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 Recent Developments in the Study of
 Primate Behavior

 JANE VAN LAWICK-GOODALL AND
 DAVID A. HAMBURG

 Research conducted over the past decade has
 shown that understanding the chimpanzee, man's
 closest phylogenetic relative, can significantly in-
 crease knowledge of the origins of human be-
 havior. What social and biological factors in-
 fluence chimpanzee development? At the Fall
 Stated Meeting of the Western Center, held at
 the Stanford Research Institute (SRI) in Menlo
 Park, California, Jane van Lawick-Goodall and
 David A. Hamburg presented their recent find-
 ings on various aspects of primate behavior in-
 cluding attachment and loss, family ties, dom-
 inance, subsistence patterns, and reproduction.

 The speakers were introduced by Dr. Laurence
 Pinneo, Manager of the Neurophysiology Pro-
 gram at SRI, whose work includes long-term
 observations of young chimpanzees raised with-
 out exposure to adult chimpanzees or human
 models from which to learn. The development
 of these animals will be studied further at a new
 primate research center established at Stanford
 University by Drs. Goodall and Hamburg.

 For the past fourteen years, Jane Goodall has
 studied chimpanzees in their natural habitat along
 the Gombe Stream in Tanzania, East Africa. In
 the mid-l96o's, she began to develop the Gombe
 Stream Research Center as a field station where
 students could study chimpanzee and baboon be-
 havior in the field; today some fifteen students
 are working at the Center under her supervision.
 The Gombe Stream Research Center is now af-
 filiated with Stanford University where Drs.
 Goodall and Hamburg are presently setting up
 Gombe West, a unique facility which combines
 the features of a fully-operating laboratory and
 a semi-natural habitat. The results of Dr. Good-
 all's research have been documented in scientific
 publications, in films photographed by her hus-
 band, Baron van Lawick, and in her book, In the
 Shadow of Man - an account of ten years of
 observing the chimpanzees at Gombe Stream.
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 At the Western Center meeting, Dr. Goodall
 illustrated her remarks with numerous slides of
 chimpanzee behavior and concluded the evening
 with a selection from her forthcoming educa-
 tional film, showing chimpanzee adults sharing
 food with each other and with their children.
 The only other primate species characteristically
 exhibiting this type of behavior is man.

 In considering the stages of development in the
 life cycle of the chimpanzee, it is important to
 remember that although chimps exhibit gener-
 ally similar patterns of behavior, there are marked
 individual differences among them.

 One of the most fascinating and significant
 facts that emerged from the long-term field re-
 search at Gombe was that the period of depend-
 ence on the mother is much longer than that of
 other nonhuman primates. The young chimp
 travels on his mother's back, sleeps with her, and
 nurses until he is between four and six years old.
 He does not start to leave his mother until he is

 about six and does not begin to travel independ-
 ently - and then only for short periods - until
 he is nine years old. He frequently returns to
 travel with his mother until he is fully mature
 at about age fifteen, and throughout his life main-
 tains a close attachment to her. The young female,
 on the other hand, may stay with her mother
 even longer, until she has her first periods of
 estrus at about ten. In contrast to other non-

 human primates, the mother-offspring group is
 the only stable social unit of the chimpanzee.
 Communities of up to forty or fifty individuals
 are formed, but they are not continuously co-
 hesive. The father plays no role in family life,
 although adult males in general are extremely
 tolerant, gentle, and protective toward youngsters
 of any family.

 The young female has her first infant when
 she is about fourteen and the period between
 live births is usually five years, a time span which
 permits a close mother-child relationship to de-
 velop. A chimp mother takes great care to cradle,
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 hold, and comfort her infant for the first three

 to four months of his life, always carrying him
 with her in the ventral position. At five months,
 she initiates dorsal riding, a method which off-
 spring continue to use for traveling for many
 years.

 The infant does not start to take his first tot-

 tering steps or to climb trees until he is about
 six months old (as compared to the baboon who
 starts to crawl as young as two weeks) and he
 is not proficient at walking for about another
 year. Throughout this time, the mother shows
 considerable concern for his safety and maintains
 physical proximity to him; for example, she is
 always ready to help him down from a branch
 that may prove too weak for him. It is also char-
 acteristic of chimpanzee mothers that they share
 food with their offspring, sometimes into adult-
 hood.

