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Parent and Infant Attachment in 
Mammals 

David J. Gubernick 

1. Introduction 

Parental care is one strategy which helps ensure the survival of offspring and 
thereby enhances the parents' reproductive success (see Klopfer, this volume; 
Pianka, 1970). In mammals, parental care usually involves behavioral interactions 
between parents and offspring. One form these interactions can take is that of 
parent and infant attachment, the subject of this chapter. 

The interactions between parents and offspring that have received the widest 
attention have been those between the mother and her young, while male parental 
care has been less well studied (cf. Hrdy, 1976; Kleiman and Malcolm, this vol
ume; Mitchell and Brandt, 1972; Spencer-Booth, 1970). The maternal-filial 
relationship has been considered a special relationship, the disruption of which 
often has adverse consequences on the developing young (e.g., Bowlby, 1969; 
Denenberg and Whimby, 1963; Harlow, 1962; Scott, 1963; Seay et al., 1964). A 
primary focus of research in maternal-filial relationships has been on the attach
ment ("bond") of the infant to its mother. Relatively little is known of the parent's 
attachment to its infant. 

My emphasis here will be placed on mammals other than humans.* Three 
general questions will be addressed: what is attachment, where is attachment 
found, and why are attachments formed? 

*The interested reader can approach the voluminous literature on human parent and infant attach
ment by first consulting Ainsworth (1972, 1973, 1977), Ainsworth et al. (1978), Alloway et al. 
(1977), Bowlby (1969, 1973), Gewirtz, (1972a), Klaus and Kennel (1976), and Parent-Infant 
Interaction, Ciba Found. Symp. (1975), Schaffer (1977). 
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2. What Is Attachment? 

The term "attachment" has been used in a general sense to refer to some 
emotional bond between individuals, such as mates, or between individuals and 
inanimate objects, such as nest site attachment (Lorenz, 1935; Weinraub et ai., 
1977; Wickler, 1976). It has also been used to refer to a mechanism by which 
individuals learn the "identity" of their species (cf. Lorenz, 1935; Roy, 1980). 
However, attachment has been more widely used to refer to certain aspects of the 
relationship between parents and infants. It is in this latter sense that the term 
will be exclusively employed here. A discussion of the similarities and differences 
between parent-infant attachment and the other forms of attachment is beyond 
the scope of this chapter. 

Typically attachment is defined as a special affectional relationship between 
two individuals that is specific in its focus and endures over time. Further, it is 
often assumed "that the object of attachment serves a special psychological func
tion for which others cannot substitute and that he elicits affective and social 
responses that differ from those elicited by other figures" (Cohen, 1974, p. 207). 

The important features of such definitions are (1) the formation of a special 
emotional relationship (i.e., affective bond), (2) with a specific individual (i.e., 
specificity of the bond), (3) towards whom certain responses are directed rather 
than toward other individuals (i.e., differential responding). These features 
assume the recognition and discrimination of the attachment figure from other 
figures. 

Several authors have conceptually distinguished between attachment as an 
affectional tie or bond and attachment behavior (Ainsworth, 1972; Bowlby, 1969; 
Cairns, 1972; Lamb, 1974) and have espoused different viewpoints regarding the 
relationship between the two. 

Attachment behaviors are considered to be those behavior patterns which pre
dictably result in proximity to a specific (attachment) figure and whose essential 
function is assumed to be protection of the young (Ainsworth, 1972, 1973; Bowlby, 
1969; King, 1966). Attachment behaviors may include, for example, gazing, vocal
ization, clinging, and approach, such that as a consequence of these behaviors 
proximity is achieved or maintained. Further, it is these behaviors through which 
some consider the attachment bond to be formed, maintained, and mediated (Ain
sworth, 1973; Bowlby, 1969; Harlow and Harlow, 1965). The affectional bond 
itself, however, is not any of these behaviors but rather is inferred from such 
behavior. 

According to one view, attachment behavior may change as a function of the 
situation and the motivation of the individual, but the affective attachment bond 
is more or less constant and enduring (Ainsworth, 1972). Accordingly, it is argued 
that the strength or intensity of an attachment bond cannot be directly measured, 
although the existence of an affectional bond can be inferred. What can be mea
sured then is the intensity or degree to which attachment behaviors are activated 
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(Ainsworth, 1973). Additionally, with the development of an attachment bond the 
infant presumably develops a "sense of security" from the familiar attachment 
figure. As a result, the infant can use that caregiver as a base for exploring the 
environment, which involves leaving the proximity of the caregiver and as such is 
antithetical to attachment behaviors (Ainsworth, 1969, 1973; Harlow, 1958). This 
"sense of security" is likewise inferred from observing the behavior of the infant 
in the presence of its caregiver. 

Others, however, have used attachment behaviors as indices of an attachment 
bond and have explicitly or implicitly viewed attachment (as a bond) as definable 
in terms of these measures (e.g., Harlow, 1958; Mason, 1970; Scott, 1971). That 
is, the indices themselves reflect the strength or intensity of the attachment bond. 

Both viewpoints consider the attachment bond as a construct but differ in 
how the bond is reflected in behavior. A problem arises, however, when attach
ment as a construct is used as a motivator or organizer of behavior or as an expla
nation, often for the very behavior from which it was inferred. For example, the 
disruption in the young's behavior when separated from its primary caregiver has 
often been attributed to a disruption of the bond between them (attachment as 
explanation), yet this bond is often inferred to exist from the very observation that 
the infant is distressed upon separation from its caregiver. 

To illustrate the problem, consider, for example, a worm impaled on a hook, 
writhing and squirming. Obviously the response was elicited by the entry of the 
hook, and presumably the response is adaptive in helping the worm escape. Need 
we, however, ascribe any emotional feelings to the worm in order to account for 
its behavior? Questions regarding the immediate causation, function, or ontoge
netic development of the worm's behavior can still be addressed without reference 
to some hypothetical construct that energizes or directs its behavior. 

A concept certainly may be of heuristic value in generating further questions. 
However, a difficulty with the use of any concept (e.g., territoriality, aggression, 
attachment) is that it may give the impression that we are studying a unitary 
phenomenon in regard to, for example, the mechanisms underlying the behavior, 
its functions, or its development. Another problem is that the concept may become 
reified, that is, treated as if it had material existence or an identity independent of 
the observed behavior from which it was inferred. Further, the concept may then 
be used in such a way as to give the impression as mentioned earlier that we have 
explained behavior by referring to the concept. Such, I think, is the case with an 
attachment bond construct. 

Other investigators have rejected the need for an attachment bond construct 
and view attachment in terms of the stimulus-response contingencies within the 
parent-infant relationship itself (Cairns, 1966, 1972; Gewirtz, 1972b; Rosenthal, 
1973; Weinraub et a/., 1977). Their focus is on the interactions (or, if you will, 
the attachment behaviors) of the infant and parent and the various conditions con
trolling the expression of these interactions. 

I believe that questions regarding the evolution, function, ontogeny, and 
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immediate causation of parent and infant attachment can continue to be profitably 
addressed without the use of an attachment bond construct. 

The term "attachment" as used here will be considered a summary statement 
or a shorthand descriptive label that refers to the preferential responding between 
parents and infants as demonstrated by various operational criteria. These opera
tional criteria are presented in the following section. 

2.1. Criteria of Attachment 

Various operational criteria have been commonly used as evidence of attach
ment, in particular, of the infant's attachment to its mother. These criteria have 
been primarily developed from research on humans and other primates. Since 
these criteria are so frequently used it is important to examine the difficulties 
associated with employing them as indicators of attachment. * 

These criteria include: 

1. Preference for one individual (the presumed attachment figure) over 
another. 

2. Seeking and maintenance of proximity to that figure; also used as evi-
dence of a preference. 

3. Response to brief separation from the presumed attachment figure. 
4. Response to extended periods of separation. 
5. Response to reunion with the presumed attachment figure. 
6. Use of the attachment figure as a secure base from which to explore the 

world. 

Most of the criteria, except perhaps (6) a secure base for exploration, can 
also be applied to studies of parental attachment even though they were developed 
originally with the infant in mind. Each of these indices is briefly examined below. 

The demonstration of preferential responding towards one individual over 
another is considered the most important requisite of an operational definition of 
attachment (Cohen, 1974). Preferential responding can be demonstrated by show
ing that an infant (or parent) is selectively responding to that presumed attach
ment figure and not to some general class of stimuli that would also elicit the same 
behavior if provided by another individual. Evidence for such specificity must be 
provided whenever any of the criteria are utilized. 

Preference. The infant is typically given a choice between its mother and a 
strange female, who are presented to the infant either simultaneously or sequen
tially. Recognition of and preference for the mother are usually determined by a 
difference in some behavior (e.g., sniffing, clinging) directed toward or shown in 

*For further discussions of characteristics or criteria of attachment see, in addition to the above 
sources, Ainsworth (1977), Bernal (1974), Bischof (1975), Gewirtz (1972c), Lamb (1976), Rajecki 
et ai. (1978), and Sroufe and Waters (1977). 
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the presence of the mother, compared with the same behavior directed towards or 
shown in the presence of the stranger. 

If the infant can physically interact with both the mother and the stranger, 
the infant's behavior will be affected by the behavior of the others and the others 
will also be affected by the behavior of the infant. The infant may, for example, 
cling more to the mother or spend more time in proximity to her than the stranger 
because it recognizes and prefers its mother, or because the mother recognizes the 
infant, or because the stranger avoided or threatened the infant, or all of the above. 
Based on this procedure we could not discriminate between these interpretations. 
A similar difficulty would arise if the infant was prevented from physically con
tacting its mother and the stranger, but the infant and mother or infant and 
stranger were allowed to see, hear, and smell each other as, for example, from 
behind a plexiglass or wire-mesh partition. 

This problem can be overcome by preventing such interactions either through 
anesthetizing the females (e.g., Kaplan et at., 1977) or through the use of one-way 
mirrors (e.g., Rosenblum and Alpert, 1974). A difficulty may still remain, how
ever, from the fact that the infant may spend more time in proximity to its mother 
(i.e., shows a "preference") as an indirect consequence of its avoidance of the 
stranger. The infant may simply approach the familiar (mother) and avoid the 
unfamiliar (Zajonc, 1971). On the other hand, if the infant shows no preference 
for either (i.e., spends equal amounts of time with each) or even spends more time 
near the stranger, the infant may in fact be attached to its mother and be more 
likely to explore the environment in her presence and thereby approach the 
stranger (e.g., Ainsworth, 1972; Harlow, 1958). Additionally, infants placed alone 
in a novel environment will approach and maintain proximity to an unfamiliar 
social stimulus (e.g., Pettijohn et at., 1977; Rosenblum and Alpert, 1974). What 
may be needed here, and what is typically not done, is to compare the infant's 
response to its mother with that of its response to a stranger and another familiar 
individual (Cohen, 1974). Comparing the responses to the combinations of famil
iar figure and stranger, mother and stranger, and mother and familiar figure 
should indicate the effects of familiarity and the specifity of the infant's response 
to its mother. Determining what constitutes a familiar figure is not without its 
own problems (Weinraub et at., 1977). 

The recommendation here is that, where possible, preference tests incorpo
rate another familiar figure and minimize interactions between the infant and the 
various social stimuli. 

Proximity. The absence of proximity seeking or maintenance is not by itself 
evidence of the lack of a preference for or attachment to another. As the young 
develop, more proximal forms of maintaining proximity and contact (e.g., cling
ing) may change to more distal forms (e.g., watching from a distance, vocaliza
tions). The task then becomes one of identifying what constitutes proximity seek
ing and proximity maintenance during the course of development. Further, the 
types of behavior that do qualify will vary with motivational state, context, sex, 
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age, etc. Proximity alone is not sufficient to indicate attachment. The difficulties 
of using proximity measures for determining attachments of freely moving animals 
to individuals, objects, and areas has already been discussed by Wickler (1976; see 
also Hinde, 1977). 

Separation. The effects of separation on the mother-infant relationship and 
the subsequent behavior of the infant have been amply documented (e.g., Bowlby, 
1969; Harlow and Harlow, 1965, 1969; Hinde and Davies, 1972). Typically, 
infants show "distress" reactions upon separation from their (presumed) attach
ment figure. However, such reactions are not inevitable and may be influenced by 
a variety of factors, such as the social relationship between the mother and infant 
prior to separation, the social context of the separation environment, who is 
removed, and the species [cf. Hinde and McGinnis (1977) and Mineka and Suomi 
(1978) for reviews on primates]. Does the disruption in behavior upon separation 
indicate the presence of attachment and does the lack of such reactions indicate 
the absence of an attachment to the primary caregiver? Perhaps. However, the 
removal of the mother may also remove stimulation (e.g., warmth, motion) that 
normally regulates the behavior of the infant. Perhaps it is the removal of this 
stimulation that induces the observed distress reactions [see Hofer (1978, this vol
ume) and Section 3 below]. The mother may also provide cues that have become 
associated with or conditioned to many of the infant's organized behavior patterns 
(Cairns, 1966; Gewirtz, 1972b). The removal of these cues may then result in the 
disruption of organized sequences of behavior. 

Separation studies are certainly important for understanding the nature of 
parent-infant relationships, the effects such separations have on the developing 
young, and the means for alleviating the traumatic effects such separations may 
induce. However, by themselves separation studies may not provide sufficient 
evidence to argue for the presence of filial or parental attachment. Some experi
mental verification of attachment (e.g., preference tests; see above) independent of 
the separation study would be needed. 

Reunion. Response to reunion with the (presumed) attachment figure can 
also be influenced by various factors, e.g., duration of separation, the social rela
tionship between mother and infant prior to reunion, and the separation and 
reunion environment (cf. Mineka and Suomi, 1978, for a review). Upon reunion 
the infant may make immediate and sustained contact with the mother. In other 
cases the infant might not even return to its mother if during the separation period 
the infant adopted another caregiver as has been reported for North Indian langur 
monkeys (Dolhinow, 1978; McKenna, this volume). We are justified in referring 
to attachment when the changes in behavior upon reunion with the primary 
caregiver are specific to that caregiver and are not elicited by another caregiver 
who shares or provides the same stimulus characteristics as the primary caregiver 
(see also Section 3 below). 

Base faT Exploration. Most reports indicate that an infant is more likely to 
explore a novel environment or stranger in the presence of its caregiver (e.g., Ains
worth, 1973; Harlow, 1958). 
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In some cases the infant may remain in the proximity of the mother, while 
in other cases the infant may leave and explore the novel environment or approach 
a stranger should one be present. Based on the infant's proximity to the mother 
one might conclude that the infant is attached to the mother in the first case, but 
not in the second case. However, the same difficulties and comments regarding the 
use of discrimination tests and proximity measures are applicable here. Again one 
must be able to demonstrate that infants are responding to the presence of that 
specific caregiver and not of another familiar figure. 

As mentioned earlier, these same criteria can be applied to investigations of 
parental attachment. Another criterion for assessing parental attachment is 
defense of the young. 

Defense of Young. There are numerous field observations and laboratory 
studies indicating that caregivers will defend their young against conspecifics and 
predators (cf. Svare, this volume). It is surprising therefore to find that defense of 
the young has not been systematically used as an operational measure of attach
ment. Although the details must be worked out for each case, the caregiver can be 
presented simultaneously with its own young and another's young, both of which 
are in the presence of a threatening stimulus. One must determine that the care
giver's response is specific to its own young rather than to just any young, or 
simply a function of the particular site of the test (e.g., home cage), and that it is 
not a reaction that will be elicited even in the absence of any young. 

The indices of attachment discussed above should not be construed as being 
rigid criteria. They may change as further research sheds additional light on the 
behavioral interactions specific to a parent and its offspring. It is obvious, however, 
that no single index of attachment is completely satisfactory and that multiple 
criteria need to be used. Further, the view taken here is that attachment is not a 
unitary phenomenon but rather is multidimensional and that, as such, multiple 
criteria and convergent approaches would be more useful. 

These indices may not, however, be as applicable for some species as for 
others. As an extreme example, rabbits nurse their young once every 24 hr (Zar
row et at., 1965), while tree shrews do so once every 48 hr (Martin, 1966). The 
use of separation studies with these species may not reveal much about attachment, 
since these infants normally undergo frequent and prolonged separations. A sim
ilar case can be made for ungulates that tend to hide their young for extended 
periods of time after birth, periodically returning to them during that time [e.g., 
elk (Altmann, 1963)]. However, separation studies might be applicable for those 
ungulates whose young follow and stay with their mother shortly after birth [e.g., 
wildebeest (Estes and Estes, 1979)]. 

3. Attachment and Separation 

In various species individuals other than the mother may provide care for the 
young (cf. Hrdy, 1976; Gurski and Scott, in press; McKenna, this volume; Spen-
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cer-Booth, 1970; see Section 5 below). In the absence of the mother these alter
native caregivers may minimize the stress to the infant associated with the loss of 
the mother. Studying how substitute caregiving alleviates this reaction may pro
vide further insight into the problems discussed earlier. 

Separation from or loss of the primary caregiver can have profound effects 
on the young. Such separations and loss may lead to a debilitation in species
appropriate social, maternal, sexual, aggressive, and exploratory behavior in pri
mates (Bowlby, 1969; Harlow and Harlow, 1965, 1969; Hinde and Spencer
Booth, 1971; Seay et at., 1962), dogs (Fuller, 1967; Scott and Marston, 1950; 
Scott et at., 1974), cats (Rosenblatt et at., 1962; Schneirla et at., 1963), and rodents 
(Beach and Jaynes, 1954; Denenberg and Whimby, 1963; Levine, 1967). These 
effects are considered somewhat analogous to human psychopathology (Bowlby, 
1969; Harlow and Suomi, 1974) and indicate the importance of studying ways to 
alleviate such effects of separation. 

The response to separation has been characterized as one of initial "protest" 
upon separation followed by "despair" or "depression" (Bowlby, 1969; Seay et 
at., 1962). The stage of initial "protest" often consists of hyperactivity and 
increased vocalizing, while the "despair" phase is marked by substantial inactivity, 
withdrawal from social interactions with others, and self-directed behavior such 
as thumb sucking and self-rocking. 

These reactions, however, are not always shown, since, as mentioned earlier, 
there are a number of variables which affect the young's response to separation 
(cf. Mineka and Suomi, 1978). These include the nature of the interactions 
between mother and infant prior to separation and the nature of the separation 
environment. The importance of the social context in reducing separation distress 
has been amply demonstrated in the now classic studies by Kaufman and Rosen
blum (1967 a,b, 1969; see Swartz and Rosenblum, this volume) of bonnet and 
pigtail monkeys. Briefly, bonnet monkey infants have early and frequent contact 
with other adult females. When their mother is removed from the group, the 
infants show initial agitation or protest but no depressive reactions (see above) 
while they are adopted by a substitute caregiver. In contrast, pigtail infants have 
contact primarily with their mother. They do not receive substitute care from other 
adult females. When their mother is removed from the group, pigtail infants show 
agitation followed by severe depression (see Swartz and Rosenblum, this volume, 
for further elaboration). 

Such studies have emphasized the effects of substitute caregiving on reducing 
the disruptive consequences of separation. The question raised here is whether 
substitute caregivers alleviate separation distress as a result of the infant's attach
ment to the caregiver or as a result of providing the same stimulation normally 
provided by the mother. 

One answer derives from Bowlby (1969), who argued from an evolutionary 
perspective that the function of infant attachment is protection from predation 
through maintaining proximity with the caregiver (see, however, Section 4.1.1). 
The infant presumably derives an emotional "sense of security" from an attach
ment with its caregiver such that if the attachment figure is removed the infant 
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responds with distress or protest. Although the infant is considered to form its first 
and principal attachment to a single primary caregiver, later secondary attach
ments may occur. These secondary attachment figures may help reduce separation 
distress (presumably through the sense of security they provide), although they 
are not interchangeable with the primary attachment figure. Thus, in the case of 
the bonnet infant, alleviation of separation distress is considered a result of the 
sense of security provided by the substitute caregiver (Kaufman, 1973). 

From this perspective we would need to demonstrate two things prior to sep
aration of mother and infant. First, has the infant formed an attachment to its 
mother, preferring her over other familiar substitute caregivers? Second, has the 
infant developed a secondary attachment to one particular substitute caregiver in 
preference to another? 

Related to this second point are the two studies, one of rhesus monkeys (Sack
ett et al., 1967), the other of mice (Gurski, 1977), that have systematically manip
ulated the amount of contact with substitute mothers. The results were quite sim
ilar in both cases. Infants given the same amount of contact with their biological 
mother and several substitute mothers showed no preference for one caregiver over 
the other, while infants reared only with their own mother preferred her to a 
stranger. 

Multiple attachments may indeed be present prior to removal of the mother. 
Perhaps an attachment also develops between the infant and the substitute care
giver during the separation interval. What is suggestive in this regard are some 
recent findings on North Indian langur monkeys (Dolhinow, 1978). These lan
gurs show extensive and very early handling and care of the infants by other 
females. When mothers of 6- to 8-month-old infants were removed from the group 
for 2 weeks, most of the infants adopted an adult female as a substitute caregiver. 
The adoptions were initiated by the infant and not by the adult female and 
resulted in the reduction of separation distress. There was no clear-cut relation
ship between an infant's choice of a substitute and its earlier experience with that 
substitute (suggesting perhaps that there was no prior attachment between them). 

Separation reactions decreased despite the quality of substitute care (e.g., 
"punishing," "permissive"), and this was interpreted as indicating that the avail
ability of caregivers was more important than the adequacy of substitute care 
(Dolhinow, 1978; see below). Following the return of the mother, 5 of 11 of the 
infants that had adopted a substitute caregiver stayed with that substitute rather 
than returning to their mothers (McKenna, 1979), suggesting that some sort of 
attachment had developed. These observations are of course open to other 
interpretations. 

The point is this: we need to examine the relationship between the infant 
and substitute caregivers more directly to at least first determine whether attach
ment is present and how substitute caregivers can alleviate an infant's response to 
separation. 

