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ABSTHACT

The procedure of separatiﬁg .infant macagues from
their mothers or social peers is believed to produce a-
stressfhl behavioural syn&rone that is similar o
anaclitic depression in man. A set of two longitudinal ob-
servational experiments was begun in order to address two
experimental concerns. - In the .first expe;iment, four
young wacaques . were sebarated tws times froﬁ their mothers,
without any further intervention, in order té verify the '
~exact nature of the separation reaction. This experiment
also served to establisﬁ the optimal procédu;es andjpgr-
ameters fdr later experimentation. A The second 5expériment
‘was run under similar codditioné with the exceptions.
that thers were two groups and a pharmacological interven-
tion aﬁ .the 'second-separation. The drug used was a
tricyclic antidepressant comnpound, désnethylinipramine,
known to be. efficacious in _ some human depressions.
The d;ug tééatlent allowed an assessment of the second
rajor concern, i.e., 'does desibranine alleviate fhe sepafa-
tion-induced hehaviouralidisturbance? A poéitive result
would be takea, as further validafion of the sepa-

ration model of depression.
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INTRODUCTION AND EEVIEW QF LI'TEHATURE
' -

The research of clinically important p:qblems with pri-
Rate models- of psychopatholbgy raises a numbér of unavoida-
ble problems and touches upon an extensive field of scien=-
_tific concerns. 'These_ concérné mﬁy he. posed in the

form of the followving questions;

1. What is the nature ' of depression?

>

2, Is amaclitic depression similar to adult depres-

¢ sioh?
3. What are the forms of treatment of depression?

4. Does the primate separation model have any rTe-

levance to human depression? .
5« W#What is the nature of the expeiinental subjects?

6., What kind of research has been done in the area

and what are its lipitations?

Such broad guestions are very importanmt ~and difficult to
answer satisfactorily. . Their very lack of specificity is
a direct reflection of the probleas ' and limitations of

research im primate ‘models of the human condition. The

- .
I
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introduc;ion and review of the literature is intended ta
provide - some insight  into these mgthodological and
philosophical problems in roughly the, same order as they
ére stated;. It is recoéinized that answeres to’thggé ques-
tions are, 'to some extent, speculative. The‘foilouing poenm

by Hopkins carries greatef-insight into the nature of de~-

pression than the usual metaphore.

Human Depression

no worst, there is nome. pitched past pitch of
grief, more pangs will, schooled at forepangs,
wilder wring. comforter, where, where is your
.conforting? amary, wmother of wus, vhere is your
relief? ny cries heave, herds-long; huddle in a
main, a chief woe, wvworld sorrow; on an .age-
0ld anvil wince.and sing then 1lull, then leave
off. fury had shrieked "no 1ling- ering!  1let
me be fell: force i must be brief. '

o the mind, mind has nmountains; cliffs of fall
frightful, sheer, no-man-fathomed. -~ hold thenm
cheap may vho ne'er hung there. Jor does long
our small durance  deal with, that steep or
deep. -here! creep, wretch, under a coafort
serves in a whirlwind: all life death 4ees
end and each day dies with sleep. . -

from "™spelt from sibyl's leaves.". where,
~-selfvrung, selfstrung, sheath-and-Shelterless,
thoughts againSt‘thoughts in groans grind.

Gerald Manley Hopkins, 1844-1889.

In cognitive formulations of depression, such as those of
Aaron Beck (1967,1976, Kovacs and Beck, 1978), depressive

mood and behavior are seem as .resulting fronm con-
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3
sistently construing ordinary experie ce in negative

non-logical ways, including selective abstractions, over-

generalizations, magnifications and ‘arbitrary - infer-
_ences. .Input'ihformation is screeﬁed in su¢h a way that
tﬂe patieﬁt conSistently: 1) consttrues ordinary.‘éxperi-'
xence in a negativé way. Interactions and ‘aobjects
becoie ’burdensone:ll obstacles and represent defeat
. - /
and disparagenept. Neutral remarcks -are taken as

criticisam; g)_The patiedt ﬁieus himself in a negative way;
inadequate, hnuorthy, sinful etc. _ These labeié are inf;r-
red ts raepresent stable traits within himself +to which
he nmay attribute all his failiﬁgs; 3)

the Apatient vieus the future in a ﬁegative way. The
future, if‘it is conceived at all, becpmés a mere exten-
sidq 'of his present misery yith little prospéct for
relief. 'Foreéight is filled with the expectation of fai-
lure and that underfakings ¥ill not be  rewarded: Con-
sequently there is very .little motivation to do any-
thing but avoid adiivity;- often leading to 'dependency
on family and friemds for the accomplishment of 'elénentarj.
tasks. If géals have beer set, they are often umprealis-
ticélly high, filled with *shoulds " and 'either-or® prem=
ise's. Subséqngnt failuresh are then taken as further

evidence of inadequacy. | | ot
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The person who has \deVBlOPEd . this npucleus of nega-
tive cognitive | patterns . has the necessary vulnera-

bility to environmental and social stresses to bhecome de-

pressad. The ‘triggers! nmay be situations remihiscent
of eérly trauma, illness or .physicallincépactiy, frus-
tration and: thwartiog of .goal attainment, lowering
of self-esteem, isolation or sudden loss. Thé effect

of .the .reaction is a: constriction of the «cognitive
fiéld'apd a selective inattention to naﬁy other areas of
interest, making them " unavailable to the pa£ien£. The
patient is literally incapable- of assimilating positive en-
vinonmental fﬁrdback. 7?he following gquotation illuétrating
the persomal aad cognitive. effects of depression, 1is fron

an actual case. : . ‘

"There was a real world all arocund, but I seldoam -
saw it. I wvalked familiar streets, but saw
no friendly houses, there, was only the echo’
of my footsteps in an empty glooa." :
= ' Knauth, 1976

. The agency responsible for the maintenance of depres-
sive; cognitioﬂs is  thought to be cognitive structures
or scheamata, a ‘concept borrowed ‘from the structuralist
theories of Piaget. ' Structures in the theoretical sense
have the characteristic of beiqg a unity which |is

, - . ) T I

. 'structured' by a specific set of lawful transforﬁ?—
tions whose activity produces no effects outside itself

and which 1is self-regulating {Piaget, 1970). Self-re~

.gulation, in " teras of psychological structures (as
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opposed to Iogical or mathematical) rafers to
transformations which unfold in time and are subject to
correction or feedback, that |is, learning and memory

depend on antecedent structures. which may accomodate wmodi-

fications due to coentact with the  environment. At
equilibrium, an entirely new or recast structure will re-
sult.

Cogaitive Theories

S

In chk's' (1967,1978) - theory of depression, cognitive
structures Aare lrelatively enduring and organized re-
Jpresentatians‘of 'piior experiencé, which condition a:nd
codify the full range of internal and external stiaula-
tion..' Through repetition, depressogenic structures
replace | more advantégeous vays -of evaluating experi-
ence. Recall is not only npegative but also acquires

. |
the characteristic of rigidity and absoluteness seen in

the early moral values of children. This has led
Beck to speéulate that deptessi?e schemata are
very durable and developnentaliy early structures

stemming froa the patient's childhood years.

The tacit assuaption often has been that‘beha-
vioural disorderé'_in depresseé persons are due to a dis-
tortion ‘in the information stream (feedback) to the per-

- son or at least im its wutilization, thaf is the'persoq's

: \
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behaviour 1is incongruent with the environment. Coyne
ot

(1976) presents the view' that both the iFudividual
it . .

and his. enviroament conspire actively together in

mutuyal manipulation to maintain .a depressive spiral

ie. a ' “putually causative deviation-amplification
process." The same dynamic is true in other psychopat@glogy‘

as well; for instance one may be guite paranoid but;

- chances are that the perceived antagonisa and conspirato-.. X

rial behaviour. is often quite genuine. As Liberm;n

and Haskin %1971) have pointed out, ' depressed pei;ons

often  elicit avoidamce, guilt and hostility from those

around thea. The eésential point is that there are still‘

Active. but negative ) proégs;es that maintain ° pa-

.thological behaviour -and vhich cannot be explained en;
- \

tirely by -.isolation alone, -Depressive feedback per-

sists and this, at \$Ole level, makes the depressed

- -
person's behaviour congruent with his environment.

Behaviougal Theories

Theré are: §everal behdvioura; formulations of de-
pression, incluainé A Perster‘ (1973,1977),  Moss and
Boren (1972), Liberman andiaaskin“(1§71); Burgess (i9g9),
Lewinsohn (197“), - Kanfer and Saslow (1965), Costeilo
(1972, Wolpe  (1971),  lazarus  (1968)  and Pater
flaclean's concept of con;unicatiqn deficits (f973,1975);

Two axcellent Eevieus are givem in Akiskal and‘uckinney
_ o P . .
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{1975) and Eastman (1976} . Only a couple will be .

]
mentioned here.

'Y t

Functional amalyses of depressed behaviour  were com=.-7’

4

¥ 7

ducted by Ferster (1966,1973) and MoSS and Qgpen/fTQTZ).

These formulations egphasize 19553//5f reinforcible
behaviour, ieyw a decreaseq//ffgﬁuency of behaviour that

. - s
. 7
is int:insically»reigﬁoréing and capable of eliciting rein-

forcement as,x“fﬁé COBRROD denominator of all depres-

Vo

" ‘sions. Other factoré such as  those that determine
'tﬁoughts and feelings (cognitive factors) are viewed as
consequent upon the primary datun,..lou frequency ,of be-
haviour. = It is «claimed that a purely ‘topogfaphibdr or
content analysis, enphasizing thoughts and feelings,
does not Qiscrininate be;ueen-controllihg and dependent
Qariables. | Thus | one dependent variable may be attri-

buted to anothec while nothing is said about controlling

factors. %t may not be clear that behaviours of simi-

N

lar appearance may fall into different functional
classes, vhile behaviours of different appearance may be-
in the same functional class. Crying, for example,

3 . |

may be associated with grief or with physical trauma,
vhereas crying and insomnia may both be related tb persis-

tent lo; social reinforcenment.

—

AN

S

~
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Moss and.Boren (1972) defiqe two environmental condi-
Eions that may result in depression, namely 1).
insufficient positive reinforcement and 2) aversive con-
trol. :Insufficient reinforcement has been 'described
along parameters of frequéncy, magnitude;._duration and the
amount of beﬁaviour necessarf -to‘ obtain reinforce-
ment (response cdst). As the. frequency and magnitudé of
reinforcement decrease and the amount of behaviour re-
‘gquired to obtaim it iﬁcreases, normal behaviour may
fall out of reinforcer'.control.. Depressive and ‘idios~
yncratic behaviour 'may then appear by default Af the re-

maining repertoire.

Aversive 'control_"occurs usually' through condi~
tioned " rather than primary aversiyg stimuli, They
are associated with a reduction of péSitive reinforce=-
ment ani pain so  that the tendency is to avoid or
QScapb - thenm, For ;isiance a nan- may ao housework
freQuehtly simply to avoid his wife's nagging. IIn'de-
pression, where aversive control may be quite high, this
.often results in a passive _ratherl than active reper-
toire vhose net effect is to limit pdsitively reinforci-
.ble behaviour.  Im a dyadic i; eraction, for example, the
depressed pqréon i§ likely to be negatively re-
iﬁforced; he eaits very/little behaviour exéépt to avoid

an aversive situation such as having to speak up ‘or total
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silence. Therefore, he passively proopts the other . and
complies and otherwise positively reinforces listener while
he himself 4is under negative 'cont;ol and cannot cone
up with amny positively reinforcible behaviouffor initia-

tives. o

The active .aspect of the depressive- repertoire hag
‘been ‘menﬁiomed thy Lewinsohn t1969), Ferster (197;),
Burgess (1969), ' aﬁd Freud {1917) . In the first
placa, avoidance anaveséape may actually remove an aversive
or d;ngerous stimulus, but again, uith'repetition pre-

potent avoidance  behaviours eliminate positively rein-

forcible actions. Equally important, however, may be
the  conditioned acquisition of depressive behaviours
concurrent with the extinction of normal behaviours. The

very absence of the normal parforuipg ‘behaviours becoues

the occassion for the reinforcement of depressive ones.

Lewinsohn reasoans that lack of social skill, ag a defi-
cit in instrhmental response ;apgcity, is the neces-
sary éntecedentlcdndition for depression; that is, “a low
freqﬁency of response~contingent positive social reinforce;
ment, due to poor social skills, may reéult.in depres-
sion. Social skill is defined as the ability to emit be-
haviours followed by social reinforcemeat and nog-_by

punishment, *The amount of reinforcement anyone gets

K
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depends on his skill 1in emitting reinforcible bekavi-

~our and the curremnt availability of the reirnforegrs.

Léwinsdhn.has derived five operational measures which,
conceptu;lly, are very .similar to measures hsed in some
pr}mate experiﬁeqt;.,.'- These - help define therapeutic
goals and discriminate betuean depressives and non-depres-
sives: 1) The total number of emitted actions (usually
quite lou]; - 2) Interpersonal efficiency; a ratio of
the amount of behaviour put out to the amount returned.
3) Inierpersonal range; the range (nunbér)- of pecople he
deals with., 4) Use of positive reactions; skill in'
reinforcing actioas emitted toiards himsalf, 2) Action
latency; the appropriateness of .timing in the use of so-
cial action and reinforpeneht. Data for thése zea-
-sures are. derived partly from " inventories such the
MMPI bnt.iainly froms on-gdihq interpersonal behaviour which
is quantified and coded according to a schedule that
yields.catégories of 1) Type 6f interaction ‘ég informa-
tion request v.s. criticism. 2)Content of intéraction, 3
Negative v.s. positive interaction. 4) Sour?e of ac~-
tion and objéct. - These -coded data constitute his five
operational measures, which then becone the ogjgct of-

explicit hehavioﬁral‘training.
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Therel are many _other significant and very inter-
esting contributions"to this field., To cité a nuﬁber of
examplas there is Wolpe (]971) wvhose fheory concerns
'neurotic depression® due to exaggerated reaétion to
loss, exposure to pfolonged anxiety or failure to
coptr61 interpérsonal situations. A, Lazarus (1968) be=-
lieves that depressién is dﬂe to prolonged anxiety or insuf-
ficiepf reinforcement. . Hirota and Seligman (1975) have
extended a cogniti;e form of learned helplessness to
man., There is also'Costello's ‘th;ofetical reinfbrcqr effec~-
tiveness and Peter Nclean's (1975) concept of inade-

quate communication skills. Restrictions of scope preclude

an- integration of all these factors.

The Pharmacology of Depression
The Biggqenic Amine Hypothesjs

Early intefest “in the pharnacologicall aspects of de;
pression ¥as stimulated by the obsérvation lof beha-
vioural side effects of such drugs as reserpine and
‘iproniazid. L Reéerpine . had - been used as a tranquil-
lizer and antihyperteasive but it vas noted that a

small percentage of patients seeméd to become depressed

o

shortly after receiving the drug. ' Conversely,

other patients receiving . ipréniazid for the treatment of
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tuberculosis seened to experience an elevation ot mood
and behavioural activation. It is believed that the two
drugs affected the availibility of aeurotransmitter sub-
stances in ‘an opposite way; that is, reserpine caused a
depletion and ipactivation while iproniazid prevented

enzymatic degradation by monoaamine oxidase and elevated

the mood of the patient.' This led to the formulatlon
of the 'biogenié amine hypothesxs' of affective di-
sorders by SChildkraut (1965) and others. It s5ays

sxnply that depr9551on is associated with a relatlve defxcx-
ency of nonoanlne neurotransmltteré“lﬁt functlonally im-
portant receptor cites in the brain whi e mania is, associ-

ated with an excess of the amines.,

Regrettablyt nhchl of the accﬁuu;ated evidence is‘not
compatible with this simple hypothesis ' and problems
associated with the indirect nature of the evidence and -
multiplg drug effects have so far hindered efforts 4 | a
more definitive restatement, Coroprehensive -reyieus
of these topics may be found in Mendels (1975) and in Gal-
lant and Simpson {1976) who cpnclude that a simple.excess
- depletion léchanisn is not a .sdfficient cause for the de~
velopment of clinical depression  and that the exact
role of uwomocamine metabolism is unclear at this time.
Nevertheles, there renpiﬁs the important clinical observa-

-tion that patieats given drugs that increase the availa~-
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bility of NE and 5~HT at central synapses often do get

~——

better, and it is the dibenzazepines or  tri-
cycli& antidepressénts that wusuvally £ill this thérapeu-

tig need,

Y

Tricyclic Rotddepressanty
i/.‘ * !

" the triéyclic -antidepressants are cf re-
Jated cbnpounds that- have _structure-hcti‘ity-char-
_acteristics similar to the phenothiazine antipsy-
chotics such . as chlorpromazine. : - The tricyclics receive

their npame from the characteristic three vting molecuiar
étructure, uhich "with riinér sﬁﬁstithtioﬁs, is‘ also
shafed by. the aq£ipsychotics. However few étructﬁral
similariﬁSS betfeen ' these drugé and the neurohumoprs
‘have been determined '(Goodman and Gi&lmgn, {Qnggtgs'naf he
| surhised by coiparing-fhertructural formulae gii;ﬁ in Pig-

ure 1



14

Figure l: Comparison of structural formulae

Norepinephrine

. Desipramine i
CH,4
‘HCI

H

‘ .S o .

: Chlorpromazine
~cl |
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: CHz — CHg — CHz—N *HC!
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Desipramine (DHI or desmethylimipramine) is the despe-
thyl, or demethylated, derivative of ipipramine and is its
active ametabolite, as nmnortriptyline is  the desmethyl
derivative of amitriptyline. When imipramine is ad-
ministered, the d;ug is metabolized by demethylation to
form DMI, which is them either takenm up by the central
nervous system or rapidly excreted, It 1is the active
metabolite that has been suggested as the agenmt respoasi-
‘ble for the antidepressant effects. The parent coa-
.pounds and their congeners share a common mode of ac-
tion; both  inhibit  the reuptake of released
neuroéransnitters thereby increasing their ‘availabiligy
at receptor sites. Suéhmﬂminhibition further const-
itutes an ianterference im the normal |

trol of monoaamine synthesis and

In this respect  however, not all tricyclics are the
same. The desaethyl derivativés, especially DMI, are more
‘ po;ent (ie. require a louer‘icoﬁcentration) in 'bloqking
the reuptake éf NE by the presynaptic membrane thanm the

parent compounds. On the other hamnd, imipramine is amor

potent in blocking the reuptake of 5-HT. Neither drug has ¥'
l

strong effect on DA which is more strongly’ affected b
chlorpromazine. The exact significance of this differen

tial effect on the biogenic amines to the clinical
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problem of: depression is not known at this tinme, but
standard clinical wisdon Says that patients who respond
well to a brief pretreatment with d-amphetamine and/or who
show low levels of urinary MHPG (a metabolite of NE) are
ROLE likely to improve with IMI and ©DMI rather than
amitriptyline (Maas, 1975) . |

From the point of view of behavioural phar-
macology, the phenothiazines and the tricyclics have
been difficult to distinguish as both tend to suppress
conditioned . avoidance responding . (Iversen and Iversen,-
1975). ¥ith food reinforced behaviour, ‘bOth types- of
drug produce dose-dependent decrements in respondlng on FR
-schedules and teand to flatten the scalloped pattern éeen
on . FI. schedules. By more indirect neanslhowevef} it 'has
been éhoun that tﬁe tricyclics and not chlorpr%pa-
zine antagonize the depressant effects due to chromic res-
érpihe treatment, and pqtentiate the stimulant effects.
of amphetamine. From the | clinical perspgctive, : an
important distincx;On may be that while DMI and othér tri-
cyclics ﬁre inef%ective in  quieting and calming agi-
tated pafients, they do bestow a lightened affect
on non-anxious. depresséd patients after about two;“ueeks
of pre~treatment. The effect has been described as a
5gu11ing;- of the depréésiye‘ affect rather than diw-

rectly mood elevating or euphoriant.
)
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Early Psychoanalytic Theories

— e e e . i S e

R.A. Spi;i was not the first to investigate and speculate
about the relationship between separation, anxiety and de-
. pression, but inm 1945 he shocked the psychiatric world with
his tvo now-classical papers on §g§gigg;i§g (1945) and Apa-
clitic depressiom (13946). By the first term, "hospital-
isa", 4is meant a vitiated conditionm of Fhe body due to long
confinement in a hospital, ‘or the morbid condition of the
hospital qtlosphera. "Anaclitic depression™ is a syndrome
that results froam the loss of the mother figure and which is
characterized by weepiness, withdrawval,rejection of the en-
virénmqnt and contact. His:uork took place imn a foundlimng
hope and a womens' jail (called nursery) vhere inmates kept
and cared for their imfants. Both of these ‘were in an um-
namg? Latin American coqntry.‘ He eaphasized at the outset
that hygienic‘and nutritional standards in both places were
not only adequate but ilpeccahle; a.SOIeuhat,sqrprising con-
clusion since he himself pointed out that "foundling home"

! _ .
was grossly underfimanced and understaffed. The infant po-
pulation he observed in bothiinstitutions ranged in age froa

\ H
3 to 18 months. ‘

The .main differemnce bhetween the groups, dccording to
Spitz, is that . the infants of "nurseéry” had a mother that

was constantly available to provide nourishment, stimula-

£
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tion, commrunication, security. and love. Thgre was an
unbroken bond of "attachment.” The poor infants of "foun-
dling home™ had little of that; their mothers came to nurse.
them for a period of about 3 or 4 months « after which they

vere left in the care of one . nurse who had 7 other babies

and many duties to look after.

After the aothers left . the infants regressed to the
level of n"imbeciles" as Spitz putsf it, They were con—‘
stantly subject to Bultiple infective illnesées, gastric
disturb- ances and sleep disturbances. They became withdrawn
;nd fearful; mosit could neither wvalk mor talk and many sim-
ply wasted and died. His graphic: descrlptlons leave a
strong 1npre$sion on the reader. In contrastlfo these "los-
tlings® stood the active babies sequestered in nursery
- with Ehéir lothersi ‘Hhile their develophent ¥as not brilli-
ant (they vere also a strongly disadvantaged group) théy pe-
vertheless progressed satlsfactorlly cbnsidering their hum=~
ble origins, conparable in fact, to village children in'

normal inpoverished families,

Oné of the most glaring differences, which ¥vas noted
(but subsequently forgotten) was that 'fqﬁndling home chil-
dren wvere alphysically ill lot. Beélthy linds.dp ﬂ;;\hriée
out of unhealthy bodies; as the agcient Greek ideél says.

Another is that hursery babies enjoyed'plenty of sensory

¢

.
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stimulation from the mothér but also from the sight of other
bqbies and activity in the room and from numerous toys and
objects of manipulation. Foundling home babies had few
toys, no wmothers and could not see. outside their cribs.

Lastly, but nct least, hursery babies were picked up,

played with, helped to walk and allowed a good measure of

free movement. u&ny foundling home babies,. by sharp con-
trast, could not even move to turh Qver. Hollows worn in
their'mattresses‘ effectively preventeﬁ all-but the oldest
babies from moving to any significanf degree, They were
virtually social isolates with nothing to do but stafeKaé
the ceiling and play uith tbeir bhands, feet, genitals and
feces. . gpitz described the numerous bizarre stereotypies as

catatonic . motility.

It was in Apaclitic Depressiog-(1946) that Spitz formal~-
ized the 'climical syndrome and completed sone‘theoretical
speculations (which will not be revieied here) . Anaclitic
deprgssion‘ﬁas defined as such Fain}y f9r reasons of psj;
choanalytic theory curremt in 1945. It was terned.anaclitig
because the entire segsory and lofor aspgézgS\g;.the ID:
drive are geared to receive gratification passivelgi by an
adult's intervention, not through ‘the infant's own activ-
ity.  That is gratification of basic id drives, bodily needs

and narcissistic needs are accomplished through anaclitic

social relations. Amaclitic depression is thus triggereﬁ by
. ) “
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the lack of the mother and may be corrected by her return.

In this way it differs fron maﬂy adult depressions.

The formal syndrome is based on three cases from 123 ma-
ternal separation events in the nursery group. The symptoas

of anaclitic depression fall into 6 classes.’

\

1« Appreheasion

2. Lack of contact

3. Retardation‘of developnent'
4. Loss of appetite

‘5. Insoania
' i
6. Depressive pPhysiognoaic expression.
b

. The time-course of the reaction'.to separation observed by
Spitz is given im broad terms and is rather variable, de-
pendiang on age etc. Follbiing thé removal of‘the mother,
the‘child's previously happy mien vould,be'repiace& by cry-
ing anq'}lplacéahility. For two wéeks or- so, the babies
) vefe.diffigult to approach. slegp uoﬁid be excessive or
wissing. in the'ieeksffollouing this,hthe reaction deepened
to one of apparemt despa;r. Indifférent to the external

‘world and people , a separated infant vould weep quietly,

20
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sobbiﬁg vith an expreséion of profound suffering. By the
third aonth the reaction would deepen eveﬁ further, the
child might cease to show apprehension, become blank with an
_inlobile rigid expréssion on the face,often lying motion}ess
.refusing to sit up. Bany of the characteristics‘descr;Led
earlier under “"hospitalisa®™ would appear in extended'separa-
tions. ' A timely restitution of the loth;r, especially when
this final sequence has not yet evolved, ﬁsually brought a
quick recovery in the infant, although probably wiFh some
iasting trauaa. Gol&iﬁrb (1945, 19u47) later tested a group
of children_vwho underu;ﬁt préké%us separation and was able
to shovw that they indeed did éuffer lasting deficits on
tests such as the Bender Gestalt and Stanford-Binet.

