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ABSTRACT 

Food cleaning behavior has been observed among laboratory squirrel monkeys. 

A Wilcoxon signed-ranks test showed that significantly more cleaning behavior occurred 

when hard monkey chow pellets and soft fruit were coated with edible debris. Monkeys 

removed fewer pieces of fruit from a food crock containing fruit coated with edible debris 

in a timed test. A principal component analysis of the food cleaning behaviors showed two 

underlying correlated factors. The first factor was the use of the body to clean food. The 

second factor was the use of the environment to clean food. 

Two groups of squirrel monkeys, one without previous learners and one with 

previous learners, were subjects in a fishing study. The presence of previous learners in 

the social group was not significant for monkeys fishing in water filled crocks. But there 

was a significant difference in the number of fishing attempts made by the No Previous 

Learners Group when fishing in wading pools. The Previous Learners group did not make 

significantly more fishing attempts fishing in wading pools than in crocks. A significant 

difference was observed in fishing attempts during Phase 1 and Phase 2 of the wading 

pool experiment for both groups. 

All monkeys in the group fishing experiments ate fish when it could be obtained. 

Monkeys who did not learn to fish successfully learned alternative behaviors to obtain fish. 

The Previous Learners group in the wading pool experiment were subjects in a 

more difficult fishing test. Significantly fewer fishing attempts were made but the number 

of monkeys that caught fish was larger. 

Caged squirrel monkeys scored a lower percentage of fishing attempts than 

squirrel monkeys living in a social group. While Cebus monkeys caught fish, unlike 

squirrel monkeys, they did not attempt to eat them. 

x 



CHAPTER 1 

INTRODUCTIQN 

Today, extant primate species inhabit most of the world. All warm southern 

continents, except Australia, and cold regions as far north as Japan are populated by 

infrahuman primate species. Many tropical islands are inhabited by several sympatric 

species of primates. In particular, the small island of Madagascar exhibits the extremely 

successful adaptation and diversification of numerous species oflemurs (Campbell, 1985). 

Monkeys are also diversified in their habitats. Seventy-four species, of Old World 

monkeys populate regions of southern Asia, tropical Africa, parts of China and Japan. 

New World monkeys of sixty-four species range from southern Mexico, through Central 

America, and most of South America. No primate species live in North America today. 

But, the origins of the earliest primates can be traced back to the Dakota area of North 

America and the fossil remains of a creature named Purgatorius. A small primitive 

primate, Purgatorius unio lived during the Cretaceous and Early Paleocene between 135 

and 65 million years ago. It is known only from the fossil remains of a few molar teeth, 

which already had the representative bulbous cusp pattern of a fruit and leaf eating primate 

(Kennedy, 1980). 

The primate species Plesiadapis also appeared during the Paleocene, 65 million 

years ago, as a small, snouty, insectivorelike mammal of North America (Nelson and 

Jurmain, 1979). The initial primate radiation of the Paleocene included the continents of 

North America and Europe. No evidence has been found of primates in the southern 

hemisphere at this time. 

During the Eocene (53-37 m.y.a.), a movement of the continental plates 

broadened the distance between North America and Eurasia. The movement of the earths 

crust caused a change in the climate which in tum caused the extinction of many species. 

New environmental conditions in the southern hemispheres created a lush and tropical 

environment for small mammals. As a result, environmental change created a struggle for 

newly created niches among small·mammals and newly emerging species of primates. 

1 
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Among the new forms were the first modem looking primates or prosimians (Nelson and 

Jurmain, 1979) .. 

Prosimians reached their widest geographical distribution during the Eocene 

(Campbell, 1985). Two families of Eocene prosimians lived in North America, Europe, 

and Asia. The family Adapidae included 10 genera of lemurHk~ primates. And, the family 

Omomyidae, the most widely distributed group of lemurs included several genera of 

tarsierlike primates. 

In the New World, monkeys probably appeared around the end of the Eocene 

about 34 to 40 million years ago. Evidence from geological, molecular, comparative 

anatomy, and fossil remains suggests the primates of the New World shared a common 

ancestry with Old Wcrld primates for at least 20 million years. Several theories have 

proposed dates, explained the sudden appearance of primates and mapped the colonizing of 

primate species in the tropical southern hemisphere (Campbell, 1985). 

Romero-Herrea, Lehmann, Joysey, and Friday (1973) concluded that the time of 

the split between Catarrhines (Old World monkeys) and Platyrrines (New World monkeys) 

occurred early between 59-49 m.y.a. Phenotype and immunolochemical evidence revealed, 

that Cercopithecoidea (Old World monkeys) and Hominoidea (apes) are closer to each 

other, than either is to New World monkeys (Ceboidea). They proposed a Eurasian 

migration and similar introduction of platyrrhine into South America, as Catarrhine in 

Africa. At any rate by the Oligocene, a primate Branisella was living in the present day area 

of Bolivia. 

The rafting hypothesis was first proposed by Wallace (1876) as an explanation for 

the origins of monkeys in the New World. Wallace noted that floating islands were swept 

out to sea by floods, and became a sort of floating raft for birds and other small creatures. 

Though little documentation existed to support the idea of island rafts, Wallace proposed 

island rafting as a means of transportation for plants and small mammals across, large 

bodies of water. The rafting theory proposed that primates evolved only once from 

prosimians, in Africa ( Romero et aI., 1973). And. that it was a monkey not an ancestral 

form of monkey that crossed the 600-800 km of Indian Archipelago ocean on floating 

island rafts. Evidence offered by proponents of the rafting theory are fossilized remains of 

early New World monkeys which already exhibited the typical dental characteristics of 

anthropoids, not prosimians. 

Another theory, explaining primate colonization of South America, took place by 
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a process called island hopping (Simpson, 1950, 1953). During the Oligocene, hot 

molten material from rifts in the earths mantle caused the sea floor to spread and water 

levels were reduced as a result. Consequently, the depth of the sea was at an all time low. 

Simpson believed that primates and other small mammals, such as rodents, were 

transported across short distances of ocean by floating islands. Gradually, they moved 

from one island to another until they arrived in South America. However it was 

accomplished, primates successfully colonized South America and diversified into many 

species. Emerging species of primates competed for and successfully filled ecological 

niches which would be occupied in the Old World, by apes during the Miocene radiation. 

In the late Eocene period, three species of Adapidae remained in North America, 

Europe and Asia. Eocene species of prosimians endured into the early Oligocene (about 37 

m.y.a.). Fossil remains of the skull and dentition of Apidium and Parapithecus, two 

species of Adapidae, were found in the lower levels of the African Fayum Deposits. 

Aegyptopithecus, another lower level Fayum primate, displayed a curious mixture of 

primate characteristics. It had a brain pattern of an intermediate level, between prosimian 

and New World monkeys, and displayed the reduced dentition typical of fruit eating Old 

\Vorld monkeys and apes (Campbell, 1985). Though the dental characteristics of 

Oligocene apes appeared similar to modern ape species, the over all anatomy of Oligocene 

apes most resembled that of New World monkeys. So that at the close of the Oligocene, 

primates were near the common ancestry of both apes and Old World monkeys. 

The Miocene (22-5 m.y.a.) is known as the period of the radiation of apes in 

Europe, Asia and Africa. In the beginning of the period, only a few species of apes 

existed. Nevertheless, by the the middle of the period, twenty-six genera of apes filled 

most of the ecological niches once occupied by monkeys. Early Miocene forms showed a 

diversity of monkeylike and apelike characteristics in dentition and limb structure. 

Proconsul, for example, is believed to be one of two species of fossil apes. Rather like a 

large New World monkey without a prehensile tail, Proconsul was found only on the 

continent of Africa. The remaining species, Prohylobates, had the crested cusp pattern 

common for Old World monkeys in a very early stage but had already developed a fifth 

molar cusp which is associated with modern monkeys (Campbell, 1985). 

In the Middle Miocene (17-11 m.y.a.), movement of the earths tectonic plates 

brought about a collision of the continents of Africa and Eurasia. A land bridge formed 

connecting Africa, Europe and Asia, allowing apes to cross over and colonize the Old 
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\Vorld. Tremendous volcanos caused violent upheavals of land which altered the 

appearance of mountain chains. A shift in climate produced new, still more tropical, 

ecology in much of Eurasia and Africa. Miocene apes evolved in a mosaic of ecological 

environments (woodlands, savannas and tropical forests) into twenty-six genera of African 

apes. In addition, monkey species began to expand geographically at the same time of the 

ape radiation (Campbell, 1985). 

One genus of ape, from the family Proconsul, called Dryopithecus, continued to 

inhabit Europe and western Asia. It ranged in size from the small body size of gibbons 

to the larger body size of chimpanzees. Dryopithecus occupied environmental habita~s 

formerly inhabited by monkeys but had the distinctive Y-5 molar pattern of apes. Yet the 

overall anatomy of Dryopithecus was a mixture of ape and monkey (Nelson and Jurmain, 

1979). The upper body torso had a locomotor pattern characteristic of agile arboreal 

monkeys while the lower torso was typical of terrestrial apes. 

The Middle Miocene ape, genus Sivapithecus, inhabited Asia while the genus 

Ramapithecus occupied the modem areas of Greece, Hungary, Turkey and Pakistan. 

Ramapithecus is considered a possible candidate for the evolutionary line of Hominidae 

(the evolutionary line of humans), based on dention. Of the many emerging apes, 

Gigantopithecus, the largest hominoid ever discovered, was a huge primate that lived only 

in parts of China. Many species of Miocene apes began to disappear during the Middle 

Miocene, perhaps due to the loss of habitats to an increasing number monkey species of 

the Old World (Nelson and Jurmain, 1979). 

At the close of the Miocene, the distribution and number of apes had been greatly 

diminished. Apes continued to inhabit the continent Africa and some parts of Asia. Many 

species of apes had vanished, leaving behind only the fossilized remains of species who 

are possible ancestors to the five extant genera of modem apes. Of the Middle Miocene 

apes, Proconsul major most resembled the dentition of fruit-eating modem chimpanzees 

and gibbons and is thus considered a likely ancestor (Campbell, 1985). Because of 

dentition, Pliopithecus, found in France and Czechoslovakia, is favored by some to be a 

direct ancestor to living gibbons. However, some question remains due to the structure of 

the proximal arm of P/iopithecus, which appeared to be stable like the arm of a monkey 

but had a flexible wrist pattern of an ape. However, evidence from dates, dentition, 

limb structure and molecular makeup of Miocene apes have not converged to verify the 

ancestry of modem apes. Modem species of apes remain in the same geographic areas as 
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their Miocene predecessors. 

In order for modern species of primates to inhabit vastly different geographic 

areas, primates have undergone environmental adaptions that are both physiological and 

behavioral in nature. The most significant adaptation of early primates was to arboreal 

living. Physiological changes necessary for living in trees included: upright body posture 

and quadrupedal locomotion (and variations of quadrupedal and bipedal walking of apes), 

enclosure of the eye socket by the elaboration of the postorbital bar, enlargement of the 

visual areas of the brain culminating in binocular and stereoscopic vision, reduction of the 

snout aiid diminished dependency on olfactory information, lack of specialization of diet, 

ultimately fewer types and number of teeth, and flexible grasping hands and feet with five 

digits bearing nails instead of claws (Campbell, 1985). 

In spite of some changes in physiology, primates have evolved structurally as 

quite generalized creatures that must depend on specialized complex behavioral adaptations 

to cope with environmental demands. Key characteristics of primates include single 

births, immature infants, emphasis on mothering, prolonged childhood, increased lifespan 

and complex learned social behavior (Campbell, 1985). 

Most of primate behavior is individually learned rather than being genetically 

derived behavior that is stereotyped throughout the species. Primates have specialized in 

leaming. Learned primate behavior originates from high order cognitive mechanisms and 

facilitates behavioral adaptation to environmental changes. Therefore, unlike other 

mammals, socially learned behaviors of apes and monkeys have evolved into extremely 

flexible and complex interactions (Goodall, 1968, 1971; Fossey, 1983). Sophisticated 

learned behaviors of primates are passed on from generation to generation as tradition and 

culture. 

Culture 

In 1952, Imanishi published Evolution of Humanity, a fantasy in which a panel 

consisting of an evolutionist, a layman, a monkey, and a wasp discuss the question of 

instinct versus culture. In this paper, Imanishi compares instinct, or genetically defined 

specific behaviors of animals, with the culture of man. It is culture, the evolutionist 

proposed, that makes man different from animals. Imanishi defined culture as individually 

learned behaviors based on membership in a stable group. Imanishi believed that monkeys 

raised in isolation would fail to develop normal behaviors. In 1952, there was little 

research data on how infrahuman primates raised in isolation developed. However, 
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Imanishi concluded that if an ape or monkey were raised in isolation and failed to develop 

nonnal group behaviors, it would indicate that primate behavior is learned instead of being 

genetically transmitted. Thus, he stated that some complex infrahuman social behavior 

may be considered as culture, since it is normal group behavior. 

Imanishi made a distinction between adaptive and adjustive behavior. He felt the 

term adaptive behavior should be restricted to behavior that is advantageous to the species 

and has survived the process of natural selection. Adjustive behavior, on the other hand, 

is acquired through learning. Imanishi concluded that culture is adjustive behavior, 

resulting from behavior under natural conditions. 

In 1955, confident of supporting evidence from field research of infrahuman 

cultural behavior, Imanishi and his graduate student Syunzo Kawamura delivered papers in 

Japan on the culture of wild Japanese macaques. The use of the term "monkey culture" 

aroused both anger and interest among fellow scientists. Later publications, including 

Kawamura' The Prehuman Culture (1956) and The Prehuman Language (1956) by Itani, 

were also severely criticized by other scholars. To avoid further debate, Kawamura (1959) 

adopted the use of the term "sub-culture". Newly-acquired Pre-cultural Behavior of the 

Natural Troop of Japanese Monkeys on Koshima Islet was published in 1965 (Kawai, 

1965). In this paper, Kawamura renamed the behaviors described earlier by Kawamura as 

culture. A final revision was made in favor of the tenn "pre-cultural behavior". 

Pre-Cultural Behavior 

Pre-cultural behaviors of Japanese monkeys were first observed at Koshima Islet. 

An experimental study was designed to learn the processes through which new behaviors 

are acquired and propagated among infrahuman species of primates. Conclusions made 

from observations of troops of wild Japanese monkeys by Kawamura (1954) led ImClnishi 

to state confidently that food cleaning behaviors, preferential choices of food, use of 

favored areas for obtaining and eating food and different levels of maternal care are 

examples of culturally learned or pre-cultural monkey behavior. 

Kawamuras' study began in 1952, when a troop of twenty provisioned Japanese 

macaques were housed on Koshima Islet, Miyazaki Prefecture, Japan. The Koshima troop 

became part of a continuing long-term field study which enabled researchers to observe the 

transmission of new behaviors. 

