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Infant nonhuman primates, particularly Old World monkeys and apes, 
typically interact with a number of different types of conspecifics on a 
daily basis. The interactants range from mothers and matrilineally re­
lated kin to unrelated adult females and males. In addition, a variety 
of different behavior patterns can occur. An infant can be the object 
of extremely solicitous and nurturing behavior, and, in a matter of sec­
onds, the same infant can become the object of a murderous attack. 
Moreover, a wide range of behavioral actions is possible from most of 
the members of a group. In order to render the task of describing the 
various interactions between infants and other group members more 
manageable, this contribution will be restricted to interactions between 
infants and mothers, infants and adult males, and infants and non­
maternal females. 

MOTHERS 

The primate literature abounds with studies of mothers and infants. 
Indeed, the one area of nonhuman primate behavior that has long been 
the focus of study of many primatologists is mother-infant relations. 
In recent years, a clearer picture of the complexity of mother-infant 
relations has emerged through the application of behavioral-ecology 
theory to questions of behavioral interactions. The detailed work of 
Jeanne Altmann (1980) and Nancy Nicolson (1982) has provided a be-
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ginning toward understanding the complex effects of social and eco­
logical variables on patterns of infant development and independence. 

Among the range of potential social interactions between mothers 
and infants, the vast majority are nurturing and solicitous. However, 
one should not be too quick to dismiss mothers as a source of aggres­
sion toward their own infants. Aggressive behavior by mothers toward 
their offspring has been studied relatively infrequently when compared 
to other aspects of the mother-infant relationship. Aggression has typ­
ically been studied in the context of the weaning process in captive 
animals (Jensen, Bobbitt, and Gordon, 1967, 1969; Kaufman and Ro­
senblum, 1969; Negayama, 1981). However, Troisi, D'Amato, Fuccillo, 
and Scucchi (1982) reported murderous abuse of an infant by its wild­
born Japanese macaque mother housed in a captive group, and Car­
penter (1942) reported that 8-10 rhesus mothers killed their infants while 
in transit from India to Cayo Santiago. 

Abusive behavior by monkey mothers toward infants has frequently 
been observed during studies of the effects of social isolation and sep­
aration (Ruppenthal, Arling, Harlow, Sackett, and Suomi, 1976; Suomi 
and Ripp, 1983). A review of laboratory studies of the effects of social 
isolation and separation on maternal behavior can be summarized as 
follows. Most reports indicate that infant neglect or abuse by macaque 
mothers has occurred when the mother was socially incompetent as a 
result of (a) inadequate early social experience, (b) solitary housing, 
or (c) living in an unstable social group. 

Recently, interest and attention has been focused on nonhuman pri­
mates in the search for a greater understanding of the biosocial bases 
of child abuse (Caine and Reite, 1983a; Suomi and Ripp, 1983). It has 
generally been concluded that mothers that were raised under labo­
ratory conditions and were abused as infants tend to lw abusive them­
sPIVl'S. This is particularly true for mothers that also showed l'Xtl'rnal 
manifestations of depressive behavior, social withdrawal, etc. (Caine 
and Reite, 1983b). Furthermore, field observers have noted mothers 
that act inappropriately or exhibit varying levels of maternal competence 
(Altmann, 1980). 

The findings suggest that mothers arc capable of aggressive acts to­
ward their offspring and that these acts would be predicted only to the 
extent that they represent a disagreement between mother and off­
spring over termination, or at least reduction, in parental investment 
(Trivers, 1972). 

ADULT MALES 

For many species of Old World monkeys, in particular, cercopithe­
cines, resident females and their offspring form the stable core of a 
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social group (Wrangham, 1980). Adult males are typically immigrants 
who were born elsewhere (Packer, 1979). Given this model, application 
of evolutionary biology predicts very different types of behavior be­
tween mothers and adult males toward infants. 

On the one hand, males should be protective and solicitous of the 
infants they have sired. In fact, many researchers have observed pa­
rental behavior by adult males under both laboratory and field con­
ditions [see Redican and Taub (1981) and Taub (1984) for a review]. 
Adult male Japanese macaques have been reported to adopt infants 
and to serve as their primary providers (Alexander, 1970; Hasegawa 
and Hiraiwa, 1980; ltani, 1959; Wolfe, 1981). Although death is the most 
probable outcome if a male adopts an unweaned infant (DeVore, 1963; 
Hamilton, Busse, and Smith, 1982; Hasegawa and Hiraiwa, 1980; Rhine, 
Norton, Roertgen, and Klein, 1980), Berman (1982) reported that an 11-
week-old orphan was cared for by four adult males on Cayo Santiago 
with no adverse consequences. The successful rearing of this infant 
was probably due to the food-rich and predator-free environment on 
Cayo Santiago, the persistent care by four unrelated adult males and 
a sister, which eventually led to a foster parent-infant relationship, and 
continuous interaction with peers. 