 It is when the young chimpanzee first ventures
 from his mother that he typically makes his initial
 social contacts in gentle play with other young-
 sters or another sibling, if there is one. At nine
 months to a year, he will begin to show some
 crude patterns of social grooming, a form of
 friendly social contact very important in chimp-
 anzee society. As he begins to leave his mother,
 he will also make contact with other adults. If

 he approaches a lower ranking female, she will
 be apprehensive. In contrast, adult males at first
 will be playful, tolerant, and direct, but the
 youngster eventually learns more respect and
 will assume a presenting posture at their ap-
 proach. His play gradually becomes rougher and
 more violent. Beginning at nine months, the young
 male will make sexual overtures to females, mim-

 icking adult behavior until he is physically cap-
 able of copulation at about nine years of age.
 However, he will continue to share his mother's
 nest until a new baby is born.

 In comparison to other primates, there is a
 marked lack of pain-eliciting stimuli in the moth-
 er-child relationship. The mother is continuously,
 and for an extended period, gentle and affection-
 ate to her child. The bond between them be-
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 comes extremely deep-rooted. What underlies
 the development of this strong bond and the
 long period of dependence? It seems reasonable
 to suppose that this behavior, in the chimpanzee
 as well as in man, is adaptively significant in re-
 lation to social learning. We know that a certain
 amount of the behavior of all organisms is gen-
 etically coded. This type of behavior is displayed
 to a greater extent by lower organisms, yet even
 at the low point on the evolutionary ladder, ex-
 perience still plays some role in the life cycle of
 individual organisms. With the higher primates,
 including chimpanzees and man, experience and
 learning are major influences in the course of
 development. If chimpanzees are raised in total
 isolation for the first two years of their lives, they

 exhibit tendencies toward species-specific behav-
 ior such as grooming and communication ges-
 tures, but these activities frequently appear com-
 pletely out of context. The chimp may groom a
 piece of grass or present himself to a rock, but
 not to a companion.

 How do young primates learn in the com-
 munity? First, they learn through direct exper-
 ience with inanimate objects - for example, one
 branch is brittle and may break; another is sup-
 ple and will hold the weight of a young chimp.
 Secondly, and more important, they learn through
 interaction with other chimpanzees in their so-
 ciety. Initially, the young chimp is strongly in-
 fluenced by his mother as indicated by the way
 in which he responds to her signs. When he is
 young, these signs are very explicit; later, they
 are increasingly more subtle. As he begins to in-
 teract with other members of the community,
 his behavior patterns are influenced through re-
 ward, e.g. the adult male welcoming his approach
 during a peaceful time; and punishment, e.g. the
 adult male striking him when he approaches dur-
 ing an aggression display. This process of learn-
 ing through experience may be compared to the
 early disciplining of the preverbal human child
 who is being taught what is expected of him by
 other members of a social group.
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 Thirdly, some behavior is socially contagious
 such as the chimpanzee's cry of alarm at the ap-
 proach of a predator. Through the smell of a
 leopard, associated with his mother's cry and
 flight, the young chimp learns to fear aspects of
 the environment which could be destructive if

 experienced directly. Finally, he learns by direct
 observation of other chimps. The pattern of this
 type of learning is to watch, mimic, and then
 practice the behavior observed. In the laboratory,
 a rhesus monkey in one cage can learn to per-
 form discrimination tests successfully through
 observation of a rhesus monkey in another cage.
 In the wild, observational learning plays an im-
 portant role in the transfer of behavior patterns,
 particularly those involved in such complex ac-
 tivities as nest construction and adult male charg-
 ing displays. The different tool-using cultures of
 the community may be carefully observed; in-
 deed, tool-using is known to be a tradition that
 is passed down through observation of one gen-
 eration by the next.

 Some years ago, David Hamburg pointed out
 the adaptive significance of this pattern of ob-
 servation, imitation, and practice as displayed by
 primates. The young primate exhibits more flex-
 ibility than the adult in his behavior. Having
 mastered a difficult manipulative operation, like
 fishing for termites with a straw, he will practice
 his activity - often totally removed from the
 original context. This plasticity in the young may
 well be significant in the evolution of new be-
 havior patterns in a community. The young ani-
 mal may devise a new performance that is adap-
 tive to the society as a whole which is then
 learned by others. We have seen some models of
 this in the wild; for example, a young male
 learned how to scratch himself against a tree by
 observing an older male whose arm was para-
 lyzed. Although chimpanzees are generally con-
 servative (mothers will not allow their offspring
 to eat food not traditionally eaten by the com-
 munity), the significance of a single chimp's per-
 formance cannot be discounted. In one case, the
 community learned how to wash the sand off
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 sweet potatoes through observation of a young
 primate. In another, a low-ranking young male
 gained dominance over an adult group by in-
 novatively incorporating empty kerosene cans in
 his charging displays, and an adolescent male was
 observed practicing this sort of display off in the
 bushes.