Perhaps substitute caregivers reduce separation distress by providing some 
general class of stimuli similar to those provided by the mother, and it is the pres
ence of these stimuli that reduces distress and not the specific substitute caregiver. 
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This suggests a different view of separation distress, one that does not emphasize 
an attachment bond or multiple attachments. This view, offered by Hofer (1978, 
this volume), is that the mother interacts with her young through stimulation of 
various sensory systems (olfactory, visual, vestibular, tactile, etc.). This stimulation 
plays a role in directing and controlling the behavior and physiology of the infant. 
When the mother is removed, this stimulation, for example, food, heat, is with
drawn. The withdrawal of this stimulation results in various behavioral and phys
iological changes. For rats, removal of the mother may lead to a 3°C drop in the 
pup's body temperature. The decreases in locomotion and self-grooming that occur 
when the mother is removed can be restored to normal by providing sufficient 
heat. Further, decreases in heart rate can be restored to normal by supplying 
appropriate amounts of milk (see also Galef, this volume). 

Although rat pups do not show a specific attachment to their own mother 
(Section 6.1), the above view highlights the possibility of such regulatory processes 
existing in other groups, such as primates, that do exhibit infant attachment. For 
example, infant rhesus monkeys reared in isolation with a stationary surrogate 
typically develop a stereotyped self-rocking and heightened "emotional" respon
siveness. Vestibular input provided by a moving surrogate (input a mother might 
provide while carrying her infant) suppressed the expression of these reactions 
(Mason and Berkson, 1975). 

Separation from the mother does have physiological and biochemical effects 
in primate infants. Reite et at. (1974, 1978a) found that 4 days of maternal sep
aration in group-living pigtail infants (where there is no aunting) may induce 
profound physiological changes, for example, changes in heart rate, body temper
ature, sleep cycle, and amount of REM sleep, among others. These changes may 
continue and exceed the duration of any observable behavioral stress and may 
therefore affect subsequent interactions with the mother and others. Similar 
changes though of lesser magnitude were also found for surrogate-reared pigtail 
infants (Reite et at., 1978b). 

Hormonal changes following maternal separation have been reported for 
rhesus monkey infants living in groups (Smotherman et at., 1979), with only the 
mother (Meyer et at., 1975) or with a surrogate (Hill et at., 1973; Mason, 1978) 
and for squirrel monkey infants living in groups (Coe et at., 1978), with mother 
only (Levine et at., 1978; Mendoza et at., 1978) or a surrogate (Hennessy et at., 
1979; Mendoza et at., 1978). In each instance increased levels of plasma cortisol 
(reflecting arousal) were obtained following separation. In general, however, 
infants reared with their mother evidenced a more pronounced cortisol response 
to separation than surrogate-reared infants, suggesting that attachment to the 
mother is different at least quantitatively from attachment to an inanimate sur
rogate. This is important since the behavioral response to separation may not dif
ferentiate between mother-reared and surrogate-reared infant monkeys (Suomi et 
al., 1970). 

Do these hormonal and physiological changes reflect the removal of some 
regulatory stimulation provided by another individual or a disruption of an affec-
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tional bond with a specific attachment figure? In the case of the group-living 
squirrel monkey infants, the increased cortisol levels were obtained during a brief 
30-min separation despite the fact that the infants were being aunted and were 
not behaviorally agitated (Coe et at., 1978). This could suggest that aunting, at 
least in squirrel monkeys, does not alleviate the effects of separation. Perhaps, 
however, more than 30 min of contact with a substitute caregiver is needed to 
reduce physiological stress, although such brief contact does eliminate behavioral 
agitation. 

This same result has been taken to indicate that the squirrel monkey infants 
had specific attachments to their mothers, since the arousal induced by 30 min of 
separation was not ameliorated by contact with a familiar female (Coe et at., 
1978). This implies that reunion with the mother following 30 min of separation 
would reduce the elevated cortisol levels present during separation. However, Lev
ine et at. (1978) found that infants continued to show elevated cortisol levels after 
30 min of reunion with their mother following 30 min of separation. These results 
would suggest, contrary to Coe et at. (1978), that the infant squirrel monkey does 
not have a specific attachment to its mother. Alternatively, these results may sim
ply indicate that cortisol levels in infant squirrel monkeys take longer than 30 min 
to return to preseparation levels (Levine et at., 1978). Longer-term reunions with 
mother and contact with substitute caregivers will be necessary to further assess 
the possible hormonal correlates of infant attachment. 

Another finding of interest was that 30 min of separation also induced 
increases in cortisol levels in squirrel monkey mothers (Coe et at., 1978; Levine 
et at., 1978; Mendoza et at., 1978) and that after 30 min of reunion with their 
infant, mothers' cortisol levels had returned to base line (Levine et al., 1978). 
Perhaps such hormonal changes may be used to assess maternal attachment under 
conditions of brief separation and reunion. However, whether these changes 
would reflect maternal attachment or the reinstatement of stimulation that mod
ulates maternal behavior and physiology would need to be demonstrated (for ways 
infants affect the behavior and physiology of their caregivers, see Harper, this 
volume). Reuniting the mother with a familiar infant would help differentiate 
between these two possibilities. One further related point this research highlights 
is that the effects of separation on the caregiver have not received nearly as much 
attention as have the effects on the infant. 

These hormonal and physiological studies are important because they dem
onstrate that (1) separation has effects on physiological and hormonal systems, 
(2) behavioral changes induced by separation may disappear while hormonal and 
physiological changes continue (which could potentially affect subsequent inter
actions), and (3) such physiological and hormonal changes may differentiate 
attachment to various attachment figures especially in cases where behavioral dif
ferences are not shown. Additionally, they represent the relatively few studies of 
possible hormonal and physiological correlates of attachment. 

Thus the behavioral changes we observe in the infant during separation may 

not reflect the disruption of some affectional bond. Rather separation distress may 
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reflect the withdrawal of stimulation to the infant that is normally provided by 
the mother. 

Perhaps, then, substitute caregivers may also provide the necessary stimula
tion and as such reduce separation distress. This gains added support from find
ings that features such as texture, warmth, and contact reduce separation distress 
in monkeys (Harlow and Suomi, 1970; Harlow and Zimmerman, 1959), dogs 
(Pettijohn et at., 1977; Scott et at., 1974), and rodents (Hofer, this volume) as may 
the behavior of the substitute in response to the infant (Hennessy et at., 1979; 
Mason, 1978; Pettijohn et at., 1977). Whether substitute caregivers are also capa
ble of reducing physiological stress is still in question. Hofer's (1978, this volume) 
ideas on separation stress are provocative and deserve detailed study in species 
showing attachment. 

We actually know very little about the nature of the relationship between 
infants and their substitute caregivers, or about the mechanisms by which substi
tute caregiving alleviates separation distress. 

4. Why Form an Attachment? 

I assume that natural selection has operated to promote the formation of 
attachment. However, parent and infant attachment is not always necessary for 
survival and reproduction. Attachment is but one strategy parents and infants can 
employ to enhance their fitness. We need to ask then why parents or infants of 
some species form attachments. This question can be considered from the four 
different perspectives (following Tinbergen, 1963) of the (1) evolution, (2) func
tion, (3) ontogeny, and (4) immediate causation of attachment. The function and 
evolution of attachment are addressed here. 

4.1. Function of Attachment 

The ultimate function of parental and filial attachment must be assessed in 
terms of the reproductive success it confers on the parent and the young, that is, 
how attachment enhances fitness (function in a "strong" sense; Hinde, 1975). To 
my knowledge there are no data directly addressing this question. 

Parental and filial attachment do, however, have obvious beneficial conse
quences with respect to the immediate survival of the young [function in a "weak" 
sense (Hinde, 1975)]. The ultimate and proximate consequences (functions) of 
parental and filial attachment will be discussed separately. 

4.1.1. Ultimate Function 

The major function of filial attachment (at least in humans and other pri
mates) has in the past been presumed to be that of protection from predation 
through attachment behaviors which promote and maintain proximity between 
the parent(s) and its young (Bowlby, 1969). This hypothesis is based on three 
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facts: (1) isolated animals are more likely to be seized by a predator, (2) attach
ment behavior is easily and intensely elicited in those particularly vulnerable to 
predators (e.g., young, pregnant females), and (3) attachment behavior is elicited 
at high intensity in situations of alarm such as in the presence of a predator 
(Bowlby, 1969). Furthermore, caregivers have also evolved a complementary 
behavioral system (i.e., parental behavior) which presumably has the same func
tion of protection of the young from predation (Ainsworth et al., 1978; Bowlby, 
1969). That predation of the young is responsible for the evolution of infant 
attachment and the corresponding parental care is, in part, correct; that it is the 
major or only factor is certainly incorrect for several reasons. 

First, according to the above, we should expect to find filial attachment in 
species where predation of offspring is moderate to high and minimal or no attach
ment among large predatory species. Infant mortality is indeed high in various 
mammalian species (cf. Caughley, 1966; French et al., 1975; Sadleir, 1969), but 
while filial attachment is found in some of these species, e.g., primates and wild 
sheep and goats, it is not found in others, e.g., mice, rats, and seals, indicating that 
other factors are involved in the evolution of infant attachment. Filial attachment 
is found among some predatory species, e.g., spotted hyenas (Kruuk, 1972), lions 
(Rudnai, 1973), but not others, e.g., cheetah (Schaller, 1972), cape hunting dog 
(van Lawick and van Lawick-Goodall, 1971; cf. Ewer, 1968, 1973). 

Second, the promotion and maintenance of proximity between caregivers and 
their young may have more to do with offspring obtaining necessary resources, 
such as food, warmth, and stimulation, provided by the caregiver (see below; Sec
tion 3; and Galef, this volume). In other words, proximity between parents and 
offspring can have other important benefits which probably affected the evolution 
of such behavior in many mammals, including humans (Blurton-Jones, 1972; 
DeVore and Konner, 1974). Thus any general statements regarding the effects of 
predation are certain to be inadequate to account for the evolution of filial (or 
maternal) attachment. 

Selection should favor a parent that provides care for its own young, since it 
would probably reduce its own fitness to care for the young of others. It should 
make no difference to the survival of the infant who provides the necessary 
resources as long as they are provided. We might then expect selection to favor 
infants that elicit care from other potential caregivers. But if parents restrict 
caregiving to their own young, such elicitation of care by other young would be 
unsuccessful and possibly detrimental. Infants should thus be more selective in 
forming attachments to their own parents. 

The ultimate function of parental attachment is viewed as insuring the sur
vival of one's own offspring by providing the necessary resources to them and not 
to those of another. The ultimate function of filial attachment is viewed here as 
simply insuring survival by sequestering resources typically provided by the par
ent. According to this scheme, both parents and infants would be expected to form 
attachments to each other, with parents because of their advanced sensory-motor 
development probably forming an attachment earlier than infants. 

In any case, if the infant or the caregiver forms an attachment they both 



256 DAVID J. GUBERNICK 

ultimately benefit in terms of enhancing their inclusive fitness. However, since 
these same benefits may be obtained in species that do not show filial or parental 
attachment, we need to know under what conditions we can expect to find filial 
and parental attachment (see Section 5 below). These conditions would include, 
but would not be limited to, ecological factors (e.g., food availability and distri
bution), social organization, reciprocity of infant care, and the stage of maturation 
of the young at birth (i.e., precocial, altricial). 

For example, if we assume, as above, that the function of parental attachment 
is that of providing care for only one's own young then attachment would not be 
essential among species with altricial young whose movements were confined to 
a nest (e.g., many rodents) since a mother would typically encounter only her own 
young in the nest. Some mechanism however would be needed for them to rec
ognize and maintain proximity to the nest site (see Section 6.1). In contrast, among 
precocial species in which the young are mobile shortly after birth (e.g., most 
ungulates), much more rapid formation of attachment may be necessary. 

The stage of maturation of the young at birth does not influence attachment 
in isolation from other factors such as the social organization of the species. A 
mother living with her precocial infant but with minimal contact with other con
specifics (e.g., moose) should be under different selection pressures regarding 
attachment than another mother and her precocial infant who normally live 
together with other conspecifics (e.g., elk, caribou). A similar argument can be 
made for species with altricial young. Social organization and the opportunity for 
reciprocal infant care are correlated with each other, since the opportunity for 
such care is present in the more gregarious species and is minimal or absent in the 
more "solitary" species. Thus the evolution of attachment will depend upon a 
variety of factors acting in concert, such as those discussed above (see Section 5 for 
further elaboration). 

A potential consequence of the formation of attachment may have been to 
affect the likelihood of the young dispersing or remaining with their caregiver. 
This may have then influenced the evolution of other social systems from what 
has been considered the basic mammalian social unit consisting of a female and 
her offspring (Eisenberg, 1966). 

One final hypothesis that must be considered is that perhaps attachment has 
no function but simply evolved as a consequence of the close association between 
mothers and offspring. At best this could only be part of an answer, since some 
species have a close association between mother and young without any 
attachment. 

4.1.2. Proximate Function 

The proximate consequences to the infant of either the caregiver forming an 
attachment to the infant or the infant forming an attachment to the caregiver are 
essentially the same. These include, among others, obtaining food, warmth, stim
ulation (e.g., vestibular, tactile; cf. Hofer, this volume), shelter, protection from 
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predators and conspecifics, and integration into the social group (see Swartz and 
Rosenblum, this volume). However, these same benefits are found in some groups, 
such as rodents, that do not show either parental or filial attachment (cf. Harper, 
Hofer, this volume; see Sections 5 and 6). 

The proximate consequences to the caregiver of forming an attachment to its 
own young are less obvious but might include enchancement of social status, as in 
some primates (Seyfarth, 1976), and access to resources. Such benefits, however, 
are not essential to the maintenance of parental behavior (Rosenblatt and Siegel, 
this volume) or parental attachment as, for example, in chiroptera, ungulates, and 
pinnipeds. 

Thus, the proximate consequences for the infant would be similar whether 
it formed an attachment or not; the same applies to the caregiver. We are again 
left with the question of why parents and infants form attachments, which can be 
answered, in part, by knowing in which species and under what conditions we 
find parental and filial attachments. 

5. Where Is Attachment Found? 

There is simply not enough information currently available to draw any firm 
conclusions regarding the conditions which would favor parent and infant attach
ment in mammals. However, a preliminary classification scheme is presented here 
which may be of heuristic value in organizing available information about attach
ment and in generating further research. 

This scheme is a relatively simple one, based on only two parameters: (1) 
mobility of young and (2) social structure. Mobility of young is roughly equivalent 
to the stage of development of the young at birth (i.e., altricial, semi-altricial, pre
cocial). Mobility is of course a continuum but is treated here as consisting of dis
crete categories for purposes of classification. Immobile young remain in a rela
tively fixed location such as a nest and most often include altricial young (e.g., 
naked, eyes closed) but also some precocial young with limited mobility, such as 
pinnipeds and some chiropterans. Semimobile or semi-altricial young mammals 
are usually furred, with eyes open at or sho~tly after birth and exhibiting strong 
clinging reflexes. These infants are often carried by their mother, who thus acts 
as a "moveable nest." Mobile refers to infants that are furred, with eyes open and 
capable of independent locomotion shortly after birth, and is equivalent to preco
cial. An infant may pass from immobile to mobile during successive stages of 
development. In some cases selection then may favor the formation of attachment 
by the time the young are capable of independent mobility. Mobility of the young 
will likely act as a constraint on other features of social organization and responses 
to ecological demands (Crook et at., 1976; Eisenberg, 1966). 

Social structure refers to the organization of individuals within a social sys
tem (Eisenberg, 1966; Crook et al., 1976). The basic social unit is the mother
infant (Eisenberg, 1966). A male may also invest directly or indirectly in the care 
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of the young (Kleiman and Malcolm, this volume) as may other group members 
(Bekoff, McKenna, this volume). The presence of others in the groups in addition 
to a mother-infant unit is probably an important factor influencing attachment. 

These two factors, mobility and social structure, are displayed as a matrix in 
Table 1. Included in the table are predictions regarding the likelihood of finding 
parent and infant attachment. These predictions are based on the assumption that 
the function of attachment is to insure that care is provided for one's own young 
and not "squandered" on those of another (see Section 4). It follows from this 
assumption that attachment would be favored where the chances were greater for 
misdirecting such care towards unrelated young as would be the case among more 
gregarious species and among species where the young are highly mobile (see also 
Ewer, 1968). 

Among gregarious species a third factor, kinship (degree of relatedness), may 
also influence the evolution of attachment. Relatively high degrees of relatedness 
between group members (e.g., females) might favor cooperative care of the young 
if the inclusive fitness of the individuals (the sum total of an individual's fitness 
plus that of its relatives) was enhanced through such cooperation (Hamilton, 
1964a,b; West Eberhard, 1975). Under such conditions attachment would prob-

Table 1. Predicted Presence of Parent and Infant Attachment 
as a Function of Social Structure and Mobility of Young 

Mobility of young 

Social structure Immobile 

Solitary' No' 
Family' No 
Extended familyd No? ee' 
Matriarchy' Possibly; ee 
Harem' or allied P.A. h - Possibly 
(Unrelated) females F.A.'-? 

Multimale/ P.A.-Possibly 

Multifemal& F.A.-? 

'Solitary: female + recent offspring. 
'Refers to both parental and filial attachment. 
'Family: one male + one female + recent litter. 

Semimobile 

No 
No 
No? ee 
Possibly; ee 
Yes 

Yes 

Mobile 

Possibly 
Possibly 
Possibly 
Yes 
Yes 

Yes 

dExtended family: a single, reproductive pair + offspring from previous breeding 
seasons. 

'CC, cooperative care of the young. 
"Matriarchy: a female + several daughters or sisters; a male may be associated with 
them. 
'Harem: a male + a group of allied (unrelated) females and their young. 
'P.A., parental attachment. 
iF.A., filial attachment. 
lMultimale/Multifemale: cohesive mixed sex groups associated together for long 
durations. 
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ably not be favored. In contrast, when females in a group are unrelated, care of 
another individual's young would be a form of altruism, adaptive only when 
reciprocated (Trivers, 1971). Under these conditions attachment would probably 
be more common. Intermediate degrees of relatedness might favor a mixed strategy 
of cooperative care and attachment. Kinship or degree of relatedness is used here 
as a broad conceptual tool and does not refer to any discrete numerical values. 
The following sections consider how well the predictions listed in Table 1 conform 
to the available information. 

5.1. Solitary Social Structure 

The association between a mother and her offspring is the only stable social 
unit in many mammals (Eisenberg, 1966). Individuals of solitary species may 
defend a territory or their home ranges may overlap. A male and female only 
briefly associate together to mate (Eisenberg, 1966; Crook, 1977). Individuals are 
commonly antagonistic towards intruders, especially those of the same sex. One 
consequence of such behavior is that others are kept away from the female and 
her young. The maintenance of a territory, as, for example, through scent mark
ing, would also have a similar consequence. 

Under such conditions attachment would probably not be necessary prior to 
weaning, at least in those solitary species with immobile or semimobile young, 
since only one's own offspring will usually be found at the nest site or be carried 
by the mother (see Table 1). Additionally, attachment would not be favored if the 
young disperse shortly after emergence from the nest site, which often coincides 
with time of weaning. 

5.1.1. Immobile Young 

Richardson's ground squirrels, Spermophilus richardson ii, live in colonies, 
but each adult maintains a home range containing an area around its burrow 
which it defends against all other conspecifics except at the time of mating (Mich
ener, 1973; Yeaton, 1972). Members of these colonies do not associate with each 
other. Females do not recognize their own young prior to the young's emergence 
at 28 days postpartum, since females will retrieve and care for alien young up to 
this time in both the laboratory (Michener, 1971) and in the field (Michener, 
1972). The infants do not interact with unrelated adults until 2-3 weeks after 
emergence, when their increasing activity brings them into a neighboring female's 
area (Michener, 1973). At this time an infant will act submissively in the presence 
of unfamiliar adults but act amicably in the presence of its mother (Michener, 
1973, 1974; Michener and Sheppard, 1972). Likewise, adults act amicably 
towards their own young and agonistically with unfamiliar young. The adult's 
and infant's reactions may be based in part on the location and behavior of the 
infant, since an infant in a stranger's home range acts differently than when it is 
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in its mother's (familiar) home range (Michener, 1973). These results do not 
prove that after emergence mothers or young identify each other as individuals 
(Michener, 1973). A mother need only recognize familiar from unfamiliar young, 
and each infant need only distinguish familiar adults from unfamiliar adults in 
order to share the mother's home range prior to dispersal (Michener, 1974). 

The thirteen-lined ground squirrel, S. tridecemlineatus, also lives in colonies, 
but male and female home ranges overlap (McCarley, 1966). The young emerge 
from their natal burrow when they are weaned, around 30 days postpartum, and 
start to disperse 2 weeks later. Females in captivity will nurse alien young prior 
to the time of emergence (Zimmerman, 1974), suggesting an absence of 
attachment. 

Although a female typically rears only her own young, she may share a com
munal nest and nurse alien young at higher population densities or in captivity, 
suggesting an absence of attachment as, for example, in prairie deer mice, Pero
myscus maniculatus, white-footed mice, P. leucopus, and canyon mice, P. crinitus 
(Eisenberg, 1962, 1963, 1966, 1968; Hill, 1977; King, 1963), and house mice, 
Mus musculus (Crowcroft and Rowe, 1963; Sayler and Salmon, 1969), golden 
hamsters, Mesocricetus auratus (Richards, 1966; Rowell, 1961), striped skunks, 
Mephitus mephitus (Verts, 1967), and domestic cats, Felis domestica (Ewer, 
1961), to name but a few (for other examples, cf. Eisenberg, 1966; Spencer-Booth, 
1970). 

5.1.2. Semi mobile Young 

Marsupials provide an interesting group for study, since the young of most 
species spend their altricial development in a pouch or marsupium and emerge in 
an advanced stage of development. During the pouch phase a female and her 
young can be considered "solitary," since the female does not normally encounter 
other pouched young and her young do not normally encounter other mothers. 