In September 1953, a one year old female monkey of the Koshima troop was first 
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observed transporting a sweet potato across the beach to a small stream. F-l11 (lmo) 

dropped the potato into the stream of water. She then held the potato and brushed 

adhering sand from the surface. In November, a one year old male was also observed 

washing a sweet potato. A second one year old male was seen washing a sweet potato in 

January, 1954. In addition, Imo's mother gradually learned to wash sweet potatoes from 

observing her daughters cleaning potatoes. Kawamura (1959) noted that the spread of 

sweet potato washing behavior was from the younger generation to kinship groups 

through maternal1ines. Thus, sweet potato washing was learned as a form of play through 

close social interactions, with those individuals who had learned the behavior previously 

passing it on to others. Sweet potato washing behavior was a culture learned through 

observation and imitation of behavior which originated from a single group member. 

Sweet potato washing became normal behavior for all babies born after the spread 

of food cleaning through the Koshima troop. As the behavior spread, new forms of 

wa~~hing behavior were observed. The first form, brushing behavior occurred when the 

monkey dropped the potato into shallow water and brushed the potato with both hands. A 

second form was observed in which the potato was dropp~d into the water and debris 

removed by rolling the potato on the bottom of the stream with one hand. 

lmo altered sweet potato washing by dropping the potato into the water between 

each bite. Kawamura found that this form of washing did not appear be necessary to clean 

the potato of any adhering sand. Instead, he reported that frequent potato dunking may 

have added the taste of salt, from the sea water, to the potato. This form of food 

processing Kawamura called "seasoning behavior". He noted that no monkey performed 

the seasoning behavior solely for cleaning, as witnessed by repeated dunking of otherwise 

clean food, and that other washing behaviors were used appropriately when food only 

needed to be cleaned. 

In 1956, another pre-cultural behavior originated with the same young female. 

lmo was now four years old and had learned a new behavior to separate grains of wheat 

from beach sand. She gathered a hand full of sand and grain, took it to the edge of the 

beach and threw it into the water. The water separated the grains of wheat from the sand, 

making the process of gathering wheat much easier and faster, as it floated on the surface 

of the water while the sand immediately sank. Three years later, after the first observation 

of lmos' wheat-washing behavior, seven monkeys were observed washing wheat in this 

manner. Nineteen monkeys out of a troop of 49 had mastered this new behavior by 1962. 
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Of the 19 monkeys washing wheat, seven were males and 12 were females. 

The propagation of wheat washing behavior, like sweet potato washing, was 

traced through play groups and through lineage. Imos' lineage contained 13 members that 

learned wheat washing behavior. Most troop members first used this behavior at between 

two and four years. Adults were much less successful at learning either sweet potato or 

wheat washing behaviors than younger monkeys. Kawamura concluded that age was 

variable in acquiring new behaviors but sex was not. 

Some monkeys did not learn the washing behaviors but obtained washed food by 

quickly snatching washed food from other mOI~keys. Snatching behavior of some 

monkeys was accomplished by collecting left overs from the beach. Monkeys used this 

form of snatching behavior before the age when most monkeys learned to wash food. 

Snatching behavior of older females proved to be more aggressive and effective. Older 

females attacked monkeys washing food and pirated the cleaned food. Once monkeys 

learned to steal cleaned food items, it quickly became habitual behavior because of the 

success rate in obtaining cleaned food. 

From the experiment with Japanese macaques (Kawamura, 1956), Imanishi 

identified the preference of washed foods as a pre-cultural behavior which through social 

interactions slowly spread throughout the monkey troop. 

A second example of pre-cultural behavior occurred in a troop of Japanese 

macaques living in a deciduous forest in northeastern Japan. Troop A mastered a new 

food cleaning behavior, called "apple washing" (Suzuki, 1965). During winter days when 

snow covered the ground, apples were cleaned by rolling them in the snow with both 

hands. Apple washing behavior proved to be similar in form to sweet potato washing. 

And propagation of thi~ behavior was effected in much the same manner. 

A third example of pre-cultural food cleaning behavior will be reported in this 

paper. It took place in a laboratory study of squirrel monkeys (Saimiri sciureus) housed in 

a free environment room. Fragazy and Mason reported in a 1983 study that squirrel 

monkeys were more fastidious in their behavior than titi monkeys. Squirrel monkeys 

sorted through food bins to find preferred food, discarding several pieces before eating 

one. Titi monkeys were less particular about food and, as a result, less wasteful. 

The purpose of this study was to see if the fastidious feeding behavior and food 

cleaning behavior reported by Fragazy and Mason (1983) might be extended to more 

complex cleaning behavior by manipulation of the monkeys environment and food. 



CHAPTER 2 

EXPERIMENT ONE: FOOD CLEANING BEHAVIORS 

Methods 1 

This food cleaning experiment was designed to demonstrate food manipulation 

and processing behaviors by squirrel monkeys under a wide variety of conditions. Food 

properties were varied in order to show the role of particle" of debris adhering to monkey 

food in eliciting food cleaning behaviors. In addition, water crocks were made available to 

wash food as a sophisticated vruiation of food cleaning. 

Subjects 

Subjects were 14 squirrel monkeys, Saimiri sciureus, (Colombian variety). The 

seven males and seven females ranged in age from 2 months to over 13 years. Four 

females and seven males were laboratory born while the rest were feral born but had been 

housed in the laboratory for at least eight years. One male was blind and will be discussed 

in the results section of Experiment 1. The subjects had been in the free environment room 

one year before the start of observations described in this paper. Prior to release in the free 

environment room, all except the 2 month old infant had been housed in laboratory cages. 

During this year, all subjects drank from large ceramic water crocks like those used in the 

experiment. 

Apparatus 

Observations were conducted in a rectangular tiled room 4.267 m x 7.92 m that 

contained a large standillg tree, anchored in a cement filled tub, a tree trunk, scattered 

branches, a climbing rope and other small objects. In addition, the room contained two 

three-tiered portable cage stands containing small cages with fronts removed. The cages 

served as nest boxes and as secure places for animals being chased. A large ceramic water 

crock 40 cm in diameter, and two smaller crocks 22:5 cm in diameter, for food, were 

placed on the floor in the front of the room. One large water crock was placed on each of 

the two cage stands located in the front and the bar"k of the room. During observations all 
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water bowls were filled or empty depending on the test phase. The only food crocks used 

were located on the floor in the front of the room. The room was illuminated with Vita-D 

fluorescent lights and maintained at 24 c with humidity ~pproximately 50%. 

Procedures 

Observations were made during 20 minute sessions conducted daily, seven days a 

week, for the duration of the test periods. Behaviors scored during observation are 

described below. The total frequency of each complete behavior was scored. All 

observations were video-taped and scored during playback. While taping, the tester vocally 

identified monkeys being scored on specific behaviors that might not be easily recorded by 

the camera. The frequency of all cleaning behaviors for each monkey was scored during 

all observation sessions. Prior to each testing session, the room, food, and water crocks 

were cleaned. Clean food crocks were filled when taping sessions began. A video-camera 

was placed in the front of the room in front of water crocks and food bowls. 

Cleaning Behaviors 

".~ , 

. " 

Figure 1. Monkey drops pellet into water crock 

Dunk-Wash and Retrieve. This behavior occurs in two forms. In the first, the 

monkey sits balanced on the rim of the water crock, occasionally using one hand for 

support, leans forward and drops a pellet or piece of fruit into the water. In most 

instances, the opposite hand is used to retrieve the food items. Occasionally, food is 
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dropped and retrieved with two hands. The second form, occurs from a standing position 

leaning over the rim of the water crock. The food item is usually retrieved with the 

opposite hand unless one hand is occupied holding onto the crock rim. 

Figure 2. Monkey leaves pellet in water. 

" ~,., ,. 

\ 
\ 
I 

Figure 3. Monkey retrieves pellet from water 
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Food items are often dunk-washed and retrieved repeatedly with visual inspection 

and sniffing of the food occuning between each dunk. The use of the hands to clean food 

of debris prior to dunk-washing often occurs. (Figure 1-3. Dunk-Washing and Retrieve) 

Hand-Wash Using the Crock Cleaning is accomplished holding the food with both 

hands and rubbing or pushing the food along the sides or the rim of the food crock. 

Hand-Wash Using the Environment. Cleaning is accomplished by rubbing the food 

on walls, floor, ceiling, and other stationary structures in the room. 

Hand Drink. The hand is cupped, submerged, and held over the head for water to be 

lapped, sucked, or dripped into the mouth. 

Tail Use. The tail is held in an erect position, in front of the body. The food is held in 

one hand and rubbed with or against the tail which is held in the other. Or, food is held in 

one or both hands and rubbed against the tail. 

Experimental Design 

Phase 1. This phase of the experiment had two purposes. The first purpose was 

to see if power adhering to food would increase food cleaning (especially dunk-washing). 

The second purpose was to see if dunk-washing occuned in order to moisten hard monkey 

chow pellets or other food items. Phase 1 was divided into four conditions, with each 

conditions lasting seven days. During all conditions, of Phase 1 a large water filled 

ceramic crock was placed on the floor in the front of the room and one large water filled 

ceramic crock was placed on each of the two nesting boxes. 

Condition 1. After video taping began, two small ceramic crocks were filled with 

produce consisting of either oranges, apples, spinach, celery, or boiled egg coated with 

powder from finely crushed monkey chow pellets. Crocks were located on either side of 

the large water filled crock on the floor in the front of the room. 

Condition 2. The procedure was followed described in Condition 1. Food crocks 

were filled with monkey chow pellets coated with additional powder from crushed pellets. 

Condition 3. The procedure was followed described in Condition 1. Food crocks 

were filled with produce washed to eliminate adhering debris. 

Condition 4. The procedure was followed described in Condition 1. Food crocks 

were filled with pellets moistened to reduce adhering crumbs. 

Phase 2. A second phase of the experiment was conducted in order to determine 
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whether the monkeys would continue the dunk-wash and retrieve behavior when water 

was removed from the crocks. If the behavior were learned as a simple motor sequence we 

would expect at least a few additional dunk-wash and retrieve responses in this 

experiment. This phase of the experiment was divided into two conditions. Each condition 

was conducted for two days. Water crocks were empty during both conditions of the 

experiment. 

Condition 1. Food crocks were filled with produce in finely ground crumbs from 

monkey chow. 

Condition 2. Food crocks were filled with produce cleaned of adhering debris. 

Phase 3. The purpose of third phase of the experiment was to determine if an 

inedible substance adhering to food would elicit a greater amount of food washing 

behavior than an edible adhering powder. Monkeys were given the same produce as in 

Phase 1. The adhering substance in this experiment was a fine grain sterile sand 

closely resembling the color and texture of monkey chow powder. Both food bowls 

contained the same produce coated with sand. Water crocks were filled during the seven 

days of this phase. 

Phase 4. The purpose of this experiment was to determine if the monkeys would 

discriminate between a fruit covered with sterile sand the color and near consistency of 

monkey chow powder and fruit covered with monkey chow powder. Fruit was presented 

to the monkeys in two small crocks, one of which was ~laced on either side of the large 

empty water crock. Duration of this phase was 4 days. 

Condition 1. For 2 days, no water was present in the water crocks. One small 

food crock contained oranges covered with sand and the other crock contained oranges 

covered with chow powder. The positions of the crocks of fruit were reversed for day 2. 

Condition 2. For 2 days, water was present in the water crocks. One small food 

crock contained oranges covered with sand and the other crock contained oranges covered 

with chow powder. The positions of the crocks of fruit were reversed for day 2. 

Results 1 

Phase 1. Because of high heterogeneity of variance from numerous zero scores in 



14 

some conditions of this phase of Experiment 1, a Wilcoxon Signed-Rank test was used for 

all comparisons. 

Tht:': first question to be addressed by Condition 1 of the experiment was whether 

the presence of powder would increase cleaning behavior. More dunk-wash and retrieve 

occurred with powder than without and this difference was present for (Figure. 4) produce 

at 12<.05 as well as for chow at 12.<01. Figure 4 shows that significantly more dunk-wash 

and retrieve occurred with powder than without powder for both pellets and fruit. In 

addition, significantly more tail use occurred (Figure. 5) to clean fruit with adhering 

powder than to clean produce without the powder at 12<.05. Tail use to clean food with 

and without powder is shown in Figure 5. However, Figure 4 shows that the 

corresponding difference for pellets was not significant. Cleaning of pellets and produce 

using the crock or on other parts of the environment occurred too infrequently to yield 

significant differences. 

The second question to be answered was whether the moistening and softening of 

the pellets as a result of dunking also served to maintain the dunking and retrieving 

behaviors. There was no significant difference between the amount of dunk-washing of 

hard pellets and dunk-washing of soft fruit and vegetables (Figure. 4). If dunk-washing 

is reinforced by its softening of chow pellets, then it should more frequently with pellets 

than with moist produce. Therefore, the data offered no evidence that the dunking was 

driven by its softening effects on the monkey chow pellets. 
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Figure 4. Experiment 1: Mean frequency per monkey for 28 days. 
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A principal components factor analysis was applied to the scored behaviors to 

determine if any underlying correlational structures existed between these adjustive 

behaviors. Two factors were identified. 

FACf..rnu FACTOR 2 

Bowl-Wash .940 .000 

Hand-Wash .928 .000 

Dunk-Wash .534 0408 

Tail Use .000 .765 

Hand Drink .000 -.745 

Eigenvalue 2.049 1.390 

(Excludes factors loading less than .250) 

Factor 1 included behaviors that required the use of the environment (Bowl-Wash, 

Hand-Wash and Dunk-Wash and Retrieve). Factor 2 included cleaning behaviors that are 

accomplished with aspects of the monkeys body (Hand-Drink and Tail Use). However, 

tail use was positively correlated with Factor 2 whereas hand drink was negatively 

correlated. In other words, monkeys who frequently used the tail to clean food 

infrequently used the hand for drinking. Figure 5 is a comparative analysis of the mean 

frequencies of the 5 food cleaning behaviors in Experiment 1. 
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Figure 5. Phase 1: Mean Frequencies per Monkey of all Scored Behaviors With and 

Without Powder 
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Phase 2. 

In Phase 2, an empty bowl was placed in the room in order to determine the 

importance of water in maintaining the dunk-wash and retrieve behavior (Figure. 6). 

Figure 6 shows the two conditions of Phase 2 of the experiment. Food crocks contained 

fruit with debris during Condition 1 and fruit without debris during condition 2. Water 

crocks were empty during both conditions of Phase 2. Fourteen out of 15 monkeys did not 

attempt a single dunk-wash and retrieve response during this experiment. This result 

indicates that these monkeys had an understanding of the role of the water in a successful 

dunk-wash and retrieve sequence and that the behavior was not simply a chained operant 

response. 

