animal behavior, Herter 

(599) and G. H. du Buy, at the University of Utrecht in 1931, used the ten-

legged crab, Portunus holsatus, placing needle electrodes at certain parts of its 

nervous system. Its movements during walking and swimming were filmed 

when small electric currents stimulated the nerves. Masserman (911) inserted 

needle electrodes into the hypothalamus of cats and studied and filmed their 

resulting behavior. In another set of experiments, which he carried out in col-

laboration with Jacques (919) , cats were first made neurotic by experimentally 

motivated conflicts and then subjected to electroconvulsive therapy. In a sub-

sequent investigation, Masserman (913) used the Horsley-Clarke technique for 

inserting electrodes into the hypothalamus and filmed the "sham rage" produced 

by electric stimulation; he concluded that the hypothalamus might integrate 

the efferent pathways of effective expressions but that it did not serve as the 

source of "drive" nor the "center" of emotion. 

Among chemical stimuli, two types can be distinguished: alcohol and phar-

maceutical drugs, the latter being mostly narcotics. Masserman (916) made 

some interesting studies, in which he tested and cinematographically recorded 

the effect of alcohol on normal and on experimentally neurotic cats. Normal 

cats, trained to follow certain behavior patterns to reach food, forgot these, after 

administration of alcohol, in order of recentness of learning and decreasing com-

plexity of integration. In conjunction with Jacques (918) , Masserman was 

able to record the behavior of cats that were mildly intoxicated prior to under-

going a conflict situation normally leading to a neurosis. Faradic stimulation 

of the hypothalamus of a cat was also used by Masserman (912) to investigate 

the effect of alcohol. Using small dosages of dilute alcohol, it was possible to 

observe and record the mildly stimulating effect of alcohol on cortex and 

hypothalamus. 

Pharmaceutical drugs can easily be used to produce abnormal behavior in 

animals, and since their effect is often only of short duration, a permanent record 

of such behavior becomes of great value. Maier and Sacks (886) used Metrazol 

in 1940 to induce convulsions in normal and experimentally neurotic rats. The 

results of these experiments, recorded cinematographically, showed that the 

"neurotic" rats had a lower threshold, a delayed onset of the convulsions, and 

a tendency to produce seizures by purely auditory stimulus. Masserman (912) 

also used Metrazol in cats. It was injected directly into the hypothalamus and 

thereby produced a syndrome of fear and rage. Girden (524) used erythroidine, 

a curarelike drug, in dogs to produce motor paralysis. Conditioned responses to 

which the dogs had been trained remained effective under the influence of this 

drug but disappeared after the effect wore off and could only be induced again 

after another application of erythroidine. These experiments, during which the 

dogs were kept alive by artificial respiration, were recorded on motion picture 



A N I M A L BEHAVIOR 163 

film and thus allowed repeated analysis. Girden concluded that a functional 

dissociation might take place, a conclusion which was confirmed by the use of 

curare itself in similar experiments filmed in 1939 (525) . Morphine and so-

dium amytal were other drugs used by Masserman (910, 912) to produce ab-

normal animal behavior. The temporary abolition of neurotic behavior under 

the influence of morphine could be observed and filmed. Miles (949) , at Stan-

ford University, California, tested the effect of a number of drugs—morphine, 

strychnine, caffeine, and hyoscine, as well as alcohol—on rats. Behavior patterns 

in a maze after intraperitoneal injectons of minimal doses were filmed and com-

pared with previously conditioned learning. No drug was found which pro-

duced an improvement on normal behavior. 

Methods Using Experimental Situations 

Abnormal behavior can be produced experimentally by placing animals in 

situations which are too complex for them or to which they cannot find a solu-

tion. As a result, their behavior becomes perhaps not too unlike that of human 

beings who have undergone similar complex or insoluble experiences during the 

course of their lives. Permanent records of such behavior in animals can be ob-

tained by means of cinematography, and the finished films may well serve as a 

standard on which to base a definition of psychological terms (see p. 261) . 