The available evidence suggests that mothers do not recognize their young 
while still in the pouch, since forced transfers of young from one pouch to another 
were successful in Virginia opossums (Hunsaker and Shupe, 1977) and in kan
garoos and wallabies (Merchant and Sharman, 1966). The Virginia opossum, 
Didelphis virginiana, and mouse opossum, Marmosa robinsini, are both solitary 
species, nest in trees, and give birth to large litters. Young of the Virginia opossum 
are carried on the mother's back after emergence from the pouch (Hunsaker and 
Shupe, 1977). Although the young may hiss at or retreat from strangers 
(McManus, 1970), it is not yet known whether maternal or infant attachment 
occurs after emergence. Infant mouse opossums, M. robinsini and M. cinerea, 
initially cling to the mother for the first 30 days, since she has no pouch, and then 
later are left in a nest (Beach, 1939; Eisenberg and Maliniak, 1967). Females will 
retrieve alien young during the clinging phase (Beach, 1939; Thrasher et al., 
1971), suggesting an absence of maternal attachment. It is not known whether 
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females recognize their young during the nesting phase, although the likelihood 
of encountering alien young in the nest is minimal. 

Tarsiers (Tarsius syrichta, T. bancanus) are nocturnal arboreal prosimians, 
typically solitary or paired, and may defend a territory (Niemitz, 1979). The sin
gle infant produced is semi-altricial and clings to the mother, since a nest is not 
built. Lactating females will retrieve and adopt alien young (Niemitz, 1979), sug
gesting an absence of maternal and infant attachment prior to weaning. The lesser 
mouse lemur, Microcebus murinus, is also a nocturnal arboreal prosimian. 
Females maintain relatively exclusive home ranges (Martin, 1973) and are diffi
cult to categorize as strictly solitary, since females that are presumed to be a 
mother and previous daughters may sleep together in a nest but forage alone and 
evidence no organized social interactions (Martin, 1973). During the nesting 
phase a lactating female will accept an alien infant (Schilling, 1979). 

Cheetah, Acinonyx jubatus, are also considered solitary (Eaton, 1970; 
Schaller, 1972). Cubs are weaned at about 3 months, at which time a female may 
not be able to distinguish her own cubs from a strange cub (Schaller, 1972). This 
is based on the observation that two females with cubs encountered each other at 
a kill and one cub followed the other female and her two cubs when they moved 
off. The female now with three cubs reacted to the cubs following her by swatting 
at and avoiding all three (Schaller, 1972). These examples support the prediction 
that attachment would not be favored among solitary species with semimobile 
young. 

5.1.3. Mobile Young 

Little is known about solitary species with highly mobile young, since these 
species tend to be associated with "closed" habitats which provide concealment, 
e.g., forests, rather than with "open" habitats, e.g., savannahs (Eisenberg, 1966; 
Estes, 1974), and are therefore difficult to observe. Such species can be found 
among the Artiodactyla, but none have been studied in sufficient detail to warrant 
any firm conclusions (see Estes, 1974; Jarman, 1974; Leuthold, 1977, for various 
examples and further discussion). 

The solitary moose cow (A Ices alces) chases her yearling away before the 
birth of her next calf (Altmann, 1963; Geist, 1963). The cow and new calf remain 
close together for the first 4-20 days postpartum and have little contact with con
specifics (Altmann, 1958, 1963). From 20-90 days postpartum the female behaves 
aggressively towards other moose, which serves to keep them away from her calf 
(Altmann, 1958, 1963; Houston, 1974). During this time the calf may approach 
and follow other moose (Altmann, 1958, 1963), suggesting a lack of infant 
attachment. 

Muntjacs, Muntiacus muntjak and M. reevesi, are solitary forest-dwelling 
deer. Male home ranges overlap those of females, but same-sex individuals are 
intolerant of each other (Barrette, 1977 a). The single fawn remains concealed for 



262 DAVID J. GUBERNICK 

up to 4 weeks, and the mother may largely ignore her offspring after the first few 
weeks (Barrette, 1977 a,b). The infant may be weaned by 8 weeks of age, being 
visited perhaps once every 24 hr up until that time (Yahner, 1978). In a captive 
muntjac, the 2-week-old fawn followed and attempted to nurse from another 
female. Females were increasingly agonistic towards other females and scent 
marked more at 5 weeks postpartum that at other times, which coincided with the 
peak activity (mobility) of their young (Yahner, 1978). Such increased aggression 
and scent marking probably keeps others out of the female's area and decreases 
the likelihood of the infant and mothers encountering other conspecifics. 

Thus the available evidence appears to moderately support the prediction 
that a solitary social structure combined with immobile or semimobile young 
would not favor the evolution of parent and infant attachment (see Table 1). 

5.2. Family 

A reproductive unit of a male paired with a single female occurs relatively 
infrequently throughout the Mammalia but is often found among carnivores, some 
primates, and ungulates (Kleiman, 1977a; Kleiman and Malcolm, this volume). 
Such families or monogamous units are typically dispersed from other such units. 
Thus they are essentially solitary for purposes of this discussion and include only 
their most recent offspring, in contrast to extended families (see below). The 
expectations for finding attachment among these units would be similar to those 
for finding attachment among the kinds of solitary social structures discussed 
above (see also Table 1). 

The California deer mouse, P. cali/omicus, is considered monogamous 
(Eisenberg, 1963; Kleiman, 1977 a; McCabe and Blanchard, 1950), as is the prai
rie vole, Microtus ochrogaster (Thomas and Birney, 1979), and both produce 
altricial young. In captivity female and male P. cali/omicus (Gubernick, unpub
lished observations) and M. ochrogaster (Thomas and Birney, 1979) will care for 
the young of others. Among the ungulates only the Suidae produce large litters of 
altricial young (Ewer, 1968). The wart hog, Phacochoerus aethiopicus, lives in 
family groups (Fradrich, 1974), and in captivity females occasionally share the 
same nest and nurse one other's young (Fradrich, 1965, cited in Lent, 1974). 

As is the case of solitary species, there is a paucity of information about mon
ogamous pairs with highly mobile young, since these also tend to be confined to 
"closed" habitats (Eisenberg and Lockhart, 1972; Estes, 1974). The possibility of 
finding parental and filial attachment in this group remains an open question. For 
example, among ungulates, Kirk's dik-dik Madoqua kirki, live as a more or less 
permanent pair and in a territory which both individuals maintain through olfac
tory marking (Hendrichs and Hendrichs, 1971). Only the male actively defends 
the pair's territory. The single precocial infant is evicted by one or both parents 
when it reaches maturity at 8-10 months or before the next birth (Hendrichs and 
Hendrichs, 1971). Other evidence suggests that African bovids of the Cephalo-
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phini (duikers) and Neotragini (e.g., dik-dik, klipspringer, steinbuck) tribes may 
also show a similar social structure (Estes, 1974; Leuthold, 1977). Although the 
relatively long association of the infant with its parents might favor attachment, 
it may be unnecessary due to the essentially solitary rearing of the young. 

A similar argument can be made for the agouti, Dasyprocta punctata 
(Caviomorpha), which is considered monogamous and territorial and which usu
ally gives birth to a single precocial infant (Kleiman, 1977 a; Smythe, 1978). The 
infant remains in a separate nest for the first 3 weeks postpartum, during which 
time the female will not allow her mate near the nest (Smythe, 1978). The mother 
and infant continue to groom each other until the infant disperses at 4-5 months 
when a new infant is born. If a new litter is not born the infant may remain with 
its parents (Smythe, 1978). However, in captivity infants are reportedly bitten by 
conspecifics other than their own mothers (Roth-Kolar, 1957, cited in Spencer
Booth, 1970), indirectly suggesting the possibility of maternal attachment. In con
trast, the related green acouchi, Myaprocta pratti, which is also considered mon
ogamous and territorial and which bears precocial young, may accept alien young 
in captivity (Kleiman, 1972, 1977 a), suggesting an absence of attachment. 

Although the available evidence is scanty, there appears to be some support 
for the prediction that a family social structure combined with immobile young 
probably would not favor attachment. Obviously more research on family social 
structure is sorely needed. 

5.3. Extended Family 

An extended family consists of a single reproductive pair that does all of the 
breeding, the recent offspring, and those from previous breeding seasons (Eisen
berg, 1966, 1977). Since the same male usually sires all the offspring, members 
of an extended family are highly related to each other and thus kin selection could 
favor cooperative care (Hamilton, 1964a,b; West Eberhard, 1975). Because only 
the founding pair breeds, the necessity for parent and infant attachment may be 
minimal. Although cooperative care may reflect the absence of parental or filial 
attachment, caution must be exercised in drawing such a conclusion. Cooperative 
care does not in itself indicate that an infant or its mother cannot distinguish each 
other from other individuals or exhibit a preference for one another (Spencer
Booth, 1970). Further, the possibility remains that such cooperative care reflects 
in part the existence of multiple attachments (see Section 3). 

The basic social unit among the Canidae is considered to be a male-female 
pair. Packs such as found in wolves, cape hunting dogs, and dholes are probably 
extended families (Kleiman and Eisenberg, 1973). The wolf, Canis lupis, and 
cape hunting dog, Lycaan pictus, are similar in that the dominant male and female 
are typically the only ones to breed and the family members, which are related 
individuals making up several generations, help provision the mother and her 
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young (van Lawick and van Lawick-Goodall, 1971; Mech, 1970; Rabb et al., 
1967; Schaller, 1972). 

Coyotes, Canis latrans, are found in monogamous pairs and in packs pre
sumed to be extended families (Camenzind, 1978). Coyote packs may defend a 
territory and have distinct social hierarchies in which the dominant male and 
female breed, although occasionally several females in a pack may give birth and 
nurse and provision one another's cubs (Andrews and Boggess, 1978; Camenzind, 
1978; Gier, 1975). 

Clans or packs may be considered large extended families in which more 
than one female breeds, as in the H yaenidae. Brown hyenas, Hyaena brunnea, 
associate together in small clans (8-13) of males and females which defend a com
mon territory and exhibit a distinct social hierarchy (Owens and Owens, 1978, 
1979b). By 4 months of age, young are brought to a central communal den where, 
in contrast to spotted hyena (below), females nurse cubs other than their own, 
even ones of vastly different ages (Owens and Owens, 1979a,b). Young are nursed 
for at least 10 months, and clan females bring food to the den. Clans of brown 
hyenas may be based on extended families, but unfortunately kinship within these 
groups remains largely unknown. 

The spotted hyena, Crocuta crocuta, associates in clans of 30-70 individuals 
in which the females are dominant over males and both sexes defend the clan's 
territory (Kruuk, 1972). Although the semimobile young are kept in communal 
dens, food is not brought to the den, young are not fed by regurgitating, and males 
do not assist in feeding the cubs (Kruuk, 1972), all in contrast to the pattern com
mon among brown hyena (Owens and Owens, 1979a,b) and the social Canidae 
(Kleiman and Eisenberg, 1973; see above). A mother will nurse only her own 
young, although young may attempt to suckle from any mother (Kruuk, 1972), 
suggesting the presence at least of maternal attachment. Possibly clan members 
are not related (Kruuk, 1972), but this has not yet been confirmed. If clan mem
bers' average degree of relatedness is low, then the spotted hyena might be more 
appropriately considered in the multimale/multifemale social structure whose 
predictions regarding attachment would coincide with the findings for spotted 
hyena (see Table 1). 

The dwarf mongoose, Helogale parvula, is reportedly found in an extended 
family group in which only the dominant pair breeds and all family members 
cooperate in caring for the young (Rasa, 1977; Rood, 1978). Within a family of 
banded mongoose, Mungos mungo, several females may give birth synchronously 
and raise and nurse one another's young in a communal den (Neal, 1970; Rood, 
1974). 

Among New World monkeys the marmosets and tamarins (Callitrichidae) 
presumably live in monogamous family groups in which only the founding pair 
breed and produce twins twice a year (Epple, 1975; Napier and Napier, 1967). 
All members of the family group help carry and care for the young (Dawson 1977; 
Ingram, 1977; cf. Kleinman, 1977 b) Recent field studies indicate that these family 
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groups may actually include unrelated subordinate members that have transferred 
from another group (Dawson, 1977; Neyman, 1977). Unfortunately there is no 
information as to the degree of relatedness between these immigrants and the fam
ily group members. Nor is it known whether parental or filial attachment is 
present. 

The basic social unit of black-tailed prairie dogs, Cynomys ludovicianus, is 
the coterie (King, 1955; Tileston and Lechleitner, 1966). A coterie usually consists 
of one adult male, several females, yearlings, and young of the year, which are all 
probably closely related to each other. The coterie is a closed social group which 
defends a common territory against other coteries (King, 1955). Interactions 
between members of a coterie are frequent and amicable with no female domi
nance relations except during the rearing of young, when a female defends her 
nesting burrow prior to emergence of the young (King, 1955; Tileston and Lech
leitner, 1966). The four to five young of a litter probably have no contact with 
other coterie members except their mother, prior to emergence. Pups are probably 
weaned by the time they first appear above ground. After emergence the pups will 
solicit care and attempt to nurse from other females, although no nursing occurs 
above ground (King, 1955; Tileston and Lechleitner, 1966). The pups are treated 
amicably by all members of the coterie, and the pups may sleep with other females. 
These results suggest that there are no attachments between a mother and her 
infants, although the young are likely to develop enduring associations to the 
coterie, as is the case among the adults. 

In all but one of the examples cited above, cooperative care of the young is 
evident. However, in none of these cases is it clear that parental or infant attach
ment is absent (or present, for that matter). As mentioned earlier, caution must 
be exercised in drawing any such conclusions in the absence of direct evidence. 
The allegiance members have to their pack cannot be taken as prima facie evi
dence for attachment, since factors such as the necessity for cooperative hunting 
will select for continued association with others (Kleiman and Eisenberg, 1973; 
Bekoff, this volume). 

5.4. Matriarchy 

A matriarchy consists of a female, several daughters or sisters, and their off
spring (Eisenberg, 1966, 1977). One or more adult males may be loosely associ
ated with the matriarchy. Although the females are related, the average degree of 
relatedness among the females will vary since they may have different fathers (if 
they all had the same father it would essentially be an extended family). Thus we 
might expect a strategy of attachment to own offspring with some cooperative care 
of other young. This strategy should be more likely in cases where the young are 
immobile or remain in a fixed location (see Table 1). 

Most members of the family Felidae are solitary; only the lion, Panthera leo, 
has an advanced social organization (Kleiman and Eisenberg, 1973). The basic 
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social unit of lions consists of a mother and her daughters from previous litters 
and two or more adult males usually unrelated to the females of the pride 
(Schaller, 1972). All cubs are communally nursed, but a female sometimes gives 
her own young preference in suckling by withdrawing with her cubs from the 
pride or by chasing other young away (Schaller, 1972). An infant may run to its 
own mother when disturbed even if it was sitting near another adult (Rudnai, 
1973). Such a mixed strategy of attachment and care for other young may have 
been favored in part by kin selection, since females in a lion pride are related on 
average a litter greater than full cousins (Bertram, 1976). 

The coati Nasua narica, lives in bands of females and their young of the 
previous 2 years (Kaufmann, 1962; Smythe, 1970). The bands are loosely orga
nized and frequently divide into smaller groups to forage during the day. The 
bands do not defend a territory, and a solitary male's home range may overlap 
with that of a band which he joins temporarily during the breeding season (Kauf
mann, 1962). The band temporarily disintegrates when each pregnant female 
leaves to give birth to three to five young in a tree nest. A female defends her nest 
against her own young from previous years. When the infants are about 5 weeks 
old and highly mobile, the females and their young reform the band (Kaufmann, 
1962). Adult females may nurse other young in the band until they are weaned 
at about 8 weeks of age (J. Russell, personal communication). The females in the 
band may be closely related, but this has not yet been established. 

Parent and infant attachment is commonly found among presumed matriar
chies with highly mobile young, as, for instance, in red deer, Cervis elephas (Dar
ling, 1937) and white-tailed deer, Odocoileus virginianus (deVos et al., 1967) (for 
additional examples see Eisenberg, 1966; Estes, 1974; Geist and Walther, 1974; 
Leuthold, 1977; Spencer-Booth, 1970). Females of the African elephant, Loxo
donta africana, and Asiatic elephant, Elephas maximus, associate together in an 
extended matriarchy and give birth to precocial young (Douglas-Hamilton, 1973; 
Laws and Parker, 1968; McKay, 1973). However, contrary to expectations for a 
matriarchy with highly mobile young (see Table 1), infant elephants are allowed 
to nurse from any lactating female in the group. Filial attachment appears to be 
present since infants follow and remain close to their mothers, although they are 
in the company of other adult females (McKay, 1973). Perhaps the reasons for 
these findings are related to the extremely long life span (50-70 years), prolonged 
lactation (several years), and length of association between females (10-20 years) 
(Douglas-Hamilton, 1973; Eisenberg and Lockhart, 1972; Laws, 1974). 

Thus the evidence for matriarchies appears to generally confirm the predic
tion for a mixed strategy of attachment and cooperative care when young are 
mobile and semimobile, and in even one case when the young are highly mobile. 

5.5. Harem 

A harem refers to the association of a male with a group of females. In con
trast to the females in a matriarchy, the females of a harem are generally not 
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related. The male is associated with the females during the rearing of the young 
(Crook et al., 1976; Eisenberg, 1966). A harem may occur in relative isolation 
from other harems (e.g., equids) or within larger social groups containing other 
harems (e.g., some pinnipeds). In either case, selection should favor attachment if 
the females are unrelated with little or no cooperative care of the young. This is 
particularly true if the young are semi mobile or mobile and possibly so if the 
young are immobile (see Table 1). 

Pinnipeds are adapted to living and feeding in water but generally haul out 
onto land in large aggregations for short periods once a year to give birth to a 
single precocial infant and to mate (Matthews, 1971; Peterson, 1968). Although 
the young are precocial they are poorly adapted for locomotion on land and are 
relatively immobile. Among the Otariidae (earless seals and sea lions) males may 
defend a territory in which females aggregate in temporary harems. As a rule, 
among otariids mothers recognize and nurse only their own young, e.g., Alaskan 
fur seal, Callorhinus ursinus (Bartholomew, 1959; Bartholomew and Hoel, 1953), 
Cape fur seal, Arctocephalus pusillus (Peterson, 1968; Rand, 1955), California 
sea lion, Zalophus californicus (Peterson and Bartholomew, 1967), and Australian 
sea lion, Neophoca cinerea (Marlow, 1975), among others. 

In many of the true seals (Phocidae) males from a dominance hierarchy and 
associate with groups of females in a temporary harem. Alien young are occasion
ally allowed to nurse, although most females will reject such attempts, e.g., North
ern elephant seal, Mirounga angustirostris (Fogden, 1968; LeBoeuf et al., 1972), 
harbor seal, Phoca vitulina (Bishop, 1967, cited in LeBoeuf et at., 1972), and grey 
sea, Halichoerus grypus (Fogden, 1968, 1971; Smith, 1968). The Weddell seal, 
Leptonychotes weddelli, nurse only their own young (Tedman and Bryden, 1979) 
except under extremely crowded conditions, when alien young may occasionally 
be tolerated (Mansfield, 1958, cited in Tedman and Bryden, 1979). 

Most investigators believe that the basis for maternal recognition of young is 
the vocalizations and odor of the pup. There has only been one clear demonstra
tion that mothers can discriminate their own pup's vocalizations (Petrinovich, 
1974). Most reports suggest that pups do not recognize and discriminate their own 
mother from others, yet there have been no systematic attempts to confirm this. 
Pinnipeds may then be one of the few groups wherein maternal attachment, but 
not filial attachment, occurs (see Table 1). Perhaps the combined factors of nurs
ing sedentary young in large aggregations, short lactation periods, and high infant 
mortality prior to weaning (LeBoeuf and Briggs, 1977) favored the development 
of maternal attachment. These same factors may also have favored opportunistic 
nursing by infants. 

Female hamadryas baboons, Papio hamadryas, associate with other females 
in one-male units and give birth to a semimobile infant (Kummer, 1968). One
male units are found in bands with other one-male units. However, these one
male harems rarely intermingle and a male mates only with females in his own 
unit, although females may copulate with young males from outside the unit. 
Within a harem females with infants interact very little with other mothers. There 
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is no cooperative nursing or handling of infants among females, although the unit 
male may occasionally carry infants (Kummer, 1968). Maternal and filial attach
ment is present, since females will protect and retrieve their own young, and 
infants when disturbed or separated will seek their own mother (Kummer, 1968). 

Harems are found in ungulates with highly mobile young such as the 
Camelidae and Equidae, and in particular the mountain and plains zebra, Equus 
zebra and E. quagga (Klingel, 1974), horses, and New Forest ponies, E. caballus 
(Klingel, 1974; Tyler, 1972; Waring et ai., 1975). In these equids both maternal 
and filial attachment is present and there is no cooperative nursing of the young 
(Klingel, 1974; Tyler, 1972; Waring et ai., 1975; Wolski et ai., 1980). 

The evidence for harems supports the predictions that parental and filial 
attachment are favored when the young are semimobile or mobile and that the 
presence of immobile young favors parental attachment but not necessarily filial 
attachment (see Table 1). 

5.6. Allied Females (Unrelated) 

Rearing of young within a group of allied (unrelated) females and their 
young without the presence of an adult male occurs in a number of mammals. 
The expectations regarding attachment are the same as for a harem (see Table 1). 

Bats typically give birth to only one infant, which is carried by the mother 
for some days postpartum (Bradbury, 1977). Groups of females and their young 
are often found together during the lactation period, and the young are usually 
left together in aggregations while their mothers are out foraging. Under such 
conditions it would be essential for a mother to recognize and nurse her own young 
upon return to the roost. This is the case for the little brown bat, Myotis iucifugus 
(Gould, 1971); large brown bat, Eptesicus fuscus (Davis et ai., 1968; Gould, 
1971); serotine, E. serotinus, noctule, Nyctaius noctuia, and pipistrelle, Pipistrei
ius pipistrellus (Kleiman, 1969); evening bat, Nycticeius humeraiis Uones, 1967); 
and pallid bat, Antrozous pallidus (Brown, 1976). In most cases there is no indi
cation that infants recognize their own mothers except perhaps in the little brown 
bat (Turner et ai., 1972) and the pallid bat (Brown, 1976). In the two reported 
cases in which communal nursing occurs, females leave their infants in nursery 
groups of hundreds of thousands and each female upon return to the roost nurses 
any two infants (Bradbury, 1977; Davis et ai., 1962). Increased density of infants 
was also noted to induce indiscriminate nursing in some pinnipeds (Fogden, 1968; 
Smith, 1968). 