\

Spité admits that he saw the full syndrohe in only 15%
of the childrem he ohs?ryed, and ‘another 21% showed it to a
lesser extent. He therefore concludes that separafion from
the mother is a necessary but not sufficient conditioﬁ for
the development of amaclitic depression. . The .effects of
race,' sex aﬁd intelligence were deemed unimportant in tye
syndrose. Curiousiy, Spitz also dismissed the effect éf
ége; /g%conclusion most later writers would dispute. Por
" Spitz, the mother or amaclitic aspect in the ontogeny of the
.reaction wvas paramount. Other factors such as perceptual-mo-

tor deprivation were also dismissed; his own words say it

best. ‘At the early age of 6 momths,.a baby cannot appreci-

\

i
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ate the real purpose of an object but is only able to use it
ir a manner adequate to his functional needs.

"our thesis is  that perception is a function of
libidinal cathexis and therefore is the result of
the interveantion of an emotion of one kind or
another. (sic) Emotions are provided for the child

through the igtervention of a human partner i.e.
by the mother or her substitute.®

r Spitz (1945) p67-

One sigmificant aspect. of this position is its great emo-
tional appeal (in the rhetorical sense) and notivatidng
force. uofher-love came to be viewed almost as a unitary,
undefinable essence of the cafing person, a conséfuct suffi-
ciemt in itself to explain the events of separation. This
somewhat amecdotal approach was eventually supplanted by
Bowlby's more experimental line of thbught. However, in
order to properly understand Bowlby's theory of anaclitic
depressiqp, attachlent and séparation anxiety, aniiety, I

\

shall briefly present the nmore general psychoanalytic model

stemaing froa Freud, from which Bowlby borrows heavily.

Freudian Theory

A

Freudian theory dealing‘uith the relation of nelancﬁolia,

ahxiety ~and defense is given mainly in two of Signund

P;eud's; later writings, Moyrajing apd Melancholia (1917)
and ighiggﬁigh§, ‘symptoms and Anxjety, (1926). Very

briefly, Freud* reasomed that the loss of the loved object

tNeo-freudian psychoanalysis has produced several variant
atteapts to explain separation anxiety eg. Helanie Klein
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resulted im anxiety and hostility, and that ~hoétility
‘direcged at the self brought on feelings of guilt, worth-
. lessness, mourning and melancholia. Anxiety uas.seen to
result in the operations of defense.2 Freud thus affirams
;hat missing someone who is 1oved"and longed for is the key

to understanding aanxiety and depression.

The following guotation from Bowlby is his attempt to
paraphrase psychoanalytic 'thoudht on the topic' of separa-~
tion. |

"anxiety is a reaction to the danger of losing the .
object, ¢the pain of mourning to the retreat from
the lost object, defense a mode of dealing with
the anxiety and pain." :

" Bowlby (1960) p92.

The high impact, emotionally charged writings of
R.A.Spitz provided wmuch of the impetus and background for .
later separatiom experiments with monkeys. It remained fér
John Bowlby however, to provide a comprehensive, psychoana-ff"
lytic theory with ethological leanings to tié all observa-
tions togetﬁer in a form acceptable to primatologists in -the

1960*'s,

‘and the theory of oral aggression or the Rank theory of
birth trauaa\

2Tt is the characteristic of self-abasement that distin-
guishes melamcholia froa mourning.
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Attachment Theory and Separation Anxiety

Bowlby's attachment theory rests on a deduced behavioral

ey

base that is supposedly coamon to both man and animals aand
is almost an integration of psychoanalysis and éthology.
Theoretical charges darive from the observations that some
aninai-behaviour is instinctive or iﬁnate. . Bowlby replaces
the id and the instinctive libidinal system with an in-
stinctivg system of attachmeat behaviours. ’Boulhy reasoned
that all animals ﬁbssess instinctiye behavioural systens
leadiné to attachment to adults because this has a verf high
survival value for the young. It is noted that animals in a’
Pressing situation tend to do tgo things (1) They escape
from a specific situation or object and (2) They flee to a
specific situation or object i.e. to a specific tree, burrow
or house énﬁ to a specific care giver. ‘These behaviours
dehonstrate attachment. The work of Lorenz (1950, 1QTOf de-
nonstrates the cross-épeciés validity of this position.
This theory understands the separation reactions seen in
monkeys , ape and man as homologies of each other.
\ .
Now, the model proposes an'instinctive‘behavioral attaéh-‘

h ]

ment system with two characteristics

1. An activating system biologically attuned to situ-
ations dangerous to the  species and the indivi-

dual.
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2. A terpination system biologically attuned to the

mother.

In this- theory, the reaction of anaclitic depreésion is
likely to occur uﬁénever ar lnstinctive behaviour-attachment
system is activated and fails to be terninated, as for im-
stdncé vhen a child is 1lost and the mother is not there.
Initially there will be a period of frantic and fearful hy-
peractivity labelled 'proteét' folloved by, as if exhausted,
a2 period called ‘'despair"’, " This is the period that looks
most obviously like a depression; positive behaviors are di-

minished overall along with a rise in sullen resistance., If

the pareats are returned during the course of these reac-

- tions the child may refuse to accept then imlediately. This

is calléd *detachment.,’

Bowlby wvas aware of the maturationmal effect implied in
his observations. Being symapathetic to Piaget, Bowlby exf
pects the human infant to arrive at full insight ‘into the
mother's leaving at about 9 months. Separation aﬁxiety hok-
ever is still possible before 9 months because it has two
components as well; (1) Separatién anxiety is initially Zlv

ways a form of unconditiomed “primary anxiety", a biologi-

_cal datum ; (2) A learning component called "expectant anx-~

iety" which matures at 9 months and which is‘superimposed\?n

the first. . ' \
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The numerous behavioural events (cryirg, sucking, follow-
ing, clinging, running avay/to ) comprising the instinctive
system, interact in complex ways in the dynamics of a social
situation. When the system is active and free to‘flou and.
re&ch termination, what is experienced is dn urge to action
accompanied by aﬂ emotional state pecuiiar to each ﬁehavi-
oural response. W%hen the system fails to termiqate, ténsion
and anxiety or incongruity are. experienced. Thus grief and
mourning are“%he psychological processes that occur when at;
Fachment hehavibrs are activated but the object is known or
believed to be permanently unavailable. 1In the ‘infant the
experience of separation anxiety will be a more generalized

and undifferentiated mass. response.
’ 3

1

In the final “analysis, separation-anxiety is a special
:case of primary amzxiety. The impact of Anxiety resulting
from a éeparation froa the mofhgr Oor peers.is an agé-related
function. The period in life of greatest vulnerability is
whilst the sysien nediatih§ the activation of attachment and
escape 1s easily activated to.a bigh intensity and when the
Systea mediating teramination }s narrovly focussed on one or
a féw figureé. Thus young childrer under 6 Years and pairé
in ol4, established relationships are most vulnerable.
The inordinately heavy investiture of energy ih.one or a few
inportant people (pivotal reinforcersf prevenrts a quick and

‘easy redirection or restitution, which is possib;e only by a

¢
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heavy cost in the labour of mourning. At a critically young
age the incipient ego uould be stripped of its security and

attachment. lacking coping skills to deal with the hyper-

‘arousal and exhaustion, it would be exposed to the full im-

-pact of separation anxiety and necessarily fall back on de-

fense mechanisaes.

In human experience, the trauma of previous separationms
is supposed to sensitize the ipdividual £ a sihilar'éxperi;\
ence im the fﬁture. | Conversely sebera}K?Eraumatic separa-
tions are expected to blunt the individual.to emétional in-
volvenent and—attaciient at 1ptgritile§.l. Often such people
ture to the nEurotic self reliance of the "burat child® :
éyndtone. Several . common Eﬁild rearing practices‘ are

likely to lead to separatlon anxiety in the child. For in-

Stance, banishlent t0o a room or the threat of wlthdraual of

love,. which are commoirly used tq,enforce obedient behaviour,
may be perceived as separations. Thus a child may become ex-
tremely seasitive to conscious or uncoanscious sepdrations

or threats of sepgration. Bowlby speculates that children

who have an ambivalent relationship with their parents or

‘those_ vho experience anbivaience or. hostllity from their

parents are more 1ikely to becone depressed, Chlldren vho '

are qu/ﬁéd with: attentlon by their pareats are also

J thought to be more liable hecause spoiling is often a dis-

placed fora of hbstility5or a reaction fornation. 0f course
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any actual separations like extended hospital stays or overt
rejections from significant others will have a powerfvl po-

tentiating effect on subsequent psychic trauma.

In termas of mother-infant relations in macaques, several
intereéting parallels can be drawn between the predictions
presented above and observable matermal behaviours. Sus-

pected candidates_for depression might be those infants who

~have had nipple or ventral contact refused often or those

wvho have had to be most active in maintaining contact with

the mother (Hinde, 1972). A monkey mother who uonopolizes

her infant to herself to a éreat extent might be expected to

have a very depressed infant' on separation. It has indeed
been found, that in B. Nemestrina, a species which shows
these traits more than most, the reaction to separation is

quite pronounced. (Kaufman.and Rosenblua 1967) .
\

Al

In the end Bowlby is not able to accurately say who will
be depressed and who will not. He admits that ipndividual
differences are great and that some ‘unattached' people are
in all other ways not unusual. BHe drew am analogy of saok-
ers i;e, some people sgoke all ‘their lives and do not get -
cancer (Boﬁlby 1978,fpresentatioﬁ at the Ottawa Generﬁl Hos-
pital) Nevertheless, ‘for Bowlby, instinctivé behavioural
aftachnentéland théir intérnal psychic significance are at

the root of the organisa's capacity for deep feeling and em--



29
ction. The monotropism of instinctive drives makes all at-
tached individuals liable to some extent to depression. This
last simple notion is the apparent theoretical base of
Bowlby's work. Many prihate experiments have proceeded in
an equally simple-minded way. If the mother were removed,
this would result in anacliticd depressian in most of the in-

fants; and in some-it did, in others if_appanently did not.

Chéllenges to the Sepagration Amxiety Theory

The presence of a 'true depression' in young children,
even the poésibilitf of it,  is by no means a universally
accepted .truth in psychiatric circles. H. ﬁie (1966) notes
the rarity of even the mention of depression in children. A
review of several rather confusing psychoanalytic arguments,
vhich assert the vi;tual ilposgibility of the phenouenoﬂ, is
presented. The psychic structure of the }oung child is im-
mature,. undeveloped and hence cannot operate the’conplex
Psychodynamics found in the adult. The incipient superego,
with its incdmplete imtrojection of pé;ental figures, is not
-capable of self-directed aggression and other hallﬁafks of
adult’dep:ession. It is forcedlby virtue of its incomplete
dé;elopnent, to continue to search for externél objects_of
attachment rathér than internalizead ones. Proapt defense
against loss of object cathexis is therefore of priame impor-
tance to the survival of the imiature ego., This 1as§ con-
clusion at least retains a notion of the iaportance of ob~-

ject loss.



30
Stott (1962) however, arques that even separation may be
a2 trivial event of only actuarial relevance to chi od

psychopathology. He provides evidence that childrenf%een in

foundling homes are often that sample placed and” pre- se-:

lected on the unexpressed basis of worst prognosis. -Such

e

children would have been pPlaced because they had the poorest
chance of survival at home. Frequéntly these children suf-
fered fron multiple concurrent infanéile diseases and were
intellectual;y and socially retafded. Based on such évi-
dence, the thrqst of his argument outlines factors of premna-

tal stress and congeaital stress-related abnormalities as

the basis of individual vulnerability to anmaclitic depre-

sion,
Other Observations of Human Children

During World War two, Burlinghanm and Freud (19#“)' stu-
died British children separated froa nothérs who wvere in-
volved in the war effort. The children initially protested
and cried loudly at the losé of the parepts'and thenfentered
a period Iof apathy‘i#%ol@ing increasing loss of ‘newly ac-

quired controls of blédder and bowels, 'New attachments wvere

@ade to a favored adult but behaviour towards her was often

ambivalent; that isbjealous attention seeking yet hostile.r

~ When the mother finally did return the childreq' often re-
- fused to recognise her and remained detached. This reaction

vas not as prevalent with the fathers.
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Much more  systematic observations of separated children
were made by several ~clinicians including Robertson,
Bovlby, Heinicke and Westheimer. In the 1950's it was well
known thag maternal separation could have-grave effects on
future development, but individual differences seemed so di-
verse that little could‘ be sgid with certainty. Thus
Boulby{ Heinicke and Westheimer undertook more or less cont-
rolled observational studies of grbups of briefly separated
children (Bowlby, 1969; Heinicke and Westheimer, 1965) Their
sample consisted of two groups of ten children two to three
years old. Length of separation varied from 3 to ﬁore'than
7 weeks. The sepafated group was observed before separation
at home, during scparation at the.nursery and after reunion

at home. The controls were seen at home only.

At the moment of separation, behavior changed dramati-
caly from nervousness or Quiescen#e to. desperate screaming
an&,sobbing. Crying and cailingwfor the parénts began‘to
subside after three days but never disapbea;ed. All the
children had trouble sleeping during the first nights. In
the first 5 days, there vas a general rgsistahce to the
routine of the nursery.': This declined thereafter but con-
tinped in spécific forms. While resistance was the dominant
response, 5ttenpts~to seek-a posiﬁiva relationship with
- adults in® the nuisery . steadily increased " in the first 12

days. At the same time, the incidence of hostile behavior



‘ 32
also ipcreased and reached its peék on the days 10 to 12.
Finally a subtle regression took place, ~The children spoke
fewer different kinds of words during the first 12 days and

all showed a significant loss of sphincter contraol.

The implications. of and discussion on this study are very
bread ranging. Some of the most important variables that
vere idengified are; (1) age at separation (2) lenéth of se-
paratign and (3) the vpresence of siblings. The age of
greateé& sensitivity to effects of this type of separation
seens to Be between one year and four. Generally the lomger
the separation the worsé were the effects and the pres-
ance of a sibliné tended to diminish the effects. ¢

. . ‘

It wmust be remembered that . the children in the above
study went ihtd 4 nev environment where ‘théy received a
great deal of kind attention and care, This is in stark
contrast tp éone of the conditions written about a few years
earlier by Spitz. Furthernore most of the children seen by
Bowlby et al were at the ﬁreoperatlonal stage énd’therefor
had a 'broad repert01re of hehavxours vith whxch fo try vari-
ous coping stra?egles. They vere' old enough to initiate new
Eontacts on their own.  Although the condition of the chil-
dren never became as ' severe as that seen by Spltz, the si-

lllarlties are clear enough.
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Physiologically Based Theories

Kaufman and Rosenblum (1967) have attempted a syn-

thetic reformuiation in the terms of better-described

neural =mechanisas. Basing themselves on constructs
taken fronm hany other sources, these writers tried to
account for neural =echanisas, developmental state

and psychological constructs such as socia; bonds in
their eciectic theory.

\‘Separated infants go through the three stages | oft des-
cribed by ‘ Bowlby on which there 1is general agree-
ment. The imitial "protest" stage is mediated by excita-
tory neural pqpceksgs ;nd functions through the sympathetic
nervous system and its dience?halic .counterpart, the
ergotropiq‘systel.as proposed by Hess (-1954). This is a
highly agizated state with a very limited and time-depen-
dent survival vélue ‘bécause oOf the extreme output of
energy. Por \ the sepafated infant, this state of
"facilitated distress® normally assures a quick
reunion with 'theh mother. Hovever when the mother is nbt

able to return to.the infant, ”contindinq extreme excite-

@ent would be very ‘'dangerous. A rebound of the vegetative

| 9

functions subsequently ensures that a second state
of "suppression-distress" takes control. Now inhibitory
neural Processes mediated by the parasympathetic

1 !
and  trophotropic * systems allow psychobiological re-
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sources to be conserved, even though the internal
nilieu of acute distress continues, This is the "des-
pair"® siabe‘ of - separation. Conservation’ “1s achiaved
through marked inactivity and huddling together as previ-
ously described and protects the infant from exhaustion and

a guick death.

What the infant is likely experiencing in more psycho-

logical teras is the unfulfilled expectation of the
percept of the parent; that is, "biotaxicn® stimuli, -
(shch as warmth, softness, rhythm, odor, touch etc.) im-

portant in orgamizing the percept of the ° parent, are
anticipated byt nor longer available. 1In other words, the
organized gestalt of the parent has agquired a psychologi-
cal and functional -meaning (social bond) in the context .of
mother-infant interaciion, in additiom to its phtely phy-
sical ilportanée.

'.The state of'suppressed' Zdistress} after several days
éf separatidn, beconmes counter-product;ve as well in that it
prevents eoffective group participation and endangers
survival ~unies§ sgcial relations ‘are.resuned. "The
datd presented ;here\ as elsevhere, indicate a recov-
ery at song.point_iq the second week of separatiqﬁ, espa-

cially in wmore dominant infants., The @missing parent

Tepresents am incongruity in the cognized énvironnent of
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the infant. kedress of the incongruous input can be
achieved in several different uays; "Defense mechanismsw®
may come +to bear on the incongruous input and simply
gate it out, in effect preserving old, centra;ly-mediated
congruities without reference to external evidence. On
the other haund nevw learning may take place as the infant
learns "to cope and regains social contact. New con-
gruities in the cognized environment are formed, presumably

relieviﬁg the infant of any attendant anxiety.
\ :

Primate Patterns and Socigbiology

Many genera are botential;y vulnerable to separation
anxiety and BepressiQn. The main requirement is oanly that
they show strong attachment behaviors. Thus Senay (1966)
proposed the use of dogs in separation experinents-in order
to study depression. Geese have also been noted to display
acute separation reagtions (Lorenz, 1970). Higher anthro-
poid primates bhave been the most thoroughly studied sub-
jects. The varieties studied have included .both pew world
‘and old uofld, ‘including'sainiri sciureus, several species
of macaca, ery?hrocehus patas, pan trbglodytes and of course

homo.

The reason for this is clear i.e. higher simians and apes
have oft?n outstanding cognitive ahilitieé,l the young are

dependent. for a long time and forms deep Mattachments.®

}
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Their societies are complex and remarkably adaptive
structures that include mechanisms of communication, regula-
tion of conflict, social wmobility amd status. These and
numerous other attributes bring them quite close to man.
The following descriptions will outlime soue‘of the general
characteristics of Rmacaques that wmake thém excellent sub-
jects in the study of separation effects. They are also ne-
.cessary for the full appreciation of these very complex ani-
mals and to avoid‘over-sihplifiéation of the experimental

analogy.

Communication patterns in macaques are mediated by vocal-
u izations. body language and touch. Communication in monkeys
must be considered as expressive ﬁainly-of emotional states,
(solhinov and Sarich, 1972) . HMonkeys do not seea to send
specific intentional messages’ suqh as "get out of my way".
Rather , what is felt as éﬁe emotional concomitant of a de=-
sired or felt effect is‘exbressad, it seems, somewhat auto~
matically. Such axpreésions may be conceived as releasing
mechanisas that result in one or pore’uspecif;c responses
from the group. 4 mild thfeat, issued as a stare and ex-
pressing felt dominmamnce in alpha, will result universally in
léoking awvay or fetreat by every other mnonkey. & sharp
bark from a ' frightemed troop aember will instanfly reléase

'flight by the'uhole'troop, ﬁuouen_and children ® first., Si=
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milarly, when a separated monkey "coos" or "whoos", one may

be quite sure that it is feeling very bad.

Other forms of communication common to both monkey and
man, in the wild and out , are éxpressed as body langquage
and touch, A threat is likely to be composed of many pos-

tural and facial effects depénding on thé social context.

A
‘serious thréat, for example, 1is accompanied by intens
stares, ‘a rigid posture, and an open acuth, sometimes vit
bared teeth. ‘Huians and. monkeys both are acutely consciou
:of the social stare. Ellefson (in Dolbhinow and Sarich,
.1972) gives an excellent account of how attuned to social
situations waonkeys are and the cﬁntext specificity of
their communicatinn, Béhaviour patterns are appropriate to
. dominance, s;atus ¢ Oestrous, kinship, age; sex, the E;oxin-
ity of a paiiicuiar individual: For instance a tfavoured fe-
male lay”be able to threaten a npre'domiﬁant animal when in
the company of her evemn more dominant ﬁrotector: When not
in his company such napipulation would not succeed, These
patterns are in constant flux with the flow of soéial dynaa~-
icé. Pigure 2 is an adaptatién of a diagram used‘by El-
lefson (1972) in discussing the species of interest in this

~
study, namely macaca Fascicularis,
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Increasing Excitement

Lipsmack ./\. recen

Chatter
Alpha stares
"Pucker face" e v Grimace
"White- . ‘ Scream
pout" : Threat
threat T _
‘ Appearance T ‘Full 7
of dominant term T
‘ - animal
\ , . / ////
Figure 2: Adapted from Ellefson (1972)

The morphologlcal continuum of facial
expressiéns in a hypothetical sdcial
encounter with a human or dom1na§t
animal. 'Arousal increases-¢lock
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This feature of context-specific, dynamic variability
peraits a very large and flexible matrix of communications
exchanges., Sigpals may be fleeting and variable; eyes,
ears, eyelids, teeth, hair, lips, limbs etc. may all be in-
corporated and graded according to intensity. Ambiguity is
minimized when all'concerned are mindful of the context.
For the human observer, this is much more of a problem. An
animal that is lipsmacking is neither being very submissive
0or dominant, but may be at a point where an uncertain so-
cial/power emcouanter is impninent or where actions nust be
conciliatory. Should the animal's fear iﬁcrease the lips-
mack may lergglinto teeth chattering, with still more fear
this will pérhaps become a grimace or screan. In the labo-
ratory, it was often observed that when an infant found the
nerve to approach another adult female, it would -approach
hesitantly, lipsmacking or "grinning". Should the adult f94
turn vhat must surely be a baleful glance, the infant in-

Stantly scampers away inm great haste.

Social Structure and Dependence

The most fréguently sean ;ocial structure, - at least on
the ground, | has'heen described as a series of céncentric
cgurts.(Eaton 1976) . The hbst dominant males are in theé
center, aroundr;ﬁéi are their favourites and the dominant
fenales, Around this court is the?lajﬁrity of the troop ,

-mostly females and the young, -At the berileter are the
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"cadet® males, the group of lowest status. Suck a general
structure may not however be the rule. it has been suggested
that this commonly observed structure is limited to terres-
trial troops ip situations where food is concentrated in one
area such as when fhey are fed. 1In a predominantly arborial
setting, the distribution of food and pressure from pre-
dators may result in guite a different adaptétion of social
structure, Clear -dominance hierarchies mainly among males

4]
seem to be a universal feature of macaque society.

There is a considerable amount of sexual dimorphism in
the genus, They are medium to large monkeys. Only males
have imposing canines. Females average between 60 and 70% of
the male weight. The range of weight im the femalg Java
monkey.is about 3 to 16 kg. _saolly.1972). In most 4acague
species, the mother 1s the exclusive.care*giver'for f@e in-
fant although other females :miy express interest or even
steal the infan%;___nales play main;y an indirect prétective

role although an adult ﬁhle may "adopt" an older infant or

juvenile.

Infants are general;y very dependent ‘?n the wmother for
about one month, however thi dependencj decreases rapidly
until at the épd of the thigd month the infant spends a
large alount-of time at a distknbé fro‘ the mother (Hamsen

1966). At first the mother tei?s to restrict her infant's

LIS \

\

\
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excursions. Later she is much more active in promoting the_
independence of the infamt by increasing punishments, rejec-‘
tions, refusals of contact; behaviors which serve to com-
mence weaning as well. Such 'mate:ﬁalubehav%ours aie moder-
ated by the dominance status and parity of the wmother and
the sex of the infant.,lFearfui mothers are more restrictive
than dominant ones and all generally .are more ;:jécting of

males in promoting indepencence.

Weaning is a gradual process that ends after oné‘year or

'at the arrival of the next infant (Hafez, 1971) . *. Infants

nurse almost immediately after birth and are quite capable

of clinging. Because the chaﬁge from milk to solids ié very

- gradual it is difficult to deteramine exactly when lactation
N

' ceases. Infants only one month old may be seen to mouth

solid food but rarely eat more than a ﬂibble before-two or

N

three months. At some time between sig and tvelve months

the production of milk will have ceased. Then solids become

_.more important but suckling continues, probably for non-nun-

‘\ .

tziiiie reasons. A iotyer may gontinue to . show maternal
coﬁcern and protectién for o%der infants fears _after tﬁey:
have become independent. ’ Such maternal Ahehavior'e;tahl-
ishes kinship systeas along iatrilines often spanning many
!generations.' If the iﬁfher is'tefy dénﬁnaﬁt-thi; may become
a virtual dyﬁasty.' The dohinanéé;status of the mother will

be instrumental in the rise to social power of her sons;‘and
, . s

Py
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to a lesser extent, her daughters. Such a male is more li-
key to remain in the‘center of the troop, be obviously
self-confident and secure. The son of a very subordinate
female will have quite a different learning history. He
will be subordinate himself most 1likely, lack security and
confidence, will tend to be excitable and aggressive and

will generally have a much harder time at the periphery of

the treop.