Adult males do have the potential for positive affinitive behavior to­
ward infants under certain circumstances. Indeed, adult males that are 
armed with strong, powerful canine teeth and heavy musculature have 
the potential to inflict serious wounds on infants. The most dramatic 
aggressive behavior that can be directed toward an infant results in 
death or infanticide. Infanticide has been observed or suspected in a 
wide variety of nonhuman primates, including colobine and cercopi­
thecine Old World monkeys, the great apes, and a single genus of New 
World monkeys [sec Hrdy (1977, 1979) and Hausfater and Hrdy (1984) 
for an extensive review]. As Sarah Hrdy (1977) noted, it is likely that 
several different categories of infanticide have developed for very dif­
ferent evolutionary reasons. Hrdy (1977) and Hausfater and Hrdy (1984) 
suggested that male infanticidal behavior, especially in nonhuman pri­
mates, can be explained as a result of sexual selection. For infanticide 
based on sexual selection, competition over breeding opportunities 
rather than over ecological resources seems to be the issue. Typically, 
infanticide occurs when a male from outside the troop usurps the social 
position of a resident male. However, resident males have been re­
ported to engage in infanticide after changing from a nonbreeding to 
a breeding status (Busse and Gordon, 1983; Leland, Struhsaker, and 
Butynski, 1984; Wolf, 1980, cited in Hausfater and Hrdy, 1984). In either 
case, the male assumed a new status in a breeding situation in which 
he had previously been excluded and in which he was not the probable 
father of any infants. Often, related individuals protect the infant against 
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a potentially infanticidal male (Collins, Busse, and Goodall, 1984; 
Crockett and Sekulic, 1984; Fossey, 1984; Leland eta/., 1984). 

Adult males may aggress against infants or at least put infants in a 
state of high potential risk in other, sometimes more subtle, ways. ltani 
(1959) first suggested that provisioned adult male Japanese macaques 
(Macaca fuscata) might use an infant to aid them in their social relations. 
He noted that at least one adult male used an infant as a passport in 
order to gain access to the central part of the troop. Kummer (1967) 
also described males using infants in their social interactions. He re­
ported that subadult males would pick up an infant during fights with 
adult males. Deag and Crook (1971) observed extensive infant-carrying 
by adult male Barbary macaques (Macaca sylvanus) and coined the term 
"agonistic buffering." The concept of agonistic buffering has been ap­
plied to gelada baboons (Theropithecus gelada) (Bernstein, 1975; Dun­
bar and Dunbar, 1975), Japanese macaques (Macaca fuscata) (Kurland, 
1977), chacma baboons (Papio anubis) (Popp, 1978; Seyfarth, 1978), and 
yellow baboons (Papio cynocephalus) (Shapland, 1982; Stein, 1981). 
Packer (1980) noted that infants are at some risk during these encoun­
ters. He observed one infant who was wounded severely while being 
carried during an intermale fight and suggested that three other deaths 
may have resulted similarly. Shapland (1982) reported the fatal injury 
of an infant who was used as an "agonistic buffer" in an intergroup 
encounter of yellow baboons. Stein (1981), however, noted that during 
nearly 1000 agonistic episodes involving adult male-infant interactions 
in yellow baboons, no infant received detectable physical injuries. 

These observations of nonhuman primates suggest that unrelated 
adult males may pose a serious threat to young infants, and these males 
may be responsible for a significant proportion of aggressive behaviors 
received by immatures. Aggression may be directed toward the im­
mature either directly or as a consequence of other types of interac­
tions. 

fEMALES OTHER THAN MOTHERS 

Among Old World monkeys, females other than mothers often direct 
considerable attention toward young conspecifics. This behavior has 
been called aunting, allo, or play-mothering [for reviews, see Hrdy 
(1976) and Spencer-Booth (1970)). It is important to realize that these 
interactions are often positive and affinitive, and, in extreme cases, can 
lead to the successful adoption of an orphaned infant (Berman, 1982; 
Boggess, 1976; Jay, 1965; Marsden and Vessey, 1968). Of course, infants 

I 
may be "at risk" from the actions of nonmothers. There are reports of 
females kidnapping unweaned infants and keeping them until they died 
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of starvation or dehydration (Bourliere, Hunkeler, and Bertrand, 1970; 
McKenna, 1979; Quaitt, 1979). 

Perhaps the most extreme examples of violence by nonmothers 
against immatures can be found in Goodall's (1977, 1983) accounts of 
infanticide and cannibalism by an adult female chimpanzee and her 
daughter. Goodall observed three instances and reported eight other 
possible instances of infanticidal attacks by these two females. Fossey 
(1984) also noted circumstantial evidence of infanticide and cannibalism 
by an adult female mountain gorilla (Gorilla gorilla berengei) and her 
daughter. Although cannibalism was not observed, Carpenter (1942) 
has reported that adult females killed infants during the first year fol­
lowing the release of 350 rhesus monkeys on Cayo Santiago. 

Silk and Boyd (1983), Silk, Clark-Wheatley, Rodman, and Samuels 
(1982), and Silk, Samuels, and Rodman (1981) also observed aggression 
by adult females toward infants and juveniles. Indeed, daughters of 
low-ranking mothers were the victims of harassment and aggression 
significantly more often than were sons of low-ranking females. Har­
assment and aggression against young females by other females in the 
group may begin prenatally through preferential attacks upon mothers 
pregnant with daughters (Sackett, 1981). 