Experiment 1 

Condition 1 

Dunk-Wash & Retrieve 

14 tiInes 
with powder 

Tail Use 

20 HInes 
with powder 

Condition 2 

Dunk-Wash & Retrieve 

o tilDes 
without powder 

Tail Use 

9 times 
withou t powder 

Figure 6. Phase 2: No water available in crocks. 

r 

One aged female dropped fruit with adhering powder into the empty crock 14 

times but never dropped fruit without adhering powder into the crock. This monkey 

therefore was discriminating between adulterated and unadulterated food but was not 

discriminating the importance of water in effecting a successful food cleaning. She was 
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displaying a simple response generalization for the previous experiment. 

Phase 3. 

In this experiment, the monkey's food crocks were filled with fruit and fine-grain 

sterile sand. Crocks of water in which to wash the fruit were made available. This test was 

designed to see if food coated with a nonedible substance would be more likely to be 

dunk-washed than food coated with consumable debris. A Wilcoxon Signed-Ranks test 

used to compare the frequency of fruit coated with powder to fruit coated with sand proved 

not to be significant at 12>.05 (Figure.7). Figure 7 shows the mean score for each cleaning 

behavior scored in the experiment. 
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Figure 7. Phase 3: Mean Frequency per Monkey of All Scored Behaviors. 

Phase 4. 

An empty water crock and two small crocks of fruit, one coated with powder and 
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one coated with sand, was given to the monkeys for two days. This experiment was 

designed to see if the monkeys would show a preference for edible food with debris 

adhering over nonedible food with adhering debris. The number of food items taken from 

each bowl were tallied in a timed test (Figure. 8). Figure 8 shows that all of the orange 

pieces coated with powder were taken from the food crock in the first ten minutes of the 

test while no sand cover oranges were removed until powder coated food was all eaten. 

The order in which food was removed from the bowl occurred during both days of testing. 

More dunk-washing oCCllrred for the fewer sand coated oranges chosen than for powder 

coated oranges. A noticeable preference for powder coated oranges was clearly 

established. The comparison made of the amount of cleaning behaviors occurring with 

powder coated oranges and sand coated oranges mentioned earlier was not significant 

because fewer pieces of sand coated food were being taken from the bowl while relatively 

more cleaning behaviors were noted. 

Experiment 1: Timed Test 
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Figure. 8: Mean Frequencies per Monkey of all Scored Behaviors of Phase 4 

With Sand and With Powder 



CHAPTER 3 

DISCUSSION 1 

This study demonstrates the presence of pre-cultural food cleaning behaviors in a 

colony of laboratory squirrel monkeys similar to those observed in Kawamuras' study of 

Japanese macaques. A significant aspect of this study is that Japanese macaques are Old 

World monkeys while squirrel monkeys, Saimiri sciureus, are a New World species. 

The first observation of squirrel monkey dunk-washing behavior was observed 

when an adult female, Gnome, carried a monkey chow pellet across the room, dropped the 

pellet into the large water crock, and retrieved it from the water. Gnome was observed 

repeating this procedure several times. Between each dunk and retrieve of the pellet, 

Gnome would carefully inspect the surface of the pellet while turning it between her hands, 

brushing, and sniffing it. Unlike Imo, the 1 year-old originator of sweet-potato washing, 

Gnome was at least 12 years-of-age. 

All young male and female squirrel monkeys between the ages of 1 and 4 learned 

the new behavior (see Appendix A). Dunk-washing behavior was observed among young 

males and females who dunk-washed pellets within two weeks after entering the free 

environment room. Monkeys who did not dunk-wash monkey chow pellets cleaned them 

by brushing with their hands, rubbing pellets on or with their tailor using surfaces of 

structures within the room to rub food against. This finding is in keeping with the 

Koshima study. 

One blind older male, Jeremy, learned an alternative to dunk-washing to clean 

food. Jeremy extracted pellets from the food crock or off the floor, sniffed and manually 

inspected the food. Holding the food between both hands, Jeremy rubbed the food against 

the rim or sides of the crock or along the surface of the floor. During the test condition 

with coated produce or pellets, Jeremy used his tail as a type of brush to clean debris from 

food. One adolescent male, Timothy, observed Jeremy's unique cleaning behavior and 

began cleaning pellets in the same manner. Timothy used all forms of food cleaning 

behavior, especially dunk-washing. 

Like the Koshima troop, some adult squirrel monkeys never learned to dunk-wash 

food but learned a preference for washed food. These monkeys snatched or pirated cleaned 
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food from monkeys who had learned dunk-washing behavior. Due to snatching or piracy, 

monkeys often washed several pieces of food before successfully eating one. 

An infant male, August, was born during the experiment. August learned to 

retrieve small pieces of washed food from the water crock before learning to wash food. 

August was first observed washing food at 5 months-of-age. 

All four adolescent males and females learned to dunk-wash food (see Appendix 

A for individual scores). One adult female never dunk-washed food and three adult females 

dunk-washed infrequently, preferring the use of the tail or structures in the environment to 

clean food of debris. 

Some squirrel monkeys used dunk-wash and retrieve, rubbing food on the 

available crocks or other surfaces in the room or the tail to rub debris from food surfaces. 

Japanese macaques living in deciduous forests of Nagano Prefecture used snow in much 

the same manner to rub debris from apples. 

In summary, a landmark field experiment of social groups of Japanese macaques 

and a laboratory experiment of social groups of squirrel monkeys observed socially learned 

pre-cultural food cleaning behaviors which appeared to be similar in both form and 

function. This finding is somewhat surprising when the natural habitats, dietary habits and 

evolutionary histories of the tv.'o species are considered. 



CHAPTER 4 

INTRODUCTION 2 

Field studies of Japanese macaques indicate that some monkey troops raided 

neighboring fields for sweet potatoes while others foraged on other wild edible plants 

(Itani, 1958). One troop of monkeys gathered eggs to eat but other troops of monkeys 

did not. Kawamura (1965) concluded that food preferences clearly existed among 

different troops of monkeys. An experimental test was designed to learn the social 

behaviors through which Japanese monkeys acquired pre-cultural behavior such as food 

preferences. 

Monkeys of the Takasakiyam troop were chosen as subjects in a food acquisition 

experiment which began in July, 1954. The new food introduced in the experiment was 

milk caramel candy, individually wrapped in paper. Experimental procedure consisted of 

six trials during which the human observer presented caramels to the monkeys by hand. 

Itani expected that candy would not be quickly accepted. Once tasted, caramels were 

expected to become become a favorite food. The spread of caramel eating was carefully 

monitored to determine the importance of such factors as age and sex differences in the 

ability of monkeys to recognize new foods. Propagation of caramel eating behavior was 

traced through social groups and lineages. 

An adult male was the first monkey observed eating caramels. It quickly became 

obvious that juvenile monkeys learned to eat caramels more quickly than adult monkeys. 

More juvenile monkeys acquired the behavior than adult monkeys and more females were 

observed eating caramels than males. Of the females in the group, more females with 

infants learned to eat caramels than females without infants. As in the sweet potato 

washing experiment (Kawamura, 1954), mothers learned the new behavior through close 

association with their offspring that ate caramels. Monkeys who did not learn the behavior 

included young males living on the edge of the group and leader males above the age of 4 

years. The highest rates of acquisition were recorded for monkeys between the ages of 1-3 

years and for young monkeys born during the time span of the test. 

There are three perspectives from which to analyze the spread of caramel eating 

among Japanese macaques. First, Takasaldyama troop caramd eating involved the 

21 



22 
presentation by hand of a new food source from human observers. In other words, 

monkeys were not required to recognize a new food source in the environment, although 

monkeys normally make such discriminations. Itani, 1958, stated that monkeys clearly 

distinguished between plant foods that were edible and inedible. Second, the experimental 

task did not demand the development or the mastery of a new behavior to obtain food. 

Takasakiyama troop members were handed candy by the observer on all six of the 

experimental trials. Third, food acquisition behavior of Japanese macaques did not involve 

learning complex behaviors to capture, kill or eat a new food source. 

Predation 

Primate species have added new food items to their diet when the opportunity 

existed or when a food source was no longer available. How the item was recognized as 

food and the strategy to obtain the food item is important to understanding the processes 

through which learning occurred. In some instances, the new food source involved 

predation or killing a member of another species for food. Predatory behavior is complex 

and often requires cooperation from conspecifics members. It has evolved among many 

species, including primates. 

Animals as a food source is economic and nutritious because it contains an 

especially high quantity of protein, fats and fluids. Meat is rich in most essential minerals 

except magnesium which is not present in a significant amount. Essential vitamins, except 

vitamin C, can be obtained from the organs of animals. Animal exoskeletons provide a rich 

available source of carbohydrates. Animal food is, therefore, a very rich food source for 

fulfilling nutritional requirements when available. 

Many species of primates eat animal food of some kind. Insects are a common 

and important source of animal food for several species of pnmates. However, insects as a 

food source requires considerable manual dexterity, skill and time to obtain a sufficient 

quantity (Richard, 1985). Goodall (1971, 1986) reported the Gombe chimpanzees spent 

87.4% of their time in 1978 feeding on insects. Termites, ants, bees, caterpillars and other 

insects were eaten. 

Goodall (1971, 1973,1977) observed chimpanzee mothers teach their offspring 

the processes through which termites are obtained for food. Young chimpanzees learned to 

produce tools for a culturally leaned behavior called "termite fishing". Grass stems used 

for fishing were searched for and carefully chosen. Some chimpanzees extracted several 

grass stems from a bunch before altering one to a desired length for fishing. A plug made 

by termites to seal the mound was removed, then the fishing tool was pushed into the 
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termite mound. The tip of the fishing tool was removed along with clinging soldier termites 

which chimpanzees picked off with teeth and lips. Worker termites (Macrotermes 

belli cos us) were wiped off the stem as the chimpanzees pulled the tool through their 

fingers. Both soldier and worker termites were usually eaten. 

A two year observation period of termite fishing at Gombe Reserve showed that 

females were more insectivorious than males. Termite fishing was a sexually dimorphic 

behavior. Females ate some insects 42% of the days during the two year period and males 

27% for the corresponding time. Additional time was spent by female chimpanzees 

teaching their offspring to fish for insects while males did not participate in teaching. For 

females, insects remained a part of the diet during all seasons of the year but were eaten by 

males mostly during the periods of peale availability. Inexplicably, however, females ate a 

smaller percentage of insects during the peak season of insect availability. 

Goodall (1986) reported that Gombe chimpanzees ate two species of ants. The 

first species, Weaver ants, were grabbed, crushed and torn apart. Juices from partially 

crushed ants were eaten but chimpanzees discarded skeletal remains. 

McGrew, 1974, described the techniques Gombe chimpanzees used to collect and 

eat driver ants. Nests of diver ants were first excavated from beneath the surface of the 

ground with rapid digging using one or both hands. The process of nest excavation 

caused the nest to tear open. A long wandlike tool which chimpanzees made from sticks 

was pushed into the nest. Ants swarmed out of the nest and on to the wand. The 

chimpanzee then quickly removed the wand and, using their free hand, swept ants off the 

wand into the mouth. A variation of this technique involved sweeping the ant covered 

wand through the mouth, removing insects with lips and teeth. Ants that escaped the open 

nest were recovered from the ground using the wand in another manner. The chimpanzee 

remained at a distance while swarming ants covered the ground. After a period of time, the 

chimpanzee walked over, lowered the wand into the nest and removed the ant covered 

wand. On some occasions, chimpanzees climbed above the nest, maintaining a safe 

distance between themselves and the swarming ants, and dipped the wand into the nest. 

Chimpanzees obtained arboreal (Crematogaster) ants from the surface of dead branches or 

broke open pieces of dead wood and extracted the larvae, eggs and adult ants. 

Field studies have reported observations of primates eating small animals. At 

Gombe, chimpanzees killed and ate injured adult birds on two occasions (Goodall, 1986) 

and several species of bird eggs and fledglings, although infrequently. In addition, two 

species of weavers, palm-nut vultures, helmeted guinea fowl and green pigeons were also 

eaten. 
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Nishida, Uehara, and Nyundo (1979) reported a rare instance when Mahale 

chimpanzees killed and ate an adult bird. A more frequent source of fowl which was 

observed at Gombe and Mahale Mountain was the eggs and young of domestic chickens 

(Gallus gallus). 

One two occasions; adolescent females at Gombe caught, killed and consumed 

small mammals. Porn caught and ate a young squirrel and Gremlin captured and ate a rat. 

Chimpanzees of the Sapo Forest, eastern Liberia, (Anderson, Williamson, and Carter, 

] 983) were also observed eating small mammals, though the species could not be 

identified. 

Goodall reported (1971) the first observation of a wild chimpanzee, David 

Graybeard, eating and sharing meat from a baby bushpig. Sixty-six accounts of 

chimpanzees hunting and eating bushpigs occurred at Gombe between 1960-1982 

(Goodall, 1986). Another adult male, Santan, caught and killed two piglets on one hunt. 

Some piglets were captured by creeping up on a nest of mother and piglets. Piglets were 

also captured when the mother abandoned her infants upon seeing an advancing 

chimpanzee. Chimpanzees preying on bushpigs were sometimes charged by adult pigs. In 

the ensuing fracas, between enraged pig and displaying chimpanzees, piglets were 

snatched. Goodall reported that 66.7% of all attempted piglet hunts were successful. 

Bushback fawns were hunted by Mahale Mountain chimpanzees (Kawanaka, 

1982) and members of the Gombe troop (Goodall, 1986). Few actual observations of 

Gombe chimpanzees hunting fawns were made, although forty-nine fawns were known to 

have been eaten. A female chimpanzee, Gigi, captured a small fawn while traveling 

through thick vegetation. It appeared that captures of fawns at Gombe were opportunistic 

events rather than planned hunting bouts. 

Since the beginning of the Gombe study in 1960, Gombe chimpanzees preyed on 

young baboons on twenty-five occasions (Goodall, 1986). Teleki (1973) described 

behavior of male chimpanzees hunting infant baboons. Several males rushed toward a 

young baboon, seizing the victim as they ran. Or,the prey was approached slowly in a 

coordinated multi-male hunt. Most hunts focused on mothers with their infants. 

Frightened mothers distress calls often brought several adult baboons to the infants 

defense. Consequently, some hunts resulted in interspecific aggression, with much 

confusion ensuing on both sides. Baboons and chimpanzees were observed in ferocious 

skirmishes, screaming, roaring, lunging, hitting and biting with canines. Remarkably, 

only one instance was reported in which a chimpanzee was wounded by a baboon. 

Adult baboons were obsc:ved following a chimpanzee predator with victim to a 



25 

preferred eating site. Baboons sat below the eating site. When infant baboons who were 

not killed quickly cried out, they erupted in loud vocalizations. In some instances, mothers 

were observed keeping vigilance during long chimpanzee feeding bouts. At Gombe, three 

mothers were observed making unsuccessfully attempts to pull infants away from feeding 

chimpanzees. 

Of the animal prey at Gombe, Colobus monkeys (Colobus badius) were 

frequently obsery~d being hunted (Goodall, 1971, 1986). Within a five year period, 

seventeen Colobl\s monkeys were killed by smashing or tearing of the body. Often, 

several adult and adolescent chimpanzees joined forces to kill one Colobus monkey. Kills 

took as long as 10 minutes when the monkey resisted. 