 The long period of dependence on the mother
 may be particularly significant in relation to
 learning and the innovation of new behavior
 patterns. The youngsters' extensive period of as-
 sociation with experienced mothers who know
 where to find the best foods and what to do in

 times of social crisis makes it possible for them
 to spend less time on survival activities than do
 other species. Young chimps have more leisure
 time to play and explore the environment, there-
 by increasing the possibility of innovative be-
 havior.

 Yet this sustained dependency also has its neg-
 ative side. Since the bond between mother and

 child is so strong, disruption can be extremely
 disturbing, even fatal. Many young chimps can
 be traumatized by weaning or the birth of a sib-
 ling. These youngsters throw tantrums and be-
 come depressed, sit huddled for long periods,
 decrease their interaction with peers, and insist
 on greater physical contact with their mothers.
 At the extreme, the mother's death may be such
 a disruption in the offspring's life that he does
 not survive. We have observed three orphan
 youngsters under the age of four, all of whom
 died soon after their mothers, although two were
 adopted by elder siblings.

 The trauma produced by disruption in the
 mother-child relationship is perhaps best illus-
 trated by the nature of the bond between Flo
 and her son, Flint - two of the chimpanzees we
 observed at Gombe Stream. At weaning and
 then again when his younger sister was born,
 Flint exhibited signs of depression, threw violent
 tantrums, and insisted on riding on Flo's back.
 He even persisted in sharing a nest with his
 mother and his sister, although young chimpan-
 zees usually establish their own nests nearby at
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 the birth of the next child. When Flint's sister

 died at the age of six months, he became more
 active and playful although more dependent than
 ever on Flo. She accepted this infantile relation-
 ship and continued with Flint some of the pat-
 terns of interaction that she had developed with
 the now-deceased infant. Even though Flo was
 between forty and fifty years old, Flint con-
 tinued to travel with her and to share her nest

 at night - unusual behavior for an adolescent
 male chimp, more than eight years old.

 When Flo died, Flint remained with the body
 all night. The second day he began to show
 signs of extreme depression: huddling, rocking,
 remaining almost completely inactive and in self-
 imposed isolation. On the fifth day, his older sis-
 ter came to the mother's death site and repeatedly
 encouraged Flint to leave with her, but after fol-
 lowing a little way, he stopped and curled up
 again on the ground. He remained within fifty
 yards of the spot where his mother died until
 his own death three weeks later. Our observa-

 tions of Flint and Flo illustrate how strong the
 affectionate bond between the mother and child

 chimpanzee can become. The intensity of this
 relationship is one of the striking similarities in
 the behavior of chimpanzee and man.

 David A. Hamburg, Reed-Hodgson Professor
 of Human Biology at the Stanford University
 School of Medicine, is a leader in the develop-
 ment of scientific psychiatry. He has served on
 numerous government and National Academy of
 Sciences committees and is a member of the edi-
 torial board of such publications as the Journal
 of Psychiatric Research, International Journal of
 Psychiatry, Behavioral Science, and Comprehen-
 sive Psychiatry. In the early 1960's, Dr. Hamburg
 proposed studying the behavioral biology of chim-
 panzees in a research unit that could link labora-
 tory and field investigations. Since that time, he
 and Jane Goodall have worked out a collabora-
 tive program of research and education in Tan-
 zania and at the new Gombe West facility at
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 Stanford. Research at Gombe West will center
 on problems of chimpanzee behavior that cannot
 be studied in the field and will attempt to cor-
 relate behavioral changes with underlying endo-
 crine changes, particularly during adolescence.

 In his talk, Dr. Hamburg discussed the psycho-
 biology of depression and of adolescence - two
 areas in which Jane Goodall's study of primates
 has increased our understanding of human be-
 havior.

 The linkages between biology and behavior
 are just now being discovered, as is the utility of
 using nonhuman primates to make such discov-
 eries. Research in the natural habitat is extremely
 important for studying the ways in which struc-
 ture and behavior are adapted to environmental
 conditions. But there are inevitable limitations in

 field research. It is impossible to introduce ex-
 perimental variations or to control specific vari-
 ables; in addition, the rugged terrain and bad
 weather frequently become obstacles. On the
 other hand, many experimental situations are so
 artificial that they yield little useful information
 and are roughly analogous to observing men in
 solitary confinement. Consequently, the ideal sit-
 uation for many purposes is a laboratory that per-
 mits measurement of biological variables yet is
 enough like the natural habitat to allow the de-
 velopment of a reasonably comprehensive reper-
 toire of behavior.