CAPTIVE GROUP STUDIES 

Given the diversity of social interactions among nonhuman primates, 
it was important to determine whether drug effects observed in indi­
vidual, isolated subjects would generalize to a social setting. Others 
have reported that d-amphetamine can increase aggressive behavior 
in group-living nonhuman primates (Bellarosa, Bedford, and Wilson, 
1980; Haber, 1979). Our research has focused on aggressive and affil­
iative behaviors in captive, group-living monkeys. Although we rec­
ognize that studying primates under field conditions provides an op­
portunity to answ~r important questions relating to behavior and 
ecology, the study of captive, group-living, nonhuman primates allows 
a measure of control and observability that is often lacking in field ob­
servations. Studies of the behavioral effects of psychoactive agents have 
traditionally emphasized isolated animal preparations, an approach that 
has provided orderly, systematic data. Experiments with isolated, in­
dividual, animals have been useful in characterizing the behavioral ef­
fects of drugs and in predicting their effects on human behavior. We 
have developed a paradigm for studying drug effects on behavior within 
a social setting, an approach that can determine the generality of effects 
observed in experiments with individual animals. Experiments were 
conducted that involved the acute administration of a range of doses 
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of d-amphetamine to adult male stumptail macaques living in the study 
group. 

The subjects for these experiments lived within a group of 39 stump­
tail macaques (Macaca arctoides) housed in a 28.4 x 32.7 m outdoor 
enclosure at the Yerkes Regional Primate Research Center Field Station. 
Details of the housing conditions can be found in Smith and Byrd (1983). 
For the various experiments described here, subjects were typically 
observed during 15-minute focal-animal samples (Altmann, 1974). A 
group-scan observational technique was also used that involved re· 
cording the number of individuals engaged in several classes of be­
havior (e.g., aggression, submission, affiliation, general social activity, 
play, sexual behavior, and self-directed or solitary behavior) at 1-minute 
time intervals. This technique does not allow the precision or detail of 
the focal-animal technique, but it does permit the collection of group­
interaction profiles (Smith and Byrd, 1983). Data were collected using 
a microprocessor-based data-collection device and were computer 
analyzed (Smith and Begeman, 1980). The drug administration protocol 
has been described in Smith and Byrd (1983) and will not be discussed 
in detail here except to note that the procedure does not involve the 
use of physical restraint and that the negative effects of handling are 
avoided. Blank, Gordon, and Wilson (1983) have reported the absence 
of elevated serum cortisol levels using a similar procedure. 

Hierarchical dominance rankings of the males in the group have been 
determined weekly since the animals were initially released into the 
outdoor enclosure in December 1979. The positions of the five male 
subjects within the dominance hierarchy ranged from the highest- to 
the lowest-ranking. The dominance positions of individual animals were 
determined and verified based on the outcome of·agonistic encounters 
among members of the group under baseline or nondrug conditions. 
An independent measure of dominance ranking was also obtained that 
involved scoring priority of access to a preferred food item (pieces of 
fruit). Correlations between rankings based on the outcome of agonistic 
encounters and displacement over preferred food items were high (r, 

= 0.96). 
Given that aggressive behavior is only one of an array of potential 

behaviors, we also decided to study changes in affiliative behavior. In 
order to study changes in aggressive and affiliative behaviors as a con­
sequence of d-amphetamine administration, the drug was dissolved in 
sterile normal saline (0.9%) and injected intramuscularly in a volume 
of less than 1.0 mi. Sodium chloride solution (0.9%) served as a control 
(placebo) injection. Except for the highest dose (0.56 mg/kg) studied 
in monkey M-13 and the lowest dose (0.003 mg/kg) studied in monkey 
M-18, each dose was studied three times in each subject in a mixed, 
unsystematic order. 
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Mean hourly rates of occurrence of affiliative and aggressive be­
haviors were determined for each subject following drug or saline 
administration based on observations during a period 90-180 minutes 
postinjection (see Figure 7.1). This time period had been determined 
previously to encompass the period of maximum effect. Under saline 
or control conditions, affiliative behavior initiated by each of the five 
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FIGURE 7.1. Time-course effects of 0.1 mglkg d-amphetamine on self-aggressive 
behavior in monkeys M-10 (top) and M-06 (bottom). Each data point 
is the mean ± SEM based on three administrations of the drug 
(filled circles) or saline (unfilled circles). Line segments beneath 
the X-axis indicate time periods during which subjects were ob­
served and data were obtained. (Reprinted by permission from the 
journal of the Experimental Analysis of Behavior.) 
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subjects was characterized by rates ranging between 20-50 occurrences 
per hour (see Figure 7.2). The highest-ranking subject (M-13) in the 
dominance hierarchy had a low control rate of affiliative behavior, and 
the lowest-ranking subjects (M-18 and M-24) had relatively high control 
rates. Following administration of d-amphetamine, four of the five sub­
jects showed a dose-related decrease in rate of affiliative behavior. 
Moreover, the initiation of affiliative behavior was affected similarly in 
high- and low-ranking animals, and there was no discernible differential 
effect among those monkeys. When affiliative behavior was subjected 
to a more detailed analysis, the most pronounced change was evident 
in decreased rates of grooming, the most common type of affiliative 