An observation was made of a female Colobus monkey, with infant, being chased 

through the trees by a male chimpanzee. The chimpanzee, Colobus mother, and infant fell 

from the tree to the ground. After the fall, the infant escaped while the mother was chased 

until captured and killed. 

Kawanka (1982) observed fifteen cases of chimpanzee predation in the Mahale 

Mountains among M-group chimpanzees. Mahale chimpanzees employed special eating 

techniques for extracting and masticating brains. A leaf seldom eaten except with animal 

prey was used as a sponge. Chimpanzees picked leaves from one of eight species of 

plants which were masticated along with animal brains. The use of leaves for extracting 

liquids and meat from brains is called "wadging". Wadging was also used by Gombe 

chimpanzees feeding on brains (Goodall, 1971), though the exact purpose remains 

unclear. 

Initial reports from primate field studies of chimpanzee predation were soon 

followed (Suzuki, 1971, 1975) by observations of cannibalism of chimpanzee infants. 

Kawanaka 1981, noted occurrence of interspecies predation among chimpanzees 

documented at three African locations: Uganda (Suzuld, 1971), Mahale Mountains 

(Kawanaka, 1981, 1985 and Nishida and Kawanaka, 1985) and Gombe Reserve (Goodall 

1977, 1986). Three forms of infanticide were described from three observation locations. 

The first form of infanticide occurred when troop males snatched, killed and 

cannibalized infants of females who strayed into territorial bounds of another group. This 

is called "between-group cannibalism" and is the form most frequently observed 

(Kawanaka, 1981, Nishida, et al., 1979 and Goodall, 1977, 1986). The second form, 

"within-group female cannibalism", was observed by Goodall (1977) when two adult 

females cooperated to steal and kill two small infants whose mothers were long standing 

group members. The third form is called "within-group male cannibalism" of infants 
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(Kawanka, 1981) and occurs from mothers that were unrelated to group females but who 

had lived within the group and were socially and sexually accepted by male group 

members. The infant cannibalized was, therefore, related to group members. Cannibalism 

was suspected in several instances when infants disappeared mysteriously (Goodall, 

1986). Such incidents made it impossible to obtain statistics on cannibalism. 

Field observations (Fossey, 1983) of gorillas showed the suspicious 

disappearance of two infants. No evidence was found of the fate of the fIrst infant. Upon 

the disappearance of the second infant, Fossey investigated nests of group members and 

found feces in which small slivers of bone and teeth were uncovered. Feces containing 

bone and teeth was taken from the nest of an adult female and her eight year-old daughter. 

The two females were further implicated in the death when infant hair was discovered in 

their dung. Neither female had a infant at this time. In addition, of all the group members, 

only their dung contained infant hair. 

Predation is not unique to great apes. Waser (1977) observed a female 

greycheeked mangabey kill and eat a small green snake. Kenya baboons at Gigil Ranch 

(Strum, 1975) gradually developed a hunting tradition. Hunting began with troop males 

but spread to females who participated in the chase of the prey. Both males and females ate 

meat when it could be obtained. Incidents of hunting, capturing and killing prey increased 

with time. Hunting troops of baboons at Gigil Ranch and Amboseili (Gaulin and 

Kurtland, 1976) preyed upon birds and small mammals, such as hares and large 

mammals, including antelope, with about the same frequency. 

Primates of New World species have been observed eating meat on rare 

occasions. Boinski and Timm (1985) observed squirrel monkeys (Saimiri oerstedi) in 

Corcovado National Park, Costa Rica catch and eat tent-making bats. Artibeus watsoni or 

tent-making bats severed the basal nerves of the leaf of Anthurium ravenii which caused 

the leaf to collapse, forming a tent-like structure. Bats were concealed from predators and 

protected from the rain by the tent. Normally, one bat roosted inside a leaf tent except for 

females who were accompanied by a single offspring during the reproductive season. 

Bat tents were visually inspected by squirrel monkeys. Bats were flushed out of 

the tent when the monkey pounced on it. The bat was captured and killed with several bites 

to the head. Monkeys consumed all of the body in under two minutes. Twenty-four 

documented observations were made of squirrel monkeys preying on bats in this manner. 

An additional five observations were made of monkeys stalking bats. Victims were usually 

non volant young or weakly flying subadult bats. Bats do not malce up a large part of the 

squinel monkeys diet but are an additional protein source. 
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Wild Chama baboons of the Namib National Park, Namibia, captured fish 

(Cyprinus carpio, Barbus anopius, and Sarotherodon mossambicus) from desert water 

holes (Hamilton and Tilson, 1985). Fish were captured by raking dead fish from the 

surface of the pool. Baboons waded into the shallow pool and grabbed fish from the 

bottom of the pool. Live fish were stunned with smacks from the baboon which stunned 

the fish. It was then picked out of the water. And in larger pools, baboons waded into the 

water and grabbed fish located near boulders. 

Fish were handled by the tail or in back of the head, sniffed, rubbed with fingers 

to remove sand and then eaten. Small fish were eaten in a couple of bites while large fish 

were consumed from the tail region toward the head. 

Most frequent fishers were solitary males and high-ranking males. Infants were 

the only troop members that did not consume some fish. Pools containing fish were 

controlled by individual males. When a male abandoned a pool, it was quickly assumed 

by another male. 

Fishing techniques varied among individuals. Some baboons did not like water 

and used other techniques to obtain fish, including stealing. 

The purpose of the fishing experiments reported in this paper is to see if predatory 

behavior can be learned by squirrel monkeys living in small social groups. Several 

experiments using progressively larger pools of water containing goldfish (Crassius spy 

were made available to two groups of monkeys housed in free environments rooms. 

Group composition differed, in that one group contained monkeys with previous fishing 

experience to see if prior fishing experience effects the success rate of the group. The use 

of hands while fishing and body postures was also studied. 



CHAPTERS 

EXPERIMENT TWO: FISlllNG IN CERAMIC CROCKS 

Methods 2 

This experiment was designed to see if predation would become a learned 

behavior among a social group of squirrel monkeys. The monkeys in this experiment 

normally drank from and cleaned food in large ceramic crocks containing water. It was 

believed that their familiarity with water filled crocks and the presence of moving shapes 

within the crock might elicit a grabbing behavior similar to that seen among feral squirrel 

monkeys catching insects. The most difficult task for the monkeys in this experiment was 

to recognize the fish as food. It was assumed that if a few monkeys in the social group 

began to eat fish regularly, other monkeys would learn and imitate their behavior. 

Subjects 

Subjects were 4 adult males and 14 female squirrel monkeys (Saimiri sciureus). 

Four of the females were young laboratory born monkeys reared in an enriched free 

environment. All but three of the adult monkeys had been housed in the laboratory all of 

their lives. The remaining three older females had been in the laboratory at least 12 years. 

The subjects were divided into two groups. Each group consisted of nine 

monkeys, 7 females and 2 males. Of the females, 5 were adult and 2 were juveniles. In 

Group 2, all of the female monkeys had been housed together in a free room for two years. 

Females of the first group with one exception had been housed together at a previous time. 

In each group, two mflles were housed together for a period of two years before 

the start of this experiment. Three males and 4 females participated in both the food 

cleaning and fishing experiments. Group 1 contained two of these older females and 

Group 2 the remaining two females. 

Members of each group were placed in separate free environment rooms on the 

same day. Ground sardines and monkey chow were placed in the food crocks of both 

groups once per day for three weeks before testing began. At the time the monkeys were 

placed in observation rooms, three adult females of Group 1 were pregnant. All three gave 
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birth to healthy infants which remained with them during the experiment. One adult female 

in the Group 2 became pregnant before the experiment ended. 

No members of Group 1 or Group 2 had ever seen live fish (Crassius sp.) before 

the beginning of the test observations. Group 1 was designated as a group of no previous 

learners. Two older females of Group 2 were presented a small ceramic crock 22.4 cm in 

diameter containing one goldfish three times per day for two days. Both females quickly 

caught and ate several fish during the period of introduction. Group 2 was a group with 

previous learners. 

Apparatus 

Observation Room 1. Observations were conducted in a rectangular tiled room, 

4.27 m wide and 7.92 m long. It contained a large standing tree anchored in a cement filled 

tub, a tree trunk, scattered branches, a climbing rope and other small objects. In addition, 

the room contained two portable cage stands. One cage stand was three-tiered and one cage 

stand was two-tiered. The cages on the three-tiered stand had cage doors while cages on 

the other stand did not. The small cages served as nesting boxes and as secure places for 

animals being chased. A large ceramic water crock 40 cm in diameter was placed near the 

base of the large tree. During observations, the water crock was removed, cleaned and 

replaced in the middle of the room each day. A small ceramic crock 22.5 cm in 

diameter was placed on the floor near the cage stands for solid food. This remained in 

place during the test. The room was illuminated with Vita-D fluorescent lights and was 

maintained at 24 c with humidity at approximately 50%. The room contained one door 

located at the front. 

Observation Room 2. Observations were conducted in a rectangular tiled room 

4.11 m wide and .69 m long. The permanent front was was located .61 m from a 

temporary observation wall made of cage wire. One three-tiered cage stand with cage 

doors removed was placed near the front of the room and the other one was placed along 

the opposite wall in the back of the room. A water gutter ran the length of the room along 

the right wall. The back wall contained a single sink supported by metal legs. Two water 

pipes ran from ceiling to sink. A large water crock 40 cm in diameter sat on the floor in the 

middle of the room. The room was illuminated with Vita-D fluorescent lights and was 

maintained at 24 c with humidity at approximately 50%. Entrance into Observation Room 

2 was 10cated at the front of the room. 
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Procedure 

Before each observation, the floor was cleaned of food debris. The water crock 

was placed on the floor and filled with water. Twenty minutes later, video equipment was 

moved into the front of the room. Equipment consisted of a camera on a tripod mounted on 

wheels and a three tiered movable cart containing the video machine. A metal tray was 

used as a protective cover for the video machine. 

Observations began when the tester made vocal identification on tape. 

Identification included: observation group, name of the experiment, day in the experiment, 

date, number of fish and time. Ten goldfish (Crassius sp.) were placed in the large water 

crock. Each test lasted twenty minutes or until all fish had been caught and and eaten. 

Each monkey that approached the water crock was vocally identified by name. 

Vocal identification was made of all behaviOl:~ being scored, including those out of camera 

range. 

Tallies were made of each behavior for each monkey in the experiment. 

Behaviors scored: 

(1) Attempts to catch fish 

(2) Hand used to fish 

(3) Fish caught 

(4) Hand used when fish caught 

(5) Fish eaten 

(6) Begging 

(7) Scavenging 

(8) Piracy 

(9) Cleaning Fish on body or environment 

Results 2 

A comparison was made between Group 1 with no previous learners and 

Group 2 with two previous learners. Monkeys of Group 1 caught 31.5% of the total 

number of fishing attempts made during the experiment. Figure 9 shows the percent of 

attempts that were successful for each group. In comparison with Group 1, Group 2 

caught 33.6%. Without scores from the two previous learners, Group 2 was successful 

25.7% of the attempts made during the experiment. The presence of previous learners was 
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not a significant variable at F (1,16) = 1.43 Il > .01 for monkeys learning to fish 

successfully. 

EXPERIMENT 2. FISHING JIN CROCKS 

100% ............................................................................................................................................................................. . 

95 % .~~ .. " ........... ~~.~.~ .. ~ .. ~ .. ~~~~~ .. ~.~~ .. ~-........ ~~ .... ~ ... ~-."~'"'~''''' 

90% 

8 5 % + ..... ~,~"".b 

8 0 % +~" ...... , .. ~~//~;;-.mt',;.;.:;rb 

7 5 % +'~-~~Vh 

70% J.,~~~W~ 

65 % .... ",·.'w·,,'"v"''' 

60% 
55%' .......... .. 

50% +----"o::~a==~~:4--1-_==~=~~----I 

Group 1 Group 2 

Figure 9. Percentage of Successes by Group of the total number of fishing attempts. 

Individual monkeys in both groups attempted to fish at least once, except or one 

adult female member (Oliva or 01) of Group 2. Figure 13 shows the percentage of 

successes by left, right and both hands for each monkey in Group 2. Figure 10 shows the 

total number of fishing attempts made with the left, right, and both hands used together. 

More fishing attempts were made with the left hand by members of both groups Figure 10. 

Group 2 members used both hands to fish more frequently than Group 1. Monkeys in the 

No Previous Learners group used the right hand to fish more than monkeys in the 

Previous Learners Group. (See Appendix for tallies of individual scores.) 
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Of the total left hand fishing attempts made by Group 1, 31 % w~re successful. 

Thirty-three per cent of Group 1 right hand attempts and 30% of all attempts to fish with 

both hands were successful. In comparison, Group 2 monkeys were successful 35% of 

the time when fishing with the left hand, 36% with the right hand and 27% with both 

hands. Group 1 made 58% of all successful catches with the left hand while Group 2 

made 70% left handed. Thirty per cent of Group 1 and 14% of Group 2 catches were made 

with the right hand. Both hands were used to catch fish 12% of the time in Group 1 and 

16% in Group 2. The hand used to fish was a significant factor in the percentage of fish 

caught with left, right or both hands at F (2, 32) = 7.50 11<.01. 

For both groups, a larger number of fish were caught with the left hand than the 

right hand, or both hands. The number of successes versus attempts is show in figure 11. 

Group 1 fished more successfully with the right hand than both hands while Group 2 was 



slightly more successful with both hands than the right hand. 

EXPERIMENT 2. Fishing in Crocks 
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The pre:ience of previous learners among group members was not a significant 

factor for monkeys learning to fish successfully at E(1,16) = 1.4312>.05. Group 1 young 

monkeys (Appendix B) did not have the influence of adult previous learners among group 

members but caught 103 fish while Group 2 young monkeys (Appendix B) with previous 

learners caught 30 fish. (Appendix B contains individual scores for monkeys in both 

groups of this experiment.) 

Some individuals in both groups made more attempts to fish than others. One 

adult Group 1 female, Sandy (Sa), made just one attempt to fish while another adult Group 

1 female made 45 attempts. 

Some monkeys were more successful at fishing than others. Group 1 adolescent 

monkeys were extremely successful (See Appendix A for age categories) . Velvet and 

Duncan (Group 1) caught 103 fish together while Melony and Bobbi (Group 2) caught 

only 30 fish. Group 2 males caught 73, or twice as many fish as Group 1 males, who 

caught 35 fish. 
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Each group contained two older females. Older females of Group 2 were previous 

learners while older females in Group 1 had not seen fish before the experiment. Group 2 

older females caught a combined total of 85 fish while Group 1 older females caught 16 

fish. 

Three adult females were members of each group. The combined total of fish 

caught by Group 1 adult females (44) exceeded that of Group 2 females (32) by 12 fish. 