The thick-tailed bushbaby, Gaiago crassicaudatus, is a nocturnal prosimian 
which nests in trees and is found in a loose association with other individuals that 
may also include daughters from previous litters (Clark, 1978; Doyle and Bearder, 
1977). Adult females are agonistic towards young females that are not their 
daughters (Clark, 1978). Usually two semi-altricial young are born and remain 
in the nest for the first 21 days, by which time mothers recognize their own young 
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(Klopfer, 1970). Infants are then carried and nursed until about 10 weeks of age. 
Whether these galagos are considered as allied females, a matriarchy or a com
bination of both, the prediction is the same: that parental attachment and filial 
attachment are present (see Table 1). 

In many ungulates groups of females and their precocial young associate 
together after birth (see Estes, 1974; Lent, 1974; Leuthold, 1977; Schaller, 1977, 
for various examples). In almost every reported case there is evidence for both 
mother and infant attachment and the absence of cooperative nursing, e.g., elk, 
Cervus canadensis (Altmann, 1963); reindeer, Rangifer tarandus L. (Espmark, 
1971); barren-ground caribou, R. tarandus groenlandicus (Lent, 1966; deVos et 
al., 1967); ibex, Capra ibex, and Himalayan tahr, Hemitragus (Schaller, 1977); 
Ovis sp. (Geist, 1971; Schaller, 1977); giraffe, Giraffa camelopardalis (Langman, 
1977); bison, Bison bison (McHugh, 1958, 1972); water buffalo, Bubalus bubalis 
(Eisenberg and Lockhart, 1972); and impala, Aepyceros melanopus Oarman, 
1976), among others. 

The evidence for allied (unrelated) females supports the predictions given in 
Table 1. Parental and filial attachment are favored when the young are semimo
bile or mobile. The presence of immobile young favors parental attachment but 
not necessarily filial attachment. 

5.7. Multimale/Multifemale Groups 

Multimale/multifemale groups are cohesive social structures wherein several 
or more males and females and their young are combined together as a unit. Such 
groups are found in several mammalian orders, most notably among primates, and 
are considered the most advanced social structure (Crook, 1970, 1977; Crook et 
at., 1976; Eisenberg, 1966, 1977; Eisenberg et at., 1972; Wilson, 1975). Such 
groups consist of related and unrelated members. As a consequence, kin selection 
is probably important in social interactions within such groups (Hamilton, 
1964a,b; Wade, 1979; West Eberhard, 1975; Wilson, 1975). 

Within multimale/multifemale groups paternity is often uncertain, while 
matrilineal kinship groups can be more easily determined (Hrdy, 1976; Kleiman 
and Malsolm, this volume). It is within matrilineal kinship networks that we 
might expect selection to favor cooperative care of the young. Such a matrilineal 
network might be considered as a matriarchy within a larger social group. Selec
tion might then favor a mixed strategy of attachment and cooperative care within 
the matrilineage among species with immobile or semimobile young. Cooperative 
care may also occur among (presumably) unrelated members of a group, as a form 
of reciprocal altruism (Trivers, 1971). In either case selection would favor parent 
and infant attachment. 

However, the requisite long-term genealogical information necessary to 
determine kinship networks is available for only a few species, and those are pri
mates. Such information is available for the chimpanzee, Pan troglodytes (van 
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Lawick-Goodall, 1967, 1968, 1971), rhesus monkey, Macaca mutatta (Koford, 
1963a,b; Sade, 1965), and Japanese macaque, M. fuscata (e.g., Itani, 1959; 
Kawamura, 1958; Yamada, 1963). In such matrifocal groups an infant usually 
remains associated with its mother after the birth of the next infant. In each of the 
above species it is usually the mother's kin, especially previous daughters, that 
help care for and protect the infant (see also Poirier, 1968, for Nilgiri langurs, 
Presby tis johnii). Although other group companions may hold, groom, or carry 
the infant, both the infant and its mother recognize and prefer each other, e.g., 
rhesus monkeys (Kaufmann, 1966; Rowell et at., 1964). 

Most members of a primate troop are attracted to a newborn and will 
attempt to touch or groom it. Primates vary in the extent to which infants are 
handled and cared for by others (Hrdy, 1976; McKenna, this volume). Infant care 
is provided by others in, for example, the North Indian langur, Presby tis entellus 
Uay, 1963), Nilgiri langur, P. johnii (Poirier, 1968), black-and-white colobus, 
Colobus guereza (Wooldridge, 1971) [but not the red colobus, C. badius (Struhs
aker, 1975)], vervets, Cercopithecus aethiops (Lancaster, 1971), squirrel monkeys, 
Saimiri sciureus (Baldwin, 1971; Rosenblum, 1968), the ring-tailed lemur, Lemur 
catta Uolly, 1966), and the mountain gorilla, Gorilla gorilla beringei (Schaller, 
1963), among others. In most of these cases it is the mother's "permissiveness" or 
lack of stable dominance relationships and not relatedness which may determine 
access to her infant (e.g., Lancaster, 1971; McKenna, this volume). In other cases, 
mothers are more restrictive and others provide limited if any care for the young, 
e.g., olive baboon, Papio anubis (DeVore, 1963), yellow baboon, P. cynocephalus 
(Altmann, 1978), pig-tailed monkey, M. nemestrina (Rosenblum, 1971), and bon
net monkey, M. radiata (Simonds, 1965). Most of these studies and others provide 
evidence that a mother and her infant recognize each other. Such evidence is in 
the form of an infant's orienting towards its mother when separated from her, 
remaining in proximity to her, when distressed running to its mother, or refusing 
to be transferred or held by another. The evidence for recognition by a mother of 
her own infant usually consists of protecting or retrieving the infant, responding 
to the infant's vocalizations, monitoring the infant when away from her, or suck
ling only her own infant. Thus the available evidence overwhelmingly supports 
the prediction of parent and infant attachment among species with multimale/ 
multi female social structures and semimobile young. Additionally, the likelihood 
of finding coooperative care under such conditions is also supported. 

The information is scanty for multimale/multifemale groups with immobile 
young. Bats can be found in such groups, and for at least one such bat, Rousettus 
aegypticus, the mother recognizes and nurses only her own infant (Bradbury, 
1977; Eisenberg, 1966). 

The Macropodidae (kangaroos and wallabies) are considered the most 
socially advanced marsupials (Kaufman" 197 4b). The whiptail wallaby, Macro
pus parryi, lives in large groups of mixed ages and sexes, with a male dominance 
hierarchy and where the young are tolerated or ignored by adults (Kaufmann, 
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1974a). Although permanently out of the pouch by 9-10 months of age, the single 
young follows the mother but does not at that age appear to visually recognize her, 
since the infant will still attempt to enter any female's pouch (Kaufmann, 1974a). 
Such attempts, however, are rebuffed, suggesting that mothers can recognize their 
own young. In contrast, the red kangaroo, Megaleia rufa, has a loose, mixed-sex 
social organization (Kaufmann, 1974b) and a mother may sometimes foster alien 
young-at-foot (Sharman and Calaby, 1964), although usually a female rejects such 
attempts of alien young entering her pouch (Russel, 1970). 

Large, mixed-sex herds are found among ungulates inhabiting "open" hab
itats, especially those within the subfamily Bovinae (Estes, 1974; Jarman, 1974). 
These species have highly precocial young. In all reported cases maternal and 
infant attachment are present while cooperative care is absent. Maternal attach
ment develops much more rapidly than filial attachment (see also Section 6). For 
example, female blue wildebeests, Connochaetus taurinus, are found in both 
mixed-sex and female nursery herds as either sedentary or migratory populations 
(Estes, 1974, 1976). A female gives birth in the herd to an extremely precocial 
infant, to which it forms a rapid attachment, nursing only its own young (Estes 
and Estes, 1979). The infant's attachment to its own mother may take several 
days. The African buffalo, Syncerus caffer, gives birth away from the herd, where 
the single infant remains briefly hidden. Later the infant follows its mother into 
the herd, where the female recognizes and nurses only her own infant (Sinclair, 
1977). The bontebok, Damaliscus dorcas, gives birth in the herd and joins a female 
nursery group within the herd wherein females nurse only their own young 
(David, 1975). 

Thus the evidence for multimale/multifemale groups strongly supports the 
prediction that both parental and filial attachment would be formed when the 
young are semimobile or mobile. Further, the likelihood of finding cooperative 
care of semimobile young and not mobile young is also supported. 

5.8. Comment on a Scheme 

Most of the examples presented in this section support the qualitative pre
dictions about parent and infant attachment listed in Table 1. As such they sup
port the assumption on which the predictions were made, namely, that the func
tion of attachment is to enhance an individual's fitness by ensuring that parental 
care is provided one's own offspring and not those of another (see also Section 4). 
Allowance must be made in those cases where cooperative care of related individ
uals may improve one's inclusive fitness. More research is obviously needed to 
further test the generality of these predictions. The classification scheme presented 
above is based on only two parameters, social structure and mobility of young. 
The inclusion of other parameters would probably allow a more fine-grained 
analysis of the conditions favoring attachment. 

Please note, however, that this scheme does not imply a causal relationship 
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between these parameters and attachment. Additionally, there is the danger from 
such schemes of underestimating the complexity involved and the variability. And 
finally, this scheme is not intended to imply that attachment is a unitary phenom
enon (see also Section 2). Attachment will have multiple determinants (e.g., eco
logical, physiological, hormonal), and although numerous species exhibit attach
ment, the underlying mechanisms and developmental timing of attachment may 
differ as discussed in the following section. 

6. Mechanisms of Parent and Infant Attachment: Selected 
Examples 

This section discusses in more detail some of the information available on 
parent and infant attachment in mammals. The discussion will be limited to cer
tain species of rodents, primates, and ungulates. These groups were selected 
because there is more information about them than other groups and because they 
represent contrasting strategies of parent and infant attachment. These strategies 
range from the relative absence of attachment in some rodents to the rapid for
mation of attachment in ungulates (see Section 5). Attention is placed on the sen
sory basis and developmental timing of parent and infant attachment in each 
group. 

6.1. Rodents 

Rattus norvegicus, the brown or Norway rat, is predominantly nocturnal, 
lives in colonies, nests in burrows, and produces large litters of altricial young 
(Barnett, 1963). The domesticated ("laboratory") rat has been used extensively in 
studies of mother-infant relationships. 

It is not known whether rats communally rear young (Gurski and Scott, in 
press); however, lactating females are often used as foster mothers for pups from 
their own and other species and will retrieve and show maternal behavior towards 
pups of other litters (Moltz, 1971). Mothers will retrieve their own and alien pups 
and in some cases retrieve their own young faster than alien young (Beach and 
Jaynes, 1956). In other cases, mothers may retrieve foster pups sooner than their 
own young which were raised together with the foster pups (Misanin et at, 1977). 
Thus, based on behavioral evidence rat mothers do not appear to form a specific 
attachment to their own young. Furthermore, changes in mothers' plasma corti
costeriod levels (reflecting arousal) following separation from their pups were not 
specific to the removal of the mothers' pups, although mothers remained respon
sive to pup emitted cues (Smotherman et at., 1977 a,b). 

Do rat offspring form an attachment to their mother? The altricial rat pup 
becomes attracted to (approaches) chemical cues (soiled bedding) associated with 
its mother at about 12-14 days postpartum and prefers these odors to those from 
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virgin females (Leon and Moltz, 1971). However, rat pups showed no preference 
for odors of their own mother over those of another lactating female (Leon and 
Moltz, 1971). Pups continue to respond to these odors emitted by lactating females 
until 27 days postpartum (Leon and Moltz, 1972). The initiation and terminaion 
of the young's attraction towards these "maternal pheromones" is synchronized 
with the development and waning of production of the pheromones by the mother 
(Leon and Moltz, 1972). The pheromone is produced by bacterial action in the 
cecum of lactating females and is emitted in anal excreta as cecotrophe (Leon, 
1974). 

Of further interest here is that maternal diet may influence the nature of the 
pheromone. Pups raised with mothers on one diet preferred the odor of anal 
excreta of other mothers raised on the same diet as their mother to odors from 
mothers raised on another diet (Leon, 1975). 

Additionally, mothers may "mark" their young through the maternal pher
omone. Pups are attracted to odors from their own litter and prefer these odors to 
odors from litters whose mothers were inhibited from producing maternal pher
omones (Leon, 1974). Again, however, pups were equally attracted to odors of 
litters from other mothers producing caecotrophe. The mechanism of transmission 
of these marks appears to be through the young's ingesting the anal excreta of 
their mothers (Leon, 1974), although ingesting mother's milk and eating the same 
foods as the mother may also be involved (Leon, 1978; see also labeling in goats, 
below). 

The maintenance of maternal behavior seems to be dependent on stimulation 
from the young (Rosenblatt and Siegel, this volume). As this responsiveness 
declines, the young modify their behavior in response to changes in the mother 
(Galef, this volume). In particular the young are attracted to a pheromone emitted 
by their mother, which likely functions among other things to help keep the young 
in the proximity of the mother and nest site at a time when the young are mobile 
but not yet weaned. 

These studies of maternal pheromones provide an excellent illustration of the 
mutual adaptations of parents and infants without the necessity of either one form
ing an attachment (see Galef, this volume, for other such illustrations). 

However, perhaps a word of caution is warranted here, since a recent study 
suggests that another response measure may be useful for investigating attachment 
in rodents. Rat pups emit ultrasounds (which are detected by adults), and during 
the 1st week postpartum these vocalizations were highest when pups were exposed 
to odors from an unfamiliar lactating female and were suppressed when presented 
with odors from their own home cage, an unfamiliar adult male, or a virgin female 
(Conely and Bell, 1978). At this stage these results are difficult to interpret but 
indicate that studying ultrasonic vocalizations in rodents as a means of assessing 
infant and maternal attachment may lead to some unsuspected discoveries. 

House mice, Mus musculus, produce altricial offspring and may show com
munal nesting and nursing of young in both wild and laboratory populations 
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(Crowcroft and Rowe, 1963; Sayler and Salmon, 1971). As is the case for rats, 
pups are attracted to odors of their mother but at 18 days of age show no prefer
ence for maternal odors over odors of an unfamiliar lactating female, suggesting 
that mice also produce a maternal pheromone (Breen and Leshner, 1977). 
Although these results seem to indicate that neither maternal nor infant attach
ment is present in house mice, there is some evidence that laboratory mice might 
show attachment to their mother. Mice raised with their mother for 20 days were 
tested at 22 days in an open field where their mother and three unfamiliar lactat
ing females were located (Gurski, 1977). All were free to interact. Measures of 
proximity and following indicated that infants were more often closer to their own 
mother than to the other females and followed their own mother more often than 
they followed other females. However, it is not clear from this report whether an 
infant remained near its mother because it recognized her or because she was the 
only one who did not avoid or attack the pup (see Section 2.1). Perhaps these 
results could also be construed to indicate that the mothers recognized their own 
young. Thus the possibility that infant mice form attachments must await further 
confirmation. 

The spiny mouse, Acomys cahirinus, is unique among the murid rodents (i.e., 
rats and mice) in giving birth to precocial young. Newborn young 2-12 hr old 
show a rapid olfactory imprinting, since a brief, 1-hr exposure to a chemical cue 
induced a preference for that artificial odor 24 hr later (Porter and Etscorn, 1974). 
One-day-old pups show a preference for bedding soiled by their mother over bed
ding soiled by a nonpregnant female, but they show no preference for bedding 
soiled by their mother over that of another lactating female (Porter and Doane, 
1976; Porter and Ruttle, 1975), This suggests the presence of a maternal phero
mone as in rats and house mice (see above). By 25 days of age, the approximate 
age of weaning, pups are no longer attracted to the maternal pheromone (Porter 
et al., 1978). 

Further, 1- and 3-day old pups preferred chemical cues from a con specific 
lactating female fed on the same diet as their own mother over one fed on a dif
ferent diet (Doane and Porter, 1978; Porter and Doane, 1977). Pups even pre
ferred cues from lactating females of a different species (M. musculus) fed on the 
same diet as their own mother over those of a conspecific lactating female fed on 
a different diet (Porter and Doane, 1977). Thus mothers produce pup-attractant 
odors, and the pup's preferences for such cues are diet-dependent, as is the case 
for rats (see above). 

Of further interest is the finding that spiny-mouse mothers presented with 
two strange pups, one whose mother was raised on the same diet as the test mother 
and the other on a novel diet, retrieved both pups but retrieved faster the pups on 
the same diet, thus indicating that chemical cues associated with the pup may also 
depend upon maternal diet. (Doane and Porter, 1978). Additionally, mothers 
tested up to 4 days postpartum retrieved their own young as rapidly as they 
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retrieved an alien pup (presumably on the same diet) (Porter and Doane, 1978). 
Females housed together in pairs after giving birth nursed their own and alien 
young equally often, with dominant females nursing them more frequently than 
did subordinant females (Porter and Doane, 1978). 

These results, taken together, suggest that mothers do not recognize and pre
fer their own young and that infants do not recognize and prefer their own mother. 
Such specificity may not be necessary under natural conditions, since the attrac
tiveness of the chemical cues (which are diet-dependent) associated with the 
mother and nest site may help ensure that the young remain in the proximity of 
the nest site. Further, since mothers are not likely to eat the exact same foods, the 
cues associated with the mother and her young would likely be different from 
those of other mothers. Unfortunately, there are no field studies of the spiny 
mouse. 

Chemical cues are only one potential basis for individual recognition. Per
haps investigation of other sensory modalities and cues (e.g., audition and vocali
zations) may reveal specificity of maternal and infant recognition in spiny mice. 

At this stage of our knowledge the evidence indicates that rats, house mice, 
and spiny mice do not form filial or parental attachments. 

Another rodent that has received wide attention is the domestic guinea pig, 
Cavia porcellus, which also produces precocial young. Wild guinea pigs are diur
nal surface dwellers that feed together in groups (Rood, 1972). The infants may 
form attachments to animate and inanimate objects within the 1st week postpar
tum (Beauchamp and Hess, 1971; Harper, 1970; Sluckin, 1968; Sluckin and Ful
lerton, 1969) and also show preferences for odors they were exposed to during the 
first 3 days after birth (Carter and Marr, 1970). 

However, when given a choice between their own mother and an unfamiliar 
lactating female in a two-choice discrimination task, infants from 1 to 23 days of 
age showed no preference as measured by the amount of time spent in proximity 
to each (Porter et at., 1973b). These infants could see, hear, and smell the mothers 
but had no physical contact with them. The authors suggested that proximal cues 
may be necessary for infants to recognize their own mother or that the lack of a 
preference was due to infant guinea pigs' being attracted to the unfamiliar female 
in the presence of the mother, since the mother may act as a secure base for explo
ration of the environment (Porter et at., 1973a). 

In contrast, mothers tested in a similar manner 36-48 hr postpartum pre
ferred their own litter to a similar-aged but unfamiliar litter, and in later tests also 
preferred artificial odors that had been associated with their own litter (Porter et 
at., 1973b). Thus, although infant guinea pigs gave no indication of being attached 
to their mother, mothers formed an attachment within 48 hr of giving birth. How
ever, this maternal attachment does not seem to be very stable, since under semi
natural conditions mothers living in large groups may indiscriminately nurse other 
young (King, 1956; Rood, 1972). Even when only two mothers and their litters 
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are housed together for the first 12 days postpartum mothers will nurse the other 
infants, although their own young may be nursed more frequently (Fullerton et 
at., 1974). 

Thus it appears that mothers can recognize their own young but form a 
"loose" attachment to them (Fullerton et at., 1974), while the evidence from these 
studies for filial attachment is less convincing. 

The presence of filial attachment in infant guinea pigs was investigated in 
two recent studies (Pettijohn, 1979a,b). Infant guinea pigs raised with both par
ents were given a two-choice discrimination test between their mother and father 
(a familiar social stimulus, thereby eliminating the problem of fear or of explo
ration of a novel social stimulus; see Section 2.1). Infants had auditory, olfactory, 
and visual but not physical contact with the parents during the test. Infants at 2 
and 4 weeks of age preferred their mother as measured by the amount of time in 
proximity to each (Pettijohn, 1979 b). It is during this age span that mothers are 
still nursing and caring for their young (Pettijohn, 1978) and that mothers, but 
not fathers, are most responsive to infant vocalizations (Pettijohn, 1977). At 6 
weeks of age infants spent similar amounts of time in proximity to each parent 
during the test. By this time infants are already weaned and are interacting more 
with the father in the home cage (Pettijohn, 1978). 

In another study Pettijohn (1979a) investigated the effectiveness of various 
social stimuli (i.e., mother, father, sib, and an unfamiliar adult female) on reduc
ing separation-induced distress vocalizations of infant guinea pigs. Distress vocal
izations of infant guinea pigs upon being separated from their familiar surround
ings and being placed alone in an unfamiliar area are highest during the first 4 
weeks postpartum and decline thereafter. All the social stimuli reduced such infant 
distress calls during the first 4 weeks of life. However, the most effective stimulus 
in reducing distress vocalizations was the presence of the mother, followed by the 
father, sib, and, least effective of all, the unfamiliar adult female. There is the 
possibility, however, that since infants in both studies could interact with the social 
stimuli that the infants' preferences or distress vocalizations could have been 
affected by the reactions of the others rather than indicating infant attachment 
(see Section 2.1 above). 

It is interesting to note that intrasexual aggression among female domestic 
guinea pigs, C. porcellus, is minimal even to strange females and that females will 
nurse other young, while among their wild counterpart, C. aperea, females are 
highly aggressive to other females and nurse only their own young (Rood, 1972). 
Perhaps domestication has had some effect, since Fl hybrids (C. aperea X C. 
porcellus) have unstable female dominance relationships and also nurse indiscrim
inately (Rood, 1972). 

It would be of some interest to use distress vocalizations and discrimination 
tasks to assess attachment among communally reared domestic and wild guinea 
pigs. There have yet to be any systematic investigations of the sensory basis (e.g., 
olfaction, audition, vision) for parent and infant attachment in guinea pigs. 
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Table 2. Summary of the Sensory Basis and Developmental Timing of Parent and Infant 
Attachment in Selected Species of Mammals 

Rodents 
Rat' 

l House mouse' 
Spiny mouse' 
Guinea pig' 

Primates' 
Rhesus monkey 

Pig-tailed monkey 

Bonnet monkey 

Squirrel monkey 

Galago sp. 