behavior. 
In contrast to the monotonically depressive effect of d-amphetamine 

on affiliative behavior, the drug markedly increased the rate of ag­
gressive behavior in the same subjects (see Figure 7.3). d-Amphetamine 
increased the rate of aggressive behavior initiated by the highest- and 
the lowest-ranking animals and had little or no effect in the two mid­
ranking subjects at the doses studied. The largest increase was observed 
in monkey M-13, the highest-ranking animal in the group. Rate of 
aggression in that monkey increased in direct relation to increases in 
dose, and at the highest dose studied (0.56 mglkg), rate increased more 
than 30 times the saline values. d-Amphetamine also increased the rate 
of aggressive behavior initiated by monkeys M-18 and M-24, the two 
lowest-ranking subjects in the group, with a dose of 0.003 mgtkg having 
no effect and intermediate doses (0.01-0.03 mg/kg) increasing rate two­
to eightfold over rates observed in the absence of the drug. A dose of 
0.3 mg/kg produced decreases in rate in the two low-ranking monkeys, 
and the resulting dose-effect curves conformed to inverted U-shapcd 
functions. There was no change in the rate of aggressive behavior over 
the same range of doses of d-amphetamine (0.01-0.3 mg/kg) in the two 
mid-ranking subjects in the group. Their behavioral rates remained 
within the range of rates observed in the absence of the drug (i.e., 
when saline was administered). The results of this experiment have 
been described in Smith and Byrd (1984). 

The data showed that d-amphetamine can have qualitatively con­
trasting effects on different classes of naturally occurring behavior in 
individual monkeys comprising part of a large, heterogeneous social 
group (sec Figure 7.4). d-Amphetamine decreased affiliative behavior 
to as little as 30% of saline control values, and the effect was monotonic 
and dose-dependent. In contrast, comparable doses of d-amphetamine 
increased aggression in the same subjetts that exhibited marked de­
creases in affiliative behavior. The decrease in affiliative behavior ob­
served in the present study is consistent with earlier reports of am­
phetamine's effects on the behavior of members of social groups. 

... 
! 
; 
:5 
• ~ 
~ 
~ 

I • 

- ~ 

• I 

1 
~ 0 0 0 0 0 ~ 0 

~ : : : g =: ~ 

•••11 ApnoH u••w 

[ 
; . 
0 N 

: :i .. 
;; .. 

1- • 

t 
; e 
.. '7 
: :1 

: .. 
0 : 

1- • 

f'U I ...... I 

~ ~ w Qj 
"C - 0. 
..c~QJ> 
u-"-5.0 
J3c:o-o o .... QJ 

.nE"'­
Q) .... C-~ 
g..£ ·o o. 
<UQJO.QJ 

:ilcg~e: 
E -c "'.....: 
= -:;;o e 
~Q).-:c 
o...t: c: 0 
E .~.2 u 
:::1 ..c- "' 
t;;aJ~IJ'j Q)-= -~ tt' 
- c: "0 
tU ...... ·- Q) 

E2 E Cii 
--"'0 ...... 
~-tUfJ"I 

~ "C 0. QJ ·c: 
• "' QJ c: ·-
.!: QJ~oE 

0 ~ .~~~--g 

[

: ~~~g~ "' e ·;: .2 c: ~ 
~ ~ .Q -;; 0 Q) 

::I .... >.="C.~ 

1- • 

[ 

: 0 

""' -0 • 

.. :I 
0 .. 
;; .. 

1- • 

[L ..., -0 • 

.. :I 
0 
0 

;; .. 
1- • 

ao<UV>QJ­,. ..c ·- tn ra 
- QJCratl')· l' .o ·e .o c: 

~"C ~~ 
·.;:;"'"' ~ 
<UQJco 
;.:QJ.-"0 
·- '- I Q) 

~-= ~ -~ 
._ c: > .. !9 
OoQJ.o· 
2-c~O 
<UQJOQJ. 
~ ~ E Cii . 
0 .D .... ~ 
QJ~s:?lr)· 
·= ~ ~ ~ 
E +I o :::1 .:g "'C u 
cvcv;t:J 

..C<UQJQJ· 
o.QJ~-' 
EEo'Qi 
1 OJ- cb 
"O..CQJVl 

.... ..c 0 
-o.,--o 

·- "C 
-u-cc:~· 
Q) ·- I'll -:::oM._· 

L.U 0..- 0 

N 
.....: 
L.U 
eo::: 
~ 
lJ 
u... 



[L : :i 
~ 

.....__.._ • • 

[L ~ -:-
0 :I 
0 .. 
~ 

g 
.; 

......... 1- • 

0 li. ~ ':' 
~ :a 
0 
0 

1- .. 

€ [L : :i 
0 
0 

I • I 1- • 

[L - -0 • 

:;: :I 
0 

0 
0 

...._...___. 1- .. 

7 0 0 0 0 0 0 0 

! ~ ::! :: ~ ~ "' 

•••11 A1•noH u .. n 

"' I-E ;;;~] 0 
"C ~Q)..:: 
-5->'£"0 
..:'35o~ .,; E:; .§ 
Q)._ca. 
::J 0·- Q) cr- o eo:: 
"'Q)C.~ 
~cg.,_: 
E"C;;;e 
:-::-oc: 
.::!~.....:.0 
C..r:: c u 
E .!:.O.Q"' 
z..c~, 
IJ')Q)!:;~ 
Q).r:: 111"0 

-;o - ·c Q) 

E ;;; ·E- Qi 
.r:: -.::::: -"C.!!! 