One adult female in each group acquired most of the fish she ate by scavenging, piracy, or 

begging. 

No monkeys refused to eat fish if fish could be obtained. Since not all monkeys 

were equally successful fishing, other strategies were learned to obtain fish (Figure 14.). 

Figure 14 shows the total number of fishing attempts and alternative fishing behaviors. 

One alternative behavior for fishing referred to in this paper is called a "piracy". 

Monkeys pirated fish by snatching or grabbing fish from successful fisher monkeys. Some 

monkeys grabbed or bit the fisher monkey in order to snatch fish. 

EXPERIMENT 2. Fishing in Crocks 
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Group 1 monkeys were observed pirating fish 24 times while Group 2 monkeys 

pirated fish only 2 times. Group 1 males pirated 17 fish while Group 2 males did not 

pirate one fish. One adult Group 1 male obtained 14 fish by piracy and the remaining 

males pirated 3 fish. Of the Group 1 females, only one young and one older females 

attempted to pirate fish. 

A second alternative behavior for non-fisher monkeys was scavenging behavior. 

Monkeys scavenged fish or pieces of fish dropped into the water crock by fisher monkeys 

who were eating fish while sitting on the crock. Less favored pieces of the fish, such as 

the tail or fins, abandoned by fisher monkeys, were usually scavenged. 

Group 1 monkeys scavenged fish 31 times and Group 2 monkeys scavenged fish 

18 times. Scavenging occurred at least once among all members of Group 1 with the 

exception of one adult female. Five members of Group 2 scavenged food with most 

instances occurring among adult and older females. Males of both groups scavenged fish 

or pieces of fish from successful fisher monkeys. Scavenging occurred 10 times among 

Group 1 males but only one Group 2 male obtained fish by scavenging. 

The last alternative behavior for fishing was begging. Begging behavior occurred 

when monkeys positioned themselves directly in front of or very close to the face of a 

monkey holding fish. The begging monkey tried to force eye contact with the monkey 

holding fish but did not at any time attempt to touch or grab the fish. 

Begging behavior was restricted to females in both groups. Young females in both 

groups begged from other females while adult females begged from the group males. 

Begging behavior did not occur frequently in this experiment because piracy proved to be a 

much more successful means of obtaining fish. 

The totals of fish caught and alternative fishing behaviors are shown in Figure 14. 

Group I males (Figure 14) were not as successful fishing as Group 2 males, preferring 

instead to pirate or scavenge fish. 

Predatory behavior was leamed by monkeys in both groups. Fish were quickly 

eaten by all monkeys in the experiment. Fish was established as a preferred food and was 

obtained by fishing or an alternative behavior such as scavenging. Monkeys in the group 

containing previous learners did not learn to fish more successfully than monkeys in the 

group without previous learners. There was a significant difference in the use of hand 

strategy between the two groups of fishing monkeys. 



CHAPTER 6 

EXPERIMENT 3: FISHING IN WADING POOLS 

Methods 3 

The wading pools experiment was designed to see if the monkeys would adapt 

fishing experience learned while fishing in crocks to fishing in a larger pool of water. The 

experiment was divided into two phases to determine if there were learning occurring 

during the experiment. 

Subjects 

Subjects were 4 adult males and 14 female squirrel monkeys (Saimiri sciureus). 

Subjects were the same 18 squirrel monkeys observed in Experiment 1, Fishing in Crocks. 

Four females were young laboratory born monkeys reared in an enriched free 

environment. All but three of the adult monkeys had been housed in the laboratory all of 

their lives. The remaining three older females had been in the laboratory at least 12 years. 

The subjects were divided into two groups. Each group consisted of nine 

monkeys, 7 females and 2 males. Of the females, 5 were adult and 2 were juveniles. In 

Group 2, all of the female monkeys had been housed together in a free room for two years. 

Females of the first group, with one exception, had been housed together at a previous 

time. 

In each group, two males had been housed together for a period of two years 

before the start of this experiment. Three males and 4 females participated in both the food 

cleaning and fishing experiments. Group 1 contained two of these older females and 

Group 2 the remaining two females. 

Members of each group were plar;ed in separate free enviwnment rooms on the 

same day. At the time the monkeys were placed in observation rooms, three adult females 

of Group 1 were pregnant. All three gave birth to healthy infants which remained with 

them during the experiment. 

No members of Group 1 had ever seen live fish before the beginning of the test 

observations in Experiment 1. Group 1 was designated as a group of no previous 

learners. Two older females of Group 2 were presented a small ceramic crock 22.4 cm in 
38 
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diameter containing one goldfish three times a day for two days. Both females quickly 

caught and ate several fish during the period of introduction. Group 2 was designated as a 

group with previous learners. All subjects in Experiment 3 participated in the previous 

experiment. 

Apparatus 

Observation Room 1. Observations were conducted in the same rectangular tiled 

room as in previous experiments. The room contained a large standing tree anchored in a 

cement filled tub, a tree trunk, scattered branches, a climbing rope and other small objects, 

including two portable cage stands. One cage stand was three-tiered and one cage stand 

was two-tiered. Cages on the three-tiered stand had cage doors while cages on the other 

stand did not. Cages served as nesting boxes and as secure places for animals being 

chased. A ceramic water crock 40 cm in diameter was placed near the base of the large 

tree. A ceramic crock 22.5 cm in diameter was placed on the floor near cage stands for 

solid food. This remained ~n place during testing. A square polyethylene wading pool 87 

cm per side and 11.42 cm deep was placed in the center of the room before testing began. 

Observation Room 2. Observations were conducted in the same rectangular tiled 

room as in previous experiments One three-tiered cage stand with cage doors removed 

was placed near the front of the room and another placed along the opposite wall in the 

back of the room. A water gutter ran the length of the room along the right wall. A water 

crock 40 cm in diameter sat on the floor in the middle of the room. A square polyethylene 

wading pool was placed in the middle of the room and filled with water before testing 

began. 

Procedures 

As in previous experiments, the room was cleaned of food debris and the wading 

pool filled with fresh water. This was placed in the middle of the room. The water crock 

was placed on the floor and also filled with water. Twenty minutes later, video equipment 

was moved into the front of the room. This was the same equipment used in previous 

experiments. 

Observations began when the tester made vocal identification on tape. 

Identification consi~ted of: observation group> experiment, day of the experiment, date, 

number of fish in the pool and time. Ten fish were placed in the pool. Each test lasted for 
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20 minutes or until all fish had been caught and eaten. 

Each monkey that approached the pool of water was vocally identified by name by 

the observer. Vocal identification was made of all behaviors being scored, including those 

out of camera range. 

Behaviors Scored 

Postures 

(1) Hand used in attempt to catch fish 

(2) Hand used to catch fish 

(3) Posture during fishing 

(4) Begging 

(5) Pirating 

(6) Scavenging 

(7) Cleaning Behavior 

(1) Both Feet Hooked on Rim 

(2) One Foot on Step 

(3) Both Feet Balanced on Rim 

(4) One Foot HC0ked on Rim 

(5) One Foot Hooked on Rim - One Foot on Step 

(6) Both Feet in Pool 

The key issue to be addressed in this experiment is the monkeys abilities for 

behavioral adaptation to fishing from the larger, deeper pool. 

Results 3 

A Wilcox():1 matched-pairs, signed-rank test showed a significant difference 

between the number of attempts made by the monkeys of Group 1 during the first fishing 

experiment (fishing in crocks) as compared to the second experiment (fishing in wading 

pools) at 12 <.05 for a one-tailed test. However, there was no significant difference in the 

number of attempts made by monkeys in Group 2, at 12>.05. 

In order to show individual1earning occurring during the experiment, Experiment 

3 was divided into two 11 day phases. Comparisons were made between Group 1 and 

Group 2. 
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During Phase 1, the first eleven days of the experiment, Group 1 monkeys 

attempted to fish 51 times with 15 fish caught, for a success rate of 29%. Group 2 

monkeys attempted to fish 404 times with 63 fish caught or a success rate of 16%. Figure 

15 demonstrates that that fewer monkeys attempted to fish in Group 1 than among Group 2 

(shown in Figure 16.). 

In addition, fewer Group 1 monkeys successfully caught fish than Group 2 

monkeys. Six monkeys did not catch any fish in Group 1 while only two monkeys in 

Group 2 did not catch fish. 

EXPERIMENT 3: FISHING IN WADING POOLS 

Days 1-11, Group 1 

35~-----------------------

30 

25 

20 

15 

10 

5 

Pe Jo Ve To Sa Je Du DJ Hi 

1 [] Att ~ Succ ""-----'1 
Figure 15. Phase 1. Group 1 attempts and successes by individuals. 
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EXPERIMENT 3: FISHING IN WADING POOLS 

Days 1-11, Group 2 
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Figure 16. Phase 1. Group 2 attempts and successes by individuals. 

Group 1 males did not attempt to fish during this phase. Both males in Group 2 

attempted to fish with a combined success rate of 18%. 

Each group contained three adult females. Two adult females in Group 1 were 

successful fishing but only one female in Group 2 caught fish. Twenty-eight per cent of 

the attempts made by Group 1 adult females were successful. The Group 2 adult female 

was successful in 33% of all attempts. 

Older females in Group 1 did not catch fish in the first phase the experiment. 

Group 2 older females had a combined success rate of 16%. It should be noted that in 

Group 2, older females were the previous learners which distinguished subjects in Group 

1 from Group 2. 

Both groups contained two young female monkeys. One of the two young females 
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in Group 1 was successful in fishing during Phase 1. Forty-four percent of her fishing 

attempts resulted in a successful catch. Both young females in Group 2 caught fish. Their 

combined success rate was 15%. 

Six Group 1 monkeys did not catch any fish during Phase 1. One adult female 

monkey caught just one fish (Figure 15). In contrast, all monkeys in Group 2 caught fish 

(Figure 16.), except for one adult female. Five of the nine monkeys in Group 1 made at 

least one attempt to fish, compared to eight out of the nine monkeys in Group 2. Four 

monkeys in Group 1 caught at last one fish each. All but two monkeys in Group 2 (Figure 

16.) caught fish. In addition, six Group 2 monkeys caught five or more fish. The pattern 

demonstrated in Phase 1 continued for both groups during Phase 2 of this experiment. 

EXPERIMENT 3: FISHING IN WADING POOLS 
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Figure 17. Phase 2. Group 1 fishing attempts and success by individual group members. 
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EXPERIMENT 3: FISHING IN WADING POOLS 

Days 12-22, Group 2 
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Figure 18. Phase 2. Group 2 fishing attempts and successes by individuals. 

Phase 2 was conducted for a second eleven day period. Fishing attempts and 

successes for monkeys of Group 1 are depicted in Figure 17 and Group 2 attempts and 

successes are depicted in Figure 18. 

A Wilcoxon matched pairs, signed-ranks test showed a significant difference at 

12<.05 in a one-tailed test in the number of attempts made by monkeys in Group 1 during 

both Phase 1 and Phase 2. There was not a significant difference between attempts made 

by monkeys in the Group 2 during Phase 1 and Phase 2 at n>.05 . 
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Four Group 1 monkeys caught fish in Phase 2. This represents an addition of one 

more successful monkey than in the first phase. Eight of the nine monkeys in Group 2 

caught fish during Phase 2. Again, this represents an addition of one more successful 

monkey than in the first phase. Six Group 2 monkeys caught six or more fish, compared 

to three Group 1 monkeys. As a result, more monkeys attempted and successfully caught 

fish in Group 2 than in Group 1. 

During Phase 2, only one male in Group 1 attempted to fish. Nineteen percent of 

his attempts were successful. Twenty-eight percent of the combined attempts made by 

Group 2 males were successful. 

At least one female in each group did not fish successfully in this phase of the 

experiment and 50% of all attempts made by Group 2 adult females resulted in at least one 

successful attempt. In comparison, of the combined attempts made by Group 1 adult 

females, 36% proved to be successful. 

No successful attempts were made by Group 1 older females during Phase 2 while 

21 % of combined attempts made by Group 2 older females resulted in success. (Group 2 

older females comprised the previous learners in this experiment.) 

All young females in both groups in the experiment attempted to fish in Phase 2 

but only three were successful. Only one young female in Group 1 and two from Group 2 

caught fish. The Group 2 females succeeded in 60% of the attempts that they made. 

Combined attempts made by all Group 1 adult females were 36% successful. 

A graph of the number of monkeys fishing, the number of monkeys who 

successfully caught fish, and the combined number of fish caught by day is shown in the 

following figures. Monkeys fishing from a position on the rim or steps of the pool may 

have caught and dropped fish back into the water several times before the fish was killed 

and eaten. Therefore, the number of fish reported as caught on any test day may exceed the 

number if fish in the pool. The number of monkeys fishing, the number of mO.1keys that 

caught a fish and the number of fish caught for each day of the test are represented in 

Figures 19 and 20. Figure 19 reflects the fishing activity of Group 1 during this 

experiment and Figure 20 represents the fishing activity of Group 2. 
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Figure 19. Group 1. Fishing activity for combined Phase 1 and Phase 2, reflecting the 

number of monkeys fishing, number of successful monkeys and number of fish caught. 



EXPERIMENT 3: FISHING IN WADING POOLS 

Total Fishing Activity During 22 Day ExperiInent, Group 2 
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Figure 20. Group 2. Fishing activity for combined Phase 1 and Phase 2, reflecting the 

number of monkeys fishing, number of successful monkeys and number of fish caught. 

Attempts made by Group 1 in the second phase were successful 29% of the time 

while Group 2 attempts were successful 28% of the time. 
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During Experiment 3, ten fish were placed in the pool each day. A combined 

total of 220 fish were made available to the monkeys thIOughout the test. of each group. 

The most fish caught by anyone monkey from Group 1 was 57 fish while the most 

successful monkey from Group 2 caught 148 fish. This figure includes successes made 

with left, right, and both hands. 

Group 2 monkeys made a total of 753 attempts during both phases of the test. 

Group 1 made a total of 238 attempts for the same period. Figure 21 shows the number of 

attempts by left, right, and both hands for Group 1 ".nd Group 2. Group 1 had a success 

ratio 29% of the time while Group 2 was successful only 21 % of the time. 

Percentage of Attempts by Hand 

35% ...................................................................................................................................................................................... . 
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Figure 21. Fishing attempts made with left, right or both hands 

Hand preferences were studied in Experiment 3. Group 1 monkeys made 143 left 

hand fishing attempts while Group 2 monkeys made 427 left hand attempts. Figure 22 

shows the percentage of attempts by left, right, and both hands for both groups. Group 1 

monkeys used the left hand to fish 60% of all attempts while Group 2 used the left hand 

75% of all attempts. 
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EXPERIMENT 3: FISHING IN WADING POOLS 
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Figure 22. Frequency of left, right or both hand use for all fishing attempts. 
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Figure 22 shows the rate of success for all attempts made during this experiment 

by group. The right hand was used for fishing more by monkeys in Group 1 than Group 

2. Twenty-one percent of all fishing attempts by Group 1 monkeys were made with the 

right hand. Only sixteen percent of Group 2 attempts were made with the right hand. 