Ungulates 
Sheep' 

Goats' 

Pigs' 

'Altricial young. 
'Precodal young. 
'Semialtricial young. 

Who forms an 
attachment? 

No attachment 

Parent Perhaps 
Infant (Perhaps) 

Parent Yes 
Infant Yes 
Parent Yes 
Infant Yes 
Parent Yes 
Infant Yes 
Parent Yes 
Infant Yes 
Parent Yes 
Infant 

Parent Yes 
Infant Yes 
Parent Yes 

Infant Yes 
Parent Perhaps 
Infant No 

6.1.1. Rodent Summary 

Sensory basis of 
attachment 

Vision 

Vision 

Vision 

Olfaction; vision 
Olfaction? Audition? 

Olfaction 
Vision; audition 
Olfaction 
Audition 
Vision? Audition? 
Olfaction 

Attachment develops by 
(time postpartum) 

36-48 hr 

60 days 
3-17 days 
90 days 

90 days 

30 days 
7 days 

30 min 
> 8 days 
< 4hr 
4 days 
4 days 
> 2 days 

Parental and infant attachment is absent in rats, house mice, and spiny mice. 
Although there is some evidence of maternal recognition in domestic guinea pigs, 
there is also indiscriminate nursing. These results are summarized in Table 2. 

Rats and house mice give birth to altricial young in nests hidden away from 
other cOllspecifics. Neither mothers nor fathers are likely to encounter other young 
prior to the youngs' emergence from the nest. There may then be little need for 
individual recognition as long as the young remain near the nest, as a result, for 
example, of their attraction to a maternal pheromone, and as long as the mother 
can readily locate her own nest site (see Section 5). 

Precocial infant guinea pigs and their mothers have early contact with other 
infants and adults, and here individual recognition would be expected to be more 



278 DAVID J. GUBERNICK 

important especially if there was no reciprocity among mothers for care of the 
young. Such is the case among wild guinea pigs. However, female domestic guinea 
pigs do provide care for other young and yet show some indication of recognition 
of their own young. Perhaps part of the difference between the wild and domestic 
forms is accounted for by the extent of intrasexual female aggression, since such 
aggression (as in the wild form) would effectively prevent females from contacting 
other females and their young. The question then becomes one of accounting for 
female dominance hierarchies (McKenna, this volume). 

6.2. Primates 

Some primates give birth in a nest where the young remain until they are 
mobile [e.g., galago species (Sauer, 1967)]. Most primates, however, do not build 
nests but carry their young with them, as is the case for the monkeys discussed 
below. Although most infants are furred and have their eyes opened at birth, their 
locomotor capability is limited and they depend upon clinging to the mother for 
transport (Ewer, 1973a). The monkeys discussed below are found in multi male/ 
multifemale social groups (see Section 5.7). 

The rhesus monkey, M. mulatta, has been used extensively to study mother
infant relationships and the development of social behavior. However, other than 
Harlow's early and classic studies on surrogate-reared infant rhesus there has 
been surprisingly little research on the sensory basis or perceptual aspects of infant 
attachment in this species. 

Infants reared with both cloth-covered and wire surrogates rapidly came to 
spend more time on the cloth surrogate regardless of which one provided nourish
ment (Harlow, 1958), thus demonstrating that "contact-comfort" and not food 
was overwhelmingly important in maintaining the infants' physical closeness to 
its surrogate "mother." When presented with a fear-provoking stimulus in the 
home cage, infants would cling tenaciously to the cloth surrogate even when the 
wire surrogate which supplied food was available to them (Harlow, 1958). The 
same occurred in open-field tests (Harlow, 1958; Harlow and Zimmerman, 
1959). In the presence of the cloth surrogate, infants would explore the fear-induc
ing stimuli, thereby indicating that the cloth mothers also provided some "emo
tional reassurance" (Harlow, 1958; Harlow and Zimmerman, 1959). 

Food was of some importance in maintaining contact, since infants from 10 
to 100 days of age spent more time on the cloth surrogate providing them with 
milk than on the cloth surrogate that did not give milk (Harlow and Suomi, 1970; 
Harlow and Zimmerman, 1959). 

By 40-50 days of age, infants raised with both cloth and wire surrogates 
preferred to watch through a window a cloth surrogate or another infant more 
than a wire surrogate or an empty box (Harlow, 1958), indicating that infants 
can at least visually discriminate one type of surrogate from another. By 90 days 
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of age infants displayed fear responses to a new face put on their surrogate (Har
low and Suomi, 1970). Additionally, infants spend more time on a rocking sur
rogate than on a stationary one (Harlow and Suomi, 1970). Further, infants show 
preference for warm surrogates over cold ones (Harlow and Suomi, 1970; Harlow 
and Zimmerman, 1959). 

These studies clearly demonstrate that there are several stimulus variables, 
e.g., contact-comfort, food, warmth, movement, that are important for maintain
ing the infant rhesus monkey's proximity to its surrogate "mother." Additionally, 
contact and to a lesser extent sight of the surrogate reduced emotional distress. 
Perhaps odor should also be added to this list. Cloth surrogates probably accu
mulate the odors of the infant, while wire surrogates are less likely to do so. Per
haps the familiar odor was partly responsible for the maintenance of contact with 
the cloth surrogate (see squirrel monkeys, below). 

The possibility remains, however, that these infants had not developed an 
attachment to one specific surrogate (e.g., own cloth) over another (e.g., wire) but 
rather were responding to some general class of stimuli provided by each. If an 
infant prefers to cling to a cloth surrogate in an open-field test when a familiar 
wire surrogate is also available, this only indicates that the infant can discriminate 
cloth from wire. The infant mayor may not have previously developed an attach
ment to that surrogate even though the presence of the cloth surrogate reduces 
emotional distress (see Section 3 for further elaboration). However, if the infant 
clings equally to any cloth surrogate that was presented, that is, shows no pref
erence, then the infant has not likely formed an attachment but is responding to 
some class of stimuli provided by both surrogates. Should the infant prefer its own 
cloth surrogate over another (e.g., on the basis of odor or visual cues) then the 
infant can be said to have developed an attachment to that surrogate. Such a 
choice, however, was not provided. The above evidence indicates that infants can 
at an early age discriminate between various types of surrogates. 

Infant rhesus may visually discriminate familiar from unfamiliar surrogates 
by approximately 2 months of age (Mason et at., 1974). Infant rhesus emit distress 
vocalizations when placed along into an unfamiliar or familiar environment. Dur
ing the 1 st month of life distress vocalizations were suppressed when infants could 
see and clasp their own surrogate or an unfamiliar surrogate, but being able to see 
and cling to the surrogates was more effective than being able to only see the 
surrogates (Mason et at., 1974). At this age both surrogates were equally effective 
in reducing distress vocalizations. This confirms Harlow's earlier results (above) 
that contact and to a lesser extent visual cues could reduce emotional distress. By 
2 months of age infants would readily cling to both surrogates, but the familiar 
surrogate was more effective in suppressing distress vocalizations and was also 
more effective (as measured by heart rates) than the unfamiliar surrogate when 
only visual access was provided. 

Rhesus monkey infants 1-4 months of age and reared in a nuclear family 
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prefer their mother and father to both familiar and unfamiliar adult females and 
males and prefer their mother to their father (Suomi et at., 1973), but the basis 
for the discrimination was not determined. 

The evidence suggests that filial attachment in rhesus monkeys can develop 
by 2 months of age, at least on the basis of static cues. Infants probably could 
develop an attachment to a real mother before 2 months [e.g., less than 20 days of 
age (Harlow and Harlow, 1965)], although there has been no experimental ver
ification of this. What the sensory basis is for maternal attachment in rhesus mon
keys or when maternal attachment develops has yet to be determined. 

Filial attachment has also been studied in two other macaque species, the 
bonnet monkey (M. radiata) and pig-tailed monkey (M. nemestrina). Bonnet 
adult females tend to remain physically close to each other, often in huddles, while 
pigtail adults do not usually make such physical contact (Rosenblum and Kauf
man, 1967). Soon after giving birth the bonnet mother returns to close contact 
with her group and allows other females to handle and groom her infant, whereas 
the pigtail mother remains apart from the group and guards her infant from con
tact with others (Rosenblum, 1971). In general, bonnet mothers are less restrictive, 
less punitive, and less likely to retrieve their infant than pigtail mothers. As a 
result, infant bonnet monkeys have earlier and more sustained contact with other 
females (who may act as "aunts") than does the pigtail infant. They are also less 
disturbed by maternal separation than are pigtail infants (Kaufman and Rosen
blum, 1967 a,b; Rosenblum, 1971; Swartz and Rosenblum, this volume). 

Group-raised infant bonnet and pig-tail monkeys show a clear perference by 
3 months of age for their mothers compared with a strange female when given 
only visual access to them through a one-way mirror (Rosenblum and Alpert, 
1974, 1977). From 3 to 6 months to 1 year of age the preference of the bonnet 
infants was stronger than that of pigtail infants. This species difference has been 
attributed to the differences in maternal care in the earlier and frequent contact 
with others as in the bonnet may result in earlier preferences for mother and 
wariness of strangers (Rosenblum and Alpert, 1977). In support of this are find
ings that bonnet infants reared only with their mother showed no preferences dur
ing their 1st year of life for their mother or a stranger (Rosenblum and Alpert, 
1974, 1977). A similar result has also been found with squirrel monkey infants 
(Kaplan and Schusterman, 1972). Thus infant bonnet and pig-tailed monkeys 
develop an attachment to their mothers by 3 months of age on the basis of visual 
cues. However, such filial attachment may develop earlier since other sensory 
modalities likely influence filial attachment, but these have not yet been studied. 

Maternal attachment has also been studied in pig-tailed monkeys. In one 
study, two females tested at 5-7 months postpartum with either their own or a 
strange infant acted maternally only towards their own infant Oensen and Tol
man, 1962). However, since a mother and infant were free to interact with each 
other, the relative role each played in recognizing the other cannot be ascertained 
from this study, nor the basis on which discriminations were made. There is some 
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indication that within 3-17 days postpartum pig-tailed monkey mothers can visu
ally discriminate their own infant from a similarly aged infant Uensen, 1965). 

Pigtail mothers deprived of postpartum contact with their own infants (i.e., 
infant immediately removed at birth) preferred their own infants to strange infants 
at 1 day postpartum (Wu and Sackett, personal communication). At 3 and 7 days 
postpartum mothers preferred the younger of two infants whether or not it was 
their own infant. Nonpregnant females had no preference for either younger or 
older infants. Since at 1 day postpartum a mother's own infant was also usually 
the younger infant it is not possible to conclude at this stage that mothers had 
indeed recognized their own infants, although this possibility cannot be ruled out 
(Wu and Sackett, personal communication). 

While filial attachment appears to develop in bonnet and pig-tailed monkeys 
by 3 months of age, if not sooner, maternal attachment in pig-tailed monkeys may 
occur earlier than this. Further research is needed to determine the developmental 
timing and sensory basis of both filial and maternal attachment in these two 
species. 

To date, the perceptual factors involved in the development of filial attach
ment have been best studied in the New World squirrel monkey, S. sciureus. 
Infants reared on different colored surrogates, which also accumulated the infant's 
odor, were presented with surrogates differing in either odor or color (Kaplan and 
Russell, 1974). Infants tested at 4 weeks of age had a clear preference for surro
gates containing the infant's own familiar odor to those containing an unfamiliar 
infant's odor or no odor, but had no preference for a familiar colored surrogate 
over an unfamiliar one. Thus by 4 weeks of age infant squirrel monkeys can rec
ognize familiar odor cues but seem less responsive to static visual cues. 

Do normally reared infants recognize their own mother on the basis of olfac
tion? Infants at 8 weeks of age can discriminate their mother from an unfamilar 
lactating female on the basis of odor when given free access to both mothers 
(Kaplan, 1977; Kaplan et al., 1977). Mothers were anesthetized (thereby elimi
nating all behavioral cues) and were either washed (thereby removing odor cues) 
or left unwashed and additionally had their heads covered (removing static visual 
cues) or uncovered. Whenever the odor cues were available, infants preferred their 
own mother, but they showed no preference when odor cues were removed. Visual 
cues did not enhance the infants' discriminations. Thus infant squirrel monkeys 
at 8 weeks of age can recognize and prefer the natural odor of their own mother. 
They may be able to do so even earlier, since as mentioned above, surrogate-reared 
infants can discriminate odors at 4 weeks of age. Note that infants at 8 weeks of 
age spend 60% of the time riding on their mother's back (Rosenblum, 1968). 
Therefore, washing the mother probably also removed the infant's odors. It would 
be interesting to know to what extent infants were responding to the absence of 
their own odor. 

Although static visual cues did not enhance infant squirrel monkeys' recog
nition of their own mothers (Kaplan et at., 1977), infants at 4-6 weeks of age can 
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discriminate at a distance between their awake mother and another mother 
(Rosenblum, 1968). However, since the infants and mothers could interact with 
one other it is not clear whether the infant recognized its own mother or whether 
the mother recognized the infant. However, when mothers are presented behind 
one-way mirrors and auditory and olfactory cues are greatly reduced, 4-week-old 
infant squirrel monkeys show a preference for their own mothers (Redican and 
Kaplan, 1978). 

In summary, infant squirrel monkeys, by 4-8 weeks of age, discriminate and 
prefer their own mother on the basis of olfaction and vision. 

Although it is not clear yet how early or on what basis maternal attachment 
develops in squirrel monkeys, mothers can recognize their own infant's vocaliza
tions at 1-7 months postpartum (Kaplan et at., 1978). 

A factor that likely affects the development and sensory basis of attachment 
in all the monkeys discussed above is the amount and type of contact between 
mothers and infants. For example, a squirrel monkey infant almost immediately 
after birth climbs onto its mother's back, where it will spend 85-90% of its time 
during the first 4 weeks postpartum (Rosenblum, 1968). A squirrel monkey 
mother only minimally handles or explores her infant. 

In contrast, infant and mother macaques (i.e., rhesus, bonnet, and pig-tailed) 
maintain close ventral-ventral orientation (face-to-face) and contact for long 
periods (Hinde and Spencer-Booth, 1967; Rosenblum, 1968, 1971). Additionally, 
a macaque infant is often handled, groomed, and explored by its mother. 

Because of the close contact infants have with their mothers we would expect 
that olfaction would provide an early basis for filial attachment. However, visual 
cues might be initially more important to a macaque infant and its mother 
(because of their face-to-face orientation) than to a squirrel monkey infant and its 
mother. Alternatively, auditory cues may initially be more important for maternal 
attachment in a squirrel monkey because of its infant's "piggyback" orientation. 

The relatively few studies of the mechanisms of maternal and filial attach
ment in primates have been of New and Old World monkeys, while only one such 
study is available for a prosimian. In a two-choice simultaneous discrimination 
task, female galagos (bushbabies), which are nocturnal prosimian primates, rec
ognize and prefer their own infants at 1 week postpartum, presumably by olfac
tion and audition (Klopfer, 1970). We do not yet know whether other primates 
use olfaction as a basis for maternal attachment, although other mammals do so 
(see below). 

6.2.1. Primate Summary 

Most of the research on the primates cited above has been devoted to studying 
the development of filial attachment, while our knowledge of parental attachment 
is relatively meager. Filial attachment is present in most of those species and has 
developed at least by 1-3 months postpartum on the basis of olfaction or vision 
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(see Table 2). Filial attachment may occur earlier, but this has yet to be demon

strated. The evidence of maternal attachment is very limited but suggests that 
mothers may develop an early attachment to their infants. There appear to be no 
systematic studies on the development and perceptual basis of maternal attachment 
in primates. 

6.3. Ungulates 

The most intensive investigations of maternal attachment have been those of 
domestic sheep and goats; each are found in allied female groups when rearing 
young (see Section 5.6). 

Domestic sheep, Ovis aries, like many of the ungulates living in open habi
tats, are found in herds and give birth to one or two precocial young. The pre
parturient ewe usually removes herselffrom the flock and gives birth (Geist, 1971; 
Smith, 1965). Mothers will nurse only their own young and reject alien lambs. 
There appears to be a sensitive period following parturition during which ewes 
will be responsive to all lambs, since ewes separated from their lambs at birth will 
still show maternal behavior towards any lamb within 4-8 hr postpartum (Poin
dron et ai., 1979; Smith et ai., 1966). 

However, after 20-30 min of contact with her own lamb a ewe will reject 
alien lambs (Poindron et ai., 1979; Smith et ai., 1966). This maternal attachment 
is based on olfaction, since ewes made anosmic prior to parturition would accept 
both their own and alien lambs, while intact ewes would accept their own lamb 
but reject alien young (Baldwin and Shillito, 1974; Bouissou, 1968; Rosenblatt 
and Siegel, this volume). 

From 1 to 4 days postpartum, ewes can apparently show some indication of 
visually recognizing their own young at a distance, while auditory recognition is 
minimal (Alexander, 1977; Shillito and Alexander, 1975). With increasing age of 
the young, ewes can recognize their lambs from a distance based on both the 
appearance and vocalizations of the lamb (Alexander, 1977; Lindsay and Fletcher, 
1968). However, when in close contact mothers continue to use olfaction as the 
primary basis for identification (Morgan et ai., 1975). 

A lamb at 5 days of age may recognize its own mother on the basis of olfac
tion (Poindron, 1976), but does not seem to recognize her at a distance (Alexander, 
1977). However, lambs more than 8 days old can recognize their own mother at 
a distance on the basis of the mother's appearance and vocalizations (Arnold et 
ai., 1975; Shillito, 1975) with visual cues becoming more important relative to 
auditory cues as the lambs get older (Alexander, 1977; Poindron and Carrick, 
1976). 

The domestic goat, Capra hircus, is a member of the family Bovidae (as are 
sheep). Prior to parturition the doe withdraws from the herd, gives birth to one 
or two precocial kids, and leaves her kids hidden for several days (Rudge, 1970). 
Although goat kids will initially attempt to approach and nurse from any mother, 
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a mother will accept only her own kid (Collias, 1956; Hersher et at., 1963; Rudge, 
1970). 

Apparently, only 5-10 min of contact with at least one of her kids immedi
ately after birth is sufficient to establish a maternal bond (Hersher et at., 1958), 
since a mother will then accept all her kids of that litter even after a 3-hr sepa
ration but would reject alien young (Klopfer et at., 1964). Presumably, all the 
kids of her litter share some litter specific cues for recognition (Klopfer, 1971). 
The absence of postpartum contact with any young leads to the waning of mater
nal responsiveness and the rejection of all young even after only a 1-hr separation 
(Collias, 1956; Klopfer et at., 1964), which is a shorter sensitive period of mater
nal responsiveness than for sheep. Chemoreception has been implicated in the 
establishment of maternal attachment, since olfactory (and probably gustatory) 
impairment at parturition appears to reduce subsequent own-alien-young dis
criminations (Klopfer and Gamble, 1966). Vision and audition are apparently not 
involved (Klopfer, 1971). Thus maternal attachment in goats seems to be specific, 
rapidly formed, and fairly stable, perhaps somewhat analogous to imprinting in 
birds (Hess, 1973). In fact, such rapid acquisition of maternal attachment is con
sidered one of the few and most clear-cut examples of imprinting in a mammal 
(Hess, 1973). 

Recent findings, however, suggest that maternal attachment in goats may not 
occur as rapidly as previously reported. Mothers given 5 min postpartum contact 
with their own kid generally failed to later discriminate between their own and 
alien young after a 1-hr separation (Gubernick et at., 1979). Alien kids were 
accepted if they had had no contact with their own mother, but were rejected if 
they had been kept with their own mother for more than 24 hr (Fig. 1). 

We suggested that mothers in contact with their kids "label" them and that 
such labeled kids are then rejected by other mothers [alien kids used in earlier 
studies had been kept with their own mother, e.g., Klopfer et al., (1964)J. We 
further hypothesized that a mother may label her kid directly through licking it 
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Figure 1. Percentage of mothers 
accepting unlabeled and labeled 
kids (data from Gubernich et sl., 
1979; criteria of acceptance is 2: 2 
min of licking or nurSing; only data 
from mothers accepting their own 
kid are presented. Numbers are the 
ratio of mothers accepting to moth
ers tested) . 
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Figure 2. Percentage of mothers accepting unlabeled and labeled kids (data from Gub
emick,1980). 

or indirectly through the kid's milk intake. Licking may transfer rumen micro
fauna to the kid's body surface, while ingestion and digestion of milk and subse
quent defecation may influence mouth, body, and anal odors, respectively. Such 
a labeled kid may then be recognized and accepted by its own mother but be 
rejected by another mother, while any unlabeled kid might still be acceptable to 
a mother within a few hours after parturition (see above for rodents "marking" 
their young). 

Neither age alone nor behavior of the alien kids was a factor in acceptance 
or rejection, since unlabeled alien kids were accepted whether they were anesthe
tized (thus eliminating behavior) or were older (2 days old) and awake, while 
labeled kids were rejected under both conditions (Gubernick, 1980; see Fig. 2). 

Additional experiments were performed to determine whether licking and/ 
or milk intake provide a label (Gubernick, unpublished results). Mothers were 
given 5 min of contact with their own kid immediately postpartum. After a I-hr 
separation, mothers were presented with their own kid and alien kids in a series 
of lO-min acceptance-rejection tests. Kids were presented individually and in ran
dom order. All the alien kids had been kept with their own mothers. Some, how
ever, were only licked by their mother, others were nursed on mother's milk but 
were not licked, and others were both licked and nursed on mother's milk (labeled 
aliens). Since those kids were kept with their mothers it was possible that mere 
contact with the mother (and not licking or mother's milk) could provide a label. 
Therefore, alien kids were included that had no contact with their mother but 
were bottle-fed on mother's milk ("milk isolate" alien kids). Unlabeled aliens had 
no contact with other goats and were fed skim milk. 