:J-roc: 
"C a. Q) ·­

_,Q.JcE 
~ Q.JUO"C 
e.:::~>-"' . ._ --""' 
- c Ill c"' 
~ ·- c 0 :: 
~ o·g c Q) 

• ·- "' 0 c 
u,i?O.=-o~ 
... ~.!!!~Ill 
~ ..0 .~ 2l c r Q) E Q) 
- >"C Q,J.r:; 

·v; "' ~ :: 
~Q.ICO"C 
0£,~~ w:: 
o.o£ ~ .~ .o 
"' ~ 3; - c >-..o ~ 
0 0~ 0~ 
Q) "C c Q) co 
;;; Q) 0 .... 
'"'~EQ)~ 
c..o .... 3:c-
o- 0 IJ') ....... 

Q) ~- Q) .~ 

.~ ~ ~ C: E 
~+I .g a~ 
a>c-U~ 
.r:: "' Ill Q) ·­a_Q)~::::CO 
EEoo/~ 
~Q.I-Q.JO 

"'0 .r:: Q) Ill-
-.r:: 0 0 

- --ou 
0 .!!! "C ~ 

u c cl ~ 
QJ ·- ra ..... 1'\S 
::::o,.....,-..c: 
UJC...--00... 
,....., 
r..... 
UJ 
0.:: 
::J 
lJ 
L.L.. 

Influences on Aggression in Captive Monkeys 

30 
M-18 

&AGGRESSION • , . , \ , 
0.01 mg/kg !!·AMPHETAMINE 

.r 20 
::I 

eAFFILIATION 
Q3mg/kg !!·AMPHETAMINE 

0 
:1: • - I' , \ 
Ill 10 I \ &', \ 
::: I \ I • \ 

z I \ , \ 

0 " ' ,' ' 0.. \ , • ~ 0 ----~~~-- '-(. ~ ;·\ --------------- \ . w - ------- , , 
!;( ·10 7 \ ----,~":..-----
a: • \ ,' ~ \ ,' ~ \ , ,' 

1- -20 .,· ,., ~ . 
0 
I 

~ -30 
<( 
a: 

'C) 