Natural Habjtat gpd Behaviour

!

In the wild, macaques are distributed over a considerable
area, always in tropical climates except in Japan. sociobi;
ological variables differ considerably in the forest macaque
from the common city or temple va;iety; AUrban rhesus in In-
dia show a luch‘hiéher ‘level of aggression;‘ xenophobia and
territorial momopolizing. On the‘other hand they seem much
more "sophisticgtgd“ and créfty than fheir country cousins,
- By.conirast, rﬂésus living at the forest edgg are more re-
laxed, have a hoie range thaf.iay overlap considerably with

other troops and are generally healthier. (Bourne, 1974)

Tﬁe nacaépes are semi arborial; they move ueil ip‘tfees.-
%hile on thq ground, the preferred mode bf. locomotion is:
quadrupedal sut hiﬁedaiisn’ is freqently seen when they are
carryingfédieth;pgi off. The Java.lonkey' (macaca Fascicu-

laris), the subject species of this study, is a close cousin
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of the rhesus, but is generally somewhat smaller. Like the
other macaques, it is an old world monkey belonging to the
family cercopithecoidea. It is variously called ' gn. Irus,
crah-eatiug monkey and'cynomologus monkey as well, its na-
~tural habitat is formed by coastal areas of mangrove swamps
'and rubber forest or mountain forest along rivers (Fu-
ruya 1961). Troop sizes varf from 30 or so to 70 or more.
The sex ratio varies from 2 to 5 females Per male, In many
respects, descriptions applicable to the rhesuys are also

applicable to this species,

When discussing the ;atural behaviour of vild monkeyé,
the question naturally arises as to differences between
free-raﬁging bebaviour and laboratory behaviour. Can one
generalize froam behaviour and an environment thaf is not
"natural"® ? To éone extent this is a false issue, at least
to the extent that theré'is.no ultigately natural behaviéur.
All primate behaviour is an impressive and complex adapta-
" tion to its setting, Note for instance the difference bet—
ween c1ty and country rhesus. Ne cultural pattern is im-
mutable. Thelma Rowell (1962) describes second generation
ma;e:hanahryas baboéns in captivity who have largély ceased

their typical "species~ specificn herding of females,

*  In practice the @ssential thlng to be awvare of is the

characteristxcs of the ‘group under study and the character-
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istics of those to whom the generalization may eventually
be appiied. It 1is necessary to understand' the functional
relationships of.the behaviour of each gréup_with its parti-
cular environment. Thié is important in‘ofder not to mis-
take an artifact of behaviour due to some environmental
factor for amn effect due to the treatment. An intriguiging
example of such discrepancies is the finding by G.Meier
(1965%), that in his laboratory colony, socially iéolated
monkeys displayed daeguate social, sexual and;maternal beha-
viour after receiving ostensibly the same form of isolation

used by Harlow.

Animal behaviour imn cages or a colony is 'known to vary.
in-certain general ways from wild behaviour. Experiments
have shoﬁn that a physical environment in which macaques
are forced to, tantly face each other induces éreater‘ag-
greésion, often severe fighting leading tb_ death (Eiuin,
19717). ' The addition of some simple, forms of cover and di-

version can prevent this.

Bach animal bas an individual distance. Hhich‘it would
prefer to maimtain around ~ itself in the presence of its
group and conspecifics. Siliiﬁrly. éniials vill maintain a
"fiight distance® or the minimun dista#ée between itself

and a potential eneay. This distance caan be ipdified by

learning, but many speciésruill be disturbed by the pres-

Y
|

t
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ence of observers. Housing that violates these social dy-

' pamics may cause surious probleams.

Monkey mothers are also known to behave somewhat differ-
ently towards their ipfauts when confiped in a small cage
rather than a large cage of & gang room. In the small
cage they will tend to be more irritab}e and punishing to
their infants. Newly formed groups as Qell tend to umdergo
" a great deal of tensiom and fighti;g until the social heir-
archy is stabilized. Cage envirdnients may be geheraily re-
garded as being ldre stressful but simple-ninded compari-
sions are not always possible.

A
After these caveats,t it is éﬁcouraging to realize that

vhat one sees in the field ome can generally'see in the co-

lony or laboratory as well. The difference 1is that some

types of behaviours may siaply not have the chance to occur,

as a result of design. Forms of comnunication are among’

those behaviours more. resistant to change.

The .type  of questions one wishes to ask nmust determine

the kind of emvironment in which one studies the subjects.

For the purposes of the present experipents,' the noiherein-
fant relationship krelains intact except of course at the
time of separation. It is also expécted that the typical

forms of interaction within the mother-infant dyad vill not

a
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change. Normal infant social 1eafning should proceed ade-

quately because.contact is permitted with social peers and

cther mothers.

Beseaprch in Materpal Sepa ratlon

Conceptual Approaches

The basic approaches to the problea of depression in pri-
rates may be divided into 2 strategies, one simple and the
other po;e complex., The first more coamon strategy may be
conpareo to the shot=-gun approach; that is, infants are se-
parated and scored onm as many .relevant behaviours as can be
identified, or scored on as" many behaviours as possible,
from which a Slalleg more managable huan; of grbupings is‘
isolated. This is the approach -that'chafacteaizes most of
‘the separaiion studies published (Seay and Harlow, 1965:.
Kaufman and Rosenblum, 1967; Erwin, Brandt, Hiéchell, 1973;
Hinde, 1966). This approach is useful because one can iden-
tlfy maany relevant behaviocural 1tons through it and p0551bly
even a "depression profile" based on the range of iteas un-.
der study. There are, howvever, many obvious lalitationtho
this plan since all Specificity for the particnlar separa-
tion conditions is losi. Colony social dynmamics and arti-
facts specific to the laboratory and its procedures are lost
sight of and only add to the unexplained varlablllpy. In
this approach, var;ability can only be dealt with by nonspe~

cific experimeatal contols and design factors,

-~
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The other more difficult strategy involves the identifi-
cation and monitoring of behaviours in theilr interactive re-
lation to other behaviours and their functional f@lation to
ongoing social and laboratory events, Only thié approach
can hope to arrive at Qone exélanation of wvhy some animals

get depressed and others do not in apparently the same situ-

ation.

The papers by Gewirtz  (1972), Cairns (1972), Ferster
(1966) , Chappell (1972) , Chappell and Meier (1975), Spencer-
Booth and Hinde (1971), Hofer (1977) aﬂd.Reite (1977) offer
some clues, if not a methodology, on behavioural and physio=-
logical relations and their guantification. Chappeli exes—-
plifies the most gﬁalitative approach to behaviour! rela-
tions.  She paraphrases. her data as a record Lof "uﬂo does
vhat to whoa, | where and in whose conpany{" Work at theif

laboratory has accounted for the dynamic mutual stimulus-

responding of the mother-infant dyad. Hinﬁe's work exempli-

fies .an approach of using coaplex ,neasureé derivad from
quantificationfﬁf si;pler observational data. These'two ap=

Proaches are similar to .the methods of- Levinsohn (1974)

and Mclean 61975) An hulad behéviphr therapy for the treat- -

ment of depgession.-'fLeii&sohn rélies heav;ly on quantified
observations of a patient's'interpersondl behaviour and its
Consequences in order to provide the client with therapeutic

feedback inforaation. The quantified measures he derives
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are similar to those of Hinde's in concept and .may be of
heuristic wvalue in. future experlments with monkeys. Greater
developments in the functional approach await a study in»
which the experimenter can demonstrate a functional point
of iptervention, other than the separation, which shovws

stimulus control over behaviours being studied.

Primate Separation Experjiments

Systematic and controlled experiments with naéaque mon=-
keys began ip the 1950's wﬁen such men as H.F, Harlow
started to investigate the 'nature of the mother —-infant
bdnd This was the famous series of experiments using wire
and cloth aother surrogates (Harlou, 1958, 1959). . Separa-
‘tion of pairs began in 1962 aqd vas replicated a 'number of
times thereafter (Seay, Hansen and Harldw, 1962, Jensen and
Tolman, 1962); Seay and Harlow, 1965S; Hindef' Spencer-Booth.'
ard Bruce,1966; Kaufman and Rosenblﬁl 1967; Mitchell, Harh
low, Griffia and Moller, 1967) Beactlon to separatlon in
monkeys, as in humans, proved to- QG quite predlctable in
’gross teras. Innediatély after separation the 1nfants
screeched and cooaq‘incéssantly. They vere agltated ana oh-
viously very .frightened. -Pacing and searching head move-
ments were very',freéqent. Kaufman and Rosenblui report a
lack of sleep throughout the first day. From about the sec-
ond to the ninth da}s,'tﬂe pattern changed_td one of despair
~and dejection. N There is little locomotor activity -and a .

N
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virtual cessation of play. The qualitative impression is
one of sadness and grief. Thereafter play behaviour and
social contact increased as a gradual process of recovery
occurred. Upon reunion there was an iﬁtensification of
motﬁer-infant behaviours; some have mentioned the possibil-
ity of "detachment" episodes (Abrams 1969), that is, nom-ac-
ceptance of the mother. Although this has been observed by
Bowlby and others in humans, its occurrgnce' has not been
generally reporteﬁ in monkeys. A more complete description
of the reaction is given beiou and may be found in any of

the studies referenced.

in the mid 1960's, there was a gradual shift of inquiry
awvay from emphasis on the nature of " the mother-infant bond
gér se to investigating the relation of the bond to experi-
mental depression. The work of Spitz and Bowlby had gained
wide acceptance_and early work of Harlow and\othérs‘provided
the experiamental ngthodology of séparation. Early calls for
an animal model of ﬁepression élong saparation lines came
from Senay (1966} who proposed the model in dogs. The fol-
louin§ year, _Kauf-au‘and Rosenblum puSlished their experi-
ment and interpreted it iﬁ the light of an eclectic fheory
_of'depréssion of their oyn based largely -on the psychoana-~
iytic conservation-withdrawal th?ory of Englel (1962). - By
1969 thé consensus was that aaternal separétion in primates

approximates very well the anaclitic depression - syndrome
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described by Spitz and Bowlby., The investigation of the
Primate model had begun. Mckinney and Bunney (1969) publ~-
ished a work specifically titled ™Animal Model of Depres=-
sion™ in which they discuss tﬁe reaction to loss in various
species and the importance of this to dfug research in par=

ticular.

The basic strategy of simple separation and observation
has been used by =waost studies published in the area
(McKinney et all 1971,1973, 1976 ; Suomi et al 1973,1976;. Lau-
.rens 1973, Preston'1970,5chiottlan.1972: Kaufman 1968;1978,
_Binde 1977. and the preseant study) hogever the terms of in-
lfestigation and discussibn have been broad, Thus we find a
generally high level of comsistency from most early and la-
ter reports concerning the depressive effects of. maternal
separation. Most monkey infants, except bonnets and patas
it seems, follow the classical érotest-despair pattern. How;
ever, inconsistenqies in the !odel Were apparent; some in-
fants became very depressed, others é little and gtill oth-
ers hardly at all. Timely and well argued criticisn of the
field came from Chappell and Meier (1975) who stat;d that
variations in design, téSting procedures, speéies and a lack-
of base data made comparisons diffiéult not only across stu-
‘dies.but‘githin studies as well, They called for greater

standardization of procedures. \



51

Moderating Variables

Eeports on various factors influencing the mother-infant
relationship and the outcome of separation are somevhat
equivocal; perhaps for the reasons given by Chappell and
Meier (1975). Several studies, still within the same basic
separation paradigs, have attempted to identify variables
affecfing] the infants® response to separation, (McKinney,

1973,1977; cChappell and Meier, 1975; Suomi et al, 1976,1970;

Hinde, 1977; Jensen, 1968; Mason, 1974).

Age is an important variable in monkeys as it is in hu-
RALS. The developament of the ffear response" (Sackett,
1966, 1970) has already been described. Infants only 2
months old do react with the‘typical separation pattern but
infants 3 months old apparently re&ct mOore severly thén
either younger omes or older ones, (Suomi, 1973; Mitchel,
1970) Generally, the effect between 3 and 7 months uill.
go to full tera. In older infants tﬁe effect becomes norel

\ . - ) . . § .
variable while in juveailes it may be distinctly different.

The effects of the sex variable has received contradic-
tory reviews. McKinney (1977) concluded that ihere is lit-
tle evidence that either males or femalés are a priori more

prone to depression following separation from the mother.

¢
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Genus, species and race have been examined as relevant
variables. There is no primate form that has beenisfhdied

that is inhereatly immune to depression following separa-

tion. However, some species such as m. Radiata and erythro-

. ) |
cebus Patas have developed social patteras that mig%t pro-

vide a measure of restitution in appropriate sitgations.
With proper design and controls however, thes? spec*es will
react'inia way siniiar to the others ' (Kaufman, 1978].

The object of'attachlent-separation has been congideré&
as an inportanf variable. Theory would lead one to}expeﬁt
that separation from any object that is inprinfed up%n ﬁhe
infant will lead to the typical protest-despair re%ction.
Infants raised without mothers, for example, bui uitﬁ peers
do show the reactioq vhen separated from theam. On £h|:o£he:
hand, separations of older peers had beemn rather unshccess-
ful until recently. Usually such pairs have been t#gether
for-experinent;i purposes for a ; relatively shortﬁ;tﬁme'and
vere raised by natural mothers besides. Very oid; ?stabl—
ished, especially heterosexual or consort, _paiﬁé na& react
more severaﬁy... Tinkelpaugh {(1928) reports seif—nutélation
in a male rhesus when sepafated fros his mate of long’stahd-
ing. Harlow has reported that infants raised on clo#h sur-

rogates'react vith fear and immobility when separat#d froa

then. |

| |
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One naturally expects the length of separation to have
important consequences. Infants have been separated for a
few nminutes or hours (Jemsemn and Tolman, 1962), to several
days (Hinde, 1966) to several weeks (ucKinnef et al, 1973)
‘to permament separatiom (Sucomi, 1973 ). 1In yeneral ome can
safely say that the longer the separation the more traumatic

it is for the infant, assuming that other factors are con-

{ -
stant, The important issue here is the time course of the
reaction. A very short separation may not be long enough

for the despair p&ase‘to become manifest,

The degree of attachment and degree of separation -iso-
lation are two obviously importadt variables, and will be

extensively discussed belowv under the next section.

-gglgiggl and Social ngigonlentg
. |

The- discn#sibn-of the physical and social environment
must be considered under the conditions of separation‘andl
non-sepatafioh:inforder to fufly,account for ‘their impor-
tant effects. Tﬁé tvo factors are, to some extent, co-det-
erminant of each“other as well as the deéree of separatiom.
Th? ‘ﬁype besicql e?vironneht used to housé the monkeys
nugt, of course, affect their -social dynamics. . Covarying
uith these general aSpects'are the more specific stimunlus
properties of't‘e,environnenﬁ. fhere are phjsical and so-

cial enrichment. / impoverishment paraneters and emotional

~variables relating to the social environaent.
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Gang Environpents in Separation )

One of two wmajor types of social &pd physic. 1 environ-
Dents has been used in amost studies.\ One type is the
"gang cage™ as was used by Kaufman and . Rosenblum (19671,
Suomi et all (1973) and others. In this sxtuatlon there are
Ustally several adult monkeys living as a group. Normally
there will be one adult rale and two or m&;e females anad
young. This might be considered a someuhatxmdre "natural®
social situation, Certainly the bossible social experi-
ences to which the infant' is exposed, in this enviroament,

is much more varied and enriched. A greater social reper-

toire is therefore expected in these infants,

4t the same time, it is known that monkey groups in a
gang situatiomn experience amore social eancounters and must
tolerate closer individual distance. For this reason the
level of tension will generally rise {Exwin, 1978) and the
dominance bierarchy will generally become more rigid. The
netieffect is llkely to be a polarization, with doningnt
fenales in control and submissive félales becoming even
more fearful and snbn1551ve. Evidence for this Bay be seen
in the' higher ~ levels of plasma cortisol in submissive fe-
males (Eruin; 1977); The 1earn1ng histories of the infants
will be conditiomed by the social responses of the mother
and'he: place fn the power structure. Submissive mothers

are more fearful, will tend to restrain their infants more
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and ﬁonopolize the infant. Usually she will allow fewer
other females (aunts) to approach the infant, especially
not the dominant ones or thé male; The infants of dominant
feralies in any environlént will have a ,nore_relaxed mother
and lea}ning history. Their mothers tend to restrain them
less and are auch less worried by interest expressed by
other femalas.(/f%% a result there will be infants with

widely divergemt social experience and competence.

| The experiments of Kaufman and Rosenblum (1967) illus-
trate these effects . Three of their four pigtail infants"
become depressed in the cl&ssic#l pattern, sitting in a
slumped posture .and disengaged frop each other and the nhy-
sical environment, A fourth infaﬁt, vho belonged to the
doninant.feléle, did not-becoqe de%ressed. This was prob-
ébly hecause thdt particulaf; infan% vas known and accepted
by the other adu;ﬁs_of the group a#d vas able tg spend auch
tine with thenm ?ané thereby achieve{sone degree of restitu-
tpioﬁ. The 6ther infants of the hén;EOIinantlfelales also
made attempts to approach adults bht_pere rejected. fThis
example can also serve to illust ate anotler ilpottaht as-
pect, that is tﬁe physical/social epvironlent dur!kg separa-
tion,  15 this case the infant reiaiﬁed in the same conplg?
social eavironment while the mother was removed. Everything
remained the’ same except the Sabsence of the sother. What

changed was the univgrSai social rgjectioh.

1

i
\ i
|
|
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Experiments by‘chappell and Meier (1975) found that in-
fants separated for six days and left in the familiar envi-
ronment showed the tfpical'signs of despair whereas those
infants that were removed to a different cage"uhile the
mother stayed behind becanme more agitated than despairing.
Hinde (1972), using a much longer Separation périod, found
much the same result. Infants removed and separated wvere
agitated for several days but diqd alsoueventual;y shov des=-

pair.

Mothers returnmed to the group must contend with the re-
establishaent of their ‘social posi;ion in the héirarchy as
vell as resuaption of the mother-infant bond: Some mothers
have more +trouble than others and eve; lose their former
position of status. These Rothers have less time to devote
to their infants and so the mother-infant relationship is
fﬁrthe# disrupted. The infants of these mothers were ob-
served't§ be in a continued state of disturbance some time

into the reunion.

The -problem of state regﬁlatibn or control of high ar--
ousal fOr an alrgady agitated infant, .reunited with a mother
wvho is also over-aroused is considerably more difficult
than tﬂatrexperipﬁced by a depfassed infant reunited with
a‘uothér in relative peace who is able to give propar

care. Separétions of the type where the mother jis removed
A ’ -

o
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and reu;ited after 3 or 4 days may have overall more delet-
2rious effeé£s,for the pair, depending on the state of ar-
cusal of thernoﬁher and the guality of care she is uble to
provide, On the other hand, if the¢ izfant only is.removed
wvhile the mother stays behind, the mother's social relatioh-
ships—are not disrupted,' Thesé infants were seen to re-
cover more quickly on reunion.

The quality of the mother infant relationship during dif-
ferent phases of the e¥perinent and the quality of care re-
ceived by the infant during these phases can nowv be identi-
fied as one of the the post crucial psychological variables
in determining the reségﬁse of thé infant to maternal sepa=-
ration (albeit these are §till on the level of.hypotheti-

cal constructs rather than parameterized variahles).‘

Cage Environments in Separation

Other vays ‘of manipulating the mother-infant bond and
the quality of cara‘giv;ng, are by the use of the second
major kind of spacial-social environment and by the type
of separation Ased. . The homecage/playpen apparatus used by
Seay, Hamsen and Harlow (1962) is the prototype of this kind
of environment. It cossists of 2  to 4 home cages attached
to 3 common playpen. Small doors bar yhe ibther's‘entrahce
into the p%aypen but : allow the infant; free access. (see

Figure 3 ) Under baseline conditions this allows an infant a
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range of social interactions almost as wide as that in the
gang cage while holding the variables of maternal status and
i1ts social comsequences relatively constént. Thus a parti-
cularly fearful mother will not need to contend with con-
stant harassment from other adults or “the male and may al-
low the infant greater freedom of movement. Hopefully this .
will result in a freer kind of social play ' on the .part of

o
1

all infants,

It is diffcult to say eiactly what impact this environ-
ment will have on the mother. W®hile it provides an opportu-
nity f;r freedoa, it may actually happen that a sother who
;s used to | restraining her infant a great deal zay be af-
raid_tp lose control over it when it is outside in the play-
pen. If a mother doesn't want to let her infant go, noth-

L ing short of draconian measures is going to get it out.

During separation, one is capable of .several manipula~
tions not possible in the gang situation. Obviously the
separation procedure‘itself is greétly sihplified.- If all
the mothers are Temoved at the same time the " social envi;
-ronient will be radically different froa the situation where
a number of sequential separations are performed. ' In the
first place thé psychologically aversive effects of ¢onstantﬁ
. rejection from ot@er\lothers will not 6ccur. Secondly it

y

is possible that a group of separated infant5~ will derive
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some measure of comtact comfort from each other and form new
attachments, Whether or not they will form new attachments

quickly enough to avoid depression is an empirical gquestion

that has not yet received much systematic attention, and ex-

isting data are difficult to interpret. Suomi et al (1976)
report an ﬁexperiﬁent in which infants with unlinited peer
éontact wvere apparently able to compensate for am incomplete
separation from the amother; that is separation by a mesh
pannel that allowed hand contﬁct through the aperaturés.
However, when all tactile comtact was renqved, the peers
were insﬁffi,ient enough and a clearer protest-despair reac-
tion easued. It is possible that had the development of new

attachments been given additional time to develop (by force

of the new indepedenée\ thrust upon theﬁ) ‘adequate restitu-
tion may h#ve been achiéved. Another study by Suomi et al
(1973) found that infants showed the protest-despair reac-
tion Uhether housed as pairs or alome but those that were
housed and separated alone showed a more severe reactiom.
Ap uncritical ingerpnetatién is always dangerous however,
partly because of weakness in the published reportsgand be-
céuse behqvioural outcomes Are‘seldOn ﬁqut and dried.n
\ ‘

In tﬂe cage eniironngnt it is'also possible to naintain
each of iheléeparated suhjeéts alone aand isolated iE_his ova
cage, except for specified daily !periods of sacial iﬁterc-

0 i#e. of couréé one is no longer dealing with the "singlen

v

J

A=Y

+
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old familiar enviroanment.
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factor of maternal separation but with peer deprivation and
soclal isclation as well. Studies by Chappell and Meier
(1975} and Suomi et al (1973,1976) have found that single
housing or isolation is an effective method of inducing be-

havioural disturbance and that +this disturbance takes om a

wore agitated fora than separation while remaining in the

A
v

A few other more specialized environments:have been re-
ported hﬁt are not in general use, .ﬂcKinney, Suomi and Har-
low (1973), Suomi (1973), for example, report the use of
such devilish devices as vertical pits to induce severe be-
havioural abnormalities. fhe e;ﬁct nature o£ the abnormal

L

behaviour is not clear, nor is | its direct relation to the

|

Status of ihe ggiLate Model

problem of anaclitic depression.

The consensus concerning the maternal separation model

‘of depreésion,'after more than 15 years of expérimehtal vork

is that it provides an appropriate and probably excellent
nodel of matermal séparatibn in hqlans (Lewis et al, 1976);
Within the animal model, as in the human situation there is

a g;éat deal of variation and iﬁdividual differemce that

+. may cloud interpretation. Numerous experiments have shown

that not all infants get obviously'ﬂepressed vhen separated
'I ) ' -
from their mothers and thereby indirectly reaffirp spifz's
' . \ A . )
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(1945) conclusion that separation from the mother m;y be a
necessary but not sufficient condition affecting depres-~
sion. Unresolved doubts include the relevance of anaclitic
depression in infancy to depression: in adults, Paykels
(1973} has shown that separation or exit type events do in-
deed occur significantly méfé frequéntly in hospitalized pa-

N
tients prior to a depressive episode.

| 3
The present model of anaclitig depression has several
general guidelines or criteria to ensure its validity. Most
of the following points héi? been propossd by McKinney and

others at various times.

i

1. Conditions . inducing such behaviours in animals
should be similar to those inducing paraliel beha-

viours in man. | _ \
Y . L .
2. The bebavioural/affective states produced should

- be similar in man and uonkey;

3. The bebaviours produced should persist beyond fhe

time of induction.