Rats were shown by Mowrer (982) in 1937 to be extremely susceptible to 
the quantity of food available and he recorded on film that this factor was re-
sponsible for producing either an almost altruistic behavior, during plenty, or, 
during scarcity of food, great competition, aggression, and hoarding. He went 
on, in collaboration with Kornreich and Yoffe (983) , to demonstrate that within 
a week a definite dominance hierarchy emerged, and on his film the different be-
havior of the dominant, intermediate, and subordinate rats could be clearly dis-
tinguished. In 1939 Mowrer (982) produced experimentally a definite struc-
ture in a society of three rats. They were individually trained to receive food 
after pressing a lever; when all three were placed together in a cage, in which 
the lever was a certain distance away from the food delivery, the rats soon no-
ticed that "work" produced no "reward" since not the worker but another rat 
always got the food nrst. Finally a permanent worker emerged who quickly 
pressed the lever several times, ran to the trough, and sometimes received a food 
pellet left over by the other two. Maier and Glaser (885) went further and 
produced experimentally certain behavior fixations which were caused by frus-
trating rats in the performance of a learned response. Maier and Glaser s work 
was recently confirmed by Feldman, Ellen, and Barrett (406) , who also used film 
for recording induced frustration and the resulting fixation in rats. Hunt (646) 
carried out a number of similar experiments which he recorded by means of 
motion pictures. 
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Other mammals used in this field include dogs, cats, and monkeys. Gantt 
and Leighton (502) were able to produce in a dog a state of permanent neu-
rosis lasting for many years, finally leading to changes in physiological and 
sexual functions. Masserman (914) in his famous experiments on the 
dynamics of experimental neurosis, recorded the complete series of inves-
tigations, beginning with the methods of induction, then the effects and inten-
sification of environmental frustrations, and, finally, the efficacy of different 
therapeutic measures used to alleviate the neuroses. In another investigation 
(917) he was able to make cats accept a certain amount of punishment before 
obtaining their food. Masserman (915) also filmed the social relationship 
between a number of cats and found that a definite stable hierarchy emerged. 
Masserman and Pechtel (920) extended this work to the field of primates and 
induced experimental neuroses by feeding-fear conflicts in the case of monkeys. 

Future uses of cinematography in the field of animal behavior appear un-
limited. The value of the cinematographic record has been stressed at the be-
ginning of this chapter; but here again, as in other branches of the biological 
and psychological sciences, the quantitative nature of all motion picture films 
must be reiterated. The time scale, inherent in all films, should be used in order 
to arrive at comparative data of far greater accuracy and completeness than are 
possible for any human observer. Consider for example a simple maze-running 
experiment for rats. While normally only an error-count and the time interval 
between the beginning and the end of the performance is obtained, cinematog-
raphy has great advantages to offer as a routine method for recording all runs. 
First of all it would allow for more leisurely and therefore more reliable scoring 
of errors; precise data would become available from which these errors could be 
objectively evaluated against the time scale of the cine camera (see p. 17) . 
Furthermore, if the floor of the maze is painted with a scale of length and the 
performance is then filmed through a transparent ceiling, the complete film will 
allow a more accurate assessment of the rat crossing imaginary lines, and, by 
means of frame-analysis (see p. 23 ) , a precise evaluation of the speed of run-
ning between any chosen points. This should prove immensely valuable when 
comparative experiments are carried out; the total time of running a maze may 
be precisely the same for different experimental conditions or for two rats, but 
the frame-analysis of the film might well reveal that at the beginning the speed 
was much greater than at the end, or vice versa, and by how much they differed. 
In fact, not only does cinematography allow the recording of the experiment, 
but it also provides the quantitative basis from which new knowledge can be 
obtained. Such frame-analysis could be carried out on all the examples men-
tioned above, and it may not be too late to re-evaluate these records from a 
quantitative point of view, provided the camera frequency is still accurately 
known. 