~ -40 
0 

·50 
• 

~~~------~--~~----------~---- -0 30 60 90 120 150 180 210 240 270 300 330 - - -TIME AFTER INJECTION (MIN) 

........ 

185 

FIGURE 7.4. Time-course effect of 0.01 mglkg d-amphetamine on aggressive 
behavior (triangles) and effect of 0.3 mg/kg d-amphetamine on 
affiliative behavior (circles) in monkey M-18. Data points are mean 
differences (drug rate- control rate) on three administrations of 
the drug. (Reprinted by permission from Pharmacology Biochem­
istry & Behavior.) 

Kjellberg and Randrup (1972), Miller and Geiger (1976), and Scraggs 
and Ridley (1978) reported dose-dependent decreases in social groom­
ing, a major component of affiliative behavior, following the admin­
istration of d-amphetamine. The uniformity and generality of the reports 
indicating decreases in affiliative behavior as a consequence of am­
phetamine administration compel one to regard this effect as charac­
teristic of a number of primate species, especially when constituted as 
social groups. The basis of the differential effect of amphetamine on 
affiliative behavior is unclear, however. 

Given the relatively uniform decrease in the initiation of affiliative 
behavior following d-amphetamine administration in the present study, 
the qualitatively dissimilar effect on aggression in the same subjects 
was striking. The high- and low-ranking subjects exhibited pronounced, 
dose-related increases in aggressive behavior at doses that either de­
creased affiliation or had no effect. In the two low-ranking subjects, 
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the dose-effect curves described an inverted U-shaped function char­
acteristic of the effect typically obtained with this drug on operant be­
havior maintained under certain types of reinforcement schedules 
(Dews and Wenger, 1977; McMillan, 1969). Moreover, the range of 
doses having behavioral effects in the present study was quite similar 
to the range others have found to have effects on conditioned behavior 
in various species of nonhuman primates (Byrd, 1982; Kelleher and 
Morse, 1968; McKearney, 1968). 

In addition to the qualitatively different effects of d-amphetamine 
on affiliative and aggressive behaviors, the present study provides ad­
ditional evidence that the effects of this drug are a function of processes 
evolving out of group dynamics, for example, interactions between one 
animal and others occupying the same environment or the dominance 
hierarchy characteristic of a group. d-Amphetamine produced marked 
increases in rate of aggression in the high- and low-ranking subjects 
but did not cause similar change in the behavior of mid-ranking sub­
jects. Moreover, the dose-effect curve for the highest-ranking member 
of the group was shifted to the right more than 1 log unit relative to 
the other subjects that showed increased responding. These differences 
in effects suggest that the hierarchical or dominance position of an 
individual subject in a group may serve as a determinant of the way in 
which a drug such as d-amphetamine can alter ongoing behavior char­
acteristic of that individual. This hypothesis is supported by other re­
ports that various psychoactive drugs can act selectively to alter the 
behavior of individual members of a group (Crowley, Stynes, Hydinger, 
and Kaufman, 1974; Haber, 1979; Miczek, Woolley, Schlisserman, and 
Hiroyuki, 1981). 

The preceding results have been based on observations of individual 
male monkeys under treatment and nontreatment conditions. Addi­
tional information on the effects of drugs on the behavior of individuals 
can be obtained from an analysis of the data characterizing activities 
of the group as a whole. This technique allows comparison of the num­
ber of individuals in the group engaged in a given activity under dif­
ferent conditions. Figure 7.5 shows the proportion of total group mem­
bers engaged in play behavior per scan sample expressed as a 
percentage change from saline conditions when each of five adult males 
received various doses of d-amphetamine. A sensitive indicator of nor­
mal social relations in most heterogeneous nonhuman primate groups 
or, for that matter, among most social mammals is the expression of 
play (Fagen, 1981). As can be seen in Figure 7.5, play behavior for the 
group decreased as a function of the drug dose administered to the 
highest-ranking male in the group (M-13). When the behavior of the 
alpha animal was altered, the typical expression of play behavior in the 
group was also altered and suppressed in a dose-dependent manner. 
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In contrast, similar drug administration to the lowest-ranking male (M-
18) actually increased play behavior in the group. The result reinforces 
our view that alteration of the behavior of one individual in a group 
can have important effects on other aspects of group dynamics. Drug­
treated animals can play an important role in altering stable patterns 
of ongoing social relations between nondrugged animals in a dose­
dependent manner. 

Given these contrasting results of the effects of d-amphetamine on 
the behavior of individual males and on nondrugged animals within 
the group, we sought to determine whether d-amphetamine would 
produce changes in the pattern or distribution of aggressive and affil­
iative behaviors toward specific members of the group. The purpose 
of the study was to describe the effects of d-amphetamine on the di­
rectionality of affiliative and aggressive behaviors and to determine if 
the recipients of these two classes of behaviors represented special 
subsets of the larger social group. First, data were analyzed to determine 
if behavior were directed consistently toward nonadult as compared 
to adult members of the group and whether d-amphetamine altered 
the directionality of aggressive and affiliative behaviors. Adults were 
defined as individuals 4 years of age and older and included those an­
imals that were reproductively mature. Nonadults included monkeys 
less than 4 years of age. To apply the Chi-square test, the number of 
aggressive and affiliative interactions expected were determined based 
on the number of individuals in an age-class and on frequencies of 
behavioral interactions following saline administration. Mean hourly 
rates of occurrence of affiliative and aggressive behaviors initiated by 
male subjects following drug or saline administration were determined 
for each of five male subjects based on data obtained during preselected 
postinjection observation periods. Full dose-effect functions describing 
the results were reported previously (Smith and Byrd, ·]9114). 

Table 7.1 summarizes data for the five male subjects that received 
c/-amphetamine. Although maximum increases in aggressive behavior 
occurred at different doses for each of the five subjects, d-amphetamine 
uniformly increased aggressive behavior toward nonadult members of 
the group and decreased aggressive behavior toward adult monkeys 
in the group. The significance of the drug-induced changes was re­