4. Treatment géthods effective in alleviating depres-
sion in man should reverse experimental depressiva

changes in animals,

5. There should be similar inderlying neurobiolcgical

machanisas.
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In addition to these, one would also tentatively

consider two MOLC.ees.

6. The expérinentally produced behaviours should be

self-limiting when normal conditions are returned.

7. The experimeantally produced behaviours should be
functionally related to specific stimulus condi-

tions in the same way for both man and animal.
. _ .

A corollary of the last two woﬁld be that! the pattern is
partially independent of environmental conditions of per-
cepﬁuai_enrichlent since this has effgcts outside the at-
tachuent bonds, 0f course, for any of this to take place
the subjects nmust be suéceptible‘ to separation stress in
the first place i.e.A they should be\capahie of strong amnd
stable bonds of attachaent.

\ . .
Levis et al (1976) and McKimney (1977) s ggest that the

procedure may compromise its usefuwlneéss for predictioq and

large amount of variability of the Xnaternal _sépération
n
control in experimentation. In its place they offer the-
peer-peef separétion procedure as being more practical. The
_change 6f emphasls in\tkis proposal is to a differeq; oﬁject
of attachment i.e. to infanmts reared together viéLout moth-
ers. The speéific jadvantages of tﬁis method are that the
group is more. Iikély to be bhomogeneous since nugerous.

"aother " variables }ill not be active. Such subject$ will

¥
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be returned to é peer-relationship that is less likely to
vax and wane- according to age and the social preoccupations
of the object, Furthermore this paradige is more conven-
ient and amedahle to the experimenter's will for reasons of
techanique, simpliéity and availability of sujects. It is
possible that it will pProve easier to get more consistent

results froa peers raised together.

To what extent are the the above mentioned criteria be-~
{gq: fulfilled by present standards and experimentation?
Since the earliest experiments, most of these criteria have

been satisfied quite well, at least in those mohkeys that

did get depressed. (For amplification see. Discussion of

Theoretical Context) The focus of atténtion of current work

in the field is prilariliy concerned with the ‘criteria of’

. treatment:nethods and_heurobiological ﬁ%raneters. In so far
as treatmeat methods are concerned, Suomi, Delizio anmd Ha;-
low (1976) have shown that behavioural thérapy by youngéf
infant "therapists" 'is effective-in alleviatiné'depressive
Jbehaviours in ' subjects who have qnﬁergbne repeated separa-
tions and isolatiqn. Pharmacological treatlent_st;ategies,
to be presented below, are somewhat nore difficult go_evalu-
ate, but have“also been partially successful in alleviating

some signs of separafioﬁ-in&nced changes.
\ :



Y

Psychophysiological Parameters

M.A. Hofer, (1970, 1971, 1972) has investigated the nu-
tritional and phyéiological "anlagen™ of the attachmen£ pro-
cesses in infant rats. When separated froﬁ their mothers
the pups become hypothermic and begin to "lose behaviour"
as well as éhou a decline in hear£ rate (HR). The addition
of heat will precipitate a dramatic inérease in behaviour
rates to hyper aroﬁsed levels, analogous to that seen in
monkey;. The separation induced bradycardia however ¥as
not the reflex bradycardia often seen (in animals in stress-
ful situatipns, rather it vas related to a nutritiomal fac-
tor in the mothers milk. Return of the mother in a‘non-lac-
taiing..staéér reducéd the hyperarouseq behavioﬁrs bu; did
not change the lowered HR. A dose-dependent relat;onship
‘betveen milk deliiery - and HR recovery wvas seen uhén milk
vas fed by gistric cgnnulation. Further experiments with a
sympathetic biocking agent, propranolal, demonstrated that
ailk ‘;s ;e;pohsible for naintaining_ syspathetic tone and
that its loss will slow the heart by a decrease in b-adre~
'neréic sfilulation from the gut. Hofer also succeeded in .
identifying the glfactory pathwvay as the iést ilpoftant
" neural route,' in the rat at léast, for the requlation of
highly aroused behaviour states. Groups of anoskic pups
vith their mothers, amosmic pups without their mothers and
séparated but _intac£ pups did npot differ Siénificantly on
hehaviourai ROA SUrLesS. All groups houeyer,,uere more acfive

than intact pups renaining'uith their mothers.
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How auch weight to give to these data is a proﬂlem. Rat
Pups do not "have" much behaviour im comparison to monkeys.
In addition, rats are very olfactory animals vhereas mon =~
keys, except for some prosimians, generally are not,. The
more imﬁortant sensory pathways in monkeys seem to involve
contact, clinging, visual and auditory stimuli. ﬁhe nutri-
tiqnal factor is an unknown variable ig relation to separa-
tion in monkeys. Hofer evalua£es the role of the rat mother
in these procesSgs as an exogenous'zeitgebef to an immature
physiological and neurocanatomical systgu known to be defi-
cient im cholinergic, presuaably inhibitory systens. | The
disruption of attachment can now also be seen to involve
specific and discrete effects as vell asqthe global or mass

effects often attributed to infaants.

A series of investigatioas by ‘H. Reite and others was
aimed at identifying various Physiological correlates Iof
separat;?g in young nonkeys. (Rei{g/bt al. 1974, 1977a,
1977b, 14&&). Reite vas able tq'neasure BR, body tempera-
tﬁre, BEG,EH&, andlEOG in freely moving infants by a radio -
biotelemetry systen. Reite was reporting on pigtail in-
-fants in a-grouP living situation from which the mother has
;been reiovad. Some of the data are quite different froa
thoéé presented by Hofer and are subject to a large amount

of variability both between and within subjects.

o
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Reite confirms that sleep patterns in monkeys are gener-
ally similar to those seen in manp. 'Separatiop results in
changes inlprimarily paradoxical or REM sleep and arousal;
arousals are more frequent and longer, and sleep onset is
'lprolonged. There is a uarkgd decrease in both th% frequency
and duration of EKEM sleep. Slow wave sleep on the'other
hand remains relatively unchangead. It was found that those
infants Hith the most severe alterations in sleep patterns
were the ones to becoae most depressed according to behafi-

oural measures. Heart rate was found to be a hilghly varia- -

ble function and not obviously related to ‘nutriltion. _The
innedia&e reaction follouiﬁﬁ‘separation is an ﬁncrease in
both Hg and body temperature. Subsequéntly infants exhi~- *
bited,&ecreases in heart raﬁe and body‘tempera;ure both duf-
ing days ‘and during .nights. Aﬁoth of these parameters vere
charaqteriied by an increasing;~alount of variéhii&;g during
the experiments. Alonq,yithjlthe separation-ind#ced brady-
cardias was a sigmnificant negative telation uith cardiac

arrhythmias such that the slowest heart rates predicted the

greater arrythsias.

. Electroancebhalographic analySes'dufing the séparation -

depressioﬁ-;eaétion showed a general shift to qlbver fre-

. i .
quencies. It is thought that this shift, priamarily in the

central-teamporal lead, is due to an increased qedtral inhi~

"bitory effect, possibly related to depleiion ‘of central

y |
|
|

'
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norepinephrine. The alpha rhythm normally recorded ffom the
occipital lead during darkness, showed no changes during se-
paration. It is intriguing that many of the variables mea-
sured by Reite tunded towards baseline values in a few days,
while behavioural inaicies, continued to reflect debression
for several days. Theré is a lég between systems, perhaps
confofmigg;to the ipdependehce found by Hofér. 'In some in-

fants the separation - induced changes in heart rate add

| _
body temperature tended to persist well into reunion.

These findings appear to be somewhat at odds with what

is known of human depressions. In humans one often finds

an increase im EEG frequency and a shorter REM latency and

"increased REM activity. Only a subset of the depressed po-

pulation shows reduced REu'activity' (Kupfer, 1976).
i

The relatioaship of abhorua; spike actvity to various

. limbic amd éortical sites was investigated in isolation-

reared monkeis (Heath._iQ?éJ._ Besults consistent with find-
ings ih hnlaq péychosis _Hete established. Spike activity
uaslsean-_in the sgptgl aﬁd ‘hippocampal regioné as well as
thalamic relay and deép:cé;ébella; ndclei.‘  Thése subcorti-

cal areas have long been associated with awvareness of emo~

tions and somatic sénsétiéné...jiﬁile. it does appear that

isolation;induced behaviours are-different and, more severe

" than the behavioural syndrome of separation, they neverthe-

'y

v
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less serve to establish a clear effect of socially and per-
ceptually induced abrormallity on subcortical structures as-

sociated with emotionmal €xpression,

The dramatic rise im 17-0H-Steroids and VMA in the urine
and blood of the chimpanzee (Abbott et al, 1972 and squir-
rel monkey (Coe et al, 1978, Mendoza et 51, 1978) and rhesus
monkey (Meyer et al, \1975) support the fact that social
isolation and separation are a powerful stressor with sys-

-temic apd hormonal effects, ' Continuing high levels of cor-
ticosteroids and vun';in the chimpanzee during isolation
ha;e been. interpreted as an adaptation response to stress
leading to a st&ge of resistaﬁce and pasgibly exhaustion,
In both the squirrel lonkef and the rhesus monkey, greatly
increased levels of plasng cortisol havé been seen in res-
ponse to separation. These hormonal effects have been iden-
tified as an \effect of removal of some factor inherent in
mother-infant interaction. High ievels of the steroid were
not found to be dimished by adoption oiifhe' infant by an
aunt, In both species, infants thdt'iere nornally_nothered
and those that-were surrogate reared éould not be differen-
tiated on the basis of plasma cortisol levels., In.the-rhe-
sus however only infants that were mother :e&red showed
raised steroid levels after vitnessing the blood saapling
procedure in their peers, indicating pegyaps a fora of empa-

thy not found ir surrogate-reared infants.
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Breese et al {1973) separated infant monkeys for 6 days"’
‘in_drder to studylthe effect of the protest stage of separa-
tien on the activity of adrenal catecholamine synthesizing
enzymes, choiine acetylase and central catecholanines. The
only change in centrat biogenic amines they found ¥as in-
creaeed concentrations of serotonin (5—hydroxytryptamine) in
the hypothalamus; NE, DA and tyrosine hydrqulase showed no
change. - The "activity ‘of adrenal entynee qouever vas
markedly elevated. Adrenal tyrosine hydroxlaﬁe, choline
acetylase as uell as other 1_synthesizing eatynes;all showed
greatly increased actlvlty,that vas apparentlyf under sym-
pathetic neural mediation. : ' g i
The cateéholaline hypothéées of affective disorders sug-
gests that the depressive:Syndrone'seen in man is associated
. with a functional deficit of central biogenic amipes, norep-
inephrine'ane' dopamine. _When the sjnthesizing .enzymes of

these alines. 'specifically tyrosine hydroxylase, vas inhi-

bited in rhesns'Eonkejs, the resultiégj amine depletion pro-
.duced a deptessite'hehavioﬁr syndrome similar 'o thatafol-
loULng depletion by reserplne -and sdberficiat} siliiar to
theadespair staga of laternal separation hedlond ‘et al
..(1971) esad alpha-nethyl—paratyrosine (ABP;) to selactiveiy
deplete BE and DA stores without affecting serotonin.ﬁ
- The nonkeys showed ' retarded notor activity and Juithdraun: _
postdtes and init;ated feuer social exdhanges. o oc1a1.res-

.pondzng hot?ver :elained unchanged.

) ‘ 7\: e o . L ‘ l‘ : N . .
b . ﬂ\ \ . : . ' . ._ - IV R
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.-éncés between gboups became more - pronounced, the ilipfqnine
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The treatment of alleged depressive states in monkeys
and man with antidepressant agents is predicated on the
theory that these will increase the functional availability
of neurotransditté;s. Theleffecf'of drugé on isolation~in-
duced behaviou; éisorders in primates ﬁas been previously
reported. #Whereas trifluoperazine'(Stélaziné), dextroamphe-
tamine sulphate and éxazepan were found to be s;ngularly‘
ineffective in nodlfgzng the behavioural deficxts in isola-
tion-reared ghilpanzees (Menzel et al J1963,* Turner et ai
1969) the'gd-inisyéation of CPZ to rhe;us Ronkeys subject to
partial sbcial chlorpronazinel(CPZ;uisqlatioﬁ‘ resuited in a
significanE decreése in tgeir self-disturbance béhaviours |
(HcKiﬁney et al 1973) . However, in this latter stgdy, CPZ

failed to increase the frequency of active soc1a1 encounters

in most subjects. ' : , L

'S -
e L .

\
The demonstration that a clinical;y aeffective ént;dépfas-

. e [ . . ' ! .
sant drug, iuipranine’pydrothqrida, has altered‘soné beha-~

vioural paraletérs in infanf monkeys during separation
'(Suon1 et'al 1978) lends nev support to the sapaghtion para-

'dign as a lodel of depressxon. ‘ These investigators chose

the peer-separation paradzgn uxthjﬁ\consécutive separations.

. N
By the third separation, .’n.nfantsSs rece:uing 1lipranne showed

louer levals of self-clasping and somewhat d&eater interest

'in,the environmeant. During the last reunion, the differ-

L

group being the more norasally oriented.



71

Statement of Problem and Hypotheses

This project «centered on two separate but rélated ex=
reriments and their associated problems and hypotheses,
Becaese there were two experiments separated by about
one year, some @iversity of problems umder investigation
Bust be | reported. The first experiment s~rved as a

pilot project to test the fea51b111ty of dlfferent

'aspects of the experimental model and laboratory proce-

dures. Simply stated, the problen to be investigated by
the: flrst experiment was the f9351bility, relxablity and
validity ‘of the maternmal Separation procedure as an ex-

perlneutal'hodel of depression in yqung nonkeys. The .at-

" talnnent of this’ goal ‘“was, however, contlngent upon

the successful: develdpnent of several systeas and proce-
dures, uh;ch may be summarized es .the develogeent of
an operational ér:mafe leboratory in the‘an{lal house of
the medical building. |

Tee hypotheses concerning specific - behavﬂgural events
vere sfefed prinarilj.in qualztative terls. ‘ The fre-
éuencz"ahd° duraiioh of ' behavioural._-itels defined as
active and peer-directed wvere expected to decrease as a

function of sepafation; the incidence of environnent and

_self-direéted activitf vas eipebted_to increasei. the inci-

dence of distress behav1ours vas expected to Lise; the

Jfreguency of all forls of play .uas expecied‘to decrease al-

b .

I
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most dompletely; and the intensity of - mother~directed
behaviours was expected to rise dramatically upon reunion.
The qualitati#e impression expected from the scene as a
wvhole, was set by descriptions of Previous experiments,

namely a striking picture of 'despair®'.

The'goals of the second experiment may be sumnarizéd as
tﬂe further development of the primate model of depression
by the experiseatal use of a clinically effective antide-
pressant drug.. Completion of this vor§ depended to a
large extent on experience gained fro, the first  experi-
nen£. ‘Procedures bhad to be adaptedﬂgona largef groué of |

subjects and behkavioural iteas vere revised - and extended.
Pt I o'
'ty

The hypothesis to be tested was that spgcific'anﬂ?Systelafic

changes in the rbebavioural " parameters, . frequgﬁcy and

1

duratiog:\\ifsulting from the 'separation procedures,

(7 e

. . f . P
wvere expected to be reversed 'by treatment ~ With  the

. . . \
antidepressant drug . V. :
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MATERIALS AND METHODS

Subjects

Pregnant cynomologus monkeys (m. Fascicularis), wvere

“acquired from Connaught Laboratories of Toronto where

E

they vere screeped for conmmon primate diseases and were

kept for breeding ﬁurposes. In total, thirteen pregnant

females were obtained, They were feral born but all

had . history of 'Successful births at Connaught, alt-~

‘hough there vwere severai Still-births. The females ar-

.rived at the .'Uniforsity °§; Ottawa approxlnately -a

:. 5

month before parturltlon and were kept in an 1solat10n room

from their time of arrival  until ' the ;nfants vere two
or‘ three veeks oid All females except one gave birth to
nornal infants. rThe births occurred alone and unattended at
night within 42 days of each other. The\;nfanr of one fe-
nale died shortly - after birth from a respiratorf infec-

tion amd had;to be roplaced.‘ This infant was '3.5 acnths

™~

s

youager than ﬁhe others.

~

The coupdsition of the group for the first experlnent.;

vas three ?ales and, one.- felala. The female, Maxie, is
the oldest/uhile Curious George is ~the younmgest. Napoleon

and Ully sSes fall in betuean, close to the fenmale.

1 S -3 -

5
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Tha group -for the second experiment consisted
‘originally of tgree males and five female#. The range of
their ages placed them within 28 days of each other;
This group went through essentially the same adaptation
period as the first - group., However, unéx-
pectedly aggressive behaviour on the gpart of one female
resulted in three infants being bittenL during periods of
free peer contact. In the case of one infant, whosa
forearm was broken, this amountad to a nduling. This un-
precedented aggreésion 'finélly_reéulted in osteomyeiitis
ﬁf the ulna and radius, a condition not likely to heal. On
the .advice of the veterinary surgeon theninfant was au-
thanized. This left seven infants for‘thg experiment, two

2

.males’ and five females . A

b
.

- EBxperimental) Enviropment
Physical Location S

The primate facil&ty is located on the sixth flooxr of,

the " medical building;in the ;nilal house.  This actually
: ' ’ . oy B

cousists,ofag long tiled corridor uith.‘Eéglal quqrﬁers on

both sides, wmost of which vas occupied by dogs, and a. few

cats. Two of the Aroous; are primate holding-rqo.é;

betuggn thes is the cage ﬁashing and cleaning area. - Di-

rectly QCross the hall is a VSiall'ﬁléhoratory and ‘surgery

vhere the separated lothgrs vere kept. Thg'p;iqate labo=

ratory itself is three dpégs down- the hall, The labora-
N - ‘/ . . e
' 1
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tory amnd holding rooms measured 20 feet by 12 feet. They
are finished in red floor tiles and white tiles on the
valls., ‘At the‘far end of the room is a window which
cannot be opened. The rooms are well ventilated and

lighted by an array of four fluorescent tubes.,

The full assenmbly 6f' Cages and playpen occupied an
area aeasuring approximately 12'feet by 5 feet in the cen-
ter of the roonm. This 1left roughly 3.5 feet ;on‘éither
side_ and 4 feet at the ends in which the observers could

4

move and uork.\ If an observer vwere sitting;direqtly
beside‘ the ﬂone cage of one of the pairs, he would be only
3.5 feet fron thé\ center of the caée. The maximum pos-
sible distance between and obseryer and a subject was about
8 feet, the distance between himself and the:. diag-

onally opposite cage. In practice, an observer was al-

ways stationead

beside the home cage of the infant, ' where
it joined thé dypen. Depending on which pair of

subjects = was being observed,” the two ' raters  would

be gither om the opposite sides or on the same ‘side

of thé:assélbly. Refere@?ﬁ to Figure 4 uill ghou all the

~-pertidant'spatial relétionshops; - o A
T R . \

Y
)
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Lighting ;

A precisely controlled 1ight-éark schedule was deemed
unnecessary. First 1light enteréd.the'laboratory and hold-
ing rooms at-'dawn, which of course, varied over the
course of the experiaents. Overhead 1lights were fixeé
about 4 feet above the fop of the cages and playpen. -

They were centered above ‘the first set of. cages, the

other set received lighi more indirectly. . Incident

light levels were measured with a Sekonic studio - 128c¢

light "meter réading in foot  camdles. At 11:20 bkr. on a

1

sunny day there were 120 foot candles, measured at the top

of the' cages. = This is enough light to obviate the
: T

1
|

necessity "of overhead .iighting. Measurements vere also

taken from the botton of each cage aﬁé the "playpen in
N . o . .

the eveaing.

Because of the positioning of the overhead-
tubes, light.1§€bls varied somewhat ovér the two haives of
the assesbly. Iﬁcidéht, light in  the céntar of the
playp;n\ ¥as measured at 32 foot candles; enough light
to read without difficulty. - ‘ |

P N

A

. Acoqstﬁf"phenonqna in the animal hou§e~\ vere \elso’

measurdd. The hard reflective surfaces ~alloved very

little attenudfion of ‘nqise. " A clanging shovel which

‘light éoduqa a peak of over 115 &BC, Ieasﬁ:es practi-

A
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\ . .

~ cally the same 115 feet away at the other end of
the corridor. A Bruel & Kjaer model 2205 vas used to
geasure noise outside and inside the laboratory.

Outside sound pressure levels vere - read on the 'c¢! net-
vork -~ with -fast damping. Slow danping was used inside when
all peaks above the arbitrary cut off of 75 dBC (the preset
level of white nasking noise) were being recorded.

3

Ouéside, the nost' disturbing noises come from the
N S N .
loudest’ and largest dogs, - which vere capable of

barking at over 120 dBC at . the worst time offrday. in-

side such sounds vware a;tenuated by ahout 25 or 30 4B.
. v

When the corridor: was guiet at night the ventilla-

tion laintained a steady background of 55 dBc. Results

shox that most of the noises measured inside the labora=-
tory vere created by activ1ty of the nonkeys in the. nee
tal cages and their vocalizations. These noises vwere
" measured '15 4 range froam about 55 dBC‘ﬁo over 90 daﬁ,
depending onr the time of day and\the aﬁtiiiry level.
.

ré

Hhite noise vas.dsedldur Rg Tecording sessions (only) in .

the second experinent. 75 | dBC (at the source)

fthis rendered nnch of ' the ess\‘ intense nuisance

inaudible. The actual intensity of the white noise; at

sone distance fron the source; strongly_ depended on

the orientation of ,-the,licrophone.'
N\ : o \ '
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Apparatus
Cage Housing

The prinary apparatué vas the home cage and playpen
assembly, the design of which is almost identical toxthat
used by Seay and Harlow (1962 and later). It, consists
of a central playpen and two 'sets of home cages facing
each other from opposite sides (see Figure 3 The play-
pen is set 15 i;ches above the floor and‘ is const;ucted
coipletely out of stainless‘stegl 1" mesh and stainless an-
gle iron except for the toyg'inside. It can bi sub-
divided into four ind;vidual playcells by the- insertion
of mesh pannels; each piaycell corresponds to one home

cage, Bach quadrani_alsb has 1 its bwn small 3" by 5w

door for the infants' exclusive use, The playpen nmeasures

60" by 60" by 30n, easily hcéonodaﬁing 4 - infants and

1
'

L]
{ .
|
1
13

fheir energetic Rldy-

"

3
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.Fig. 3. Living Cages Attached to Playpen

removable dividers
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Figure 4; the laboratory
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Th% home cages, .fitted and locked in apposition to_ the
playpen, also have a small door to match the one on the
playpeh. The two of these are actuated together by me-~
ans of a long handle. The home cages are basically
standard Hbeltge prina;e cages measuring 40" by 30" by
30m, .They are fitted. with wheels and are also construgted
of stainless steel. all haQe been modified to meet
. thg requiresents of the observers. The outside wall of
each cage was cut out and ;eplﬁced by a 1/4 " sheet of
‘araour gléss'\geasuring 38; x 21", Similarly, a large seéj
tio¢~ of the ceiling was replaced by a 1/8" Sheet -0f
polfcarbonate (lexan) measuring 24" x 24" so that: light

could eptér from the top.

¢
~ Recording System o A
. . . ) N . o \ .
The data encoders were -desigped’ and - built - im the

~ |

Department of , Pharmacology. Onme of the units is shown in
Pigure S . The 'enépdeés ,Cohsist of ‘an.electrbhic key-
board device :coqstruCted‘of_.plastic,. micro svitqheé- and
connon"iitogpafgd cifcuit;y* Qvailhhlg before the re-

cent’ Abpéaragcé ~of inexpensive -iic;oprocéssors én ‘the
market. The front of ihe deyice consists of a bank 6f | 12
large, éb:ing-roturnadl kegé '.fofh_ easy laniphiqtion,
and Ian‘hrraf\of 3 toggle—Switches. rhé‘\fﬁhqyion' of a1l

N )
3 ) CN :
[ S -
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the keys and switches is to. provide one binary digit
each in an array of 16 data points which are regis-
terad together and shifted out serially onto 'magmetic
tape at a variable rate convenient to the user. In
other words, aa array of 16 data points is scanned, .regis-
terad, shifted out and racorded as a group once evéfy

-

designated time interval.

Vaa

- . =~ L h
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Figure 5; the encoder

A
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. -
These bimary digits or bits are produced by means of

the 15 keys and suitcﬁes, for example when a key is

depressed <an - event is registered, while in  the dp po-
sition nothing is registered. = Im this way a total of
15  events  may be  encoded. However, the modifica-
tion of two\ keys .(category - or - raage delimiters)

alloved a paximum instrument encoding capacity of 42
[ ‘

behaviours with the same 15 keys and switches. A pdp-8e

assembly language was reguired progranm to_ "~ descriminate

the key functioms. - This provided by the Department of
Psychology. The ﬁz_ behaviou;s must be recorded in U4
,mﬁtually exclusive ranges or categories and cannot

be recorded simultaneously.