Group 2 monkeys made 27% of all fishing attempts with both hands. Nineteen per 

cent of Group I attempts were made with both hands. 

Sixty percent of all Group 1 and 21 % of all Group 2 left handed attempts were 

successful. The success rate for right handed attempts was 30% and 17% for Group 1 and 

Group 2 monkeys, respectively. Both hands were used successful to catch fish 20% of 

Group 1 attempts and 22% of Group 2 attempts. 

Postural strategies of fishing monkeys were analyzed to see if anyone posture 

were used more for catching fish by either group. An Analysis of Variance was made 

using 6 different body postures. Postures proved to b~ a significant factor in fishing 
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strategies at E.(5,80) = 5.55,12<.001 when both groups are considered: However, the 

presence of a previous learner was not a significant factor E(1,16) = 4.31, 12>.05. There 

was a significant correlation between groups and posture at F( 5,80) = 4.93, 12<.001. 

Also, a significant correlation was shown between monkey group, phases of the 

experiment, and postures used at E(5,80) = 5.63, 12<. 001. 

The most frequent and successful posture for both groups of monkeys required 

the monkey to fish with both feet gripping the rim of the pool (See Appendix B). Figure 

23 shows a monkey fishing using this posture. The tail is used for balance and to bring the 

monkey to an upright position after fishing. Fish are grabbed with the left, right, or both 

hands. 

Figure 23. Most frequently successful posture - both feet gripping pool rim. 

The second most frequent and successful posture required the monkey to stand 

with one foot on a pool step and the other foot over the pool rim while leaning down into 

the pool to grab for fish. The monkey fished with the left, right or both hands. This 

posture is shown in Figure 24. 
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Figure 24. Second most frequent posture - one foot on step and one over pool rim. 

Figure 24 shows the monkey holding on to the pool rim with the right hand while 

grabbing for fish with the left hand. The monkey uses its tail to assist with balance while 

grabbing for fish as well for bringing itself back to a sitting or standing position following 

the fishing attempt. Monkeys often ate the fish they caught while sitting on the rim of the 

pool. Consequently, fish or pieces of fish were often dropped back into the pool where 

scavenging monkeys could retrieve them. Figure 24 shows the monkey in the center 

fishing while the monkey on the left is waiting to scavenge pieces of fish from the fish 

being eaten by the monkey on the right. 

The third most successful posture occurred when the monkey sat balanced on the 

edge of the pool with one foot hooked over the rim and the other foot braced against the 

edge of the rim .. This position is shown in Figure 25. When using left or right hands, the 

other hand was usually used to hold on to the pool. The monkeys also used their tails for 

balance. Figure 26 shows a monkey using the tail to attain balance before leaving the pool 

rim with a fish she has just caught. 



Figure 25. The third most frequent and successful posture - one foot on rim 

and one foot over rim. 
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Figure 26. Use of tail for balance - monkey successfully caught fish. 
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Non fishing monkeys obtained fish by piracy (stealing), scavenging and begging 

behaviors. Group 1 members stole twice as many fish as did group 2 (16 versus 7). 

Group 2 monkeys scavenged more frequently than group 1 (40 versus 28). Begging 

behaviors were nearly equal for the two groups (3 in group 1 versus 2 in group 2). 
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Cleaning behaviors occUlTed in both groups but was primarily restricted to female 

group members. Fish scales appeared to be unpalatable to both groups but predominantly 

females of the groups reacted to this disagreeable aspect of eating fish by developing a 

cleaning behavior 

Scales were removed by rubbing the fish with the monkeys tail. The fish was 

held in one hand and the tail in the other hand. The tail was rubbed vigorously against the 

fish. The pool rim was also used to remove fish scales. The fish was rubbed on the pool 

rim, turned over rubbed on the other side, then the process was repeated. Tree branches 

were a favored 

Figure 27. Monkey cleaning fish on branch. 

place to clean fish. The rough surface of the branch was more effective for quickly 

removing fish scales than the smooth surface of the pool. Figure 27 shows an adult 

female, Penny, who frequently cleaned fish on tree branches. Penny often used one 

particular spot on a branch to clean fish she had caught. Penny held the fish in one hand or 

both hands while rubbing it along the branch. 
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Figure 28. Tree branch with accumulated fish scales from cleaning and part of a fish. 



55 

Figure 28 shows a tree branch with accumulated scales from multiple cleaning 

which occurred from just one days fishing. Some fish were abandoned to non fishing 

monkeys who had been watching and waiting for a chance to pirate or scavenge fish. 

Penny frequently alternated between tasting fish and cleaning fish. Figure 29 shows 

Penny with a partially eaten fish in her hand. 
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Figure 29. Penny sits on tree branch, eating fish 
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CHAPTER 7 

EXPERIMENT 4: FISHING IN LARGE POOL 

Methods 4 

This experiment was designed to see if monkeys that had learned to fish would 

continue to fish under increasingly difficult conditions. A larger and different kind of pool 

was used and the number of fish were decreased daily to add to the difficulty of the fishing 

task. A different shape of swimming pool was also used to make fishing more difficult. 

Subjects 

Subjects were 9 squirrel monkeys(Saimiri sciureus) Colombian variety. Two 

were adult males born and reared together in a laboratory free environment rooms. Of the 

7 females, two were young laboratory born monkeys reared in the same free environment 

room, with their mother and siblings. Mothers of the young females were among the 3 

adult and 2 older females in the group. Three infants were born and remained with their 

mothers during the experiment. All but one of the adult monkeys had -been housed in the 

laboratory all of their lives. The remaining older female had been in the laboratory at least 

12 years. Only the older females, had participated in both the food cleaning and fishing 

experiments. All subjects in this experiment had participated in the two previous fishing 

experiments as Group 2. 

Apparatus 

Observation Room, Observations were conducted in a rectangular, tiled room, 

4.1 m in width and .69 m in length. The permanent front was located .61 m from a 

temporary observation wall made of cage wire. One three-tiered cage stand with cage 

doors removed was placed near the front of the room and one along the opposite wall in 

the back of the room. A water gutter ran the length of the room on the right wall. The back 

wall contained a single sink supported by metal legs. Two water pipes ran from ceiling to 

sink. A large water crock 40 cm in diameter sat on the floor in the middle of the room. The 

room was illuminated with Vita-D fluorescent lights and maintained at 24 C with humidity 

approximately 50%. Entrance to the observation room was in the front of the room. 
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Procedure 

Before each observation, the floor was cleaned of food debris. A round 

polyethylene pool.21 m in diameter and .18 m deep was filled and placed in the center of 

the room 20 minutes before testing began. Video equipment was moved near the front wall 

of the room. Equipment consisted of a camera on a tripod, mounted on wheels, and a 

three-tiered movable cart containing the video recorder. The video recorder was covered 

with a metal tray for protection. 

Observations began after the lester made vocal identification on tape and fish had 

been placed in the pool. Identification consisted of: observation group, experiment, date, 

number of fish in the pool and time. 

Duration of the experiment was fourteen days. For Day 1 of the experiment, 

fourteen fish were placed in the pool. Each succeeding day, the number of fish was 

reduced by one. Each test session lasted twenty minutes or until all fish had been caught 

and eaten. 

Each monkey was vocally identified and scored on each behavior including those 

out of camera range. 

Behaviors Scored 

(l) Attempts to fish 

(2) Hand used to fish 

(3) Fishing successes 

(4) Hand used when fish caught 

(5) Fishing posture 

Fishing Postures 

(1) Both feet on rim 

(2) Both feet hooked on the rim 

(3) One foot hooked on rim 

(4) Both feet in the pool 

(5) Handedness 

Members of Group 2 were chosen as subjects for another fishing experiment 

using larger deeper pools with fewer fish. This group was chosen because more monkeys 

in the group fished successfully in the second experiment. The monkeys were required to 

compete for a dwindling supply of fish after establishing a strong food preference for fish. 

The change in the shape of the pool and the daily decrease in the number of fish available 

was intended to malce the task more difficult. Body postures used to fish were analyzed 
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from video tapes for each monkey in the group. The position of feet, hands and tail were 

scored and tallied for fishing attempts and successes of each monkey. The number of 

monkeys fishing, the number of monkeys successfully fishing and the number of fish 

caught each day were tallied. 

Results 4 

The most frequently used fishing posture is shown in Figure 30. It required the 

monkey to perch balanced on a rounded pool rim which afforded much less space for 

obtaining an adequate grip than the previous pool. The monkey leaned forward and into the 

pool to grab for fish. This posture was most successful when both hands were used to 

grab fish (See Appendix B for Individual Posture Scores.) 

A second frequent fishing posture required the monkey to hook both feet on the 

pool rim and lunge forward into the pool, grab for fish and bring the body back to the rim 

level with the use of both feet and tail. More fish were caught using this posture when both 

hands were used to grab fish. 

A third posture used less frequently by the monkeys occurred when the monkey 

held on to the inside rim or wall of the pool with one foot and one hand (though some 

attempts were made without the use of a hand to hold the pool), while the remaining hand 

grasped the fish. Fish were grabbed with left, right or, in some instances, both hands. 

The remaining fishing posture occurred when the monkey waded into the pool of water to 

grab fish with the left or right hand. 

EXPERIMENT 4: FISHING POSTURES AND SUCCESSES 

Caught Left Caught Right Caught Both Total 

Feet on Rim 11 4 18 33 

Perched on Rim 4 2 20 26 

Feet Hooked 0 1 1 10 

Feet in Pool 1 0 0 1 

Figure 30. Total scores of fish caught by hand and fishing postures. 
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The change of available perch space brought about the necessity for a few 

monkeys to make a dramatic change in posture which included entmnce into the water with 

both feet. Being in water is a highly unacceptable situation for squirrel monkeys and is 

generally avoided if possible. 

In order to show that some monkeys in the group had developed a strong food 

preference for fish, the number of fish placed in the pool each day was reduced by one. 

Monkeys attempting to obtain fish had to fish more successfully each day of the 

experiment. Figure 31 demonstrates the number of monkeys who attempted to fish, the 

number of monkeys who caught fish, the number of fish in the pool and the total number 

of fish caught each day of the experiment. Because monkeys were unable to hold a live 

squirming fish, some fish were accidentally dropped back into the pool. Consequently, 

the number of fish caught during some days of the experiment may be shown to exceed 

the number of fish initially placed in the pool. 

Two monkeys did not make any attempts to catch fish from the pool, preferring 

instead to rely on pirating and scavenging to obtain fish. The largest number of fish 

caught by one monkey, Magic, was 14. Magic caught 9 of the 14 fish with her left hand. 

During this experiment, Magic fought with other females in the group over her 

mistreatment of her small infant. Fights between Magic and other females over this 

inappropriate maternal behavior probably lowered the number of monkeys fishing on some 

days of the experiment. Figure 31 shows the sudden decrease in monkeys fishing on day 

7. This represents a lack of attention to fishing caused by agonistic behavior between 

Magic and other group females. 

The second largest number of fish caught by one monkey was 13, by Melony, a 

young female. Melony caught 11 of the 13 fish with both hands. 

Valentino and Wizard caught 11 and 9 fish respectively. Valentino caught 6 of 11 

with the left hand, 4 with the right, and one fish with both. Wizard caught three fish each 

with left, right and both hands. 

In the first fishing experiment using water crocks, the monkeys learned to like the 

taste of fish. Fish became a preferred food whether caught, pirated, scavenged or begged. 

The food preference for fish continued during the second experiment using wading pools. 

Once again, all monkeys in the experiment wanted to eat fish when it could be obtained. 

The third fishing experiment showed that having learned to like fish, monkeys would 

continue to try to catch fish even when the task was made increasingly more difficult as 

with the change in pool and steadily decreasing number of available fish. 

In addition, in spite of the increased complexity of the task, 8 out of 9 monkeys 
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attempted to fish and caught at least one fish. However, a Wilcoxon matched pairs, 

signed-ranks test proved not to be significant at 12<.05. There was no significant difference 

in the total number of fishing attempts made during Fishing in Wading Pools and Fishing 

in a Large Pool experiments. This suggests that fish is a preferred food and that the 

monkeys were willing to adapt to changing and highly challenging new situational 

determinants. But the number of fishing attempts did not increase, because the monkeys 

had reached a learning plateau. 

Competition for Fish in Large Pool 
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Figure 31. Total of fishing activity in the experiment for 12 days. 

The most frequently used strategy for hand use and the most frequently successful 

hand strategy was fishing with both hands. This is a quite different finding than in 

previous fishing experiments. Both hands were used to catch fish successfully 21 % of all 

fishing attempts in this experiment (See Appendix B) . The second most frequent use of 

hand strategy was to fish with the left hand. Eighteen percent of all left hand attempts were 

successful. The less frequent use of hand strategy was the right hand which was also used 

successfully 18% of all attempts. 



CHAPTERS 

EXPERIMENT 5: CAGED SQUIRREL MONKEYS FISHING 

Methods 5 

Experiment 5 was designed to study individual monkeys learning predatory 

behavior. The previous fishing experiments took place among monkeys living in social 

groups. The purpose of the previous experiments was to see if more monkeys would 

attempt to catch fish from imitating the behavior of another social group member who had 

learned to fish. Unlike monkeys fishing in the free room experiments, caged squirrel 

monkeys could not taste fish obtained from piracy, scavenging or begging. The cnly way 

for a monkey to taste fish was to fish successfully. In order to see if an established food 

preference for fish would have an effect on fishing behavior, four of the twelve monkeys 

were given ground sardines in monkey chow prior to testing. All four ate sardines readily 

(See Appendix B). However, not one of the four monkeys given sardines caught or ate 

fish during the experiment. A comparison with monkeys learning to eat fish in a social 

group was made. 

Subjects 

Subjects were 11 squirrel monk:eys (Saimiri sciureus) Colombian variety. Of the 

subjects, ten were males and 1 was a young female under 3 years-of-age. Four of the 

males were between 3 and 5 years-of-age. The remaining males were over 6 years-of-age 

but under 15 years-of-age. Three of the males participated in the food cleaning experiment, 

but not in other fishing experiments. All subjects had been in individual cages in the same 

laboratory for five months prior to the beginning of testing. Ground sardines in monkey 

chow was part of the diet of four males once a day for one week prior to testing. 

Apparatus 

Observations were conducted in a small room away from other laboratory animals. 

The test room contents consisted of a partially covered round polyethylene pool containing 

goldfish, a video camera on a wooden stand, a small metal table on wheels with the video 

recorder, built-in cabinets with counteriop and sinle. A test cage constructed of plexiglass 
61 



62 

with aluminum supports was placed on the countertop. The cage measured .47 m on all 

sides. The ceiling and floor of the cage were constructed of wood. A ceramic crock 

containing water 22.5 cm in diameter was placed in the cage. The 7:00 a.m. feeding of 

monkey chow was withheld. Testing sessions were conducted between 10:00 a.m. and 

1:00 p.m. 