flected in the results of the Chi-square tests, as shown in Table 7.1. 
The greatest redirection of aggressive behavior occurred in the three 
mid- and low-ranking animals, where values of p ~ .001 were obtained. 

When the data were analyzed in a similar manner for maximum de­
creases in affiliative behavior, a contrasting pattern resulted (Table 7.1). 
Three subjects decreased affiliative behavior toward nonadult animals 
in the group and increased affiliative behavior toward adults, and two 
subjects showed an opposite effect. The significance of the changes 
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TABLE 7.1". Effects of d-Amphetamine on Aggressive or Affiliative Behaviors 
Initiated by Each of Five Adult Males toward Adult vs. Nonadult 
Members of the Group 

d-Amphetamine 
Subject dose (mg/kg) Nonadult Adult X 

2 
p~ 

Aggressive behaviors 
M-13 0.56 Expected 45.9 i 118.1 l 0.50 .so 

Observed 50.0 114.0 
M-10 0.03 Expected 17.1 i 39.3 l 1.37 .30 

Observed 21.0 35.0 
M-06 0.03 Expected 32.3 i 53.6 l 16.12 .001 

Observed 50.0 35.0 
M-24 0.03 Expected 3.1 i 35.5 l 123.88 .001 

Observed 22.0 17.0 
M-18 0.01 Expected 26.9 i 70.1 l 21.40 .001 

Observed 47.0 49.0 

Affiliative behaviors 
M-13 0.56 Expected 6.3 l 30.7 i 7.58 .01 

Observed 0.0 37.0 
M-10 0.30 Expected 25.2 l 58.8 i 2.94 .10 

Observed 18.0 66.0 
M-06 0.30 Expected 15.2 i 110.5 l 3.27 .10 

Observed 22.0 105.0 
M-24 0.30 Expected 6.0 i 54.6 l 6.80 .01 

Observed 12.0 48.0 
M-18 0.30 Expected 9.7 l 78.3 i 1.57 .25 

Observed 6.0 82.0 

in recipients of affiliation yielded values of p ~ .01 for two of the five 
subjects when evaluated by Chi-square tests. However, none of the 
changes in affiliative behavior was so large as the changes in recipients 
of aggressive behavior. 

To determine·whether the recipients of aggressive or affiliative be­
havior could be differentiated on the basis of matrilineally defined, 
genetic relationship to the aggressor, data were examined for those 
drug-treated monkeys whose genealogy was known. Subjects for the 
genealogical analysis were monkeys M-18 and M-24, two adult males 
that were born into the group and the only two adult males for which 
exact genealogy was known. Other group members were classified as 
kin-related or nankin-related based on matrilineal records. Using rates 
of affiliative and aggressive behaviors under saline conditions and rel­
ative numbers of kin versus nankin individuals in the group, expected 
rates of behavior for monkeys M-18 and M-24 were derived as shown 
in Table 7.2. Following administration of d-amphetamine, both monkeys 
showed an increase in rate of aggressive behavior toward matrilineally 
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kin-related animals and a decrease in aggression toward nonkin indi­
viduals. 

d-Amphetamine also produced a significant change in recipients of 
affiliative behavior following the administration of 0.30 mg/kg d-am­
phetamine. Statistically significant results were obtained for both sub­
jects indicating significant departures from expected values, but the 
effects were opposite in direction (Table 7.2). Monkey M-18 increased 
affiliative behaviors toward nonkin and monkey M-24 increased affili­
ative behaviors toward kin-related individuals. 

The data presented here show that d-amphetamine can have pro­
nounced effects on the expression of aggression and affiliation among 
,mimals living in a large, heterogeneous social group. When compared 
to the pattern of aggression and affiliation under baseline, nondrug 
conditions, significant changes in rates and in objects or recipients of 
the behaviors were found for both classes of behavior following 
,1dministration of the drug. 

Although previous research has revealed much regarding the effects 
of d-amphetamine on the behavior of individuals comprising various 
types of groupings (Miczek, 1983), none has involved a group that 
yielded the type of analysis presented here. When the objects or re­
cipients of aggressive behaviors were analyzed by age, for example, 
an unequivocal pattern based on age was revealed. Aggression directed 
toward young animals in the group increased for all five subjects fol­
lowing d-amphetamine administration. Moreover, the magnitude of the 
effect was inversely related to dominance position of the subjects in 
the group, with the highest-ranking male showing the smallest effect 
and the low-ranking males the largest effect. Differences in the statistical 
'>ignificance of the effects relative to dominance positions of the subjects 

!"ABLE 7.2. Effects of d-Amphetamine on Aggressive and Affilialive Behaviors 
Initiated by Two Adult Males toward Kin vs. Nonkin Member~ of 
the Group 

d-Amphetamine 
Subject dose (mg/kg) Kin Non kin X p~ 

Aggre~sive behaviors initiated 
M-18 0.01 Expected 6.72 i 89.28 1 13.78 .001 

Observed 16.00 80.00 
M-24 0.03 Expected 8.58 i 30.42 1 1.75 .20 

Observed 12.00 27.00 

Affiliative behaviors initiated 
M-18 0.30 Expected 1

2&.40 ~ &1.&0 i 12.83 .01 
Observed 11.00 77.00 

M-24 0.30 Expected 23.40 i 3&.&0 1 4.05 .05 
Observed 31.00 29.00 
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indlcated further that the magnitude of the effects might be due, in 
part, to the social position of each subject. These data are consistent 
with other reports showing that the behavioral effects of various drugs 
may be a function of the dominance position of the drug-treated sub­
ject. Wilson, Bailey, and Bedford (1983) reported that d-amphetamine 
decreased food retrieval in high-ranking subjects and increased food 
retrieval in lower ranking subjects. In other food competition tests, 
Bellarosa eta/. (1980), Grove, Wilson, and Bedford (1977), and Lovell, 
Bedford, Grove, and Wilson (1980) found increased food capture by 
subordinate animals when either the entire group or only the dominant 
animal was administered d-amphetamine. In other studies, Haber, Bar­
chas, and Barchas (1977) and Haber, Berger, and Barchas (1979) reported 
that d-amphetamine administration increased submissive behavior in 
low-ranking animals. Finally, Schlemmer and Davis (1981) found rank­
mediated changes in behavior following chronic d-amphetamine 
administration in small groups of stumptail macaques. 

Changes in the directionality of affiliative behavior following drug 
administration were less uniform among the five subjects. Three of the 
subjects decreased and two increased the frequency of affiliative be­
havior directed toward young animals in the group. A possible basis 
for this difference in effect among the five subjects was not readily 
apparent. The two subjects that increased affiliative behavior toward 
nonadult members of the group were in the low-middle positions of 
the dominance hierarchy, but there was little else to indicate that the 
dominance position of the subject was a major determinant of the drug 
effect on affiliation. Indeed, we reported previously that d-amphetamine 
decreased affiliation uniformly and independently of dominance po­