The actual Eghaviours assigned to any key is entirely

/ .
at the discretion of the experimenter except for the va-
' ““Qm\\;lue of the last or 15th key (a toggle switch ) and the

synéﬁfanization bit which is not represented by a switch.
The 15th Bit ;;s “”uséd as a flag for . the assembler
progran to fbeéin ‘ conpilaiion andkthé 16th bit or *symc?
bit uaé used as an electronic pacer and error chéck. Some
idéa of the désign and-opetation of the unifs and the data

stream may be gleahed from FPigure 23

in appendix 4.
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These devices provide an easy way to key in and re-

cord behaviours without attention having to be often di-

verted to the hands. Behaviours could be recorded at a
rate fast enough to considered true frequencies and
trug duration. Whenever a subject performs a relevant

behaviour, the observer presses the corresponding key and
hdids it untill the behaviour has terminated. Little ‘en- "
cumberment arises for the user as the umnit is quite

light and may be he1d in the lap during obsérvations.

The encoder output ' was recorded on BASF magnetic tape
of ;5 il thiciness. ' The recorder consisted of a
Croiﬁ‘ series 700 tape transéort and heads in comn-
- junction with 4 Vetter FM plug-iu anplifiers as wvell
as aﬁ audio amplifier used . for voice-over commentary-
during observation. The tape contents were played baék
through a signal_conditioner to '& pdp-8e computer for
qompiiation. The computer itself is a vintage naChine ;ith
a .rather restricted core. nemory‘(ak), a fact of sig-
nificance in the computation of results and qhserverlconcor-

dance.

Other ancillary equipment used during the Tproject was a
Philips PM ' 3230 oscilloscope to monitor the recorded con-
tents of the tape and to check for eventual equip-

ment failures such keys gone out of adjustement or con-
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tact breaks, vhich occurred froam time to time. Sony
portéble"VTB equipment was used for a video recording
of all phases of the first experisent while a Braun-Nizo
nodel 800 super-8 cine camera was used fpf a visual record
of the second. A™ Grason-Stadler rodel 901b ;Bite
noise generator produced white nésking noise and a
Bruél's Kjaer model 2205 séund level meter uas'used to re-
cord sound pressure levels during the second exper-
iment._ A Sekonic studio studio 128c photographic light
meter gave 1light levels in foot candels, A 'systeas!

diagram of the essential equipment is shown in Pigure 6

(\
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Conditions during the two experiments were not identical,
for instance during the first experiﬁent only oné ob-
server and encoder | vere used while during the sec-
ond, two ‘observers and encoders vorked simul-
taneously. . Conseguéntly the pdp~8 programming was also
not the same. The asseambler érogranne Qas revritten en-
tirely for the second experiment and becanme ready ' for
use by the begimning of the final reunion, The relatgvely
high rate of data input from two encoders rapidly filléd
the U4k core memory of the computer. For this .reason
the output was restricted to a ﬁithin-sessions suamary ta-
ble of sunpated frequencies and durations as well as a ser-
ial duip of the input streaﬁ, minus the time base. If
space‘rﬁn out  before the input stream had terai-
nated, a suamary tablé vas produced of the data up to the
limit- of the core space. Input was“-then Lpicked up
again >where ' it:}eft off_ahd é suplarf-uas then produced.
for the remaining data in the seésion. The two summaries

together constitute the data for that session.

- Summary tables for the eotire experiment were then
further collated from all .the within-éessiqﬂs tébles prO*.
duced by -the PDP-8. The daté vere then transferfed tc IBM
computer card and finaily to disk and tape files for

more elaborate evaluation.



Development of Behaviourai Items /

The first task was the acquisition of an
knowladge of the nwmonkeys, fheir’ behaviours: in cap-
tivity and their peculiarities. ‘it vas n ceésary to sim-
ply spend many hours observiang the interactions of the moth~-
ers and infants. In addition, 16 - mm. movies vere
borrowed from the Oregoh Regional Primate Center in the
hope that some dramatiéally relevant behaviours would be
graphically displayed. Out of this basic knowledge and the
experience of others in the area, we developed a range of 30

behavioural iteas thoudht relevant to the area of separation

and depression.

Behaviourél itEIS. were chosen for the first
experiment on the basis of  our preliminacy ob-
servations meﬁtioned above and on the basis of an exten-
sive revie; of hehaviourél categories and iteams used by
other workers in the field (SQay and Harlow, 1962,1965;
Kaufman and Rosenblunm, '}966;1967; ‘Bowden .and McKinney,
1971;  Harlow et al, 1972,1973). A certain amount of
“intuition was élgo used in the selectiomn K of some behaviours
that-had the appeal of similarity to behaviours seen
in ‘depresséd hunané. A further rationale used was to
include common behavisurs that occurred #ery ffegue@tly

to see hov -'separation effected their base rates. In this

way a preliminary list was . drawn up which was re-
: : \ ,

v
.
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vised several tigmes before a final version was
decided upoan. The final lists of behavioural items, with
defiﬂitions, ‘groupings and - expianatory rationale is
given in Appendix (A} . During the second ' experi-

- ment, the . list again underuent extensive revision
and discussion. Experience with the first experiment
brought ¢to 1igﬁ£ several behaviours and social. dynam-
ics of possible iﬁﬁortance. Amohg these were the connmon

bebaviours of sitting, being still -and foragirg for

food. A further distinction made was the differentiation of
sopse behaviours into active and passive‘components.t
-cording to this scheme , the iten labelled ‘*qross body
contact® by Seay and Harlow (1965) vas divided into
'‘passive contact! and tactive contact!'. Similarly,

play behaviours were divided into 'accepts‘ play*  and

. ) ) ‘/—“\\‘
‘initiates play'. In the event that no difference ap-
peared, the ‘caiéabpywmgpuld be rejrouped. This notion

wvas borrowed from the theory and practice of behafiour‘
therapy vhere a  passive or reactive repertoire is
distinguished from an active one in uhi;h the - depressed
patient initiates sociai intercourse, (Lewinsohn, 1974,

—

Ferster, 1973).

érgﬁging Schenmes

There are several grouping gchelés that could posgibly

descriminate differemnt factors in the‘data. Thelmos ;l-
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.portant ope is the scheme based on the -dbject
attention. It .ias -deéided that 3 ranges of 10 be-
havioars could be developed which are mutually exclu-

sive and which are distinguished on the basis of interest

in the nmother, the peer and 'alomeness®. These are
the méternal behaviou:s; the social behaviours and
the individual behaviours. In praétice there was a small

degree of overlap as uheﬁ an ’infant Was on the_ @other but
Playing with a peer at the séme.time. However, this did not
occur very frequently. Activity vés conqeived of as
cons\antly éhanéing and-shifting in naturé; there is a
constant irregular movement in and out of the 3 catego-
ries, An iafant could not be in £he iqdijidual mode and
the social mode at the same time and éhe.functional oper-
ation of.the eancoders réqui;ed that a new range selection
be made when a shift 'occurred. Another possible division
lies along the gociopetal and sociofugal dimensions. Some
“infants dspend more time éng;gzﬁa the environleptal arte-
facts while others ,pursue  their peers. There  is

also the poééiblity" of . grouping based on intercor-

relation matrices.,.

Lead-iﬁ' ariod
e
L]

'*bpon their arrival, the monkeys were set on a

feediﬁg schedule of two feedings per day, one at 08:30 and

L
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again at 16:00 hr. Their food consisted of Purina monkey
chow, withoutwéizoniézid, and raw fruit - and veggtables
three times_, per  week, This schedule remained unal-

& o
tered during Fhe experiments.

The monkeys ;ére transfered from the isolation, roon Iio
the laboratory 2 weeks - after the .Sirth of the
first three infaats. They were alloved to habituate to
this room for . the next four months while. they réﬁained
in their home cages. During- this time the early infan-

tile behaviours were rapidly falling away with a con-

commitant rise in rejection behaviours on the part  of

’///,//’

the nothers and-  independence in the infants "as des-

cribed by Hansen (1966).

The foufth,- replacenent iﬁfant vas bbrn in the l;-
boratory rodm two months and 24  days after the trans-
fer -of the others.: At that time the first three already
hadfan'avardge age of 3 months and.16 days. It was immedi-
ately'/épparent that the fourth infant could not be included
with the first ihree. P o

. ”7 

yThe otﬁer‘thrée ;hfaqts, uiiief/MUllysses and Napolegn{

received their fi:st”/g;fosure to the' playpen sin-'_

ultaneously but with the dividers in place, Their mean

age 4t this point was four months. They were allowed to

d,_/

/
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interact with each other for one .week éhrough the
meshl_before the barriers were cautiously lifted. The in-
fant doors.uere left open continuvously to allow the in-
fants freedon of movement and to encourage indepen=
dence and interaction:-as far‘as the ﬁothers.would allow.

Only at night vere the infants forced to return to the

mother.

The policy of free access to playmates and the mothers '
" of playmates wvas continued ' without serious incident for
the rest of experiment 1. The only real surprise came
;&ig tvo notﬁers ware found together in the éane cage,
grooning‘peacefully. all the mothers readily accepted
other infants although it was noticed that Liza, Napoleon's
‘mothér, ugg loré popular than all the oihets.
. >

Observer Trainjng

Obsgrver . training continued throughout this
A pre-baselihe period. The method of Bijou (:969) was used
.to evaluate theo level 2f concordance between observers.
Appendix (B) contains a discussion of the Bijou method.
A variety. of ‘5 minute video~tape recordings were made
us;ng ~Sony portable VTR equipment.. - In this vay the
observers pracgiced and were evaluated ;; the 3 categorigs
of behaviour viz. laternél, ocjial ‘and" individpal.
if thefe vas disagreeaent on anf point, the sequence

was ﬁiayeh back and discussed ﬁntil all could agree.

i
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. Experimental Protocol

Experiment I ,

The experiments’ vere divided into 5 phases  or
conditions, namely (1) Baseline, or pre=separation
(2) Separation I (3) Reunion I (4) Separation 1II (5)
Reunion  II. During the baseline pefiod the infants
lived with their wmothers and ﬁaa free access"fb their
peers as descriﬁed. Formal observation/began whan the
infants had attained a mean age of 5 months and had
been habituated .to peer'cqntacf in the apparatus for omne
month, Ohservations ptoceeded according ta a schedule of
) potétfons vhich ensured that an infant did not have the same
partqsr on successive 6hservagion periods., - The obser~
vation schédule deéignated four observation periods = per
day, tvo in the aorning at 10:00- hr and 11:00’ hr
and! two in  the afternoon at 14:00 br and 15:00 hr.  Each
wvas 30 ainutes in length. Observations were not made on
Thursdays vhen the anilal. care staff completely disassem- '

bled the cagés- and playpen for wvashing. -
B .

r

The schédules of two observers, who worked alternately,
vere also rotated $°J that .they did nct observe the same
nonkey twice in successioht ¥hen the obsérver entered, he
or she would check the schedule and select the suhject
and peer for .that observatien period. The thirdlinfan£'

had to be trapped or otherwise manoevered back into

L2
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his honme cagé for the period. This was not always
easy to . accoamplish - during separation when the in-

fants tended  to follow eaigzotherclosely{

Observations continued wuninterrupted, except for

*teething problems* with. the equipment, until De~-

cember 23 , when persomnel left for the Cliristmas break.

During the 'hbli&éj”"fﬁ&émibﬁiéys were. looked after by a

.skeleton animal care staff and by the experimenter who

ran spot checks on their behaviour. -

ali personnei returned on the first of January when
"the mothers wvere sepafated from the iﬂfants and renove& to
the veterinmary laboratory‘ .a " faw ¢d§rs .doin\ the' hall.
Thus sepafated,- the mothers and igfan£s could occasion=-
ally hear each other. Separation uaéﬁ accom~
ﬁlishéd- quite. ., simply and vithout incident by clssing

the door behind the infants when they were all together in

; R
the playpen. At that time the infants had attained a-

léan.'age of 5 months and 19 days. They continued to be

L

‘observed accordipg to , the .sa-e schedule for the next .

i
- -

. e e :
25 days, when the mothérs were returned.-
.The period of reunion with the mothers lasted for the
next 23 days. At;reunion, the infants were confined .to

their own playceil vhile the  mothers vere trans-

\
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ferred,fto their home cages one by one. Thus each reunion

!
' was observed separately.

1

The firétj period . of reunion ‘also ‘served as the
baseliﬁe period fqr the fourth'infangg George, who was now
thrée months ' and 17 days .Qld. Ub t5 that time he had
been able to iateract with his bééré through the mesh of

the . playcell. This constraint vas then removed;

. after a brief .;period of amiable investigations

. - - 3 o
George was integrated into the schedule and we procseded as

usual.

At the time of the second separation, which lasted 22

'~ days, Geoxge had attained 4 months, amd 9 days and“the oth~-

ers averaged 7 months and 24 days. The reactions of the

3 ipnfants in the first separation‘ﬁronpted us to increase

thé severi£y of restrictions imposed on George relative
to the others. Téeatqent for Maxie, Ullysses 'and Napo-
leon_ was idenﬁical to that received in wsep#ration
I., .George, hovwever was confined to his cage dur;ng'
fhe wvhole of the separation period éxcept for ob-

. : L@ |
servations. In this way it was intended to 'gonpdhnd
the effects . of §ep5ration by 'social\‘isolationf'FMThe
procedure of the final feunion vas the same as ‘for = the

first.

,
hU
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The protocol of secoad experihent was gquite similar
to that of the first. The induction and haﬁituation per -
iods for this grdup of wmonkeys .ués virtually the same
as that for the previogs experiment. Procedufes had to
be adapted to suit two groups ané two observers
working concurrently with separate emcoders. Since there
Heré- tvo group§ of monkeys,' drug and control, ocne
group had to fenai; in the colony room while the other
vent to the laboratory aﬂd p};ypen. Those in the -la-

boratory reiain,ed there untilA’noon when they H
ferred back to the holding room and the other group
replaced then. .This schedule ensures that if a group
were in the laboratory in the moraing om one day, it would
be there in the afteknoon %bn the following day. This

was done to control for possible effects associated with

the time of day.

The major changes in procedufe were (1) the revocation
of free access to peers ' and bther mothers. ‘{2)
augmentation of maternal separation by social isola-
tion} the procedure used for George in experiment I (3) the
administration of Kdesnethylinipranine to the drug group
during separafion II and physiological saline t§ the control
group; (4) the use of uh}te noise to mask external dis-

i
turbances.
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Someé of - the nminor changes include the use of a black
cuT¥aiuz  to separate the door and desk area from  the
Cages and the introduction of a greater variety of toys

in the playpen.

The lead=-in period.-for this group again revealed seven
unique approaches to-- life and seven different
mothering styles. Alll the infants were Vgiven sim=-
ultaneous exposure to the playpen with dividers in-place.
Most of the infants dealt adeguatély with .the new
situation and eventually explored it with a minimum of
fear. The mothers of three of then, houever,' were ex-
tremely possesive and restrictive of their infants and for
several days would not aliou'"the infants to explore outside

the home cagéf These infants, as well, had the' ‘most
¥ .

-~

difficulty in adapting to the nev environment}

A schedule of observaggoné of observer and subject was
again devised using the sanme pPrinciples as before. In
addition, "an attempt was made to conﬁrol for an 'order of
observation effect' by ensuring .th;t if an infant was
in the first pair to be observed on one day, it would be in
'the 'second pair, for that group, on the next. The infants
were restricted to thair;hone cage dh:ing most of the day.
Before a session started the two observers would pick the

" scheduled pair and allow then supervised interac-
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tion %of 10 or 15 minutes while the system was turned on
and inspected. The langth of the observation ses-
sions was reduced from 30 to 20 minutes to reduce observef
fatigue. When the session ended tﬁe two other in-
fants were released from their hoﬁe cages and allowed to
interact with the first twul as @ group of four  for ap-~
proximately 20 -30 minutes. The first pair was then enticed
back to their nmothers, ﬁith wvhom they remained for the
rest of the day while the others were observed. Access
to an 'aunt' was permitted and risked during observation

sesslions because supervision was close.

The two groups of monkeys received the same treatment
throughbut the baseline, separation I and the first 13 days
of reunion 1I. 4ll subjects went through two separa-
tions lasting 21 and 15 days respectively. Erug and sa-
line administration began on reunion day 14 and continued
until day 12 of separation 1II. The drug treated group
(four subjects), received desmethylimipramine (DMI} in a
single daily dose of 5 mg/kg i.nm. Jﬁzle the control group
received ;n equal volune of phfsiological saline, The
injections were administered immediately after a recording
session in order to mininiée interference due to the
stress of injection and the squeeze mechanism of the cage.
The drug phase employed a double=-blind procedure. An-

independent, outside’ technician delivered the in-
|
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jections but neither the observers nor  the exper-
imenter knew which subject received the drug and which
received. saline. The drug lead-~-in period was neces-
sary to allow plasma and brain concentrations of the drug
to rise and to allow for the latency of clinical effect
(usually ome or tuo‘ueeks} typically seen in humans under
tricyclic antidepressant therapy. The plasma concentrations
of DMI were determined by means of a gas chronatogrqph ac-
cording to the method described by Hammer and Brodie,
(1967) . Because the anaestesia and blood sampling procedure
(femoral arteriopuncture) was very disturbing, a further
series of imnjections was undértaken after the experiment to
make these determinations. Three subjects from Experiment I
vere used, The general design of Experiment II is epitom-

ized in Figure 7 .



DESIGN OF EXPERIMENT II
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The mechanics of the separations were the same as.
previously described. During separation II. Hovever,
tvo infahts. aroused by the reaction of the others, re-

fused to leave their mothers rand be separated. These
~mothers had to be sedated with a light dose of ketamine
hydrochloride so that the infants could be Ypeeled?
off. The reuniom procedure differed some:hat in that eac

teunion was recorded on super-8 film. Some very in-
teresting footage was obtained _of.clear *detachment' be=-
haviour in 3 'infants, a phenomenon reported bnly Once
beforé| by Abrams (1969). . Only after all the loéhef-infant
pairs had been reunited vare peer pairs selected for ob-

servation.



RESULTS

Phenomenological Description

Separation I

The first experiment was essentially a. pilot study
for the developneﬂt of procedures and routinés as already
explained. - Considering the different treatment of
subject #4 from the others, it may be considered an éxéeri-
ment with two groups of n=3 and n=1. It would there-
fore seem more pggctical to report descriptive datq for
the experiment and a phenomenological aEcount
relying on the operant strengths ofrthe design to_deter-

mine the effigacy of the treatment, (Hefsen and Barlow,

. 1976) . To recapitulate briefly, this refers to the re-

versal ‘or withdrawal design (ABAB and variants)

which ‘demonstrates effects by the initiation, with-

drawal and reinstatement of treataents successively during

'the experiment. Here, A1 1is the baseline period, B1 is

separation I, A2 is reunion I, B2 is ‘Separation 11,
and -AIII is the fimal reunion. A phenomenological des-
cription : of the events of separation may help

to increase the reader's appreciatior of the signifi-

- 103 - °
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cance of the fiqures in the context of the experiment.
Figure 8 and Fiqure 9 show two scenes %ypical of baseline

behaviour before separation. The former sipply illustrates

4
!

normal matérnal behkaviour. The latter shows an infaﬂt
(Maxie) svinging from the ceiling uhile.mouthiﬁg a ring.
This provides an exgellent example'/of’*é;ércise play", one
of the behaviours nost.st;pngI}/’affected-by separation. IT
“also provides a féne=éiéhple of the simultaneous (in this
case) behaviouf/i;anual-oral-explore" or "HMOE". (From this
‘photograph the reader néy appreciaﬁe that the obsefver's

O ~/ . . .
task wvas often to register several behaviours simultane-

wusly.)
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The very first reaction was  one of alertingA and
mild fear as the infants watched theipl mothers being
vheeled | out. There were frequent, seafching . head
movements and running from place to place to seafch and
call; ihe ueil—knovn *coot, *hoo! of- 'woo'' calls.
This ini£ial' reaction las%ed for several nminutes and was
common to to all infants, Maxie, Napleon and ul-
lysses, As they saw that the mother was not about to re-
turn, the reaction took a dran;tic turn in intemsity and
began to éhou: individual differences. The most in-
tense reaction came from the fenale.uaxie, wvhose bhehaviour

attained disorganized, panic proportions. - Coos and

schreeches vere emitted every few seconds, often in bursts

of three to eight. (laxie was the only one to actually
schrgech, but all ran .about in  a repeated
pattern of "in-Idok/cal;-leave“. As the disorgaqized

A

behaviour gained intensity, numerous sna;l behaviours
‘were repeatedAin a stereotypical udy,l indicating a. state
6f extreame energy ;xpeﬁditﬁre and disorgamization. The
two nmales, Napoleon.aﬂd Ullysses displayed similar réac-

tions but less intensely. : In the case of Napoleon, the

reaction was clearly less intense than Ullysses®,

This high inmtensity output was maintained for a few

hours before it began to subside a little. The gemeral

o
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form of this redction continued for appreoximately
24 hours and was replaced by a patterm of time-depen-
dent decreasing intensity, which consisted of contin-

uing high levéls of locomotion . and cooing along with a
general disappearance or loss of many normal behaviours;
Notéble for its aﬁsenée at this time was play behas
viour, especially rough-and -tumble, which Vdid not oc-
cur at all. 'This was accompanied by the appearance of
social disengagement or loss of interest. Figufe 10 and
Pigure 11 Occasional atteapts at play vere made by the males
during these days but thef vere short 1lived, coasist-
ing of a briefmcontact initiation, break-off and the re-
sunétion of dominant apathetic pattefn. Individual
play behaviours were also lost during 'the first days
.of separation aithough nanipulation of the body

vas seen to increase, espacially in Maxie.

We found no good way to rncord animation but ié vas
clear that the forser }elan' and persistence vere missing.
The fégale, never attempted to engage ir any play ini-
tiations and always withdrew when approached; hoéever*

this was often her pattern before separation as well.
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The pattern of thess behaﬁiours seelEs to have - been a
gradual decliﬁe, as it ueré; into a state of great apathy
and perhaps depression. The nadir seemé to be reached
betueen‘ the fourth and seventh days depending‘ on the subj
ject and probably lasts about 36 to 48 hours. . Move-
-ment during this time had slowed down considerably‘in
speed and social contact ugé. at its lowest, Following
this, we saw a' gradual adaptaticn  to living without the
sother ,and the re-emergence of more aormal behaviour
patterns including some play. However, it is notewvorthy
that, af least on the level of impressions, a qualitative
differenc; from baseline patterns seems ‘to remain. Two
ueéks'after separation,” the infants ;&re alert and ac-
tivé and increasingly playfui but the previous characteris-
tic of contiguous rough-and-tumrble play ‘did _qef ;ully
recover at any t%le after sgparation. It seeas to have been
éeplaced by 1less active ‘foras of contact and individual

and manipulative play.

It was noticed that, .esbecialiy during the eafly and
piddle periods of separation (days 3 to 10), the infants
tended to fo%lou each other about and seek’each others
'conpany, even though.attempts at play were significantsly
fever. They tended to huddle together on the peééh

frequently; alert but non~playful. :If one departed, the
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others tended to follow. Periods. of .sittinq together
passively or“ uandering aimlessly increased. Occassion-
ally, contact took tﬁe form of grooming or ventral-ven-
tral clinging.“ When oné of triad was restricted tq a
cage during observations, that individual_ showed an
inmediate &hcrease in agitation and lookiﬁg. towards his
peers, In Maxie, this again reacﬁed extreme proportioms
and stopped as soon as'.she ¥as reunited with the oth-
ers, The impression ua% strongly reminiscent of t&e éx-
pPression 'aisery loves conpany;. Apparently some fora

of restitution is obtained through peer contact. In the -

citsﬁ literature, the description most similar, to
these infants was given by Preston et al. {1370) who. used

an - entirely . different species, erythrocebus Patas.

1L

Sepagation II

Events during the égcoﬁ& éeéﬁration were éuite simi-
lar to thoéé of/;hé{}irst excapt that fhe,infants appeared-
to adapt./gpré//éuickly. "t Individual ~ and manipulative
.plaj _foiibuing the slou_rec;very seeme even more complex
and varied than before. fhe infants“uefe possib}ly habitu-

ated to the stress of SGparation or had adapted by. new

learning.
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N

The patterxn- follgyed by George, the fourth infant,

was similark'to " that .Shown by the others. While al-
one _aﬁd ‘ségregated from ‘tﬁé others, he appeared very
nervous,: d}opping >bits of food when startled. Occas~

sionally - he “Jeﬁid ﬂthreatgn observers in a defensive wvay..

«

ngrgé ‘4as the only infant to clearly shovlﬁthe ex-
';reme‘ form of these depressions i.e., the sagged facial
features, the slumpa&._poStﬁre_aﬁd the."expression of des-
péirﬁ. It must be nade_cléar houever that this form of be-

haviour was not maintained for . any great length of

time. It was short and phasic, and easily interrupted by

&

on-going events, as if he were startled out of drowsi-
X . _
ness. The full impact of his state is made clear in Figure

11 .
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Events during'reunion also held a few surprises. The

initial reaétion of all the infamts to tkte mothers!
return was a tremendous upsurge in excitement, all
fbe infants ran to «c¢ling the mothers. Soon however,
bedlam broke out. L few lines from the 1log may clarify

the situation.