 Recently several of these unique laboratories
 have produced experimental models of depression
 in nonhuman primates - models that are not
 without certain ethical implications. Depression
 is induced by separating mother and infant for a
 week or two or by separating young peers that
 have grown up together. The central objective is
 to nurture the development of strong relation-
 ships, as Jane Goodall has described, and then to
 disrupt them. The result is often an initial phase
 of aggressive, protesting behavior, and then de-
 pression manifested by a huddled posture, lack
 of response to environmental stimuli, diminished
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 food intake, and decrease in play. So far there
 has been no study of the more typical precipitat-
 ing circumstance in human depression - the rup-
 ture of the bond between two adults.

 Does the short separation of mother and child
 have lasting effects? The gross characteristics of
 social behavior in these monkeys are similar to
 those of animals who have not been separated
 but at times of stress - even several years later
 - the experimental monkeys exhibited more signs
 of alarm and disturbance. Contrary to expecta-
 tions, when the mother is removed from the lab-

 oratory social group, the effects are more per-
 sistent in both mother and infant than when the

 child is removed. A determining factor in this
 outcome is the emotional disturbance produced
 in the mother by her removal from the group;
 she does not recover until some time after re-

 union. Experiments based on the revolving re-
 moval of young peers over a period of six months
 have had a devastating "hammer blow" effect on
 the development of all monkeys in the study. To
 obtain more valuable information for application
 to human behavior, a model involving a "lighter
 tap" must be employed as a means of comparing
 the relative vulnerability of individuals exposed
 to this form of stress.

 Chimpanzees exhibit marked individual differ-
 ences in their susceptibility to abnormal behavior
 due to disruption of a social relationship. Studies
 of humans show that they too have considerably
 different reactions to crises; only 10-20 per cent
 of those in several studies experienced any kind
 of clinical syndrome following the loss of a loved
 person. Some of the individual differences in sus-
 ceptibility are due to prior experience, particu-
 larly the nature of the relationship before the
 separation; but we have reason to believe that
 some of them are biological in character. There
 are two kinds of variables under investigation.
 The most interesting, perhaps, is concerned with
 the amine hypothesis of depression. Broadly
 speaking, drugs which elevate the level of adren-
 alin-like compounds in the brain, particularly
 noradrenalin, tend to relieve depression, while
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 those which diminish the level tend to exacerbate

 depression. Indeed, drugs which elevate noradren-
 alin to very high levels tend to produce patho-
 logical excitement.

 The truly remarkable treatment of this manic
 reaction, the lithium treatment, acts in part by
 diminishing the level of noradrenalin and related
 compounds at sites in an evolutionarily older
 part of the brain, specifically in those circuits
 which mediate motivational and emotional pat-
 terns. However, our analysis of problems of this
 sort is far more restricted when the subject of
 study is humans. We can get blood, urine, and
 sometimes spinal fluid, but it is very difficult to
 learn what is going on in the brain by assaying
 for amines in the urine. At the height of the Viet-
 nam War, one investigator quipped that the
 problem was like trying to determine President
 Johnson's thinking on Indochina by analyzing
 the sewage in the Potomac. With these primate
 observations, however, we have achieved, for
 the first time, a reasonable experimental model of
 depression. We are able to study individual dif-
 ferences in amine metabolism and to determine

 what factors are responsible for maximum sus-
 ceptibility to depression.

 Another line of inquiry that is pertinent to
 depression involves hormones. It is known that
 depression occurs in certain endocrine diseases,
 involving particularly the thyroid gland and the
 adrenal cortex. However, most depressives do
 not have severe pathology of these glands. The
 question is whether there is a low-grade defect
 in the function of one of these endocrine glands
 which can be exacerbated under severe and pro-
 longed stress, thereby making it more difficult
 for the individual to cope with experiences such
 as interpersonal loss. Here again it is possible to
 examine these components of the endocrine sys-
 tem in greater depth and to learn what they do
 in the brain by working with primates.

 These are two possible approaches to the prob-
 lem of individual differences in susceptibility to
 depression. In the last analysis, whatever we
 find of interest in nonhuman primates will have

 45

This content downloaded from 108.246.68.127 on Tue, 20 Sep 2016 03:08:05 UTC
All use subject to http://about.jstor.org/terms



 to be directly related to man. The only firm
 answers to questions about human depression
 must come from human studies. However, the
 formidable ethical obstacles in such studies can

 best be overcome when there is a strong back-
 ground of understanding of nonhuman primates.