sition in the group (Smith and Byrd, 1984). 

Of substantial interest in the present experiment were data showing 
that kin-related animals were more likely than nonkin-relatcd animals 
to be targets of aggressive behaviors following d-amphetamine admin­
istration. Kinship· groups have been shown to form strong interactional 
subunits for all primate species where kinship relations among members 
of a social group were known (Chagnon, 1975; Koyama, 1970; Nash, 
1976; Chepko-Sade and Sade, 1979; van Lawick-Goodall, 1967). This 
fact has been well documented by behavioral primatologists, but a de­
tailed analysis of drug-induced behavioral changes in group-living an­
imals with a known network of genealogical relations has not been 
reported. Although this phenomenon might normally be explained by 
greater spatial proximity to kin versus nonkin, proximity did not account 
for the results when the data were corrected for a greater absolute 
number of nonkin animals. Furthermore, drug versus nondrug com­
parisons were made against the saline control rate. The data were con­
vincing in that both of the subjects with known genealogical histories 
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exhibited the same pattern of increased aggression toward kin members 
of the group. That d-amphetamine had opposite effects on affiliation 
for the same two subjects indicates that there are likely other complex 
variables regulating the expression of affiliation in a socially living pri­
mate. 

These findings are suggestive of a phenomenon that might have rel­
evance for studies of child abuse and neglect. Bas~d on studies of ag­
gressive behavior in nonhuman primates, one would predict that in­
dividuals should aggress least against, and assist in fights with, those 
individuals that are related to them. To some extent, these predictions 
have been supported for rhesus macaques (Kaplan, 1977, 1978), pigtail 
macaques (Massey, 1977), and Japanese macaques (Kurland, 1977). It 
is of considerable interest that administration of d-amphetamine in­
creases aggressive behavior against not only immature individuals, but 
kin-related individuals as well. Unfortunately, due to the small sample 
size in the present study, the orthogonal comparison of kin-related 
young versus nonkin-related young could not be made. 

Although these results were obtained in a single captive group, they 
are at least suggestive that a psychoactive substance may modulate in 
a direct manner the expression of aggressive behavior toward a par­
ticular class of individuals. Given available data on the number of male 
child abusers and on the abuse rate of d-amphetamine, we might be 
able to make some tentative predictions on the extent to which our 
animal model may pertain to the human conditions. 

Based on a survey by the National Center on Child Abuse and Ne­
glect, Burgdorf (1980), cited in Gelles. (1982), notes that there were 
351,100 cases of child abuse in 1979. Data provided by the American 
Humane Association, cited in Lenington (1981), indicate that males were 
responsible for 39.4% of the 139,580 cases of child abuse reported in 
1979. Although these estimates differ by more than a factor of two and 
illustrate the difficulty in obtaining accurate data, they do give some 
indication of the extent of child abuse. 

The 1982 Household Survey of Drug Abuse, conducted by the Na­
tional Institute on Drug Abuse, provides information on the nonmedical 
use of amphetamine. Included in this survey were data indicating life­
time prevalence of the use of psychoactive substances. In a sample of 
4100 individuals, 18 years of age or older, 9.7% indicated that they had 
used amphetamine for nonmedical purposes on at least one occasion. 
Since data on gender of respondent were not available, males will be 
assumed to have accounted for one-half the sample, which is probably 
an underestimate. Based on a population of more than 75 million males 
aged 18 years or older in the United States in 1979, this means that 
approximately 3.7 million individuals had used amphetamine at least 
once. 
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To the extent that our nonhuman primate model pertains, it may be 
of interest to compare these observations. Males who are known to 
abuse amphetamine at least once constitute approximately 5% of the 
United States population, and 0.2% of the adult males in this country 
account for the reported cases of child abuse. Based on probability 
alone, therefore, one would expect that our model might be applicable 
to approximately 6600 individuals, or about 5% of the total cases of 
child abuse. Moreover, it is possible that our model has yielded sig­
nificant results at two different levels. First, we have shown that fol­
lowing the acute administration of d-amphetamine, important patterns 
of behavior can be disrupted and even altered in a consistent manner. 
Consistent with these results, individuals have been shown to aggress 
against kin-related individuals at a disproportionately high rate. How­
ever, the general increase in aggressive behavior by adult males toward 
youngsters should signal the potential for biological fathers as well as 
stepfathers to engage in child-abusive behavior. Johnson (1974) and Gil 
(1970) noted that stepparents were significantly more likely than bio­
logical parents to abuse children. Second, and of more clinical rele­
vance, when our data are applied to the United States population, there 
are a substantial number of cases to which our research and findings 
might pertain. 

In conclusion, it is only through careful observations and experi­
mentation that we can begin to understand the complex interrelation­
ship between biology and behavior. Our results demonstrate the im­
portance of developing appropriate animal models for studying and 
understanding complex human behavior patterns. 

SUMMARY 

The usc of animal models to further our understanding of human 
behavior is significant only insofar as the experimental results have some 
generalizing properties. The experimental alteration of the behavior of 
individual, group-living, nonhuman primates has provided the oppor­
tunity to understand better the group dynamics of behavioral inter­
actions. This chapter reports on experimentally induced changes in 
patterns of aggressive behavior by the acute administration of d-am­
phetamine to adult male stumptail monkeys (Macaca arctoides). Each 
subject that received d-amphetamine increased aggressive behavior 
toward nonadult and decreased aggression toward adult animals in the 
group. Moreover, where matrilineal relationships were known, d-am­
phetamine increased aggression toward matrilineal kin and decreased 
aggression toward nonkin animals. These results suggest that d-am­
phetamine not only selectively alters the types of behavior exhibited 
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by individuals, but also alters normal patterns of ongoing social inter­
actions. 
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