"after a short period of ventral-ventral con-
tact, the general commotion and agitation in-

creased in pitch, somewhat out of control. In-
fants got off their wmothers and ran outside
and schreechaed and cooed; all together but di-

vided by the panmels. It's as if they feared

losing their peers more than they wanted
their waothers.” '

Strong new attachaents had been @nade. By the second

day, the mother-infant relationships had stabilized and

re-2stablished a more familiar routine.

Qualitative Results -

Thé reéults for the first experiment are virtu-
ally the same as those reported by several other investi-
gators; therefore omly the most important items will be
mentioned. Only those items showing marked changes'in at
least 3 out of 4 infants are reported. these are the
items relating to to vocélization, loconotion, social
play, individual play and non-specific gross body con-

tact. Figure 12 shows the frequency of cooing and

-
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schr2eches throughout the entire experiment, It is clear
that during both separations this behaviour occurred at
a very high rate indeed, while during periodé of reunion and
baseline the frequency vas guite low. This behaviour
never quite returned to preseparation levels as can be seen
especially in the final reunion. °~ This indicates that
the inﬁgnts never completely recovered from the effects
of separation during - the reunions., ¥ean values repre-
sent the mean frequency pef recording session for 3 in-
fants. The small numbers represent the relative posi-
tion of the mean value forre;ch—infant; #1 being Maxie, #2
Ullysses, and #3 Hapoleon. the mean values rose to
over 10 times their baseline values; separation values were
about the same in both separations. This item has -
proved to be the single strongest indicator of acute dis-

tress.

Results for the item *'touch infamnt', Figure 13 , which
relates te an increase of gross physical coantact,
showed that each time the mother was removed the infants

tended to huddle together and increase contact and prox-

-imityﬁ: This need disappeared as the mothers were re-
turned. *Social play' wvas the sécbnd most powerful in-
dicatsr of distress. A strong suppression of play

5

with ﬂ?mediate onset and long duration was seen in all

subjecté and is 1illustrated Pigure 13 .
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2ll forms of play hehaviodr were markedly suppressed by
separation and did not fully recover during reunion. This
again indicates that the disturbing .effect of the
first separation = was carried across later condi-
tions. The increase in agitation is shown in the results for
"locomotion™ given in Figure 14 . Results for George are

summarized ia Pigure 15 .
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Table 1 recapitulates the results represent2ad in the
previous bar graph;. It can be seen that those behaviours
reflecting a normal playful interaction with the envi-
ronment and with peers, (exercise play and social

play) fall in respomse to geparat%gn. In contrast, those

behaviours showing distress and /agitation (locomo~
tiomn, éouch infant, wvocalization) r se, at times dra-
matically., A glance at the accompanying standard
deviations will reveal that the variation found in these
monkeys 1is considerable in some items; however, refer-
ring to the bar graphs, the position of the individual sub-
‘Ject's means shows that the values_ group suffi-
cientsly to allow good separation between conditions.
-The graphs also seem to indicate that the-first‘Sepa—
ration had the single nosﬁ powérful effect in all three
sub jects, It 1is interesting to note that thé subject #3
(Napoleon) who showed the least distugbance also showed
the highest degree of affilation on the blay item, as
well as highest degree df * contact seeking on the
‘touch infant? iten. ‘asd génerally the least amount
of aqitdtion and distress in locomation and vocalgzation.
An épproiinataly inverse relationshib is indicated for sub-
ject #1 who showed the lowest degree of affiliation on so-

cial pléy. It wmay be that performance on this itenm pred=-

icts the shbject's performance during separation.



A1 B1 A2 B2
'Label mean sd mean sd mean sd mean sd
EP 23.6, 15.8 10.8, 8.7 16.1, 5.0 18.9, 11.2
5P 13.5, 12.4 3.9, 6.3 6.8, 5.7 10.4, 16.2
Lo 48.5, 21.8 75.5,23.5 56.9,19.1 106.9, 34.6
To 5.2, 4.4 2.4, 5.2 5.5, 5.6 14,0, 8,2
Vo 3.9, 4.4 40.0,45.2 4.8, 6.8 43.6, 34.5

F-—c—'-_-—-..___———-—.q--—-—.—.———-‘p-.-.____._—.-

Mean values
oural itenms

and standard deviations of

dveraged across the first
in baseline to separation II The labels

TABLE 1

five behavi-
three subjects
refer to exer-
cise play, social play, locomotion, non-specific touch
and vocalization respectively.

MEAN VALUES AND STANDARD DEVIATIONS
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Quantitative Results

The determinations of the plasma DMI concentratioms will
be presented here before the behavioural data. As can be
seen in Table 2 , the plasmad levels of DMI, measured at
interva;s .of 4 and 22 hours after the last injection, vary
considerably among the 3 tested subjects. "However, the
points fall within the range normally found in a ﬁunan

vash-out curve. iP«D. Hrdina, personal communication, Jan.

1980) . The results are expressed in units of nanograms per
millilitre.

)
3CNS tissue concentrations (éortex- and hjpothalamus) in.

rats after a similar period are approximately 20 times

greater than plasma conceantration (Hrdina, Dubas and Riva,
1978) .



'PLASMA LEVELS OF DMI IN INFANT MACAQUES
AFTER DAILY ADMINISTRATION OF 5mg/kg FOR 5 DAYS

Subjects | Plasma Levels (ng/ml) After Last Injection
- A 22 hr
A No. 1 145 B
No. 2 219 68
No. 3 - 84 34
X = 149439 X = 47+10
N

Table 2.
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In the analysis of data for experimeant II, several passes
through the data were wmada with BMDP using the badpp2v
programme for repeated measures. Before the prograpme was
run the data base was reorganized to reflect mean fre-
quency values for blocks of three days. The first 12
days of each condition were designated as the repeated
trial_factor "condition” ije. baseline, separation etc.
Within conditioms, blocks of three days represent the secénd
repeated trial factor "divisioan. There are four di-
visions in each of four conditions considered. A
third factor "group" represents the experinéntal DMI group
and the cohtrol group. Three passes were made through each
file to keep the jobs within . a manageable \conputer
size. The analysis of variéﬁce compared baseline-
separation I, baseline-separation fI, and reunion I-se-~
.paration‘bII. the results vyielded ten analyses per com-
parison; one for each behavioural itel.

Analysis of Individual Behaviours

== ==

Baseline apd saparationm I

The. anmalysis of variance - revealed many dif-
ferences due to the conditions and divisions, see Tables 3
to 7 . Tables for the analysis of variance of the,follov-

ing items and the transformed raw data‘files are ‘given in

Appendix C.
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The comparison of individual behaviours during base-
line and sepdrqtiou I shows that the group factor differed
only in "exercise play", (£=9.2, df=1/5, p=.02}, indicating
that the experimental group differed from the ' controls on
this dimension both before and after separation. The re-
maining differences in variance wvere due primarily to the
separation as it affgcted both groups equally. Differ-
ences 1im the trial factor "coadition"™ were ‘found in "sit®
{p=.003), "eat and chew" (p=.008),. "b;dy play™ (p=.07),
"exercise play" (p=+4001), and "vocalization" (p=.02) where
f is greater than 6.0 and df=1/5. For 'sit' referr to

Figure 16 .

All these changes represent, as hypothesized, increases
in the correéponding behaviours except "exercise play®
which decreased. Bifférences due to the trial factor Di-
vis;ons appeared in five behavioural iteams, . n"sit", nmMeat
and chew®™, "ioconogion", "exercisé play", and "vocaliza~
tion” where £ 2> 3.2, df=3/15, p<.05. This indicates
that rates during blocks of 3 days vary; for instance the
fr%quency of ?sit" was much greater in the las} three
days of separation. The incidence of locomotion was also
increased in both groups 5ﬁ£ the effect was especially not-

iceable in the control group. Control group values' were
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lower (p=.07) at baseline but rose to match those of the
DMI group at separation. The decrease seen in exercise
Play was especially low during Divt and 2 for the control
group and Div 2 for the DMI group. By Div 4 of Sseparation,
the drug group effected a supsténtial reco;ery ‘not seen in
the control infants. A second - important difference at this:
point in the experiment, is an interaction of group by con-
dition in the vocalization item. This behaviour, coansisting
of "woo" calls wmainly, ‘vas initially quite low in both
groups. At sepération it rose sharply in the controls
and renai;ed high. Significantly elévated levels were at-
tained by the DMI group oualy during days 4 to 6 of se-
paration and then recovered. éince‘ it is genefally agreed
that this index is a reliable.indicator of distress, wve may
accept it as an indication of greater disturbance in the
control infants duriag separation- I. This differeace did

not hold in separatiom II.
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TABLES OF INDIVIDUAL BEHAVIOUSRS IN BASELINE-SEPARATIOQON I

*In the tables that foilou,: the reference labels 'COKT®
and °*DMI' refer to the two groups, while 'CON' refers to
'conﬂi;ion' and 'DIV® to 'divisions', This structure remains
unchanged in the respective figures, Groups are reférred to

by their initials umnder the bars, .
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"CELL MEANS FOR

1
|

CONT DMI |

CON DIV |
¥ |

1 1 14.3 19.5 |
1 2 26.6 20.3 |
il 3 10.3 - 19.0 |
1 4 18,6 33.3 {
2 1 40.0 40.8 {
2 2 43,0 44,0 |
2 3 34,7 41.8 |
2 4 55.7 58.5 |
!

MARGINAL 30.4 34,6 |
- |

Table 3 |

l

t

|

]

B o S e e e e A S e g A e A SR WS S e

CELL MEANS FOR "LOCOMOTION"®

1

l

. CONT DMI i

CON DIV 1
) |

1 1 21.0 59,5 i
1 2 28.3 80.3 I
1 3 27.7 70.8 |
1 4 69.3 83.0 ° |
2 1 99,7 91.3 i
2 2 81.0 42,8 .
2 3 40.3 56.3 i
2 4 70.0 87.8 i
!

MARGINAL 5S4.7 71.4 i
|

TABLE 4 N

' l

]

I

g
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CON DIV
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MARGINAL 7.3

TABLE 7

CELL MEANS FOR "FORAGE"
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kesults for the comparison of baseline and sepa-
ration II are givenm in table 8 to table 12 and reveal a
similar pattern of behaviour. 1In this compariscn there were
again no differences due to the group factor éxcept
in %"exercise play" (f=13.3, df=1/5,p=.01). See Figure 17-.
As in separation I the DMI group.shoued and overall
‘higher rate of play, both dufing baseline and separa-
tion. Both yroups showed an-inmediatet significant de-

Crease at separation; the DMI group appeared less af-

fected but the effect vas not siynificant.
Significant effects of separation are sagn, however, in
the condition factor, in seven items. ' 1In the cases of

"body play" and "vocalizationp" (see Figure 18) the probabil-
ity level remaingd at only .08 and .Oé respecfively.
In the remaining iteums, "éit", "eat and chew", "locométiou",
Mexercise play" apd "forage©, £2 7.8 and p ls .03 vith
1/5 degrees of freedonm. These results reflect the fact thaf
the, mean frequencies for thase self directad ‘behaviours
rose in respoase to Separation; the exception is again

"exercise play" which decreased from a baseline nmean

of 25.7 per session to 12.9 Per session in separation.
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In the results for the division factor, it was found
that lccomotion was especially high during the first two
divisions (days 1-6) of the second separation, Figure
21 shows the relatively greatar effect in the control group.
During division 4, the rate of locomotion increased
Substantially in  the control group OVer the drug
group (f=3.9, df=3/15, p=.03). ) An interaction in the itenm
‘forage' shows that the control group engaged in a rela-
tively gfeater.amount of this %olitary activity duriné sepa-
ratioa II (P=4.84, df=3/15, P=+.01), which was not seen in
the previous separation. 'Vocalizations also, while oot
showing a con51stently hlgwk“teqsiﬁacross the whole sepa-

ration, did show a sharply accelerated rate in the first

three days of Separation, (f—3.8, df=3/15, p=.03).
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CELL MEANS FOR

YLOCONMOTION®

TAB AND FIGUEES GF INDIVIDUAL BEHAVIOQURS IN BASELIHNE=-
SEP 10N II :
¥
|
i CONT DMI

" CON DIV
%k
] 1 1 14,3 19.5
] 1 2 26.7 20.3
{ 1 3 10.3 19.0
i 1 4 18.7 33.3
l 4 1 52.6 42.3
| 4 2 53.0 45,3
| 4 3 54,0 45,8
| 4y 54.7 49,8
|
| MARGINAL 35.5 34.4
l )
! Table 8
l ‘
i PCELL MEANS FOR
i
L} h ]
i |
1 CONT DNMI i
I CON DIV |
¢ {
| 101 21.0  59.5 |
[ 1 2 28.3 80.3 i
{ -1 3 27.7 70.8 i
| 1 4 69.3 83.0 |
| 4 1 104.7  111.5 !
I 4 2 107.3 100.5 I
| 43 89.0 91.8 I
| 4 4 137.0 88.0 1
| |
| MARGINAL 73.0 85.7 i
| |
I TABLE 9 i
{ i
| }
i |
L J

o e e S - — . dm bn dme e ol - mn o o
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Fig., 16 <Cell means »f "Sit"
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I v
| i
I |
i CONT DMI i
i CON DIV |
1 I
1 ) L
i 1 1 3.7 6.0 1
i 1 2 4.0 3.5 I
f 1 3 2.3 3.5 |
| 1 4 8.3 7.8 I
| 4 1 18.3 .10.0 |
| 4 2 13.3 9.5 I
N 4 3 15.0 13.3 o l
| 4 4 13.0 11.8 / |
| o ' i
| MARGINAL 9.8 8.2 |
| |
i TABLE 12 I
| ' |
i CELL MEANS FOR "FORAGE" I
] ‘ ;

Reunion I and Sepagation I

The comparison of reunion i » with separation IT re-
veais several differences., Reéults in the group factor
concerning "exercise play"® , are ;irtually repgated;
Differences due to the conditions factor vere found in
féur itenms; that is : significant increases resulted
in ratés for *body play"®, "eat and chew", "locomotion®, and

"MOE"™, wvhere f£226.3, df=1/5 and p<.008., It is interest-

ing that "exercise play" is not in this set. The DMI group

]

Was' more active on this dimension before separation and con-
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tionued to be afterwards. The decrease experienced Ly both
groups at separation was modest and did not reach signifi-

cance, (p=.07). A phasic and non~significant decrease in

this  behaviour is seen in the first division of
reunion, likely indicating a preoccupation uith‘ the
mother. The same supression effect in the first divi-
sion is also found in "sitn, "gat and chew",” "moe", and
“Forage". Iin  the case Jof ﬁsit“ and "exercise play" the

'probabilify reaches only‘0.0T-dhd 0.06. PResults for locomo-
tion further show that Hhile.“the control group showed
initially 1lower rates early :in the reunion, their rates
equalled those of the drug 'grbup ‘at the start of separa-=-
tion_and finished much higher in Div 4. The experimental
group apparantly recovered n&re quickly on this \iten. The
F for these interactions are greater than 4.5, df=3/15 and p
is less ‘than or equal to .02. Vocalization in both
groups rose at separatiom but is not significant in this

~F

Comparison. Rates returned to preseparation values by Div

4.
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Baseline and Separation I

————— T o -—

A similar set of comparisons was carried out for the

social behaviours. In general .these comparisons revealed

fewer differences.

That this Separation did have a profound effect on
these infants is seen in Tables 13 and 14 The results for a
special analysis‘doné on a sample of six social behaviours.
Since no drug was givem at this time the data were pooled
for all seven subjects. In this analysis the mean duration
per event-behaviouriuas tested. The data were first trans-
formed by the folloving operation, sunm duration/sum fre-
quency. It was found that the ﬁean duration/event for all

items decreased during separation. Not all the results‘ﬁere
-statistically significant, for €xample in M"active contact",
p=.08; ‘"moen, P=.06; "accepts play", - p=.Oé.- However for
"passive contact™, ®ipitiates play”™ amd "mutual object in-
terestﬁ fé6.3, df=1/6, and ps.084. It is noteworthy thatnall
of thgse, ~including "passfﬁe contact®, imn which the fre-.
quency rose significantly, represent qecreases. This indi=-
cates that when behaviours were started, they were quickly.
abandoned. The infants tended not to persevere in these be-

-haviours.
|

S
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Baselins and Separation I

Frequency changes for sociél behaviours during separa-
tion Iiare given in Tables 15 to 18 In the comparison o the
baseline freguenty values with those of separation. I, nne
difference dua to group and condition interaction was
féund. Results for  the Jiten "accepts play" %hQHS
that botﬁ groups had initially low but stable ratesléx-
cept during Div 2 of baseline, uheré rates for . the DMI
group were much higher. ~ The behaviour.virtdélly disap-
peared in both groups during separation and recovere@

agaiﬁ to preseparation levels in DIV 4 of Separation

(£=5.2,d£=3/15, p=.01).

Significant epain effects .due to conditions were found
in "ﬁaséit@ contact", The mean frequency of this behéviour
doubled in/_hoth groups in éeparation, from 16.4 to’36.4
(£=9.5, 4£=1/5 ," p=.02). Other main effects (not signifi-
cant) vere seen as a decrease. im "active contact“_
and as an.increaée in VOcﬁlization, (.08<p<.09). ' Tﬁe iten
"initiates play" decreased sigrificantly in the division
factor. The control group showed a significantly higher
rate iamediately before separatidn in Div 4 of reunion and

tended to relain higher during separation. This behavigar

decreased in both groups but in the control group there
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was a significant supression only in the first division
following separation. An interaction in 'approack' shows
that the DMI group was somewhat more socially inclined in
this iten before sepération. The distinction does not hold

however, during separation II.
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Baseling and Separatiom II

The comparison of baseline and separation II again
reveals few differences .overall. It is character-
istic that TMaccepts play® 1is the item nmost strongly af-
fected and mirrors the effect reported for separatiom I,
{£=3.5, df=3/15, p=.04). Sce Figure 19, Pigure 20 and Fig=-
ure 21 asl wvell as the tables presented in the section be-
lowu, The frequency of "passive contact" again rose in both
groups (£=9.5, df=1/5, p=.02) This time the E;;;Eg;;; of
finitiates plaf" clearly reflects the effect seen in
"accepts play"; there 1is a significant decrease in Biv 1
and 2 and a recovery in the final days of separation,
(£=3.8, df=3/15, p=.03) . The control group was no lonéer
more active in this item., & non-significant iﬁteraction inm
"approach" shows that the drug treated infants -approached
their social peers somewhat nmore consistently during

the first 3 divisions of separation II.
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CELL MEANS POR "ACTIVE CONTACT™

1

|

: CONT DHI |

CON DIV i
b |

1 1 13.3 11.0 |
1 2 12.0 30.7 |
1 3 35.0 20.3 |
1 4 20,3 16.3 i
4 1 9.3 10.8 - |
4 2 2.6 16.0 |
4 3 8.0 12.0 l
4 4 8.3 12.0 1
|

MARGINHAL 13.6 16.1 |
I

TABLE 23 |

|

i

|

']
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Peunion I and separatiom Ii

In the coaparison of reunion I with separation II,

main effects due to conditions were found in "mutual

object interest" and "passive contact" where £218.9,
df=1/5, and p<.007. For the former, these figures re-
present a strong supression, while the latter is

greatly increased. Significant effects due to the divisions
factor are geen ja  six behaviours i.e., for "reach©,
"approachn, "acceptsrfplay", "initiates play", "™moe", and
"withdraw" (f24.3, df=3/15, and p<.02). The figqures
represent significant decreases in most the corresponding.
behaviours. For iteas "approach™ and "withdraw" this
does not reflgct_'a suppressive effect of separationm,
rather -an initially low rate due to reunion with the
mother, ‘in fact at Div d, the end of separationm II, both’

groups greatly increased this behaviour.

One of the notable features of these results is the
low or often non-existent frequencies of many behavi~-
ours in Div 1 of reunion.  This is naturally accounted
for by the _ fesumption of the maternal \relationship
after a period of traumatic sepafation. ‘The phenomenon
is seen imn both gFoups. Rates of behaviour usually re;
turped to normal levels after a period of about four to

seven days.
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Grouped Items

The play behaviours and '"active contact"™ were grouped and
reanalysed with the paired-sample t-test. Referring to Pig-
ure 22 for the mew ygrouping Mactive contact", it can be seen
‘that the DMI treated group did not experience the decreased
duration of play seen in thé controls. Values for the con-
trol grodp in tlis case declined to 22% of their presepara-
tion leve;s, vhereas those of the DNI group remained stable.
The colunn; representing pre-separaéion include only the
drug pretreatment period + 7 days before separation. The
other coluans reprgsent separation days 1-6 and 7-10; these
are.expressed;as 4 percent of the pre-separation valuye. A
single aéterisk indicates significance relative to the pre-
separation period and a double asterisk indicafes signifi-

.cance relative to the other group. The duration of this

class of behaviours is expressed in terms of machine time.
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DISCUSSION

- ¢ 3
DiScussion of resuit
S

e

The evaluation of possible drug effects on separation-in-
duced behavioural changes was an important goal of this pro-
ject. Under the hypothesis it was §xpected that the
DMI group would engage in a greater amount - of
social, peer-directed activity while the controls would
Show more behaviour %ndicative of social disengagement.
Scme of the noted effects include differences that sug-
gest intrinmsic . group differences existing érior to
separatibqf These results show generally h}gher ratés of
both sociali§nd individual play behaviors in the DHMI group
from the start. Such initial differences may obscure pos-“

sible efﬁects seen at a later time.

It appéars, however, that initial group differences

e

tend to be erased by the experience of separation.’ At
A {
{ . ’
separation I, play behaviours fell ‘away from both
~ |

groups and dlfferences in "approach" and ﬁlocoiotion" vere
not maintained. In the case of "initiates play®", con-
‘trary to the usual pattern, it was the control group that
shpued a ;odestly higher rate (f=8.1,df=3/15, P=.02), yet
at separati&n II they showed rates as‘lou.ps those of the
5 o

- 150 -
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DMI group. At separation I, other sﬁcial \items such as
Passive contact and active contac* arh ingked stréngly
affected, but are not discriminative| of groups., This
group of seven infants éértainly did not |form two neat and
homoganeous groupé at the .baseline, ~and yet there vere few
significant group by condition interactxons hfL Separa-
tiom II that would ipdicate a very different c\urse- of
reaction; for either. Tﬁe ‘evidence a pears to \ shovw
that alix\anfants tend to react to separation in a similar
way such thai there are :fewer differences| .bet;een thenm
during separatiom than before. This statement is not meant
to give the false impression that all infants ~appear the
same im Separation; in fact there is great variability as
Lewvis et al, (1676) have aptly noted. Howaver one can pnly'
agree with Sﬁomi;et al, (1970;, that this kind of chronic

: y

stressor appears to delay or arrest the normal "psychoso-

éial“ development of the infants.

In individual behaviougs, the expected increase in
Passive sitting as vell as in "body play®, "eat and
chew", and "still" occured equally in both grohps..-nouevar
the solitary behavioﬁr 'Pgrage' ¥as more prevalent in the
untreated controls. "Exercise piay' was iﬁitiélly hiéher
in the DMI group but vas reduced go .conparahly low levels
ip Div 2 and 3 of separation. It must be noted hovever

that the effect seén in the DMI. group om this item wvas not

/

i

|
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2s abrupt 2and the recovery in Div 4 of Separaticon I was
stronger. This recovery was influenced by' one particu-
larly active infant (Fonzie). Vocalization did howvever
significantly differentiate the groups during separa-
tion. At separation I (but not separation II), the control
group was significantly more vocal. Most individual beha-
viours, in the comparigson of baseiine with separation II,
items generally did not z;}stinguish groups during separa-
tien; the omly exceptioans being 'locomotion? and 'forage'.
The Duﬁjfgroup was more active in lodomotion at basel;ge
as pr iouslf explained, but at separation, the rates
for _both groups equalized at high levels, During divi-
si{ns 1 andr2 of separation however, where the DHMI
groﬁp'recovered in divisions 3 and 4, the control
gfoup further increased their rates indicating even
greater arousal and agitation. Inm that PForage®™ is an itenm
of soliiary activity it also indicates a soiéuhat lesser'a--
ount of socially directed beﬁaviour inithe control group.