 Adolescent psychobiology is another area in
 which Jane Goodall's work may contribute to
 the alleviation of human suffering. The Gombe
 West facility will have both Dr. Pinneo's ado-
 lescent chimpanzees who are now outgrowing
 their quarters at the Stanford Research Institute
 and also a group of "conservative" chimps cur-
 rently housed in Orange County, California. We
 will be able to study these primates before, dur-
 ing, and after puberty. The problems of human
 adolescent behavior, particularly in the sphere of
 depression but also in those of hostility and vio-
 lence, are not well understood. Most of the liter-
 ature focuses on late adolescence and on male

 behavior. The critical years from eleven to four-
 teen have been badly neglected, yet this is a
 period when an enormous endocrine upheaval
 takes place. There is a "clock" in the base of the
 brain that sets the timing of puberty. It is respon-
 sible for the secretion of certain substances in

 the brain that are transmitted to the pituitary,
 the master gland; from the pituitary the signals
 pass to the gonads, the sex organs, which in turn
 stimulate enormous increases in the circulating
 sex steroids. The latter enter the brain and in-

 fluence the circuits in the limbic system and
 hypothalamus.

 Thus early adolescence is a time of far-reach-
 ing biological change as well as great behavioral
 difficulty, a time of social transition. The junior
 high school was created to make the transition
 from childhood to adulthood more gradual; in
 fact, it pushed this transition back to an earlier
 age. Adult-like behavior is now expected in jun-
 ior high which roughly coincides with puberty
 in a large proportion of students. The conjunc-
 tion of these major biological and social transi-
 tions makes it difficult to tease out the various

 factors that may be impinging on any given ado-
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 lescent behavior pattern. Moreover, it leads us to
 an important question we can ask in research
 with primates: Is there any reason to believe that
 the hormonal changes are related to the behav-
 ioral changes? One of our students, Anne Pusey,
 has been studying adolescent chimp behavior at
 Gombe. We now know that adolescence is not

 a human invention but extends in chimps from
 age eight or nine to about thirteen. Behavioral
 changes observed at Gombe are usually sex-dif-
 ferentiated. In the male chimpanzee the major
 change is an increase in aggression, demonstrated
 by the increased frequency and vigor of the
 charging displays. The male will increase his dis-
 plays in early adolescence and adjust them to the
 social context, displaying at first with low-rank-
 ing adolescent animals and eventually progressing
 up the social ladder to the adult males until he
 is incorporated into the adult male hierarchy.
 This process takes several years. In females there
 appears to be more of a sexual spurt. Female
 chimpanzee adolescents play an important role
 in promoting gene flow between populations.
 Despite the hostility of strange females, they of-
 ten mate in neighboring communities, occasion-
 ally even remaining with the "foreign" group.
 This pattern is highly unusual for females among
 the nonhuman primates.

 During adolescence there are also changes in
 the distribution of attention. Females become in-

 creasingly fascinated by infants and spend more
 of their time observing and handling them; by
 the time they have offspring of their own, they
 are experienced infant-handlers. In contrast,
 chimps raised in isolation are incompetent moth-
 ers. Adolescent males tend to become more in-

 terested in, and at the same time, frightened by,
 adult males, spending more time traveling with
 them yet maintaining a cautious distance. Be-
 cause of the strong attachment to the mother,
 this often presents the youngster with the dilem-
 ma of having to choose between the adult males
 and his mother.

 These far-reaching changes in aggression, sex-
 uality, and distribution of attention tend to fol-
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 low the pubertal growth spurt. In chimpanzees
 such behavioral changes are certainly related to
 social learning, but research suggests that they
 are probably triggered by hormonal changes.
 Studies of the rhesus macaque monkey show that
 an increase in this animal's canine threat display
 accompanies a sharp increase in testosterone, the
 principal male hormone. A great deal of social
 learning follows from this hormonally induced
 pattern. In chimpanzees the amount of testoster-
 one in the blood increases a hundredfold in the

 period from childhood to adulthood, yet much
 of this change occurs rapidly within a year in
 early adolescence. We believe that this may be
 directly related to the increase in charging dis-
 plays, but just how the hormone affects behavior
 has not yet been established.

 In the semi-natural setting of Gombe West,
 problems of human psychobiology can be inves-
 tigated with better animal models than have pre-
 viously been available. This facility should enable
 us to relate biological processes and behavioral
 change in a way that will ultimately point toward
 crucial points of vulnerability in humans.
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