The results, depicted in Fig. 3, indicate that both licking and mother's milk 
alone are sufficient to provide a label and that mere contact between mother and 
young does not ("milk isolate" results). The low acceptance of labeled alien kids 
(those both licked and nursed by their mother) compared with lick-only and milk-
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Figure 3. Percentage of mothers accepting labeled and unlabeled kids (Gubernick, 
unpublished data). 

only alien kids suggests that the combination of licking and milk intake provides 
a more potent label. Some of our other data suggest that a label develops within 
4 hr of contact between a mother and her kid. 

Interestingly, feral goats tend to hide their kids for the first 2-3 days post
partum, periodically returning to them during that time (Rudge, 1970). This 
would probably assure among other things that the mother learns to recognize her 
young possibly through labeling them. Further, after kids are 4 days old, mothers 
may recognize their own kids' vocalization, since prior to this time kids' vocali
zations are acoustically similar (Lenhardt, 1977). Kids at this age may recognize 
their mother at a distance, probably on the basis of the mother's vocalization 
(Gubernick, unpublished data; Rudge, 1970). Thus by the time f~ral goat kids 
join and follow their mother in the herd they already recognize each other. With 
increasing age of the young, other cues probably become important for the mother 
in recognizing her kids, especially from a distance. It has not yet been established 
at what age or on what basis kids first form an attachment to their mother. 

In contrast to other ungulates, Suidae produce large litters of altricial young 
and females may occasionally share the same nest and nurse one another's off
spring (Eisenberg and Lockhart, 1972; Fradrich, 1965, cited in Lent, 1974). 
Domestic pigs, Sus domesticus, seem to recognize their own young by 2 days post
partum (Signoret et al., 1975). Recognition appears to be based on olfaction, since 
olfactory bulbectomized sows accepted in the presence of their own litters a single 
alien piglet from 1 through 6 weeks postpartum, whereas intact sows did not 
(Meese and Baldwin, 1975). However, at 6 weeks postpartum some normal sows 
rejected a litter of alien piglets, while other sows nursed the strange litter. Nursing 
of alien litters seems to be a common occurrence in domestic pigs (Signoret et al., 
1975). These results are difficult to interpret. Perhaps recognition of young differs 
from the stimulus conditions which induce a sow to nurse (Meese and Baldwin, 
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1975). Piglets, however, do not appear to recognize their own mother. The inten
sive artifical selection on domestic pigs may have affected mother and infant 
attachment. More information is sorely needed of free-ranging domestic and feral 
pigs. 

6.3.1. Ungulate Summary 

Thus maternal attachment develops rapidly and on the basis of olfaction in 
both sheep and goats. Lambs and kids develop an attachment by 1 week of age 
which appears to be mediated primarily by vision and audition (see Table 2). 
Although pigs seem to recognize their own young after several days postpartum 
and on the basis of olfaction, they will also nurse indiscriminately. There is no 
evidence for filial attachment in domestic pigs. 

6.4. Mechanisms of Parent and Infant Attachment: Summary 

Attachment was demonstrated to be associated with mobility of young and 
the social structure of a species (see Section 5). Although species of different social 
structure and mobility of the young may be similar in that they exhibit parent and 
infant attachment (see Table 1), they may very well differ in the mechanisms and 
developmental timing of attachment. The selected species of rodents, primates, and 
ungulates discussed above represent different social structures and mobility of 
young. They illustrate a diversity of strategies of parent and infant attachment. 
They also exhibit differences in the sensory basis and developmental timing of 
attachment, which are briefly summarized next (see also Table 2). 

Although there is some doubt as to whether attachment is found in guinea 
pigs, the evidence suggests that parent and infant attachment is absent in the other 
rodents. These latter species appear to have developed another strategy for helping 
maintain proximity to mother and nest site, that of attraction to a maternal 
pheromone. 

In contrast to these rodents, primates carry their semi-altricial young with 
them for extended periods of time. Infants can develop an attachment to their 
mothers at least by 1-3 months postpartum on the basis of olfaction and vision. 
That olfaction may mediate filial attachment is not surprising given the early and 
close contact infant primates have with their mother. How early such infant 
attachment occurs has not been determined. We know even less about the sensory 
bases of maternal attachment and when such attachments develop. We would 
expect that olfaction and vision underlie maternal attachment in those primates 
where mothers and infants maintain a face-to-face orientation. It would be worth
while to further investigate attachment in primates that leave their young in a nest 
as do rodents [e.g., galagos, mouse lemurs, dwarflemurs (cf. Klopfer and Boskoff, 
1979)]. 

In comparison to the primates, the ungulates discussed above form rapid 
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maternal and filial attachments as expected given the mobility of the young (see 
Section 5). Maternal attachment may develop within a few hours postpartum 
(except in pigs), while filial attachment may take several days. Maternal attach
ment is mediated initially by olfaction and subsequently also by vision and audi
tion. Filial attachment develops primarily on the basis of vision and audition, 
which would be expected given that the precocial young are not carried but rather 
follow their mother. 

7. Concluding Remarks 

Several questions regarding parent and infant attachment have been consid
ered in this chapter: what is attachment, why form attachments, and where is 
attachment found? 

Discussion of the first question dealt with attachment as a construct (i.e., 
"bond"). The difficulties encountered in using such a construct can be avoided by 
viewing attachment as a descriptive label applied to the preferential responding 
between parents and infants as demonstrated by various operational critera. One 
such operation, separation from the caregiver, highlights this argument. An 
infant's reaction to separation has often been attributed to its attachment to the 
caregiver. An alternative explanation, however, is that an infant's response to sep
aration is a function of the withdrawal from the infant of stimulation provided by 
the caregiver. The alleviation of separation distress by substitute caregivers may 
then be the result of the substitute's providing the same stimulation normally pro
vided by the mother. 

The question was then raised of why form an attachment if others could 
provide the same stimulation. This question must be viewed from an evolutionary 
perspective which distinguishes between ultimate and proximate functions. The 
ultimate function of attachment (measured in terms of fitness) is probably not 
protection from predation as some have argued but rather insurance that care is 
provided for one's own young and not those of another. Since the same ultimate 
and proximate consequences are, in some species, achieved without forming 
attachment, it is necessary to assess the conditions favoring the evolution of parent 
and infant attachment. 

Based on the assumed function of attachment, predictions can be made 
regarding the likelihood of finding attachment under varying conditions of mobil
ity of the young and social structure. A survey of the available evidence suggests 
that attachment does in fact occur in those situations where the chances of mis
directing parental care seems high. 

Although parent and infant attachment is found in many species, the mech
anisms and developmental timing of such attachments may differ, as illustrated in 
several species of rodents, primates, and ungulates. The sensory basis and devel
opmental timing of infant and parent attachment have been studied in only a few 
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species. Relatively little is known about possible hormonal correlates of attachment 
in any species. We know even less about the ecological constraints on parent and 
infant attachment. 

Attention in the past has focused on the development of filial attachment. But 
questions on the evolution and functional significance of attachment have been 
relatively ignored. The combined use of convergent approaches and different levels 
of analysis (e.g., ecological, developmental, hormonal) is obviously needed to fur
ther our understanding of parent and infant attachment in mammals. 

ACKNOWLEDGMENTS. This chapter has greatly benefited from the comments 
and criticisms of Rob Gendron and Tim Keith-Lucas, who for some reason occa
sionally agreed with me. My thanks also to Peter H. Klopfer, Nadav Nur, and 
Joe Travis for their comments on earlier drafts and to Sharon Grubb and David 
Maddox for sharing some beer and some of my late-night rambling. My appre
ciation to S. Grubb for typing the mansuscript and to Sally Anderson for the 
graphics. Writing of this chapter was supported in part through an NIMH post
doctoral fellowship (1 F32 MH07188). 

References 

Ainsworth, M. D. S., 1969, Object relations, dependency, and attachment: A theoretical 
review of the infant-mother relationship, Child Dev. 40:969-1025. 

Ainsworth, M. D. S., 1972 Attachment and dependency: A comparison, in: Attachment 
and Dependency (J. L. Gewirtz, ed.), pp. 97-137, Winston, Washington, D.C. 

Ainsworth, M. D. S., 1973, The development of infant-mother attachment, in: Review 
of Child Development Research, Vol 3 (B. M. Caldwell and H. N. Ricciuti, eds.), 
pp. 1-94, University of Chicago Press, Chicago. 

Ainsworth, M. D. S., 1977, Attachment theory and its utility in cross-cultural research, 
in: Culture and Infancy (P. H. Leiderman, S. R. Tulkin, and A. Rosenfeld, eds.), 
pp. 49-67, Academic Press, New York. 

Ainsworth, M. D. S., Blehar, M. C., Waters, E., and Wall, S., 1978, Patterns of Attach
ment: A Psychological Study of the Strange Situation, Erlbaum, Hillsdale, N.J. 

Alexander, G., 1977, Role of auditory and visual cues in maternal recognition between 
ewes and lambs in Merino sheep, Appl. Anim. Ethol. 3:65-81. 

Alloway, T., Pliner, P., and Krames, L. (eds.), 1977, Attachment Behavior, Advances in 
the Study of Communication and Affect, Vol. 3, Plenum Press, New York. 

Altmann, J., 1978, Infant independence in yellow baboons, in: The Development of 
Behavior: Comparative and Evolutionary Aspects (G. M. Burghardt and M. Bekoff, 
eds.), pp. 253-277, Garland Press, New York. 

Altmann, M., 1958, Socialization of the moose calf, Anim. Behav. 6:155-159. 
Altmann, M., 1963, Naturalistic studies of maternal care in moose and elk, in: Maternal 

Behavior in Mammals (H. L. Rheingold, ed.), pp. 233-253, Wiley, New York. 
Andrews, R. S., and Boggess, E. K., 1978, Ecology of Coyotes in Iowa, in: Coyotes: 



290 DAVID J. GUBERNICK 

Biology, Behavior, and Management (M. Bekoff, ed.), pp. 249-265, Academic 
Press, New York. 

Arnold, G. W., Boundy, C. A. P., Morgan, P. D., and Bartle, G., 1975, The roles of 
sight and hearing in the lamb in the location and discrimination between ewes, Appl. 
Anim, Ethol. 1:167-176. 

Baldwin, B. A., and Shillito, E. E., 1974, The effects of ablation of the olfactory bulbs on 
parturition and maternal behavior in Soay sheep, Anim. Behav. 22:220-223. 

Baldwin, j. D., 1971, The social organization of a semi-free ranging troop of squirrel 
monkeys, Folia Primatol. 14:23-50. 

Barnett, S. A., 1963, The Rat: A Study in Behaviour, Aldine, Chicago. 
Barrette, C., 1977a, Some aspects of the behaviour of muntjacs in Wilpattu National 

Park, Mammalia 41:1-34. 
Barrette, C., 1977 b, The social behaviour of captive muntjacs Muntiacus reevesi (Ogilby 

1939), Z. Tierpsychol.43:188-213. 
Bartholomew, G. A., 1959, Mother-young relations and the maturation of pup behaviour 

in the Alaska fur seal, Anim. Behav. 7:163-171. 
Bartholomew, G. A., and Hoel, P. G., 1953, Reproductive behavior of the Alaska fur 

seal, Callorhinus ursinus, f. Mammal. 34:417 -436. 
Beach, F. A., 1939, Maternal behavior of the pouchless marsupial Marmosa cinerea, f. 

Mammal. 20:315-322. 
Beach, F. A., and Jaynes, J., 1954, The effects of early experience upon the behavior of 

animals, Psychol. Bull. 51:239-263. 
Beach, F. A., and Jaynes, j., 1956, Studies of maternal retrieving in rats, I: Recognition 

of young, f. Mammal. 37:177-188. 
Beauchamp, G. K., and Hess, E. H., 1971, The effects of cross-species rearing on the 

social and sexual preferences of guinea pigs, Z. Tierpsychol. 28:69-76. 
Bernal, J., 1974, Attachment: Some problems and possibilities, in: The Integration of a 

Child into a Social World (M. P. M. Richards, ed.), pp. 153-166, Cambridge Uni
versity Press, London. 

Bertram, B. C. R., 1976, Kin selection in lions and in evolution, in: Growing Points in 
Ethology (P. P. G. Bateson and R. A. Hinde, eds.), pp. 281-301, Cambridge Uni
versity Press, London. 

Bischof, N., 1975, A systems approach toward the functional connections of attachment 
and fear, Child Dev. 46:801-817. 

Blurton-Jones, N., 1972, Comparative aspects of mother-child contact, in: Ethological 
Studies of Child Behaviour (N. Blurton-Jones, ed.), pp. 305-328, Cambridge Uni
versity Press, Cambridge. 

Bouissou, M. F., 1968, Effet de l'ablation des bulbes olfactifs sur la reconnaissance du 
jeune par sa mere, Rev. Compo Anim. 3:77-83. 

Bowlby, J., 1969, Attachment, Attachment and Loss, Vo!' 1, Basic Books, New York. 
Bowlby, J., 1973, Separation, Attachment and Loss, Vo!' 2, Basic Books, New York. 
Bradbury, J. W., 1977, Social organization and communication, in: Biology of Bats, Vo!' 

3 (W. A. Wimsatt, ed.), pp. 1-72, Academic Press, New York. 
Breen, M. F., and Leshner, A. I., 1977, Maternal pheromone: A demonstration of its 

existence in the mouse (Mus musculus), Physiol. Behav. 18:527 -529. 
Brown, P., 1976, Vocal communciation in the pallid bat, Antrozous pallidus, Z. Tier

psychol. 41:34-54. 



PARENT AND INFANT ATTACHMENT IN MAMMALS 291 

Cairns, R. B., 1966, Attachment behavior of mammals, Psychol. Rev. 73:409-426. 

Cairns, R. B., 1972, Attachment and dependency: A psychobiological and social learning 
synthesis, in: Attachment and Dependency 0. L. Gewirtz, ed.), pp. 29-80, Winston, 
Washington, D.C. 

Camenzind, F. J., 1978, Behavioral ecology of coyotes on the National Elk Refuge, Jack
son, Wyoming, in: Coyotes: Biology, Behavior, and Management (M. Bekoff, ed.), 
pp. 267-294, Academic Press, New York. 

Carter, C. S., and Marr, J. N., 1970, Olfactory imprinting and age variables in the 
guinea-pig, Cavia porcellus, Anim. Behav. 18:238-244. 

Caughley, G., 1966, Mortality patterns in mammals, Ecology 47:906-918. 
Clark, A. B., 1978, Sex ratio and local resource competition in a prosimian primate, 

Science 201:163-165. 
Coe, C. L., Mendoza, S. P., Smotherman, W. P., and Levine, S., 1978, Mother-infant 

attachment in the squirrel monkey: Adrenal response to separation, Behav. BioI. 
22:256-263. 

Cohen, L. J., 1974, The operational definition of human attachment, Psychol. Bull. 
81:207-217. 

Collias, N. E., 1956, The anaylsis of socialization in sheep and goats, Ecology 37:228-
239. 

Conely, L., and Bell, R. W., 1978, Neonatal ultrasounds elicited by odor cues, Dev. Psy
chobiol. 11: 193-197. 

Crook, J. H., 1970, The socio-ecology of primates in: Social Behaviour in Birds and 
Mammals 0. H. Crook, ed.), pp. 103-168, Academic Press, New York. 

Crook, J. H., 1977, On the integration of gender strategies in mammalian social systems, 
in: Reproductive Behavior and Evolution (J. S. Rosenblatt and B. R. Komisaruk, 
eds.), pp. 17-39, Plenum Press, New York. 

Crook, J. H., Ellis, J., and Goss-Custard, J., 1976, Mammalian social systems: Structure 
and function, Anim. Behav. 24:261-274. 

Crowcroft, P., and Rowe, F. P., 1963, Social organization and territorial behavior in the 
wild house mouse (Mus musculus L.), Proc. Zool. Soc. London 140:517-531. 

Darling, F. F., 1937, A Herd of Red Deer, Oxford University Press, London. 
David, J. H. M., 1975, Observations on mating behaviour, parturition, suckling and the 

mother-young bond in the Bontebok (Damaliscus dorcas dorcas), j. Zool. 177:203-
223. 

Davis, R. B. Herreid, C. F., II, and Short, H. L., 1962, Mexican free-tailed bats in 
Texas, Ecol. Monogr. 32:311-346. 

Davis, W. H., Barbour, R. W., and Hassell, M. D., 1968, Colonial behavior of Eptesicus 
fuscus, j. Mammal. 49:44-50. 

Dawson, G. A., 1977, Composition and stability of social groups of the tamarin, San
guines oedipus geofJroyi, in Panama: Ecological and behavioral implications, in: The 
Biology and Conservation of the Callitrichidae (D. G. Kleiman, ed.), pp. 23-37, 
Smithsonian Institution Press, Washington, D.C. 

Denenberg, V. H., and Whimby, A. E., 1963, Behavior of adult rats modified by expe
riences their mothers had as infants, Science 142:1192-1193. 

DeVore, 1.,1963, Mother-infant relations in free-ranging baboons, in: Maternal Behav
ior in Mammals (H. L. Rheingold, ed.), pp. 305-335, Wiley, New York. 

DeVore, 1., and Konner, M. J., 1974, Infancy in hunter-gatherer life: An ethological 



292 DAVID J. GUBERNICK 

perspective, in: Ethology and Psychiatry (N. F., White, ed.), pp. 113-141, Univer
sity of Toronto Press, Toronto. 

DeVos, A., Brokx, P., and Geist, V., 1967, A review of social behavior of the North 
American cervids during the reproductive period, Am. Midl. Nat. 77:390-417. 

Doane, H. M., and Porter, R. H., 1978, The role of diet in mother-infant reciprocity in 
the spiny mouse, Dev. Psycho bioi. 11:271-277. 

Dolhinow, P., 1978, Commentary, Behav. Brain Sci. 2:443-444. 
Douglas-Hamilton, I., 1973, On the ecology and behaviour of the Lake Manyara ele

phants, E. Afr. Wild. f. 11:401-403. 
Doyle, G. A., and Bearden, S. K., 1977, The galagines of South Africa, in: Primate Con

servation (His Serene Highness Prince Rainier III of Monaco and G. H. Bourne, 
eds.), pp. 1-35, Academic Press, New York. 

Eaton, R. L., 1970, Group interactions, spacing and territoriality in Cheetahs, Z. Tier
psychol. 27:481-491. 

Eisenberg, J. F., 1962, Studies on the behavior of Peromyscus maniculatus gambelii and 
Peromyscus califomicus parasiticus, Behaviour 19: 177 -207. 

Eisenberg, J. F., 1963, The intraspecific social behavior of some cricetine rodents of the 
genus Peromyscus, Am. Midi. Nat. 69:240-246. 

Eisenberg, J. F., 1966, The social organization of mammals, Hand. Zool. 10:1-92. 
Eisenberg, J. F., 1968, Behavior patterns, in: Biology of Peromyscus (Rodentia) O. A. 

King, ed.), pp. 451-495, Spec. Publ. Am. Soc. Mammal. No.2. 
Eisenberg, J. F., 1977, The evolution of the reproductive unit in the Class Mammalia, 

in: Reproductive Behavior and Evolution O. S. Rosenblatt and B. R. Komisaruk, 
eds.), pp. 39-71, Plenum Press, New York. 

Eisenberg, J. F., and Maliniak, E., 1967, The breeding of Marmosa in captivity, Int. 
Zoo Yearb. 7:78-79. 

Eisenberg, J. F., and Lockhart, M., 1972, An ecological reconnaissance of Wilpattu 
National Park, Ceylon, Smithson. Contrib. Zool. No. 101, pp. 1-118. 

Eisenberg, J. F., Muckenhirn, N., and Rudran, R., 1972, The relationship between ecol
ogy and social structure in primates, Science 176:863-874. 

Epple, G., 1975, The behavior of marmoset monkeys (Callithricidae), in: Primate Behav
ior (L. A. Rosenblum, ed.), pp. 195-239, Academic Press, New York. 

Espmark, Y., 1971, Individual recognition by voice in reindeer mother-young relation
ship. Field observation and playback experiments, Behaviour 40:295-301. 

Estes, R. D., 1974, Social organization of the African Bovidae, in: The Behaviour of 
Ungulates and Its Relation to Management, Vol. 1 (V. Geist and F. Walther, eds.), 
pp. 166-205, mCN, Morges, Switzerland. 

Estes, R. D., 1976, The significance of breeding synchrony in the wildebeest, E. Afr. 
Wildl. f. 14:135-152. 

Estes, R. D., and Estes, R. K., 1979, The birth and survival of wildebeest calves, Z. 
Tierpsychol. 50:45-95. 

Ewer, R. F., 1961, Further observations on suckling behaviour in kittens, together with 
some general considerations of the interrelations of innate and acquired responses, 

Behaviour 17:247 -260. 
Ewer, R. F., 1968, Ethology of Mammals, Elek Science, London. 
Ewer, R. F., 1973, The Carnivores, Cornell University Press, Ithaca, N.Y. 



PARENT AND INFANT ATTACHMENT IN MAMMALS 293 

Fogden, S. C. L., 1968, Suckling behaviour in the Grey seal (Halichoerus grypus) and 
the Northern elephant seal (Mirounga angustirostris) , j. Zool. 154:415-420. 

Fogden, S. C. L., 1971, Mother-young behaviour at Grey seal breeding beaches, j. Zool. 
(London) 164:61-92. 

Fradrich, H., 1974, A comparison of behaviour in the Suidae, in: The Behaviour of 
Ungulates and Its Relation to Management, Vol. 1, (V. Geist and F. Walther, eds.), 
pp. 133-143, IUCN, Morges, Switzerland. 

French, N. R., Stoddart, D. M., and Bobek, B., 1975, Patterns of demography in small 
mammal population in: Small Mammals: Their Productivity and Population 
Dynamics (F. B. Golley, K. Petrusewicz, and L. Ryszkowski, eds.), pp. 73-102, 
Cambridge University Press, London. 