In these cases i} is possible that DMI exerted a cont-

rolling and/or aoderating effect . h g
In the comparison of socia]l behavjours during baselipe

apd sepagation II some of the'expected effects could be

generally seem but did .nmot  reach 'significance. For in-
S . |

stance, there < was a wmodest’ tendency for the drug group

to maintain mOre social "roa" or manual=-ol=-
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factory-explore; the 1level of significance however reached
only .07. Similarly, there was a non-significant ten~-
dency in the treated infants ‘to maintain higher rates
of responding in both "accepts play"n and "initiates
play". Because these itens are of theoretical ia-
portance but failed to individually show a drug effect,
the last three were combined and re-evaluated vith the
student's t. Referring to Figure 22 it ié clear that the so-
cially directed activity of the DMNI group is not signifi-

cantly different froam their behaviour before separation. By
\contrast, .the control group showed a large decline during
this time. It thereforé appears that DMI may be responsible
for the wmairntenance of active contact in the experimental
group. . The durations referred to in figure 22 as opposed
to those in Table 14 are dufatipns summed and averaged over
entire recérding sessiohs. -The results of these experiments
leave no doubt that. maternal separation does indeed
have éouerfully disrﬁptive effects on infants. All sociope-
tal activities such as "active contact¥, “Mmutual object in-
terest"” and play showed significant decreases as wall as in-
dividual play activity. In ;ddition,ﬁ the specific
hypothesizéed~increases in sociofugﬁl and agitative behavi-
ours such as sitting, loconqtioq; and vocalization, occuﬂéed
to a significant degree inlmost éf the infants, Such evi-
dence clearly epiﬁélizes the dyséhoric effects of separation

‘on the emotional expression of the young monkey. The in-
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fants were quite unable to 2hgage soume of their most common
and developmentally important behaviour pat;efns. Instead
they reverted to simpler patterns of social ‘avoidance and

basic solitary activity.

It is patent from the foregyoing discussion of the
resultsdthat_ while there is some evidence to suggest that

DMI is effective in reversing some of the effects of

/ .
separation, this evidence is not conclusive. Few itenms,
vhen examined alone, support a drug effect. Probleass

have inevitably arisen from the small number of subjecté
;nd the limited dose range used in the study. It is possi-
ble that another drug such amitriptyline or diazepam

would be nmore effective or that a higher dose of the
same drug ’ould prove more effective. Yet another possi-
bikity is that DNI requires a pretreatment period longer
than one wveek as was done here. Such questions are pre-

sently the focus of current research at this laboratory.

In spite of experimental limitations, the results.
reported here, for "locomotion" and "social play” appear
to show an effact due to 'DMI im the appropriate regrouping
. of the itenms. This result is in close -accordance uith-
ihose_reported by Suomi et al (1978) . It is significant
that these results wére obtained in the face of a power-

ful event (separation) +that tended to eliminate many differ-
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ences betveen lanfants. It 1is possible that DHI had a
normalizing effect on the infants, one which enablad
a faster rate of behavioural stabilization and

regulation in the treated infants in tkis experiment.
Such an interpretation is supported by the recovery of
"locomotion" in the DMI group and the contemporanecus in-
crease in the control group.. The antidepressant apﬁears
ﬁo have exerted a damping effect on some of the extremes
of behavioural oscillatign typically seen in separated in-
fants. If this conclusion is supported by continuing re-
search, then the pharmacological con£r01 of separa=-
tion-induced behavioural disruption may allow the subject
the extra stability required to gainm control over a diffi-

cult situation a little more quickly.

Discussion of Theoretical Context

g
/

The results of the presené‘ experiments have mixed conse-
quences for the status of the se?aration model of depression
as presented in the review of literature (page 61). The pri-
mary goal of the study i.e., further validation of the model
by the extemsion of the fourth (treatment effectiveness)
criterion has not been completely accomplished. A&s detailed
in the statement of of the problea and hypotheses, it was
expected that DMI treatnent uould reverse the separation-ia-
duced disruption amd regression from normal infant behavi-

our. It wvas also stated that such a finding vould further
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validate the separation model by tke extension of ittsg
fourth (treatment) criterion to the area of chemotherdpy.
Only a partial differentiation of groups on the basis of DAI

treatment was possible.

The evidence for this conmes primarily from the result
that the control group appeared to be over-all more agitated
and less socially active than the DMI group on the second
separation. While the strength of "active contact®, in
teras of its frequency, did not increase, the duration of
this category (regrouped) did remain significantly higher in
the DMI treated group. It must be recalled now that a lack
of persistence in active or perforning_behaviours is one
of the outstanding signs of hunman depression. Teaching pa-
tients perseverence .is also one of the pain aims of behavi-
our therapy for the disorder. A somewhat greater degree of
social iqterest (P=«07) in the DMI group‘is alsc seen in the
iéen "manual-olfactory expl;r" or social "MOE"™. By comn-
trast, the control group did not appear to recover froa
high levels of agitation (locomotion) as the DMI group did.
If thus appears that treatment meéans involving antidepres-

sant drugs are indeed effective in lodératigg some behavi-
oural categories of the separation reaction. Unfortunately
however, aot enough categories in this experiment were af-

fected to give an unequivocal aff lation-to the treatment
(4th) criterion.
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The purely behavioural results of these experiments allow

a degree of greater precision in the second criterion of the
model, which states that, behavioural and affective states
produced by separation should be similar in man and monkay.
The increased specificity may be gained by the inclusiontof.

the four following points within criterion two:

1. The overall rate of all behaviours should be sig-

nificantly lowered. Nearly all the changes re-
ported above, involved significant decreases in
behaviour rates; the most notable exceptions beiﬁg

vocalizations, locomotion and sitting,

2. Behaviours related to amy kind of euphoric state
and active sociopetal bgkaviours shoyld be sharply
reduced. In this case thg best examples are the
disappearance of different foras of play amnd so-

cial contact.

3. Ppagsive behaviours, of both the social and jpdivi-
dyal kinds, gshould jincrease by virute of the ab-
sence of the ghove-lentioned active - repertéire.
This can be seem in the increase in behaviours

such as sitting, and "passive contact".

4. Behaviours gelated to dysphoric affective, dis-
tress and gestlesspdss should show a phasic in-

crease. The best examples here are vocalizations
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or "woo" calls, "body play" locomotion and occas-

sionally stereotypies.

Lewinsohn (1969, 1970, 1974), again illustrates similar re-
sultsbin man since he uses..a rather simsilar method of beha-
vioural quantification. His depressed patients showed an
overall decrease im all activity, a specific decrease in
performing (éctive) bebaviours, a genegalized restriction of
social contact and an increase in restlessness (eg. early

awvakening) and dysphoric mood.

The first criteriom of the model at least, is is no lon-
ger disputed since these experiments and those reported by
others (see chapter 1. demonétrate beyond any reasonable
doubt, that the loss o£ significant others is effective in
inducing distress in both man and animals., Criterion three
is validated as well becauée itlis apparent that the separa-
tion reaction is not merely an acute, phasic\response. - The
sixth criterion, which specifies a recovery factor, also_ré-
ceives support from these results.- Given sufficient time,
about two weeks, separated monkey infants do begin to resume
normal forms of social interéction. provided RO new stresses
are introduced. An additional factor of importanmce in this
criterion is the distinction, it makes possible between se~
paration and extended isolation. It’ cannot be assumed that
" because separatioh and isolation are related comnceptually,

they also produce éinilar effects.
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Since this experiment was not designed to investigate
neurobiological mechanisms or to demonstrate any specific
form of stimulus control, it cannot have a direct bearing on
the fifth and seventh criteria. However, the experiments of
Coe et al (1978), Reite et al (1974, - 1978), Butler et al,
(1978), Breese et al, k1973), have shown, as noted above,
specific similarities of neurobioclogical mechanisms. It
thus becomes apparent that all the criteria of the model ex-
cept the last, have received at least 1limited affirmatjon
f#ou the mother~infant separation procedure; It therefore
seems possible to view the separation reaction as a true

form of the depressive syndrone.

The question of the disruption of behavioural controls
and other regulatory mechaanisas isx of special importance in
the early part of the separation, assuming separation occurs
without fprther recurrent stresses as 1in the expefiment by
Suomi et al, (1970). Prior to separation, an infant's beha~-
viour is Fchgracterized‘hy an almost ritual pattern of re-

]

« : ‘
peated appro%qhes‘to-a new or soclal situation and withdra-

wal to a safe area of the cage or_;he”iather.b - The

-

‘ o
relatively high frequency of tggg/héhaviour shown in Table

19, attests to it's ilportagcé/ii social contact. Once the
epcounter beginms, it usuélly has an appreciable duration;

in other words, it does not appear to be g%yen ué in the

-
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same moment it is begqun. Table 14 for instance shows the
average duration per event for the item "initiates play" at
different times during the experimemg. During sepération,

the duration is decreased to the point of virtual disappear-

‘ance; it is always considerably less than a second.

The interpretation given the shorter durations during se=-
par;tion'nust Yary ac;ording to the stag; of the sepafation.‘
Table 14 shows that‘fhe durations of play incidents remain
consistently low théb?ghout thq entire four divisions of the
separatién. However, in Table 22 , it becomes apparent that
some change has taken place in division 4. While the mean
duration per event remained extremely low, the number of
occurrxences of the behaviour actually rose and gradually re-
covered‘to preseparation levels by the end of div 4. This
vould seem to indicate fhat the_@nfants were learning to
re-initiaté noraal social contact although the low durations
shows their uncertain or tentative characte;. Coping skills
appear té increase and newvw social learning can take‘place in
the absence of the mother; lthat is, to the extent that the
infants are able to increase the genefélity qf their known
or cégnized environment, they are able to assimilate new soO-
cial inforlatioh.” In this new learning, the usual lafgrnal
protection and endbrsenent- of :experience is uﬁnecessary.
After a certain amount of tinme, and given a lininun of so=-
cial stability, the infant aquires its own éndogenous fegu-‘

latory mechanisas and behavioural controls.
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The early part of éeparation is, of‘ course, the point
vhere the nmother-mediated behavioural and physiologica; con-
trols are lost. Behayiour during the early '‘protest?' ap-
pears not to be amenabyg to any fgrn'of control other than
the mother's return. . However, vhile the infant's known
world had been shrinki#g, it'é chaotic behaviour did eventu-
ally subside and troéhotropicx functions became dominant
(Kaufpan and Bosenblumi 1967) . Table 5 for instance shows a
gradual decline in the frequency of distress calls from the
early to late divisidns of the separation. This trend is
bpposi;e Yo that seen in Table 22 for "initiates play". It
1s possible that because of the slowing mediated by the:par-
asympathetic¢ system, | the infant is able to disceén enough
‘sameness or familiarity in the eavironment to form the basis

{
for new behavioural excursions.

According — to  Piaget (1970) , vholenesess,
transformation angd se;f-hggulation are the essential
characteristics of alh strucf&gfs. In the case of bio-
logical structures Xas opposeﬁ to logiéal ones for eial-

| : ‘
ple) these charac?eristics have a special signifi-

I .
cance because of the non-reversable nature of the
P \
| .
transformations and ' the early ontogenetic dependency

. of the young.
"At every stage of development of the lifing

structure it is clear that im fact, the es-
sential question is that of the regulation mechan~

\
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isas. " Piaget «cited in Laughlin and d'Aquili
(1974) . _ :

At the physiological level the  processes are those
of homeostasis and at the cognitive level the problen

is one of an inability to use anticipation and correction

(feedback) to regulate and maintain thg boundaries of

stractures in the cognized environsent, The processes of

assimilation and accomodat%ohwgare tenporarily over-
L

whelmed, and the equilibriuam of a relatively simple cogni-

tive apparatus is lost.

In the terms of "biogenetic structuralisa®, fLaugh-
lin and d'Aquili, 1974,1979), the function of the nervous
systen ”is to const;uct.ﬁeurdl models that are maximally
isomorphié\ with the environment. | The process in~-
volved is, ontologically speaking, a dialectic bet~
uéen the CNS and the environment amrd .is called "neuroé-l
nosis", Hha;“”the infant knows is what it has been able
to nmodel. Reurogﬁostib'nodgls then are anatomically . based

§structures whose informational content must be suffi-
ciently isomorphic with the eavironment to allow assimi-
lation of new information and “tranégornation {growth) .
In the Ease of the separated infant, the fauit ap-
\)'pgars to lie in an 'inability to properly autilize its
nev information 1load. The infantis cognitive strucﬁures

are regressed to a state of simplicity such that the

- .
[ . .
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degree of isomorphism. or fit  with reality, is insuffi-
cient to allow successful interaction. |

The amother, of course, is the single crucial varia-
ble wupomn which all else hinges at this stage of the in-
fant's development. In her capacity as mother, ~the mother
provides both intern;l and external regulatory amechanisas
for the infant along species-specific channels. Reite
(1978) found disturbances in the requlation of autonomic
correlates of the separation reaction in rhesus macagues.
In the case of rat'pups, this channel or modality is
priﬁarily olfactory. {(Bofer, 1975). Aposmic rat pups are
almost incapable 6f'auto re§ulation, physiologically, vhen
they cannot recognize .(Slell) their mother. While cer-
copithecoid monkeys are.certainly very different frog rats,
the work of Harlow (1958) suggests that the tactiléf mo-

dality w=may have siamilar ilportgnce imn that genus.

Al

-

It is the fanction of the nother to make inter-
action . with the enviroanent ﬁbssible. She controls
the way the environment impinges upon her infant and
she provides regulation and nodel;ing for her infant's
congit;ve and physiologicél processes. Her presence
and activity regulates the infants' autonomic tone, hbr-
monal balance, acid-base balance and. elbtional; Stability'

thtough the limbic effects of . her touch, grooming and
o
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(most importantly) rhythaic stimulation of the infant.
The infant 4is able to master and know its environment only
in terms of its mother. In biogenetic structural teras,
the mother is the medium through which the infant is able
to expand his cognitive représentations of the environ-
ment and perform operations on %t. Harlow has shown on
filn that rhesus infants altefnately approach a fearful
object and return to the mother in a recurcing pattern un-l

til the infant knows the object.

In the course of a sSeparation then, disruption occurs
along many idiopathically iamportant dimensions.
There 1is a los; of the coaforting and reassuring stimu~
lation inherent in the rituals of mother-infant and
peer interaction, a loss of predictability ia the
environment, along with an overload of sengory: stilu;

lation and anxiety. Most obviously, the mother is gone;

with her disappearancg however, the infants known

3

universe has shrunk severeiy. - The problem of coping with
a nov upfaniliaf ioild imposes a  staggering increase
in senéory and informational complexity; old
familiarites, inforiational rédundéncy"‘and certainty \ate
lost[, éot only is the infant initially 'inc0lpetent to
dedi” witk this problea, dne‘ to it's  inadéquate1y
modelled environl?nt, but it also does not possess effi-
ciéﬁt means of self-fegulafion;” éelf?rggulation must be
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achieved before fthe envircnment can be sucessfully re-en-

gaged, or the |mother must be returned. The pattern

of recovery-'seen ' in this and other experiments suggests

that the means of  auto regulation are being acquired

8 _ B

during the éeco‘d week of separation and that the pro-

cess 1is largely coaplete . at the end of the third week.

e

Acquired conPetence in auto-regulation poses some very

interesting problems in itself. The problem for the infant

is bow to relate to the: mother vhen she eventually

does return. [As ve have seen, some infants deal with the
I3 _ Braha
problem by an Pnuillingness to return to the mother - aftar

r _
a period of forced independence. A case in point |is.

|

Kaptain Hook vho wvas very mother~-dependent and’ who

acquired most of his early social experience daring‘Sepa-
I .

ration. For this infant, it seemed that, during the half
hour of his enial“,“?hp reunion wvas-almost as traumatic as

‘ \,
the separation itself.

. !
The wmacaque infants used in  this type of exper-

~

iment do re over‘ fairly quickly; Their gréét locomotor
ability allows them practically unréstricted lo;;;ent and
leaves them | free to appr@ach or avoid any ohject in the
Pphysical and : cialleny;ronlent. -In this udy the infahts
lof tpese biéér aents underline an an iiéort&ﬁt difference

betveen the syndrome of . 'hospitalisl" Or Emarasaus ob-
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served by Spitz (1945) and the syndrome of «controlled se-
paration described by Helnecke et al (1962). Maraseus
is a state of permanemt deprivation, neurally structured,
in ‘which future growth | is exceedingly difficult. On
the other hand, ;emporarily separated infants, or infants
cared for duringy separation, arel capable of new learn-

ing if a sufficient aaount of controlled stimulatioa

is available, espeéially - . after some  degree of
self-regulation is aquired. While the new learning may
not always be favourable, as im the stage of denial

after separatibn, there will be mno direct threat to

survival,

. The infant that can assimilate new informatioﬁ’nore

quickly anq establish new congruities earlier, will suf-

_fer less or become. less depressed. - But,‘ the infant that

clings to old congruities, i*.  which over-assimilateas

. , P . .
those isonarphis,p‘ uhichtreuain, will have  the greater

difficuitf,in the accomodation of mew experience. Perhaps,
to end.on a %hilosoPhical note, this can. be viewed as
. . \ . N ¥

‘the pathological meaning of attackment.: The insistent -

desire to experience re.lity omly in préferrqd'ways,

4

'says ‘J. Krishnannrtiu(1§5u). Can set a pattern of  bon--

o

tinua1-~fasisténce, self-enclosure T and despair:J““Thns the -

!

:zproblen vill have chnnqed from ~regain1ng a lost ohject of ”

'love to one of belng capabls of any neu 1ove at all.

i



Appendix A

BEHAVIOURAL ITEMS AND RATIONALE

o - —

Behaviocural Items Used in Experiment II

Maternal Behaviougs

..n"

1) OTHER VENTBAL; physical contact in which the
vertral surfacé of the infant is pressed against the

mother's body, other tham her ventrua.

L%

2) NIPPLE CONTACT; any oral contact with ~ the -

nipple. ¥ - ‘

3) VENTRAL-VEETRAL CONTACT; when, the ventral
surface of +the infant is préségd against the ventrunm
of thetnother, Usually ihe infant will be enclosed or

embraced by the mother in this position.

4) PASSIVE CONTACT; incidental contact ok contact
initiatives by the mother that are not resPOhdesto or
mer-ly sitting guiétly beside the mother with minimal

@ con tact. b

5) (be) GROOMED; physical contact with the mother
= TN

in  which _she grooas the infant ie, picks through:the

- 167 -
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infant*s hair. Occasionally the infant will display a

Levery response while beinyg groomed.

6) (be) RESTRAINED; the infant is actively
Prevented from breaking physical contact or froo
leéving the mother's immediate vicinity.

7) MOE; manual-oral-olfactory-explore, with the
nother as object, eq. the wmother is groomed,

sniffed, gently manipulated or othervise investigated.

8) ACTIVE CONTACT; active physical interaction
directed towards the aother such 'as climbing on or

over, jumping om, grabbing.

9) PROXIMITY; the maintenance of a distance of one

body length or less froa the mother without physical

contact.

10} VOCALIZATION; {a) a smooth tomal ‘coot or
'hoo' or 'woo' (b) schreech, a shrill irritating sound

of acute distress.

- - -

-
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Social Behaviours

N REACH; extending one or both arms towards the partner

as if to grab him.

2) MUTUAL OBJECT INTEREST; two infants interested im and

-investigating the -same object at the same time.

3)APPROACH; an oriented Rovement into the immediate

Personal space of amother infant from within the same play-

]

cell.

4) PASSIVE CONTACT; when physical contact is nmade by the
partner, either active or passive, to which no response is

made or which is igpored.

5) ACCEPTS PLAY; an overture or invitation\ to play is
initiated by the partmer to which the subject responds with

a return or acceptance of play.

6) INITIATES PLAY; the subject attempts to initiate
a bout of play by actively and viéorouslf contacting
the parfher, with a graﬂ or push or mouthing atc.
Note, if such an overture does not result ‘in play but
contact is never the less maintained, then active

or passive contact must.be logged. .
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7) HOE; as above except that the peer 1is the object
of interest and nanipulation, .egq. grooming, clasping

rSniffing etec.

_8) ACTIVE CONTACT; the injitiation and/or accep-
tance of 'physical coatact which 1is actively directed
tc a partner but which is 1less vigorous than a ‘bout of

play.

9) WiTHDRAW; breakinqg contact, moving away f£from or
avoiding the partner in rersponse to an approach, movement

or other physical / vocal gesture.

10) VOCALIZATION; as before but while in contact with the

partner. o T

Indingggi Bghaviours

1)SIT; largély'}Eelf-explanatory; the ischial callosi-

/

ties must be on or near a surface with the body ersct.

l"’l
2) .EAT AND CHEW; when the subject. eats or chews or puts
into his loth any object small enough to handle. This is
alsollogéed wﬁen the contents of the cheek pouches are

being cheued;
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3) LOCOMOTE; ;s scored when an infant crosses the boundary
between two Jplay cells or the boundary between a playcell
and a cage or when the entire width of a play cell or

cage is crossed.

4) BODY PLAY; clasping parts of own body, scratch-

ing, autogrooming, playimg with the tail etc.

5} EXERCISE PLAY; any vigorous activity alone; eg jumping,

walking on the ceiling, swinging.

6) STILL; a posture held static during which no other

defined behaviours occur.except sit.

7) MOE; manual, oral-olfactory, explore; grasping,

sniffing , 1licking, =mouthing or otherwvise manipulating an

object that camnot be eaten,

'8)  FORAGE; sitting and/or creepimg  about in .short
movenents and pbking around in the bedding in search of

. st
objects to eat and chew.

9) LOOK; the assumption of a static but oriented posturé

‘in which attention is focused on an.object or event,

10) vociLIZATIOH; as before but done while alone.
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It has already been éxplained that the organiza-
tion of the behaviour categories or ranges is tied to the
funactional operation of the encoders. The first range is
the maternal behaviours, range 1 or A, vwhere the 1 re-
fers to the indexing of the tape ana disk files and the
letter A referrs to the indexing of the encoder outpﬁt.
The second range is £hé social behavioursy' range 2 or B;

and the third range 1is the individual behaviours, 3 or aB.

Definitional Criteria

A) INFANT-NOTHER INTERACTION; vlienever there is physical
contact with the nother or an active atteampt .to sﬁay near
her, This categocy‘takes priority over infantfinfant be-

haviaurs should_an infant'be visiting. ' -

0

B) -  INPANT-INPANT INTERACTION; the social behavi-
OUrs are defined by actual physidal contact betue;n
infants or by behaviour clearlf directed Tat an infant as in
reach or approach. This categéry_;akeé_priority over in-
'dividual behaviours. | |

AB) INDIVIDUAL BEHAVIOURS; these are logged when there is

no physical contact between a peer or the mother.,
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Rationale '

The behaviours uithiﬁ each range afe drganized into
classes such that any one item such as exercise play for
instance, actually includes a pumber of different mo-
toric events such as jumping or swinging etc, This has

been done for reasons of parsimony.

In accordance with the hypothesis stated eariier, these
beha;iour iteas and ranges ‘are expected to differen-
tially show the effects of the stress of separation.
Ferster (1966) among others has pointed out that behaVi;
our classes seen frequeﬁtly in psychosis are the

result of the absence of other positively reinforced be-

haviours; thatk“;§, schedule Changes alone might account

for some changes. In Ehe same way, during separation it is
.expected tpét SOne hehavioursﬂf/:z;; active and other-
direcged in pature will default to aore passive and
self-directed activity. To some ' exteat this is a
matter of a conceptualization‘uhich:la} also be read as the
;esult of depres;ive affect. In addition to this
some b;haviburs are concéived as representative of
aditati n or “fear and anxiety. These are also ex- -
pected/ to rise. Other bahaviours which‘ are active but
enQironient directed are algb expected to rise during
geparation and are considered fo be indicative’ of social

\
disengagement. )
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Active, peer-directed b2haviours, indicative ' of normal
social intercourse include play behaviours and active con-
tact primarily , but also approach, mutual object in-
terest, withdraw, reach and noe. These behaviours are
axpected to be high under baseline conditiogs and
diminished during separation. Active behaviours. that
are normally directed: to the environment include
leat and <chew, forage, moe, ‘and look. These are expected
to rise dufing sepaf$¥ion. Active self-centered activ-
ities 1like exercise play which are high  under ﬂ;rmal

individual conditions are expected to decrease dramatically

during separation. Passive {;éhaviours such as passive
contact, sit, still are expect to rise duriang sepa=-
ration. Active behaviours which are conceived af

indicative of agitation incluQa 1oco:otibn;ibody play, eat
and éﬂ:i and vocalization. The;elgre expected to rise
sharply during gebaration.- The expected overall pattern
in those infants that get dépresseq" is” one of low
animation at certain points (for which there is no ade-
quate measurs), a @gcrease of social interaction and a
conconlitant rise in behaviours relating to the self;.and
the environment. .During reunion 0 paer;related behaviours

are also expected to be low, at least at first, due to

inéfeaSed preoccupation with .the mother.

N
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Infapt-Mother

i o e S S - —— ———

kg

1) NIPPLE CONTACT; any oral contact with the nipple.

2) VENTRAL-VENTRAL COHTACT; any contact involaimg the ap-

position of the ventral surfaces of the mother and infant.
N

3) VENTRAL CONTACT; any other <contact with the ventral

surface of the amother,

4) MCUTHING THE MOTHER; any oral-olfactory contact with the

N

mother except nipple contact.

. co . w
6) PLAY ON NOTHER; jumpimng onto her, sitting on her,

'scrawling over her, manipulating herzhody, v
\ |

: . .

7) VOCAL:; vocal;zations of dlstress i.e. a shrill screech-

ing or a snoother topal cooing.

8) BOTHER AVOID; duckiﬁg or avoiding a maternal
. A

bité,clasp-pull, cuff or other punishment.