Procedure 

Animals were moved individually to the test room three minutes prior to testing in 

separate transport cages. All test sessions were video taped. Observation sessions began 

after the subject had been transferred to the test cage. Video taping began with vocal 

identification of the monkey, experiment, number of test day and tape number. A small 

ceramic crock filled with water was placed in the cage. A single goldfish was placed in 

the crock and the timed test session began. Testers vocally identified which hand was 

used for fishing, whether the fish were caught, if the monkey tasted the fish and if the 

monkey ate the fish. Test sessions were completed 5 !TIinutes after the goldfish was placed 

in the crock or earlier if the fish were caught and eaten. Tallies were made of the number of 

fishing attempts, handedness, fish tasted and fish eaten. 

Results 5 

All the subjects made at least two fishing attempts. Figure 32 shows the attempts 

and successes of each monkey in the experiment. Five of the 11 monkeys in the 

experiment caught a combined total of 70 fish. The left hand was used for 154 attempts 

and the right hand for 223 attempts. The combined number of fishing attempts and 

successes is shown in Figure 33. Although 69 more fishing attempts were made with the 

right hand than the left, a larger ratio of fish were caught with the left hand. The most 

successful hand strategy was the use of both hands to fish. Thirty-foui fishing attempts 

were made with both hands with eight successes or a 24% success rate. (See APPENDIX 

for Individual Scores). 

PERCENT OF SUCCESSFUL ATTEMPTS 

LEFT HAND 

20% 

RIGHT HAND 

14% 

BOTH HANDS 

23% 



EXPERIMENT 5: FISHING ATTEMPTS AND SUCCESSES 
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FIGURE 32. Frequency scores of fishing behavior of individual monkeys. 
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EXPERIMENT 5: TOTALS OF ALL SCORED BEnA VIORS 
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Figure 33. Total of fishing attempts, successes, fish tasted, fish eaten. 
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Five monkeys caught 70 fish, some of which were dropped back into the crock 

and removed again. With the exception of fish fins and an occasional fish head, most of 36 

fish were eaten and three additional fish were tasted and discarded. 

Six subjects in the experiment were adult monkeys, 1 was a young female and 

four were older males. Three adult males, Pat, Lloyd and Theodore, did not catch or eat 

fish. In contrast, the remaining three adult males caught at least 14 fish each. The number 

of fish caught by each monkey is listed by the first two letters of their name in Figure 32. 

One adult male, Sherman, sat waiting and watching the fish as the tester placed it in the 

crock. Sherman caught and ate the entire fish within one minute after the test began. He 

quickly caught and ate fish every day but one in the experiment. Darwin and Sherman 

caught and ate 18 and 30 fish, respectively. 

Lee, a young female, attempted but did not catch a single fish. After the first 7 

days of the experiment, Lee replaced all efforts to fish with rapid pacing behavior. The 

crock was ignored except when it obstructed the path of the monkey moving about the 

cage. Pat also responded to the fishing test in this same manner and was observed biting 

his hands and feet. 

Three of the older males did not catch a single fish. Two older males, Whiskers 

and Silver, rapidly paced the cage, avoiding the water crock and the third, Sparky, sat 

huddled in a comer of the cage for most of the duration of the all test sessions. The 

remaining older male, Admiral Harry, ate 7 of the 10 fish he caught. 

Caged squirrel monkeys successfully caught fish in 17% of their total attempts. 

Twenty percent of all left hand attempts, 14% of all right hand attempts, and 24% of all 

attempts with both hands were successful. August, an adult male, scored the highest ratio 

of successes. He was successful in 37% of all left hand attempts, 17% of right hand, and 

28% with both hands. 

Caged monkeys did not develop cleaning behavior although fish scales were 

rubbed off the mouth and face frequently. Fish were frequently caught, inspected, sniffed, 

tasted and dropped back into the crock to be removed again. 

Unlike monkeys fishing in free rooms, most of the caged squirrel monkeys either 

fished enthusiastically or paced the cage frenetically. 



CHAPTER 9 

EXPERIMENT 6: CAGED CEBUS MONK.EYS FISHING 

Methods 6 

This experiment was designed to see if a fruit eating species of New World 

monkey would learn predatory behavior. It was assumed that the larger body size of cebus 

monkeys would make catching fish from a crock a relatively easier physical task than for 

squirrel monkeys. However, cebus monkeys do- not have the excellent eye-hand 

coordination of squirrel monkeys. A comparison was made of the fishing behavior of 

squirrel monkeys and cebus monkeys. 

Subjects 

Subjects were 9 male Cebus apella monkeys. Three of the 10 were young feral 

born monkeys under 3 years-of-age. The remainder were feral born adults above 22 

years-of-age. All subjects had been housed together in the laboratory for at least 2 years. 

Three of the adult subjects had sardines placed in their food bins once a day for three days 

prior to testing. None of the sardines were tasted or eaten. 

Apparatus 

Observations were conducted in a room 2.41 m x 2.18 m located away from other 

laboratory animals. The test room structures and contents included: a partially covered 

round polyethylene swimming pool 1.08 m in diameter and .18.m deep; containing 

goldfish, a video camera on a wooden stand, a small metal table on wheels with the video 

recorder, built-in cabinets with countertop and sink. A test cage constructed of plexiglass 

with aluminum supports was placed on the countertop. The cage measured .47 m per side. 

Ceiling and floor of the cage were constructed of wood. A ceramic crock 22.5 cm in 

diameter was placed in the cage. Food was normally placed in food bowls at 7:00 a.m. but 

was withheld during this experiment until testing had been completed. Test sessions were 

conducted between 10:00 a.m. and 1:00 p.m. 

Procedure 

Animals were moved to the test room three minutes prior to testing in separate 
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transport cages. All test sessions were video taped for each monkey. Video taping began 

after the subject had been transferred to the test cage. The test subject was identified on 

tape by name, number of the test day aild time the fish was placed in the water crock and 

presented to the monkey. A small water filled crock was placed on the floor of the cage. 

Most test sessions began after the goldfish was placed in the crock. However, the 

procedure was altered and the crock containing fish was placed in the cage for one monkey 

to prevent the observer from being scratched. An observer vocally identified which hand 

was used for each fishing attempt and for each fish caught. The observer also commented 

on whether the fish was tasted, eaten or discarded. Tests were completed after 5 minutes 

had elapsed or earlier if the fish had been caught and eaten. Tallies were made of fishing 

attempts and successes by left, right or both hands. 

Results 6 

Seventy fish were caught by cebus monkeys. Twenty-nine percent of all catches 

were made with the left hand, 19% with the right and 20% with both hands. Nineteen 

percent, or 13 fish, were tasted but none were eaten. The use of hand for fishing attempts 

and successes is shown in Figure 34. A Mann-Whitney test applied to the data for fishing 

attempts between caged squirrel monkey fishing attempts and caged cebus monkey fishing 

attempts proved significant at 12< .05. A second Mann-Whitney test proved to be 

significant for fishing successes between caged squirrel and cebus monkeys. 

EXPERUviENT 6: CAGED CEBUS MONKEYS FISHING 

1 8 0 '\"'~~'~'~""~""~'~""U'~'~=''''U'''''''''''_'~''~~,~~u'''''mu",uu ",," .".m.",u~.~·'~~,~,~"".·,,·,.· 
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U1 RH Both 

[ EJ Trials ~ Successes I 
Figure 34. Total of Cebus monkeys fishing attempts and successes by 

left, right and both hands. 
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The number of fishing trials and successes for each monkey is shown in Figure 35. 

EXPERIMENT 6: CAGED CEBUS MONKEYS FISHING 

140 
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Figure 35. Total Number of fishing attempts and successes shown for individual monkeys 

Cebus monkeys inspected, sniffed, and nipped at the fish they caught but did not 

lttempt to eat it. 



CHAPTER 10 

DISCUSSION 2 

Fishing behavior of laboratory squirrel monkeys is scientifically important for 

three different reasons. First, fishing represents the behavior of predation which does not 

occur naturally in squirrel monkeys but is, instead, a pre-cultural behavior learned 

individually. Second, fishing behavior is an example of plasticity of behavior which has 

reached an evolutionary peak in the complex behaviors of primate species. And third, 

fishing represents a plasticity of behavior critical to the survival of many species of 

primates today. 

Squirrel monkeys learned to fish and continued to fish when fishing conditions 

became increasingly more difficult during the study. The first fishing experiment was 

designed to make use of water crocks which were normally present in the free environment 

room in which the monkeys were housed. Some monkeys drank from the crock by hand 

while others used a more primitive lapping behavior to obtain water. All monkeys in the 

fishing experiments were familiar with water crocks prior to the fust fishing experiment. It 

was assumed that this familiarity would encourage monkeys to readily appi.'oach the crock 

to observe fish and eventually attempt to catch live fish as a new food source. In addition, 

feral squirrel monkeys eat a large variety and number of insects present in their natural 

habitat. It was believed that the swimming movement of live fish would elicit the same 

type of "catching" behavior that squirrel monkeys normally use to catch flying insects. For 

this reason, the first fishing experiment was designed to be a relatively simple test of the 

eye-hand coordination of squirrel monkeys. However, due to the fastidious nature of 

squirrel monkeys demonstrated by the food cleaning experiment, the difficult part of the 

fishing task in the first fishing study was for the monkeys to recognize live fish as food. 

For this reason, monkeys who had previous exposure to catching and eating live goldfish 

were placed in one group to see if other group members would emulate their fishing 

experience. 

Monkeys in the Previous Learners Group (Group 2) did not learn to fish more 

successfully in this experiment than monkeys who learned to fish without the benefit of a 

previous learner in the group (Group 1). Monkeys in the group without a previous learner 

caught almost as many fish as monkeys with previous learners in the group. All of the 
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monkeys in both groups attempted to fish. With the exceptions of one monkey in each 

group, predatory behavior towards the fish was observed in all the monkeys in the 

experiment. 

Monkeys liked eating fish even when alternative food sources were available. 

Fish removed from th~ pool were not simply inspected and discarded. Instead, monkeys 

readily and easily bit into live moving fish. The fish were usually grasped in one hand and 

eaten from the head down. However, a few monkeys pr~fcrrcd to cat fish fro~ tall to 

head, discarding ili,e difficult to chew fins. Fish that continued to move about after being 

caught were transferred from hand to hand until the wiggling movement stopped or held 

firmly between both hands while the monkey bit into the midsection of the fish. 

Monkeys sat on or near the crock rim, observing other monkeys catch and eat 

fish. Piracy of fish and pieces of fish developed as an altemative to fishing behavior eady 

in the experiment by these monkeys. Scavenging began as an alternative to fishing by 

monkeys rushing to retrieve fish and pieces of fish that fell into the crock while monkeys 

sat eating on the crock rim. Experiment 1, fishing in crocks, established predatory 

behavior among monkeys in both groups. Fish became a food source as a result of learned 

behavior during the fishing experiment or alternative fishing behavior, such as scavenging. 

The successful predatory behavior learned by both groups of monkeys fishing in 

crocks provided a basis for the second more difficult task of fishing in wading pools. 

Monkeys of both groups were reluctant to .approach and touch the pool at first. In both 

groups, one monkey provided the impetus for other monkeys to approach the pool by 

sitting perched on the pool rim or walking around the pool rim watching the movement of 

fish through the water. 

Attempts to fish began more slowly than in the experiment using crocks. But the 

increased rim space of the wading pool afforded an excellent perch where several monkeys 

could sit together watching fish. The steps leading down into the water were used to get a 

closer look and sniff at the bright shapes moving in the water. 

A comparison of the first and second phases of this experiment shows that 

predatory behavior was learned by more monkeys as the experiment progressed, even 

though the conditions for fishing were increasingly difficult due to added competition as 

more monkeys fished. There was not a significant difference in the fishing successes 

between the two groups. However, a Wilcoxon match pairs, signed-ranks test showed a 

significant difference 12<.05 in the number of fishing attempts of Group I monkeys 

between the fishing in crocks experiment and fishing in wading pool. The same Wilcoxon 

test applied to data of Group 2 monkeys fishing attempts was not significant. Group I 
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monkeys made significantly more fishing attempts between Phase 1 and Phase 2 of the 

wading pool experiment while Group 2 did not. Alternatives to fishing continued but more 

emphasis was placed on scavenging behavior than on piracy or stealing. Monkeys of both 

groups were anxious to obtain fish to eat. 

Cleaning behaviors were learned during this experiment. Only a one monkey 

cleaned fish in Group 1 and three in Group 2. Those monkeys who learned behavior to 

remove bothersome fish scales from fish before eating were frequently targets of piracy. 

However, there is no data to support the theory that cleaned fish were more palatable and 

therefore preferred over fish with adhering scales. 

Though several monkeys improved their fishing performance from the previous 

experiment, some mature monkeys who did not learn to fish from the crock remained 

unable or unwillin[ to fish from a wading pool. 

Monkeys in Group 1 had a higher rate of fishing success, comparing phase 1 and 

phase 2, than monkeys in Group 2. By the second phase of the experiment, Group 1 had 

approached the level of success at which Group 2 ended the second phase. Group 1 

monkeys improved their fishing success 360% while Group 2 monkeys improved only 

152%. 

Fishing postures were used differently between the two groups. Three postures 

proved to be the most frequently and successfully used by both groups. 

The use of a hand strategy was not shown to differ materially between the two 

groups and experiments. A greater number of attempts were made with the left hand or 

right hand by monkeys in Group 1, while Group 2 predominately used left hand or both 

hands. However the second highest percentage of attempts varied between the two groups. 

The percentage of attempts with both hands by Group 2 was slightly higher than for left 

and right hand attempts. Group 2 attempted use with the right hand least often for fishing 

from crocks. In Group 2, right and both hands had nearly equal use for fishing in wading 

pools. 

Monkeys who had made up the Previous Learners or Group 2 participated in an 

additional and more difficult test. This test involved use of a larger and deeper pool with 

less perch space from which to fish. One less monkey caught fish during this experiment. 

The pool used was a children's swimming pool. However, most of the monkeys in the 

group continued to attempt to catch fish with some success. The suc~ess rate for fishing 

with the left hand was nearly twice that of the right. The group success rate was 20% for 

both fishing in wading pools and fishing in the children's swimming pool. This suggests 

that the monkeys had reached a plateau for learning fishing behaviors. 



72 

Squirrel monkeys housed in single laboratory cages also learned predatory fishing 

behavior. Caged monkeys caught more fish with both hands than with either left or right 

hands. Fifty percent of the caged monkeys did not catch fish. All monkeys who caught 

fish killed and ate most of the fish they caught. A food preference for fish occurred on an 

individual basis since caged monkeys could not pirate, scavenge or beg for fish. 