Fuller, J. L., 1967, Experiential deprivation and later behavior, Science 158: 1645-1652. 
Fullerton, C., Berryman, J. C., and Porter, R. H., 1974, On the nature of mother-infant 

interactions in the guinea-pig (Cavia porcellus) , Behaviour 48: 145-156. 
Geist, V., 1963, On the behaviour of the North American moose (Alces alces andersoni 

Peterson 1950) in British Columbia, Behaviour 20:377 -416. 
Geist, V., 1971, Mountain Sheep: A Study in Behavior and Evolution, University of Chi

cago Press, Chicago. 
Geist, V., and Walther, F., eds., 1974, The Behaviour of Ungulates and Its Relation to 

Management, IUCN, Morges, Switzerland. 
Gewirtz, J. L., ed., 1972a, Attachment and Dependency, Winston, Washington, D.C. 
Gewirtz, J. L., 1972b, Attachment, dependence, and a distinction in terms of stimulus 

control, in: Attachment and Dependency (J. L. Gewirtz, ed.), pp. 139-177, Win
ston, Washington, D.C. 

Gewirtz, J. L., 1972c, On the selection and use of attachment and dependence indices, 
in: Attachment and Dependency (J. L. Gewirtz, ed.), pp. 179-215, Winston, Wash
ington, D.C. 

Gier, H. T., 1975, Ecology and behavior of the coyote (Canis latrans), in: The Wild 
Can ids (M. W. Fox, ed.), pp. 247-262, Van Nostrand, New York. 

Gould E., 1971, Studies of maternal-infant communication and development of vocali
zations in the bats Myotis and Eptesicus, Commun. Bhav. Bioi. 5:263-313. 

Gubernick, D. J., 1980, Maternal "imprinting" or maternal "labelling" in goats? Anim. 
Behav. 28: 124-129. 

Gubernick, D. J., Jones, K. C., and Klopfer, P. H., 1979, Maternal "imprinting" in 
goats? Anim. Behav. 27:314-315. 

Gurski, J. C., 1977, Multiple mothering in mice: Effects on maternal and offspring 
behaviors, Paper presented at the Eighty-Fifth Annual Meeting of the American 
Psychological Association, San Francisco. 

Gurski, J. C., and Scott, J. P., Individual vs. multiple mothering in mammals, in: Mater
nal Influences and Early Behavior (R. W. Bell and W. P. Smotherman, eds.), Spec
trum Press, Holliswood, N.Y. (in press). 

Hamilton, W. D., 1964a, The genetical theory of social behaviour, I., j. Theor. Bioi. 
7:1-16. 

Hamilton, W. D., 1964b, The genetical theory of social behaviour. II., j. Theor. Bioi. 
7:17-52. 

Harlow, H. F., 1958, The nature of love, Am. Psychol. 13:673-685. 



294 DAVID J. GUBERNICK 

Harlow. H. F., 1962, The heterosexual affectional system in monkeys, Am. Psychol. 
17:1-9. 

Harlow, H. F., and Harlow, M. K., 1965, The affectional systems, in: Behavior of Non
human Primates, Vol. 2 (A. M. Schrier, H. F. Harlow, and F. S. Stollnitz, eds.), 
pp. 287-334, Academic Press, New York. 

Harlow, H. F., and Harlow, M. K., 1969, Effects of various mother-infant relationships 
on rhesus monkey behavior, in: Determinants of Infant Behaviour, Vol. 4 (B. M. 
Foss, ed.), pp. 219-256, Wiley, New York. 

Harlow, H. F., and Suomi, S. j., 1970, Nature oflove-simplified, Am. Psychol. 25:161-
168. 

Harlow, H. F.,and Suomi, S. j., 1974, Induced depression in monkeys, Behav. Bioi. 
12:273-296. 

Harlow, H. F., and Zimmermann, R. R., 1959, Affectional responses in the infant mon
key, Science 130:421-432. 

Harper, 1. V., 1970, Role of contact and sound in eliciting filial responses and develop
ment of social attachments in domestic guinea pigs, j. Compo Physiol. Psychol. 
73:427 -435. 

Hendrichs, H., and Hendrichs, u., 1971, Freilanduntersuchungen zur Okologie und 
Ethologie der Zwerg-Antilope Modoqua (Rhynchotragus) kirki (Gunther, 1880), 
in: Dikdik und Elefanten (W. Wickler, ed.), pp. 9-75, Piper Verlag, Miichen. 

Hennessy, M. B., Kaplan, J. N., Mendoza, S. P., Lowe, E. 1., and Levine, S., 1979, 
Separation distress and attachment in surrogate-reared squirrel monkeys, Physiol. 
Behav.23:1019-1023. 

Hersher, 1., Moore, A. u., and Richmond, j. B., 1958, Effect of postpartum separation 
of mother and kid on maternal care in the domestic goat, Science 128:1342-1343. 

Hersher, 1., Richmond, J. B., and Moore, A. u., 1963, Maternal behavior in sheep and 
goats, in: Maternal Behavior in Mammals (H. 1. Rheingold, ed.), pp. 203-232, 
Wiley, New York. 

Hess, E. H., 1973, Imprinting: Early Experience and the Developmental Psychobiology 
of Attachment, Van Nostrand, New York. 

Hill, J. 1., 1977, Space utilization of Peromyscus: Social and spatial factors, Anim. 
Behav. 25:373-389. 

Hill, S. D., McCormack, S. A., and Mason, W. A., 1973, Effects of artificial mothers 
and visual experience on adrenal responsiveness of infant monkeys, Dev. Psychobiol. 
6:421-429. 

Hinde, R. A., 1975, The concept of function in: Function and Evolution of Behavior (G. 
Baerends, C. Beer, and A. Manning, eds.), pp. 3-15, Clarendon Press, Oxford. 

Hinde, R. A., 1977, On assessing the bases of partner preferences, Behaviour 62:1-9. 
Hinde, R. A., and Davies, 1. M., 1972, Changes in mother-infant relationship after 

separation in rhesus monkeys, Nature (London) 239:41-42. 
Hinde, R. A., and McGinnis, 1. M., 1977, Some factors influencing the effects of tem

porary mother-infant separation--Some experiments with rhesus monkeys, Psychol. 
Med.7:197-212. 

Hinde, R. A., and Spencer-Booth, Y., 1967, Behavior of socially living rhesus monkeys 
in their first two-and a-half years, Anim. Behav. 15:169-196. 

Hinde, R. A., and Spencer-Booth, Y., 1971, Effects of brief separation from mother on 
rhesus monkeys, Science 773:111-118. 

Hofer, M. A., 1978, Hidden regulatory processes in early social relationships, in: Social 



PARENT AND INFANT ATTACHMENT IN MAMMALS 295 

Behavior Perspectives in Ethology, Vol. 3 (P. P. G. Bateson and P. H. Klopfer, eds.), 
pp. 135-166, Plenum Press, New York. 

Houston, D. B., 1974, Aspects of the social organization of moose, in: The Behaviour of 
Ungulates and Its Relation to Management, Vol. 2, (V. Geist and F. Walther, eds.), 
pp. 690-696, IUCN, Morges, Switzerland. 

Hrdy, S. B., 1976, Care and exploitation of nonhuman primate infants by conspecifics 
other than the mother, Adv. Study Behav. 6: 1 01-158. 

Hunsaker, D., II, and Shupe, D., 1977, Behavior of New World marsupials, in: The 
Biology of Marsupials (D. Hunsaker, II, ed.), pp. 279-347, Academic Press, New 
York. 

Ingram, J. C., 1977, Interactions between parents and infants, and the development of 
independence in the common marmoset (Callithrix jacchus) , Anim. Behav. 25:811-
827. 

Itani, J., 1959, Paternal care in the wild Japanese monkey, Macacafuscatafuscata, Pri
mates 2:61-93. 

Jarman, J. V., 1974, The social organization of antelope in relation to their ecology, 
Behaviour 48:215-267. 

Jarman, M. V., 1976, Impala social behaviour: Birth behaviour, E. Afr. Wildl. j. 
14:153-167. 

Jay, P., 1963, Mother-infant relations in langurs, in: Maternal Behavior in Mammals 
(H. L. Rheingold, ed.), pp. 282-304, Wiley, New York. 

Jensen, G. D., 1965, Mother-infant relationship in the monkey Macaca nemestrina: 

Development of specificity of maternal response to own infant, j. Compo Physiol. 
Psychol. 59:305-308. 

Jensen, G. D., and Tolman, C. W., 1962, Mother-infant relationship in the monkey, 
Macaca nemestrina: The effect of brief separation and mother-infant specificity, j. 
Compo Physiol. Psychol. 55: 131-136. 

Jolly, A., 1966, Lemur Behavior: A Madagascar Field Study, University of Chicago 
Press, Chicago. 

Jones, C., 1967, Growth, development and wing loading in the evening bat, Nycticeius 
humeralis. j. Mammal 48:1-19. 

Kaplan, J., 1977, Perceptual properties of attachment in surrogate-reared and mother
reared squirrel monkeys, in: Primate Bio-Social Development: Biological, Social and 
Ecological Determinants (S. Chevalier-Skolnikoff and F. E. Poirier, eds.), pp. 225-
234, Garland Press, New York. 

Kaplan, J., and Schusterman, R. J., 1972, Social preferences of mother and infant squir
rel monkeys following different rearing experiences, Dev. Psycho bioI. 5:53-59. 

Kaplan, J., and Russell, M., 1974, Olfactory recognition in the infant squirrel monkey, 
Dev. Psycho bioI. 7:15-19. 

Kaplan, J. N., Cubicciotti, D., III, and Redican, W. K., 1977, Olfactory discrimination 
of squirrel monkey mothers by their infants, Dev. Psycho bioI. 10:447-453. 

Kaplan, J. N., Winship-Ball, A., and Sim, L., 1978, Maternal discrimination of infant 
vocalizations in squirrel monkeys, Primates 19:187-193. 

Kaufman, 1. C., 1973, Mother-infant separation in monkeys: An experimental model, in: 
Separation and Distress 0. P. Scott and E. C. Senay, eds.), pp. 33-52, Publ. Am. 
Assoc. Adv. Sci. No. 94. 

Kaufman, 1. C., and Rosenblum, L. A., 1967 a, Depression in infant monkeys separated 
from their mothers, Science 155: 1 030-1 031. 



296 DAVID J. GUBERNICK 

Kaufman, I. C., and Rosenblum, L. A., 1967 b, The reaction to separation in infant mon
keys: Anaclitic depression and conservation-withdrawal, Psychosom. Med. 29:648-
675. 

Kaufman, I. C., and Rosemblum, L. A., 1969, Effects of separation from mother on the 
emotional behavior of infant monkeys, Ann. N. Y. Acad. Sci. 159:681-695. 

Kaufmann, J H., 1962, Ecology and social behavior of the coati, Nasua narica on Barro 
Colorado Island Panama, Univ. Calif. Berkley Pub. Zool. 60:95-222. 

Kaufmann, J H., 1966, Behavior of infant rhesus monkeys and their mothers in a free
. ranging band, Zoologzca N.y. 51:17-27. 

Kaufmann, J H., 1974a, Social ethology of the whiptail wallaby, Macropus parryi, in 
northeastern New South Wales, Australia, Anim. Behav. 22:281-369. 

Kaufmann, J H., 1974b, The ecology and evolution of social organization in the kan
garoo family (Macropodidae), Am. Zool. 14:51-62. 

Kawamura, S., 1958, The matriarchal social order in the Minoo-B troop: A study on the 
rank system of Japanese monkeys, Primates 1: 148-156. 

King, D. L., 1966, A review and interpretation of some aspects of the infant-mother 
relationship in mammals and birds, Psychol. Bull. 65: 143-155. 

King, J A., 1955, Social behavior, social organization and population dynamics in a 
black-tailed prairie dog town in the Black Hills of South Dakota, Contrib. Lab. 
Vertebr. Bioi. Univ. Mich. 67:1-123. 

King, J A., 1956, Social relations of the domestic guinea pig living under semi-natural 
conditions, Ecology 37:221-228. 

King, J A., 1963, Maternal behavior in Peromyscus, in: Maternal Behavior in Mammals 
(H. L. Rheingold, ed.), pp. 58-93, Wiley, New York. 

Klaus, M. H., and Kennell, J. H., eds., 1976, Maternal-Infant Bonding, Mosby, St. 
Louis, Mo. 

Kleiman, D. G., 1969, Maternal care, growth rate, and development in the noctule (Nyc
talus noctula), pipistrelle (Pipistrellus pipistrellus), and serotine (Eptesicus sero
tin us) bats, j. Zool. 157:187-211. 

Kleiman, D. G., 1972, Maternal behaviour of the green acouchi (Myoprocta pratti 
Pocock), a South American caviomorph rodent, Behaviour 43:48-84. 

Kleiman, D. G., 1977 a, Monogamy in mammals, Q. Rev. Bioi. 52:39-69. 
Kleiman, D. G., ed., 1977 b, The Biology and Conservation of the Callithricidae, Smith

sonian Institution Press, Washington, D.C. 
Kleiman, D. G., and Eisenberg, J. F., 1973, Comparisons of canid and felid social sys

tems from an evolutionary perspective, Anim. Behav. 21:637-659. 
Klingel, H., 1974, A comparison of the social behaviour of the Equidae, in: The Behav

iour of Ungulates and Its Relation to Management, Vol. 1 (V. Geist and F. Walther, 
eds.), pp. 124-132, IUCN, Morges, Switzerland. 

Klopfer, P. H., 1970, Discrimination of young in Galagos, Folia PrimatoI13:137 -143. 
Klopfer, P. H., 1971, Mother love: What turns it on? Am. Sci. 59:404-407. 
Klopfer, P. H., and Boskoff, K. J, 1979, Maternal behavior in prosimians, in: The Study 

of Prosimian Behavior (G. A. Doyle, and R. D. Martin, eds.), pp. 123-156, Aca
demic Press, New York. 

Klopfer, P. H.,and Gamble, L., 1966, Maternal "imprinting" in goats: Role of chemical 
senses, Z. Tierpsychol. 23:588-592. 



PARENT AND INFANT ATTACHMENT IN MAMMALS 297 

Klopfer, P. H., Adams, D. K., and Klopfer, M. S., 1964, Maternal "imprinting" in goats, 
Proc. Nat!. Acad. Sci. U.S.A. 52:911-914. 

Koford, C. B., 1963a, Group relations on an island colony of rhesus monkeys, in: Primate 
Social Behavior (C. H. Southwick, ed.), pp. 136-152, Van Nostrand, Princeton, 
N.]. 

Koford, C. B., 1963b, Rank of mothers and sons in bands of rhesus monkeys, Science 
141:356-357. 

Kruuk, H., 1972, The Spotted Hyena, University of Chicago Press, Chicago. 
Kummer, H., 1968, Social Organization of Hamadryas Baboons, University of Chicago 

Press, Chicago. 
Lamb, M. E., 1974, A defense of the concept of attachment, Hum. Dev. 17:376-385. 
Lamb, M. E., 1976, Proximity seeking attachment behaviors: A critical review of the 

literature, Genet. Psychol. Monogr. 93:63-89. 
Lancaster, ]., 1971, Play-mothering: The relations between juvenile females and young 

infants among free-ranging vervet monkeys (Cercopithecus aethiops), Folia Pri
mato!' 15:161-182. 

Langman, V. A., 1977, Cow-calf relationships in giraffe (Giraffa camelopardalis giraffa) , 
Z. Tierpsychol. 43:264-286. 

Laws, R. M., 1974, Behaviour, dynamics and management of elephant populations, in: 
The Behaviour of Ungulates and Its Relation to Management, Vol. 2, (V. Geist and 
F. Walther, eds.), pp. 513-529, IUCN, Morges, Switzerland. 

Laws, R. M., and Parker, 1. S. C., 1968, Recent studies on elephant populations in East 
Africa, Symp. Zoo!. Soc. London 21:319-359. 

LeBoeuf, B. ]., and Briggs, K. T., 1977, The cost of living in a seal harem, Mammalia 
41:167-195. 

LeBoeuf, B. ]., Whiting, R.]., and Gantt, R. F., 1972, Perinatal behavior of Northern 
elephant seal females and their young, Behaviour 43: 121-156. 

Lenhardt, M. L., 1977, Vocal contour cues in maternal recognition of goat kids, Appl. 
Anim. Ethol. 3:211-219. 

Lent, P. C., 1966, Calving and related social behavior in the barren-ground caribou, Z. 
Tierpsychol. 23:702-756. 

Lent, P. C., 1974, Mother-infant relationships in ungulates, in: The Behaviour of Ungu
lates and Its Relation to Management, Vol. 1 (V. Geist and F. Walther, eds.), pp. 
14-53, IUCN, Morges, Switzerland. 

Leon, M., 1974, Maternal pheromone, Physiol. Behav. 13:441-453. 
Leon, M., 1975, Dietary control of maternal pheromone in the lactating rat, Physiol. 

Behav.14:311-319. 

Leon, M., 1978, Filial responsiveness to olfactory cues in the laboratory rat, Adv. Study 
Behav.8:117-153. 

Leon, M., and Moltz, H., 1971, Maternal pheromone: Discrimination by pre-weanling 
albino rats, Phsyiol. Behav. 7:265-267. 

Leon, M., and Moltz, H., 1972, The development of the pheromonal bond in the albino 
rat, Phsyiol. Behav. 8:683-686. 

Leuthold, W., 1977, African Ungulates, Springer-Verlag, Berlin. 
Levine, S., 1967, Maternal and environmental influences on the adrenocortical response 

to stress in weanling rats, Science 157:258-260. 



298 DAVID J. GUBERNICK 

Levine, S., Coe, C. L., Smotherman, W. P., and Kaplan, j. N., 1978, Prolonged cortisol 
elevation in the infant squirrel monkey after reunion with mother, Physiol. Behav. 
20:7-10. 

Lindsay, D. R. and Fletcher, I. C., 1968, Sensory involvement in the recognition of lambs 
by their dams, Anim. Behav. 16:415-417. 

Lorenz, K., 1935, Der Kumpan in der Umwelt des Vogels [Translated from the original, 
in: Lorenz, K., 1970, Studies in Animal and Human Behavior, Vol. 1, pp. 101-258, 
Harvard University Press, Cambridge, Mass.]. 

Marlow, B. j., 1975, The comparative behaviour of the Australasian sea lions Neophoca 
cinerea and Phocartos hookeri (Pinnipedia: Otariidae) Mammalia 39:159-230. 

Martin, R. D., 1966, Tree shrews: Unique reproductive mechanism of systematic impor
tance, Science 152: 1402-1404. 

Martin, R. D., 1973, A review of the behaviour and ecology of the lesser mouse lemur 
(Microcebus murinus, j. F. Miller, 1977), in: Comparative Ecology and Behaviour 
of Primates (R. P. Michael and j. H. Crook, eds.), pp 1-68, Academic Press, 
London. 

Mason, W. A., 1970, Motivational factors in psychosocial development, Nebr. Symp. 
Motiv. 18:35-67. 

Mason, W. A., 1978, Social experience and primate cognitive development, in: The 
Development of Behavior: Comparative and Evolutionary Aspects (G. M. Burghardt 
and M. Bekoff, eds.), pp. 233-251, Garland Press, New York. 

Mason, W. A., and Berkson, G., 1975, Effects of maternal mobility on the development 
of rocking and other behaviors in rhesus monkeys: A study with artificial mothers, 
Dev. Psycho bioi. 8:197 -21t. 

Mason, W. A., Hill. S. D., and Thomsen, C. E., 1974, Perceptual aspects of filial attach
ment in monkeys in: Ethology and Psychiatry (N. F. White, ed.), pp. 84-93, Uni
versity of Toronto Press, Toronto. 

Matthews, L. H., 1971, The Life of Mammals, Vol. 2, Weidenfeld and Nicolson, London. 
McCabe, T. T., and Blanchard, B. D., 1950, Three Species of Peromyscus, Rood Asso

ciates, Santa Barbara, Calif. 
McCarley, H., 1966, Annual cycle, population dynamics and adaptive behavior of Citel

lus tridecemlineatus, j. Mammal. 47:294-316. 
McHugh, T., 1958, Social behavior of the American buffalo (Bison bison), Zoologica 

43:1-40. 
McHugh, T., 1972, The Time of the Buffalo, Knopf, New York. 
McKay, G. M., 1973, Behavior and ecology of the Asiatic elephant in southeastern Cey

lon, Smithson. Contrib. Zool. No. 125, pp. 1-113. 
McKenna, j., 1979, Aspects of infant socialization, attachment, and maternal caretaking 

patterns among primates: A cross-disciplinary review, Yearb. Phys. Anthropol. 
22:250-286. 

McManus, j. j., 1970, Behavior of captive oppossums, Didelphis marsupialis virginiana, 
Am. Midi. Nat. 84:144-169. 

Mech, L. D., 1970, The Wolf, Natural History Press, New York. 
Meese, G. B., and Baldwin, B. A., 1975, Effects of olfactory bulb ablation on maternal 

behaviour in sows, Appl. Anim. Ethol. 1:379-386. 
Mendoza, S. P., Smotherman, W. P., Miner, M. T., Kaplan, j., and Levine, S., 1978, 



PARENT AND INFANT ATTACHMENT IN MAMMALS 299 

Pituitary-adrenal response to separation in mother and infant squirrel monkeys, 

Dev. Psycho bioi. 11:169-175. 
Merchant, J. C., and Sharman, G. B., 1966, Observations on the attachment of marsupial 

pouch young to the teats and on the rearing of pouch young by foster-mothers of the 
same or different species, Aust. j. Zool. 14:593-609. 

Meyer, J. S., Novak, M. A., Bowman, R. E., and Harlow, H. F., 1975, Behavioral and 
hormonal effects of attachment object separation in surrogate-peer-reared and 
mother-reared infant rhesus monkeys, Dev. Psychobiol. 8:425-435. 

Michener, G. R., 1971, Maternal behaviour in Richardson's ground squirrel, Spermo
philus richardsonii richardsonii: Retrieval of young by lactating females, Anim. 
Behav. 19:653-656. 

Michener, G. R., 1972, Social relationships between adult and young in Richardson's 
ground squirrel, Spermophilus richardsonii richardson ii, unpublished Ph.D. thesis, 
University of Saskatchewan. 

Michener, G. R., 1973, Field obsrevations on the social relationships between adult 
female and juvenile Richardson's ground squirrels, Can. j. Zool. 51:33-38. 