'9) TOUCH MOTHER; clasping fur of mother, embrac-
ing, holding om - to bher or beimg in. gress hody contact

with her that is not included in the above.
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10) GIRN; a soft, unsteady, whimper-like &Jund.

1) SOCIAL EXPLORE; licking, sniffing, mouthing énother
infant, Closely inspecting visually, grooming another in=-
fant. ’ \ ! -

2) spo;?TIVE ATTEMPT; a ge‘ntle, playfgl contact with  the
hands an firms. a cags shage in therpresence of__other or
other vigorous nanqeugbrs in . front of and aimed at

-~

another. ..

."\/'\\
3) TOPCH INFANT; non-specific physical contact, gross
and passive\body contact egq. having foot or tail om other .
while doing no other defined activety. .
q4) 'PLAI; rough-and~-tuable, wrestling, 'chasidg, ﬁushing,'
pulling etc. . l

Y

S5) © APPROACH; an oriented lovpnépt  aimed directly at

S

6) . AGGRESéION; very | .'vigorous claspnﬁﬁils,

"another infant.

cuffs,scratches, bites, piloerection and threats. “
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T PRESEHNT; assuaption of a posture in wich the

- . ‘\ . .
hendquarters, Or ano-genital area are. raised and or-

iented towards a partner.

B) MOUNT; gemerally 'one animal inferior, one superior:
ano-genital areas inm contact- often seen with pelvic
thrusts. In young monkeys this - may involve the

mother in which case play on mother is scored.

9) WITHDRAW; a retreat from another in reaction £o a con-

tact, moveaent, or‘threat.

10) VOCAL; same as above.

3

Individual Infggt

1) HhDDLE-CROUCH; sitting hunched-over,l ball-like; belly

may be close to floor. _ ¥

"2} SELP-ORALITY; louthing'or smelling any part of own body,
except penis' suck. B o

3) OBJECT IRTEHBS@{ oral-olfactory inveétiqation, aanipula-
tion . or play" vith  any object ‘in- the environment,
includimg toys,food trays, cage aesh, etc.

L

@ 4 N
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10) LOCOMOTE; ordinéry novemnent sthrough the
environment ie. walking, clinﬁing easily or
non-vigorously up the walls, moving at ease from wall to

vall. movement on the ceiling is scored play.

5) EXERCISE PLAY; vigorous Jjumping, climbing, swinging,
brachiat}on, use of ropes, bars and rings- while aloné.

, a ) " )
6) BODY PLAY; ‘manipulation of bpdy and 1limbs, tail,
hands,  feet and self groomiag. auto erotic behaviour

is not included.

7 AUTOEEOTIC; any manipulation of the ano-geni-

ta; area of ogn~body-\

C _
i)

N

'8)  STEREOTYPY; repetitive . movements  such as'pacing,
rocking, etc. . : . ) RN

9) ‘SBLP-CL#SP; eabracing own body " with one or both

aras; covéfing of head with one or both arass.
N |
10) VOCALIZATION; as before except dome in the indivi-

" dual context.

[

[



. tive and obvious. as when a .aonkey crosses a bqﬁndarzt?g‘

‘sulngs fron ‘the ce;ling. When events Bécone -more sub

Appendix B

OBSERVER AGREEMENT

All projects‘enploying'néturalistie observations, uhether
the 'subjects are young children or nonkeys, face the problen
of the degree of agreelent between dlfferent independent ob-
servers. The writings of several authors attest to the con-

tinuing concern over this important issue. (Bijou 1969, Bb;

. and Pook, 1974; Thorne, Schlottman an&‘Seay, 1369,‘Hartl5nn,
1977; Baer,1977) - | | SR -

hal . - .
N . . b t %
N\

If observer X 'isg to agree ¥ith observer Y, rét is clear}ly

better if the phenonenon in quastlon is 'soiething'distinc- K

espec;ally since there is 0o tine for\dehate, coipensationé

\nust be nade in the alount of practice amnd the clarity of

definxtions. éijon (1969). in a very conplete article. ex-

.0

plalns it uell.

"The main problol An defining a: resppnse ‘avent is ﬂ ' ¢ i
establishing criteria so that two or more obser- - . | -\
YerLS Cam, agre@..... The definiticn of hitting < o
- must be described so that an observer can discri- . L
*ninate along hittingquﬁattzng and shoving res-‘\‘ - '
ponses. ijou pp18¢ . '

rj
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If difficulties do occur, the problen can usuallf .be
treced-to the precision of behavioural“definitions rather
" than an iohereno difference between 'people'acting as obser-

.vers. Observérs, as a class, tend to be homogeneous (Baer—

1977).

\

Because of cord limitations inl the PbPés,\che project re-
sorted to the aethod of Bijou to determine agreément rather

than electronlc Reasures. This method, which has seen num-

mr&us variants, is probably the nost comnon‘way to- collect
observat10na1 data and of deternlning observer concordance..

In priamate research, @ homologue of the method is described

in Hansen (1966).

‘ D .

Bijou, like many. behaviourists, prefers;the frequency of
- N -‘-\"“-_7
- response and nmeasures of response probability as the beést
\ e .
“indicators of response strengtk. For this, very precise and

concrete response events are best, but heuﬁdqiys that stu-
dies investigating clinical problems may_employ ldige;‘res—'
ponse classes irdigenous to the .problen.

In the actual recording of data, the observer makes en-

tries with a pemncil, on a sheet narked uith'successive tine

units; In this case, simple check marks replaced codes be-

P

cause each scored hehav1our occupied its own row. The time

/

frames;, vhich segment each row, are of 15 seconds durationm,

a3

\
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50 that iq a,5 mipute reliabilit} session there were 26 seg-
ments. If a behaviour occurs twice within the interval, it
ds scored only oncé. The_ résulting ~data are therefore

termed "modified frequencies",

Thé obseryers vere asked to score 5-minuté seqgnents of
video recordings, each watching the same subject. The ‘ex-
berimenter sat by and called the end §f eéch 15=-second ep-
och. ?he coefficient ;f agreénen; is actually a perceni_
fiéure of ag:éenent. It is calculated by §coring each inter-

*-‘—‘—uualjin_;g£!§_mof vhethér the two observer agree or or disa=-
gree; the number of_ggreénéhté is totalled and.divided by

the number of agreements plus disagreements.

Sy

1 1
.‘ ' . I
| sum agreememts . (. i
! S |
i 4 agreesent = ==—-ecsccocae—aooo! \\U‘ | _ SR
— ' . | |
i sum agreements +¢°'sum disagreements i
R ‘ ) . |
| ‘ — . |
b -~ ']

-~

Intervals without an entry are hot counted as agreements as
€ yun

this vould inflate the coefficient. - Hovever, .it is indeed
‘valid that observers can agree both on the occurrence anpd

r

non-occurrence of an event. For this reason a coefficient

. ' \
of agreement’ is calculated for non-occurrences as well.



\_basellne to determinpe the lnltlal agreement,

182

A number of 5-minute sessions were held before and durlng

The procedure

vas repeated again during the second separation and final

reunion. The percent agreement and disagreement scores

varied between 76% and}951.

Included below are two sample
concordance records. |



Xy

78]

B 22

serefre it

A

44

9¥| ¢x|gE

, AT RN

e €7

1

cjo

AR g Tt st ol

o/

g7

&/

v/

FIIPL

L

v

vile

&

s

TTenTE N u....“.ﬂ..ﬂt..{.mﬂ..w. o le.ﬁﬂ.ﬂng.ﬁtﬁ.ﬂm.f? e T R IR A R e T e AR

;h‘.

.

11Ab 2 ; 6 £ o
I Il A R B ¢ T T T 1T -
- 1o EEREEENE Wi - NN
,I.;« JRN NS SUY DO I -~ -]- 43— Ffw S P N
- | ) N I O I ¢
L e ISR
- 1] N I NEUEUNADL
ol IR ‘ } ‘ V[ a
) i . O\
e, b A=-1— .mW e N DU — . L . A
e 88| ) SN _. L[ O RIE; |/
16 I I o o e qrErerer|ier|(e | 3]
e 1 ) r._l g TT 1T T 1
s = — S e | —. I ._\r
AL B N I
- i} I . . 1. |
, i AR
A AT A i I T L _ 1
g4 AT ToROL THH T
EREENEEN AEEIEE R Bl
. Aol . A | L
. . a.. e L b L
- o | ..w TRRIODES
2 I I [Pl BT|IIATET R e e A b




L
nl
¥
n
-
=~
~
)
~
~

o] GU Ve L €| 98] 1| #E FL [ TC{FLi0%| 6437] LY} 667 [T/ YT IPIIT %[ #]07 6 & | & |7

. 182b

e S U DU N — N S A . SR N [ O
-3 \.\\
P S — Pt T

- . e ] - - -— N S _ [ S ] - ] 1 -t R
* . \\ .- ) - _.
JUUT G = —_— " hi R P e —
- -— — — . -, —— oy ey v - \ i
. . . e 1 |2}
11T T U T T 1 P } B N Y
- -4 - - -1 Ca o ol -] - - - = ] se-anndl Bl B R B e e S - - o o
. | s G : . Py I
T 11 S e I A o ) T°431

vy g

A
\
J
=)

559 o o e e I I I I B T T 1T T
T U T A T T e e
0 o O = 20 B4 2 3 U 3 4 o

I
i
t
i
i
i
i
A
5 A

. . . o ... — . ‘.n“..: - . -.. \.. = .‘ ... ..v.... -3 . I“fi r.i a|.\|. vamie .|.I..I.l-l,..-|m.-..m - .V\‘I\Hfl.a.fa“ i

FE

)
r-l..

1
.
5

—rt

-T—I—

. - .

4

~ 4

i

!

Sy
)

.

3

HEFE

O O 2 4 D e i il e A A A AR LA B




- Baseline

"Analysis of Varijance for "sjit".

Source

D

-Separa

g-separa

5SS .
G 242,88
‘Error 1129.8
C 8260.03
CG _ + 22+88
Error, 1608.83
) 1836.90
DG 284,90
Errot 248481,66
CD, 225.47
CDG . 161,47
Error 1738.66
. Analysis of
Source . SS
G 3857.29
Brror’ 8891.20
C 3575.14
WCG Su497.14
* Brror 5393.20 -
N 6331.10

Appendix C

ANOVA TABLES AND DATA

Individual ﬂggavigggg'

tion I

(T,

W U

Yagiance

MS -

- 242.88

225.96

8260.03

.76

612.30
94,96

162.77

Ms

3857.29

- 1778.24

3575. 14

| 5497.18
1078.44

. 2110.36
- 183 -

1

\

ca for "Locomotjon®.

‘Tail

«347

.003
.800

034
635

«596

"o 7111

Tail

.200

w128
.073

.013
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DG < 908.24 3 302.74 0.72 .557

Error 6346.54 15 423.10
cD 7100.319 3 2366.73 S.74 .008
cDG 4005.05 3 1335401 3.24 .052

Error 6182.87 15 Q12.?9
\\
AN

Analysis of Variance for "Exercise Play™.

Source  SS - DF NS P Tail
G 2419.08 1 2819.,08  9.23 .028
Error = 1310.09 5 262.01 .
c’ . 2862.75 1 2862.75 47.49 001
cG 600403 1 600.03 9.95 .025
Error 301.42 5 60.28 ; :
D 785.02 3 261.67 3.35 .047
DG 55.59 . 3 18.53 0.24 .868
Error 1171.36. 15 78.09 -
cD 117.09 3 39,03 0.86 483
CDG 487.81 3 162.60 3.58 .039
1 .

Error 680.86 5 45.39

t

‘hnalysis of Variance for "Forage".

— -

Source 55+ DF . NS P Tail

G 12. 32 RE 1232 0.08  .788
Error 767.92 5 153.58

c 468,33 1 468.33 1.75 243
c6 1. : 1 1,62 0,01 <941
Error = 1339.8 5 267.96 ' '

. D ‘ 331.82 3 110.60 - 1.35, +295
D6 29.54 3 9.84 0. 12 .946
Error 1227.78 15 81.681.85 L

A ’ l - . " {
CD 5' 561.12 . 3 . 187‘0“ ’ 2--82 .07“( _'
CDG 54.69 ¥ - -+ 18.23 0.28 842
BError 993.69 15 66.66,24 TN

>



Error ‘ 5239.08
C 3828.59
. CG ~  1429.16
_-Error - 1886.08
D . 1107.29
-DG - 913.86
Error . 1732.16
+CD . 143444
CDG »1025.01
"EREOR

[

BASELINE-SEPARATION

Source =SS

G o,  1646.88

1135.16

3

SOURCE  SS

G . 18.66]
ERROR  3219.33
c . 11867.52
cG . . 609.52 .
ERROR ~  3455.83
D . 662.08
DG 257.22
'ERROR  2271.91
cp 201.54
CcDe 171. 36
EREOR

1598.41 -

&

DF

[P FE Y Nt s

6w

15

g

[ 8 ¢ Y

- Ly o Ul e b

riance for "Vocaljzation",.

MS . F
1646.88 3.68
447.81
3828.59 10.15
1429.16 3.79
377.21
' 3.20
2.64
6.32
4.51
OR "SIT",
NS - F
18.66 0.03
643. 86
<‘ F N
11867.52 . 17.17
609.52 - 0.88
691.16
154,02 1.02
85.74 0.57
151.46
67.31 | 0.63
57.12 0.54

106.56

Taii

<113

.024
«109

«054
.087

. «005

.018

‘TATL

.87

.009
«390

<412
-645

.605
664

185

)
[3
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ANALYSIS OF VARIANCE FOR "LOCOMOTION".

SOURCE
e ‘
ERROR

c
CG
ERROR

. D

DG
ERRQR

()]
CbG
ERROR

S5

. 2182.32
© 12881.17 - -

32578.93

. 8016.43
. 12863, 42

4701.11

 5192.04
5369.03

1976.98

- 562.05

6574.94
2

N - O

us
2182.32
2576.23

32578.93
8016.83
2492.68

1567.03
1397.34
357.93 °

658.99
187.35-.

438,32

ANALYSIS OF VARIANCE FOR MEXERC

-

L

N
SOURCE

S

ss
G 2858.62
ERROR 1074.37
C 1988.59
cG . 408.59
ERROR 608.33
D 407.02.
DG 274,02
ERROR 1407.54 -
CD “181.51
CDG 5.79 .
ERROR 652441
ANALYSIS QF
SOUBCE  SS
G +38.83
ERROR 125.59 =

HS

2858.62
214.87

1988.59
408.59
121.66

135.67

- 91.34

93.83

47.17
1.93
43.49

1SE "PLAY".

F

13.30

16.34
- 3.36

0

0.97

53'

TAIL
399

-015
«.132

021
.030

.254
+ 7136

TAIL

014

.009
126

269
- 431

.385
.987

TAIL

«291

186
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c 307.68

1 907.68 7.8 _ .038 -
cG 66.25 1 66.25 0.57 483§
ERROR 578.67 5 115.73 _ X \
D 54.00 3 18.00 0.91 461
DG 15.29 3 5.09 © - 0.26 .855
ERROR . 298,28 15 19.88
cp 87.61 3 29,20 8.76 001,

CDG - 48.46 "3 16. 15 4.84 .015°

ERROR 50.03 15 3.33

ANALYSIS OF VARIANCE FOR “VOCALIZATION".

SOURCE  SS DF us _ P TAIL
G 25.53 1 25.53 0,09 77
EBROR . 1352.17 5 . 270.43 :
c 1455.53 1 1455.53 4,77  .080 °
cG 5.18 1 5.18 0.02 2901
ERROR'  1525.67 5 305,13 .

D " 673.84 -3 224,61 2.60 .090
DG . 19,92 3 6.60 0.08 <971
ERROR 1297.36 15 86.49 .
cp .855.82 3 285.27 3.81 032
CD6 . 61.04 3 20.34 0.27 .845

15 74.96

ERROR - 11gu.53

S0CIAL BEHAVIODRS

BASELINE-SEPABATION II




D

o

259.17

OR "PASSIVE CONTACI".

SOWRCE S8 DF MS F .
G 97.25 1 97.25 1.77
EBXOR 274.83 5 54,96
c 337.16 1 337.16 9.51
ce 1.16 1 1.16 0.03
ERROR 177.33 S . . 35.46
. 8“.21 i 3 2‘8.07 1.09
DG 85.35 3 28,45 1.10
ERROR . 388.00 15 25, 86
') 47.19 3 15.73 0.91
cne 10,61 3 3.53 0.20
EZROR  '259.16 15 17.27
ANALYSIS OF VARIANCE FOE "ACCEPTS RLAY".
‘SOURCE  SS DF MS. F
G 181,16 1 141.16 2.64
ERROR 267.33 5 53.46 -
205.92 1 205.92 4.39
cG 94,50 1 94.50 2.01
ERROR , 234.50 5 46.90
. -
D ©188.01 3 62.67 6.67
ERROR 140.91 15 . 9.39
cD 245,05 3 81.68 8.00
cDG | 159.63 3 53,21 5.21
EREOR ©°  153.08 15 10. 20
) Ll
ABALYSIS OF !AEIAEQBIEQE "INITIATES PLAX".
SOGRCE  SS NS F TAIL
6 0.25 1 025 000
ERROR 5 51.83

188

" TAIL

«240

.027

«385

Y .379

<459
.891

TAIL

«165

090

«215

004
-025

002
011



C 175.07 1
.CG 7.50 1
ERROR 307.92 5
D 176.48 3
‘DG - - . .140.19 | 3
EREOR 489.94 15
cD 170.346 ¢ 3
cne 184,77 - 3
ERROR . 209.36 V15
ANALYSIS OF VARIANC
 SOURCE 55 D¥
6 —— 0.07 ]
ERROR 2330.92 5
c 1726,08 1
CG 3.87 !
ERROR 2081.34 >
D 769,96 3
DG 523.75 3
ERROR 2890.53 15
cD © 196,24 3
cDne © 560,17 3
15

ERKOR1097.61

BASELINE-SEPARATION II

ANALYSIS OF VARIANCE FOE "PASSIV

SOURCE S§ DF

G 45.57 1
ERROR  477.92 5
c 832.32 1
cG 4.18 3
ERROR  231.17 5

1726.08
3.87

416.26

256.65
174.58
192.70

65,41
186.72
73.17

CONTACT".

0.48

9.35
0.09

«152
L4

.190
.273

026
.020

TAIL

097
«326

301

U461

<467
094

TAIL

«520

.028
«775

189



L)

.32

+

| o
D 17.37 3 5.79 \\ 0.22 .87
DG 0.23 3 0.07 0.00 -999,
ERROR = 391.69 15 26.-11 - k
cp 8.36 3 2.78 0.18 .908.-
CDG 52.21 3 17.40 1.12 //““\ 372
ERROR - 233.28 | 15 15.55
ANALYSIS OF VABIANCE FOR PCCEPTS PLAY".
"—-W3 .
SOURCE  SS DF . MS P . TAIL
e 133.03 1 - 133.03 2.78 .156
ERROR 239,17 5 47.83
-C 142,08 1 142.08 2.6 . 177
ce 101.37 1 101,37 1.75 TY!
ERROR = 288.8L 5 57.76 ' -
D 176. 37 3 58.79 5.02. . ,0%3
DG 169.51 3 56.50 4.82 .015
EREOR  175.69 15 11.71 o
cp " 290.27 3 96.75 9.34 £ .001 -
CDG 108.70 3 36.23 3.50 042
EREOR 155.36 15 10.35 -
ANALYSIS OF VARIANCE FOR "INITIATES BLAY".
. . B [N
. | 4,
SOURCE =SS DF ns F TAIL
G - 11. 26 1 11.26 ©0.20 675
ERROR 286,09 5 57.21
c’ 142,08 - 1 .i142.08 2.06 210"
cG 0.01 1 . 0.01 0.00 .989-
ERROR - 344.84 s 168,96 -
Yo 174,94 . 3 58431 3.80 . 032
DG 106.87 3 735062  2.32 116
EREOR  230.19 15 15.34
cp 182.33 3 60.77 2.51 .09
DG 207.83 3 . 69.27 2.86 ~07
ERROR 363,44 - 15 B -

A



ANALYSIS OF VARIANCE

SOURCE
G
ERROR

c
CG’
“ERROR

D
DG
ERBOR

Cb
CDG
EEROR |

55

'85.71

1740.00

1365.7.2
132,14

2783.70

416.50

896.50

1862.50

438.30
257.87

1542,12.

2]

- W

e

DF

U -

- W

(8, [ Yy

"
M5

85.71

348,00

1365.72. .

132414

556.74

'138.83

298.83
124.16 -

146,10

85.95
102.80

POR "ACTIYE CONTACT".
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Listing of Individual Frequencies

P

Computer File Description

———te A e

The two data .fileé presented here have been transformed
and formatted. The first fi}e is‘the'frequencigs of indivi- -
dual behaviours and the second is social’ frequencieé'i.e.
behaviours involving a pattner. Social frequencies, evi-
dently, are lower than individual‘ones. Each value repre-

sents the mean for a ‘block of 3 days. .

Each file- contains 15 variables im card images. The
first S represent the indexing or tagging information. From

left to right it reads subject I.D., group I.D., &ondition,

behaviour class (individual= 3; social=2), and day. Tje re-
maining variables are behaﬁioural items éné are each. ei—
pressed in a 4-column field in a fixed format. The- format
statements included below, express a logical fecord length
of 20 card images, iJe. all the data for any one subject in

the file. This format was heceséary.to al}bv the BMDP2V

(Dixon and Brown, 1977), prograame to read the data cor-

rectly.
In the case of the *individual' file tﬂe behavioural
variables represeat, frog'left to right; sit; eat and chew;

| locomotion; body play; exercise play; still; HMOE; forage;

-
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look; and vocalization. For the social file, which usas a
3-column field, . the variables are reach; putual object in-
terest; approach; passive contact;‘ accepts play; initiates‘

Play; MOE; active contact; withdraw; and vocalization. -

FORMAT IS (QF1.0,F2.0,10FH.O/18(6x,10?4.0))6!,10Fu.0).

22

111301 13 11 35 2 17 o 5 9 0
111302 28 26 S2 6 22 10 27 & 17 o
111303 9 - 1 32 3 5 0 4 o0 10 o
M34 12 16130 3 41 7 w6 4, 16 o
11231 20 16 92 5 8 9 35 s' g 10
1123 2 31 12°105 5 22 10 42 6 16 9
11233 16 12 62 2 12 2 22 2 3 =
11230458 42 109 1 30 o0 36 8 2 1
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5252 2 0 123 26 25 5 3 2125 3
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5252 4 7 2151117 8 6 18 17 2
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Appendix D

ELECTRONIC ENCODERS
" -
‘J

" The light weight i:::j;ﬁf/gzé constructed of plastié sec=
tions which are bent ¢ fitted around stanmdard metal cabi-

/ Y L

. ‘ -
nets; the dimension's are 32cm x 24cm X 10cm. It uses tran-

—
. , .
sistor-transistor iogic~" (TTL) and needs only readily
availab;e‘COlponéﬁis. The total cost peér unit in parts is

about 300 dollars.

Data FPormat

- ]

" There are 16 bits tha® can be transmitted (see the accom-
. ' ; 3 ) 1
panying figures); tem bits are controlled by aicrasyitcPes
1-10 and used to log data. Two hits are the range switches

*A' and "B' which are mutually exclusive except when pressed

‘silultaneously, and three .biis are controlled by gbggle

switches 'C', 'D' and *E'. (see figure 5) « The last (16th)
bit, controlled by the 'E' switch, is aluays a zero because
it is used to ﬂark’the synchronizatiqn " (sync) pulSe; Sync

fand data bits are transaitted on separate channels
‘ i . '
|

N ;

- 199 -



200
All .15 data xentry é;ints are scanned once between sync
pulsg§,fffﬁé;; entered through keys and switches are stored
””iﬁ/; memory untill the énd of- the scan cycle, when they are
loaded into a  shift L gis@er with the sync !blt. ALl 15
data bits are then shifted oht serially before the next sync-
pulse arrlveéz Should the s;; switch be depressed tuice
within ome scan cycle, it will register only once
The binary format of the shift register is put out in ﬁhe
form of 1's and 0's. The duration of la behavioural eveﬁt
is givgn by the nuamber of successive fines that a 1 appears
at'tﬁe location for its key. Thus the pgoduct of the time
in secpnds and the rate of scanning gives the duration of
the event in teras of the number of scan cycles it‘léstad.
Prequency isygiven by the first *t1' of éach such train of
pulses‘ai that location. Because the proportiqnal lengths
of '0*' and *1's reaain constant, this output format can be:

used independently of tape speed and voltage  (within lin-

.its).

An internal clock controls the rate of scannlng in the
ﬁaster unit. A secon;\>r slave unit is triggered or con--
troled by tf clock in the master. This ‘ensures that the
tuvo units Plgures 23 and 24 show a-flow plan of the '‘organ’

or encoder. with the signal conditioner as well as the con-~

e



ceptual appearanca
nels. are always

the the same rate.
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of the serial data stream on.two chan-

on the same scan and

N

are furctioning at

—
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