Fifty percent of the caged monkeys were successful fishing compared to 89% of 

the monkeys housed in free environment rooms fishing in the same size crock. However, 

the fishing experiments for free environment room monkeys and caged monkeys was not 

for the number of fish available in the pool each day and the number of testing days. Caged 

monkeys could have lost interest in fishing if the experiment had continued for a longer 

period of time. The higher success rate of monkeys in the free environment rooms may be 

attributed in part to the effects of observed learning. 

Cebus monkeys learned to fish in an entirely different and unique manner. Only a 

few fishing attempts were made by submerging the hand in water. The water crock was 

frequently turned over and the fish dumped on the floor of the cage. In some instances, the 

fish was picked up and placed back into the crock. Some cebus monkeys were very 

curious, inspecting the fish by sniffing, roiling it over walls, roof and floor of the cage. 

Fish were switched from hand to hand and nipped with the teeth between inspections. No 

fish were completely eaten. The behavior learned for obtaining fish was probably the 

result of their larger body size. A food preference for fish was not established. Cebus 

monkeys tasted fish but showed no interest in eating fish. Feral cebus monkeys forage for 

different foods than squirrel monkeys and do not normally attempt to catch and eat moving 

creatures. 

A Mann-Whitney test showed a significant difference !l.<.05 in the number of 

fishing attempts and the number of fish caught by squirrel and cebus monkeys. 



APPENDIX A: FOOD CLEANING 

CONDITION 1 - PHASE 1 

Phase 1: PELLETS AND PELLETS VVITHOUT MONKEY CHOW 

POWDER 

DUNK-WASH AND RETRIEVE 

Subject Name Pellets With Powder Pellets Without Powder 

August" 0 0 

Wizard* 28 1 

Valentina* 3 0 

Valentino* 20 0 

Timothy* 23 5 

Jonathan* 5 2 

Survivor** 3 3 

Jamie** 1 0 

Heather** 0 0 

Whiskers** 1 1 1 

Jessie** 3 0 

Gnome** 47 23 

Jeremy** 0 0 

Hillary** 3.. Q. 

Total Score 147 35 

1\ infant * adolescent ** adult monkey 
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CONDITION 1 - PHASE 1 

Phase 1: FRUIT WITH AND WITHOUT ADHERING POWDER 

DUNK-WASH AND RETRIEVE 

Subject Name Fruit With Powder Fruit Without Powder 

August" 3 2 

Wizard* 46 0 

Valentina* 1 0 

Valentino* 13 0 

Timothy* 0 0 

Jonathan* 1 0 

Survivor** O· 0 

Jamie** 0 0 

Heather** 0 0 

Whiskers** 0 0 

Jessie** 0 0 

Gnome** 82 10 

Jeremy** 0 0 

Hillary** Q. 0 

Total Scores 146 12 

" infant * adolescent ** adult 
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EXPERIMENT 1 

TOTALS OF LEARNED BEllA V][OR 

FRUIT PELLETS FRUIT PELLETS 
with powder with powder without powder without powder 

DUNK-WASH 146 147 12 35 
& RETRIEVE 

TAIL USE 55 15 7 1 

HANDDRINK 0 33 2 5 

USE OF ENVIRON 20 0 3 5 

USE OF CROCK 3 4 3 4 



Velvet" 

Duncan" 

Tory* 

Penny* 

lessie** 

Hillary** 

Dl*** 

Jon*** 

APPENDIX B: EXPERIMENT 1 

FISHING IN CROCKS 

CONDITION 1 

No Previous Learners 

LT RT BT LTC RTC BTC TOT TOT SCV ST BG 
CTH TRY 

181 5 14 62 0 7 69 200 1 0 0 

65 5 1 30 4 0 34 71 5 6 1 

30 71 5 4 19 3 26 106 6 0 0 

45 16 34 7 5 6 18 95 3 0 0 

13 12 11 2 2 4 8 36 3 1 0 

25 5 10 13 4 1 18 40 3 0 0 

1 0 0 0 0 0 0 1 0 0 0 1 

0 11 0 0 7 0 7 11 8 14 0 

22 65 13 2 21 5 28 100 2 3 0 

total 382 190 88 120 62 26 208 660 31 24 1 

"young female * adult female **older female *** male 
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LT RT 

BobbiA 16 3 

MelonyA 11 6 

Olivia* 1 0 

Ma~c* 30 1 

Survivor* 38 4 

Gnome** 123 30 

Patches** 88 19 

Wizard*** 53 11 

Valen*** 79 11 

Total 439 85 

Grand Total 821 275 

EXPERIMENT 1 
FISHING IN CROCKS 

Previous Learners 

BT LTC RTC BTC TOT TOT 
CTH TRY 

2 7 1 0 8 21 

48 3 2 17 22 65 

0 0 0 0 0 1 

0 11 1 0 12 31 

0 18 2 0 20 42 

50 38 9 11 58 203 

21 21 3 3 27 128 

8 27 8 3 38 72 

1 29 5 1 35 91 

130 154 31 35 220 654 

218 274 93 61 428 1,314 

SCV ST 

0 0 

1 0 

5 1 

0 1 

7 0 

0 0 

5 0 

0 0 

1 0 

19 2 

50 26 

1\ young female * adult female **older female previous learner ***Male 
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BG 

0 

1 

0 

0 

0 

0 

1 

0 

0 

2 

3 



SOURCE 

MEAN 

ROOM 

ERROR 

HANDS 

HR 

ERROR 

SUMS OF 
SQUARES 

5.47852 

.02756 

.30865 

1.72614 

.40371 

3.68241 

AnaHysis of Van·iall1lce 
for 

Fishing in Crocks 

DEGREES OF MEAN F 
FREEDOM SQUARES 

1 5.47852 284.00 

1 .02756 1.43 

16 .01929 (p>.01) 

2 .86307 7.50 

2 .20186 1. 75 

32 .11508 (12<.01) 
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EXPERIMENT 3 

Fishing in Wading Pools 

Days 1-11 

No Previous Learners 

Left Right Both Left Right Both 
Attempt Attempt Attempt Catch Catch Catch 

Penny* 18 5 12 6 1 1 

Jon*** 0 0 0 0 0 0 

Velvet" 9 0 0 4 0 0 

Tory* 1 1 2 0 1 2 

Sandy* 0 0 0 0 0 0 

lessie** 0 1 0 0 0 0 

Duncan" 0 0 0 0 0 0 

Dl*** 0 0 0 0 0 0 

Hillary** .L 0 ! 0 0 0 

Totals 29 7 13 10 2 3 

"young female *adult female **older female ***male 
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EXPERIMENT 3 

Fishing in Wading Pools 

Days 1-11 

Previous Learners 

Left Right Both Left Right Both 
Attempt Attempt Attempt Catch Catch Catch 

Bobbi* 34 15 0 5 0 0 

Melony* 29 7 18 3 1 6 

Wizard**** 32 24 19 4 2 3 

Valentino**** 54 8 15 15 2 2 

Gnome*** 56 18 27 8 2 2 

Patches*** 13 10 4 1 0 0 

Survivor** 1 0 1 0 0 0 

OIivia** 0 0 0 0 0 0 

Magic** 10 0 9 4 0 3 

Total 229 82 93 40 7 16 
Grand 

Total 258 89 108 50 9 19 

*Young Female** Adult Female ***Older Fema!e Previous Learne:r **** Male 
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EXPERlirVIENT 3 

Fishing in Wading Pools 

Days 12-22 

No Previous Learners 

Left Right Both Left Right Both 
Attempt Attempt Attempt Catch Catch Catch 

Penny** 64 3 12 25 1 4 

Jon**** 37 35 16 6 9 2 

Velvet* 6 3 1 4 2 0 

Tory** 3 2 1 0 1 0 

Sandy** 1 0 0 0 0 0 

lessie*** 1 0 0 0 0 0 

Duncan* 2 0 0 0 0 0 

DJ**** 0 0 0 0 0 0 

Hillary*** 0 0 0 Q. 0 0 

Totals 114 43 30 35 13 6 

* young female ** adult female *** older female ****male 



Left 
Attempt 

Bobbi* 8 

Melony* 33 

Wizard**** 13 

Valentino**** 22 

Gnome*** 

Patches*** 

Survivor** 

Olivia** 

Magic** 

Total 

Grand 
Total 

61 

22 

5 

0 

34 

198 

312 

EXPERIMENT 3 

Fishing in Wading Pools 

Days 12·22 

Previous Learners 

Right Both Left Right 
Attempt Attempt Catch Catch 

0 3 2 0 

7 30 6 1 

5 6 5 2 

3 4 4 1 

9 37 10 1 

6 16 8 2 

1 2 0 1 

0 0 0 0 

10 12 18 6 

41 110 53 14 

84 140 88 27 

* young female ** adult female *** older female ****male 

82 

Both 
Catch 

0 

8 

2 

1 

8 

3 

0 

0 

7 

29 

35 



FISHING POSTURES FlISHlING IN W ADlING POOLS 

FHS FHNS FSS FSNS FRS FRNS BHS BHNS FPS FPNS HSS 
Bo 2 8 1 1 3 41 0 0 0 0 1 
Me 3 21 1 5 10 27 0 3 0 0 0 
Wi 4 22 6 15 14 38 0 0 0 0 1 
Va 3 23 3 17 12 40 0 0 0 0 2 

-. 

GN 14 61 0 3 13 54 0 3 0 0 3 
SU 0 1 0 0 1 5 0 0 0 0 0 

~ 

OL 0 0 0 0 0 0 0 0 0 0 0 
MA 7 7 1 1 20 18 0 2 1 2 6 
PE 2 19 1 14 12 20 0 0 0 0 22 
JO 2 10 4 12 10 23 0 2 0 0 2 
VE 0 1 0 10 8 0 0 0 0 0 0 
TO 1 0 3 0 2 7 0 0 0 0 0 -SA 0 0 0 0 0 1 0 0 0 0 0 
JE 0 0 0 0 0 2 0 0 0 0 0 
DU 0 0 0 0 1 2 0 0 0 0 0 
DJ 0 0 0 0 0 0 0 0 0 0 0 ,...."',. ........ ., I" .... ~. 

HI 0 2 0 0 0 1 0 0 0 0 0 
TOT 38 175 20 78 106 279 0 10 1 2 37 

Experiment 3: Postures by monkey for success and unsuccessful attempts. 

FRS Both feet hooked on rim successful attempts. 

FHNS Both foot hooked on rim attempts not successful. 

FSS One feet on step successful aUempts successful. 

FSNS One feet on step attempts not successfal. 

FRS Feet on rim attempts successful. 

FRNS Feet on rim attempts not successfu. 

BHS One foot hooked and one foot on step successful attemps. 

BHNS One foot hooked and one foot on step not successful. 

FPS Feet in pool attemps successful. 

FPNS Feet in pool not successful. 

HSS One foot hooked and one foot on step successful attempts. 

HSNS One foot hooked and one foot on step not successful. 
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HSN 
3 
6 
7 
5 

~. 

58 
2 
0 
11 
31 
17 
1 
0 
0 
0 
0 

~. 

0 
0 

141 



Analysis of Variance foil" Wading PooDs 

SOURCE SUM OF 
SQUARES 

ROOM 537.78704 

ERROR 1994.78704 

POSTURES 708.01852 

ERROR 2039.7129 

POSTURES/RM 247.96296 

ERROR 804.00926 

POST/RMIPH 190.68519 

ERROR 

DEGREES OF 
FREEDOM 

1 

16 

5 

80 

5 

80 

5 

80 

MEAN SQUARE 
SQUARE 

537.78704 

124.67419 

14l.6037 

25.49641 

49.59259 

10.05012 

38.13704 

6.77975 

84 

F 

4.31 

<11>.05) 

5.55 

(n<·05) 

4.93 

(12<·001) 

5.63 

(12·<·001) 
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EXPERIMENT 4 

Fishing in Large Pools 

Postures 

Feet On Feet On Feet Hooked Perched With 
Rim Pool On Pool Feet Wide Apart 

Att Suee Att SlIlee Att Suee Att Suee 

Gnome*** 49 2 3 0 0 0 14 3 

Patches*** 31 4 1 0 1 0 31 3 

Olivia** 0 0 0 0 0 0 0 0 

Magic** 1 1 2 0 0 8 0 30 6 

Melony* 43 9 1 0 1 1 24 11 

Survivor** 0 0 0 0 0 0 0 4 

Bobbi* 9 2 3 1 0 0 2 0 

Valent**** 24 10 0 0 0 0 5 1 

Wizard**** 13 4 0 0 0 1 6 3 

*young female **adult female ***older female *****male 



Gnome*** 

Patches*** 

Olivia** 

Magic** 

Melony* 

Survivor** 

Bobbi* 

Valenti**** 

Wizard**** 

Total 

EXPERIMENT 4 

Large Pools 

GROUP 2 

Left Right Both Left Right Both 
Attempt Attempt Attempt Catch Catch Catch 

27 9 29 23 0 3 

11 9 44 1 2 4 

0 0 0 0 0 0 

10 3 36 4 1 9 

16 7 46 6 0 11 

0 0 0 0 0 0 

6 1 6 1 0 2 

16 1 11 4 1 6 

8 8 2 3 3 3 

94 38 174 17 7 38 
*young female **adult female ***older female ****male 
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Total Total 
Try Catch 

65 5 

64 7 

0 0 

49 14 

69 13 

0 0 

3 3 

28 11 

18 9 

306 62 
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EXPERiMENT 5 

Caged Squirrel Monkeys 

Right Left Both Right Left Both Total Total 
Att Att Att Succ Succ Succ Taste Eaten AU Succ 

Shennan 63 4 0 13 1 0 13 13 67 14 

Darwin 2 96 0 0 11 0 9 9 98 18 

August 35 52 29 13 9 8 9 7 116 30 

Sparky * 0 5 0 0 0 0 0 0 5 0 

Whiskers 2 0 0 0 0 0 0 0 2 0 

Lloyd* 6 6 0 0 0 0 0 0 12 0 

Pat* 4 0 0 0 0 0 0 0 4 0 

Thoedore* 11 11 3 0 0 0 0 0 25 0 

Adm. Harry 7 35 2 1 9 0 7 7 44 10 

Silver 4 5 0 0 0 0 0 0 9 0 

Total 134 214 34 27 30 8 38 36 382 72 

*Monkey ate sardines prior to testing. 
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EXPERIMENT 5 

Cebus Monkeys 

Right Left Both Right Left Both Total 
Att Att Att Suee Suee Suee Taste Eaten Att 

Samuel 1 4 0 0 1 0 1 0 5 

Pepys 46 7 16 12 1 2 6 0 69 

Wart 2 0 0 0 0 0 0 0 2 

Junior 76 54 7 21 . 12 3 4 0 137 

Claude 5 5 0 1 0 0 0 0 10 

Clapper 3 0 0 0 0 0 0 0 3 

Useless 18 1 2 11 0 0 0 0 21 

Bator 0 0 0 0 0 0 0 0 0 

Merlin 19 8 0 5 1 0 2 0 27 

Total 170 79 25 50 15 5 13 o 274 

Pepys, Junior and Merlin were fed sardines before testing began. 
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