Michener, G. R., 1974, Development of adult-young identification in Richardson's 
ground squirrel, Dev. Psychobiol. 7:375-384. 

Michener, G. R., and Sheppard, D. H., 1972, Social behavior between adult female Rich
ardson's ground squirrels (Spermophilus richardsonii) and their own and alien 
young, Can. j. Zool. 50:1343-1349. 

Mineka, S., and Suomi, S. J., 1978, Social separation in monkeys, Psychol. Bull. 
85:1376-1400. 

Misanin, J. R., Zawacki, D. M., and Krieger, W. G., 1977, Differential maternal behav
ior of the rat dam toward natural and foster pups: Implication for nutrition research, 
Bull. Psychon. Soc. 10:313-316. 

Mitchell, G., and Brandt, E. M., 1972, Paternal behavior in primates, in: Primate Social
ization (F. E. Poirier, ed.), pp. 173-206, Random House, New York. 

Moltz, H., 1971, The onotgeny of maternal behavior in some selected mammalian species, 
in: Ontogeny of Vertebrate Behavior (H. Moltz, ed.), pp. 265-313, Academic Press, 
New York. 

Morgan, P. D., Boundy, C. A. P., Arnold, G. W., and Lindsay, D. R., 1975, The roles 
played by the senses of the ewe in the location and recognition of lambs, Appl. Anim. 
Ethol. 1: 139-150. 

Napier, J. R., and Napier, P. H., 1967, A Handbook of Living Primates, Academic Press, 
New York. 

Neal, E., 1970, The banded mongoose, Mungos mungo Gmelia, E. Afr. Wildl. j. 8:63-

71. 
Neyman, P. F., 1977, Aspects of the ecology and social organization of free-ranging cot

ton-top tamarins (Saguinus oedipus) and the conservation status of the species, in: 
The Biology and Conservation of the Callithrichidae (D. G. Kleiman, ed.), pp. 39-
71, Smithsonian Institution Press, Washington, D.C. 

Neimitz, C., 1979, Outline of the behavior of Tarsius bancanus, in: The Study of Prosi
mian Behavior (G. A. Doyle and R. D. Martin, eds.), pp. 631-660, Academic Press, 
New York. 

Owens, D. D., and Owens, M. J., 1979a, Communal denning and clan associations in 



300 DAVID J. GUBERNICK 

brown hyenas (Hyaena brunner, Thunberg) of the Central Kalahari Desert, Afr. j. 
Ecol. 17:35-44. 

Owens, D., and Owens, M., 1979b, Notes on social organization and behavior in brown 
hyenas (Hyaena brunnea) , j. Mammal. 60:405-408. 

Owens, M. J., and Owens, D. D., 1978, Feeding ecology and its influence on social 
organization in brown hyenas (Hyaena brunner, Thunberg) of the central Kalahari 
Desert, E. Afr. Wildl. j. 16: 113-135. 

Peterson, R. S., 1968, Social behavior in pinnipeds, in: The Behavior and Physiology of 
Pinnepeds (R. J. Harrison, R. C. Hubbard, R. S. Peterson, C. E. Rice, and R J. 
Schusterman, eds.), pp. 3-53, Appleton-Century-Crofts, New York. 

Peterson, R. S., and Bartholomew, G. A., 1967, The natural history and behaviour of the 
California sea lion, Spec. Publ. Am. Soc. Mammal. No. 1. 

Petrinovich, L., 1974, Individual recognition of pup vocalization by northern elephant 
seal mothers, Z. Tierpsychol.34:308-312. 

Pettijohn, T. F., 1977, Reaction of parents to recorded infant guinea pig distress vocali
zation, Behav. Bioi. 21:438-442. 

Pettijohn, T. F., 1978, Development of social behavior in young guinea pigs (Cavia por
cellus) , j. Gen. Psychol. 99:81-86. 

Pettijohn, T. F., 1979a, Attachment and separation distress in the infant guinea pig, Dev. 
Psychobiol. 12:73-81. 

Pettijohn, T. F., 1979b, Social attachment of the infant guinea pig to its parents in a two
choice situation, Anim. Learn. Behav. 7:263-266. 

Pettijohn, T. F., Wont, T. W., Ebert, P. D., and Scott, J. P., 1977, Alleviation of sepa
ration distress in 3 breeds of young dogs, Dev. Psychobiol. 10:373-381. 

Pianka, E. R., 1970, On r-and K-selection, Am. Nat. 104:592-597. 
Poindron, P., 1976, Mother-young relationships in intact or anosmic ewes at the time of 

sucking, Bioi. Behav. 2: 161-177. 
Poindron, P., and Carrick, M. J., 1976, Hearing recognition of the lamb by its mother, 

Anim. Behav. 24:600-602. 
Poindron, P., Martin, G. B., and Hooley, R. D., 1979, Effects of lambing induction on 

the sensitive period for the establishment of maternal behavior in sheep, Physiol. 
Behav. 23: 1 081-1 087. 

Poirier, F. E., 1968, The Nilgiri lahgur (Presby tis johnii) mother-infant dyad, Primates 
9:45-68. 

Porter, R. H., and Doane, H. M., 1976, Maternal pheromone in the spiny mouse (Aco
mys cahirinus), Physiol. Behav. 16:75-78. 

Porter, R. H., and Doane, H. M., 1977, Dietary-dependent cross-species similarities in 
maternal chemical cues, Physiol. Behav. 19: 129-131. 

Porter, R. H., and Doane, H. M., 1978, Studies of maternal behavior in spiny mice 
(Acomys cahirinus), Z. Tierpsychol. 47:225-235. 

Porter, R. H., and Etscorn, F., 1974, Olfactory imprinting resulting from brief exposure 
in Acomys cahirinus, Nature (London) 250:732-733. 

Porter, R. H., and Ruttle, K., 1975, The responses of one-day old Acomys cahirinus pups 
to naturally occurring chemical stimuli, Z. Tierpsychol. 38: 154-162. 

Porter, R. H., Berryman, J. C., and Fullerton, C., 1973a, Exploration and attachment 
behaviour in infant guinea pigs, Behaviour 45:312-322. 

Porter, R. H., Fullerton, C., and Berryman, J. C., 1973b, Guinea-pig maternal-young 
attachment behaviour, Z. Tier psycho I. 32:489-495. 



PARENT AND INFANT ATTACHMENT IN MAMMALS 301 

Porter, R. H., Doane, H. M., and Cavallaro, S. A., 1978, Temporal parameters of 
responsiveness to maternal pheromone in Acomys cahirinus, Physiol. Behav. 21:563-

566. 
Rabb, G. B., Woolpy, J H., and Ginsburg, B. E., 1967, Social relationships in a group 

of captive wolves, Am. Zool. 7:305-311. 
Rajecki, D. W., Lamb, M. E., and Obmascher, P., 1978, Toward a general theory of 

infantile attachment: A comparative review of aspects of the social bond, Behav. 
Brain Sci. 3:417 -464. 

Rand, R. W., 1955, Reproduction in the female Cape fur seal Arctocephalus pusillus 
(Schreber), Proc. Zool. Soc. London 124:717-740. 

Rasa, O. A. E., 1977, The ethology and sociology of the dwarf mongoose (Helogale 
undulata rufula) , z. Tierpsychol. 43:337 -406. 

Redican, W. K., and Kaplan, J N., 1978, Effects of synthetic odors on filial attachment 
in infant squirrel monkeys, Physiol. Behav. 20:79-85. 

Reite, M. Kaufman, 1. C., Pauley, J D., and Stynes, A. J, 1974, Depression in infant 
monkeys: Physiological correlates, Psychosom. Med. 36:363-370. 

Reite, M., Short, R., Kaufman, 1. C., Stuynes, A. J, and Pauley, J D., 1978a, Heart 
rate and body temperature in separated monkey infants, Bioi. Psychiatry 13:91-105. 

Reite, M., Short, R., and Seiler, C., 1978b, Physiological correlates of maternal separa
tion in surrogate-reared infants: A study in altered attachment bonds, Dev. Psycho
bioi. 11:427 -435. 

Richards, M. P. M., 1966, Maternal behaviour in the golden hamster: Responsiveness 
to young in virgin, pregnant, and lactating females, Anim. Behav. 14:310-313. 

Rood, J P., 1972, Ecological and behavioural comparisons of three genera of Argentine 
Cavies, Anim. Behav. Monogr. 5:1-83. 

Rood, J P., 1974, Banded mongoose males guard young, Nature (London) 248:176. 
Rood, J P., 1978, Dwarf mongoose helpers at the den, Z. Tierpsychol. 48:277-287. 
Rosenblatt, J S., Turkenwitz, G., and Schneirla, T. C., 1962, Development of sucking 

" and related behavior in neonate kittens, in: Roots of Behavior (E. L. Bliss, ed.), pp. 
198-210, Harper, New York. 

Rosenblum, L. A., 1968, Mother-infant relations and early behavioral development in 
the squirrel monkey, in: The Squirrel Monkey (L. A. Rosenblum and R. W. Cooper, 
eds.), pp. 207-234, Academic Press, New York. 

Rosenblum, L. A., 1971, The ontogeny of mother-infant relations in macaques, in: The 
Ontogeny of Vertebrate Behavior (H. Moltz, ed.), pp. 315-367, Academic Press, 
New York. 

Rosenblum, L. A., and Alpert, S., 1974, Fear of strangers and specificity of attachment 
in monkeys, in: The Origins of Fear (M. Lewis and L. A. Rosenblum, eds.), pp. 
165-193, Wiley, New York. 

Rosenblum, L. A., and Alpert, S., 1977, Response to mother and stranger: A first step in 
socialization in: Primate Bio-Social Development (S. Chevalier-Skolnikoff and F. E. 
Poirier, eds.), pp. 463-477, Garland Press, New York. 

Rosenblum, L. A., and Kaufman, 1. C., 1967, Laboratory observations of early mother
infant relations in pigtail and bonnet macaques, in: Social Communication among 
Primates (S. Altmann, ed.), pp. 33-42, University of Chicago Press, Chicago. 

Rosenthal, M. K., 1973, Attachment and mother-infant interaction: Some research 
impasse and a suggested change in orientation, j. Child Psychol. Psychiatry 14:201-
207. 



302 DAVID J. GUBERNICK 

Rowell, T. E., 1961, The family group in golden hamsters: Its formation and break-up, 
Behaviour 17:81-94. 

Rowell, T. E., Hinde, R. A., and Spencer-Booth, Y., 1964, "Aunt" -infant interaction in 
captive rhesus monkeys, Anim. Behav. 12:219-226. 

Roy, M. A. (ed.), 1980, Species Identity and Attachment, Garland Press, New York. 
Rudge, M. R., 1970, Mother and kid behaviour in feral goats (Capra hircus L.), Z. 

Tierpsychol. 27:687 -692. 
Rudnai, J. A., 1973, The Social Life of the Lion, Washington Square East, Wallingford, 

Pa. 
Russell, E. M., 1970, Observations on the behaviour of the red kangaroo (Megaleia TUfa) 

in captivity, Z. Tierpsychol. 27:385-404. 
Sackett, G. P., Griffin, G. A. Pratt, C. L., Joslyn, W. D., and Ruppenthal, G. C., 1967, 

Mother-infant and adult female choice behavior in rhesus monkeys after various 
rearing experiences, j. Compo Physiol. Psychol. 63:376-381. 

Sade, D. S., 1965, Some aspects of parent-offspring and sibling relations in a group of 
rhesus monkeys, with a discussion of grooming, Am. j. Phys. Anthropol. 23:1-17. 

Sadleir, R. M. F. S., 1969, The Ecology of Reproduction in Wild and Domestic Mam
mals, Methuen, London. 

Sauer, G. F., 1967, Mother-infant relationship in galagos and the oral child transport 
among primates, Folia Primatol. 7:127-149. 

Sayler, A., and Salmon, M., 1971, An ethological analysis of communal nursing by the 
house mouse (Mus musculus), Behaviour 40:60-85. 

Schaffer, H. R. (ed.), 1977, Studies in Mother-Infant Interactions, Academic Press, New 
York. 

Schaller, G. B., 1963, The Mountain Gorilla, University of Chicago Press, Chicago. 
Schaller, G. B., 1972, The Serengeti Lion, University of Chicago Press, Chicago. 
Schaller, G. B., 1977, Mountain Monarchs: Wild Sheep and Goats of the Himalaya, 

University of Chicago Press, Chicago. 
Schilling, A., 1979, Olfactory communication in prosimians, in: The Study of Prosimian 

Behavior (G. A. Doyle and R. D. Martin, ed.), pp. 461-542, Academic Press, New 
York. 

Schneirla, T. C., Rosenblatt, J. S., and Tobach, E., 1963, Maternal behavior in the cat, 
in: Maternal Behavior in Mammals (H. L. Rheingold, ed.), pp. 122-168, Wiley, 
New York. 

Scott, J. P., 1963, The process of primary socialization in canine and human infants, 
Monogr. Soc. Res. Child Dev. 28:1-47. 

Scott, J. P., 1971, Attachment and separation in dog and man: Theoretical propositions, 
in: The Origins of Human Social Relations (H. R. Schaffer, ed.), pp.227 -246, 
Academic Press, New York. 

Scott, J. P., and Marston, M. V., 1950, Critical periods affecting the development of 
normal and maladjustive social behavior in puppies, j. Genet. Psychol. 77:25-60. 

Scott, J. P., Stewart, J. M., and DeGhett, V. J., 1974, Critical periods in the organization 
of systems, Dev. Psychobiol. 7:489-513. 

Seay, B., Alexander, B. K., and Harlow, H. F., 1964, Maternal behavior of socially 
deprived rhesus monkeys, j. Abnorm. Soc. Psychol. 69:345-354. 

Seay, B., Hansen, E., and Harlow, H. F., 1962, Mother-infant separation in monkeys, 
j. Child Psychol. Psychiatry 3: 123-132. 



PARENT AND INFANT ATIACHMENT IN MAMMALS 303 

Seyfarth, R. M., 1976, Social relationships among adult female baboons, Anim. Behav. 
24:917 -938. 

Sharman, G. B., and Calaby, J. H., 1964, Reproductive behaviour in the red kangaroo, 
Megaleia rufa, in captivity, CSIRO Wildl. Res. 9:58-85. 

Shillito, E. E., 1975, A comparison of the role of vision and hearing in lambs finding their 
own dams, Appl. Anim. Ethol. 1:369-397. 

Shillito, E., and Alexander, G., 1975, Maternal recognition amongst ewes and lambs of 
four breeds of sheep (Ovis aries), Appl Anim. Ethol. 1:151-165. 

Signoret, J. P., Baldwin, B. A., Frase, D., and Hafez, E. S. E., 1975, The behaviour of 
swine, in: The Behaviour of Domestic Animals, 3rd. ed. (E. S. E. Hafez, ed.), pp. 
295-329, Williams and Wilkins, Baltimore. 

Simonds, P. E., 1965, The bonnet macaque in South India, in: Primate Behavior (I. 
DeVore, ed.), pp. 175-196, Holt, Rinehart and Winston, New York. 

Sinclair, A. R. E., 1977, The African Buffalo, University of Chicago Press, Chicago. 
Sluckin, W., 1968, Imprinting in guinea-pigs, Nature (London) 220: 1148. 
Sluckin, W., and Fullerton, C., 1969, Attachment of infant guinea pigs, Psychon. Sci. 

17:179-180. 
Smith, E. A., 1968, Adoptive sucking in the greay seal, Nature (London) 217:762-763. 
Smith, F. V., 1965, Instinct and learning in the attachment of lamb and ewe, Anim. 

Behav. 13:84-86. 
Smith, F. V., Van-Tollen, C., and Boyes, T., 1966, The 'critical period' in the attachment 

of lambs and ewes, Anim. Behav. 14:120-125. 
Smotherman, W. P., Mendoza, S. P., and Levine, S., 1977 a, Ontogenetic changes in pup

elicited maternal pituitary-adrenal activity: Pup age and stage of lactation effects, 
Dev. Psychobiol. 10:365-371. 

Smotherman, W. P., Wiener, S. G., Mendoza, S. P., and Levine, S., 1977 b, Maternal 
pituitary-adrenal responsiveness as a function of differef'tial treatment of rat pups, 
Dev. Psychobiol. 10: 113 -122. 

Smotherman, W. P., Hunt, L. E., McGinnis, L. M., and Levine, S., 1979, Mother-infant 
separation in group-living rhesus macaques: A hormonal analysis, Dev. Psychobiol. 
12:211-218. 

Smythe, N., 1970, The adaptive value of the social organization of the coati (Nasua nar
ica), ]. Mammal. 51:840-849. 

Smythe, N., 1978, The natural history of the central American agouti (Dasyprocta punc
tata), Smithson. Contrib. Zool. No. 257, pp. 1-52. 

Spencer-Booth, Y., 1970, The relationship between mammalian young and conspecifics 
other than mothers and peers: A review, Adv. Study Behav. 3:119-194. 

Sroufe, L. A., and Waters, E., 1977, Attachment as an organizational construct, Child 
Dev.48:1184-1199. 

Struhsaker, T. T., 1975, The Red Colobus Monkey, University of Chicago Press, 
Chicago. 

Suomi, S. J., Harlow, H. F., and Domek, C. J., 1970, Effects of repetitive infant-infant 
separation of young monkeys, ]. Abnorm. Psychol. 76:161-172. 

Suomi, S. J., Eisele, C. D., Grady, S. A., and Tripp, R. L., 1973, Social preferences of 
monkeys reared in an enriched laboratory social environment, Child Dev. 44:451-
460. 

Tedman, R. A., and Bryden, R. A., 1979, Cow-pup behaviour of the Weddell seal, Lep-



304 DAVID J. GUBERNICK 

tonychotes weddelli (Pinnipedia), in McMurdo Sound, Antarctica, Aust. Wildl. Res. 
6:19-37. 

Thomas, j. A., and Birney, E. C., 1979, Parental care and mating systems of the prairie 
vole, Microtus ochrogaster, Behav. Ecol. Sociobio!. 5:171-186. 

Thrasher, j. D., Barenfus, M., Rich, S. T., and Shupe, D. V., 1971, The colony man
agement of Marmosa mitis, the pouchless opossum, Lab Anim. Sci. 21:526-536. 

Tileston, j. V., and Lechleitner, R. R., 1966, Some comparisons of the black-tailed and 
white-tailed prairie dogs in north-central Colorado, Am. MidI. Nat. 75:292-316. 

Tinbergen, N., 1963, On aims and methods in ethology, Z. Tierpsychol. 20:410-433. 
Trivers, R. L., 1971, The evolution of reciprocal altruism, Q. Rev. BioI. 46:35-57. 
Turner, D. A., Shaughnessy, A., and Gould, E., 1972, Individual recognition between 

mother and infant bats (Myotis), in: Animal Orientation and Navigation (S. R. 
Galler, R. Sidney, K. Schmidt-Koenig, G. j. Jacobs, and R. E. Bellville, eds.), pp. 
365-371, NASA Spec.Publ. No. 262, Washington, D.C. 

Tyler, S. j., 1972, The behaviour and social organization of the New Forest ponies, 
Anim. Behav. Monogr. 5:85-196. 

van Lawick, H., and VanLawick-Goodall, j., 1971, Innocent Killers, Houghton Mifflin, 
Boston. 

van Lawick-Goodall, j., 1967, Mother-offspring relationships in free-ranging chimpan
zees, in: Primate Ethology (D. Morris, ed.), pp. 287 -346, Aldine, Chicago. 

van Lawick-Goodall, j., 1968, The behavior of free-living chimpanzees in the Gombe 
Stream Reserve, Anim. Behav. Monogr. 1:165-311. 

van Lawick-Goodall, j., 1971, In the Shadow of Man, Houghton Mifflin, Boston. 
Verts, B. j., 1967, The Biology of the Striped Skunk, University of Illinois Press, Urbana, 

Ill. 
Wade, T. D., 1979, Inbreeding, kin selection, and primate social evolution, Primates 

20:355-370. 
Waring, G. H., Wierzbowski, S., and Hafez, E. S. E., 1975, The behaviour of horses, 

in: The Behaviour of Domestic Animals, 3rd ed. (E. S. E. Hafez, ed.), pp. 330-369, 
Williams and Wilkins, Baltimore. 

Weinraub, M., Brooks, j., and Lewis, M., 1977, The social network: A reconsideration 
of the concept of attachment, Human Dev. 20:31-47. 

West Eberhard, M. j., 1975, The evolution of social behavior by kin selection, Q. Rev. 
Bio!. 50: 1-34. 

Wickler, W., 1976, The ethological analysis of attachment, Z. Tierpsycho!. 42:12-28. 
Wilson, E. 0., 1975, Sociobiology: The New Synthesis, Harvard University Press, Belnap 

Press, Cambridge, Mass. 
Wolski, T. R., Houpt, K. A., and Aronson, R., 1980, The role of the senses in mare-foal 

recognition, App!. Anim. Etho!. 6:121-138. 
Wooldridge, F.L., 1971, Colobus guereza: Birth and infant development in captivity, 

Anim. Behav. 19:481-485. 
Yahner, R. H., 1978, Some features of mother-young relationships in Reeve's muntjac 

(Muntiacus reevesi) , Appl. Anim. Ethol. 4:379-388. 
Yamada, M., 1963, A study of blood-relationship in the natural society of the Japanese 

macaque, Primates 4:43-66. 
Yeaton, R. I., 1972, Social behavior and social organization in Richardson's ground squir

rel (Spermophilus richardsonii) in Saskatchewan, j. Mammal. 53:139-147. 



PARENT AND INFANT ATTACHMENT IN MAMMALS 305 

Zajonc, R. B., 1971, Attraction, affiliation, and attachment, in: Man and Beast: Com
parative Social Behavior (J. F. Eisenberg and W. S. Dillon, eds.), pp. 141-179, 
Smithsonian Institution Press, Washington, D.C. 

Zarrow, M. X., Denenberg, V. H., and Anderson, C. 0., 1965, Rabbit: Frequency of 
suckling in the pup, Science 150: 1835-1836. 

Zimmerman, G. D., 1974, Cooperative nursing behavior observed in Spermophilus tri
decemlineatus (Mitchill), j. Mammal. 55:680-681. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




