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Yeaton, Susan P:, M.A., June, 1975

The Effect of'Profein-Ca]orie Malnutrition and Partial Social Isolation
on Spatial Delayed Alternation Performance in the Developing Rhesus
Monkey (Macaca mulatta) (112 pp.)

Director: aDavid.A, Strobel(i}@}ig

The effects of protein-calorie malnutrition and.partial social iso-
lation on learning were studied in 16 juvenile rhesus monkeys. Diet
and social environment were varied in a 2 x 2 factorial design with
two repeated measures. The nutritional manipulation involved rearing
from 120 days of age on either a high protein (25% casein by weight)
or a low protein (3.5% casein by weight) diet. Social environments 4§2’
were varied by rearing either in group living cages or in individual
housing (partial social iso]ationg. Testing took place in a Wisconsin
General Test Apparatus and involved daily presentations of 36 problems
of spatial delayed alternation with correction (delay intervals of 10,
20, 30, 40, 50, and 60 seconds). o

Significant differences between groups were found for both the en-
vironment and .the diet effects across trials such .that the high pro-
tein subjects performed better than the low protein subjects and -
isolates performed better than social animais. In addition, social
animals were found to make more perseverative response errors than
isolates. However, dietary and rearing conditions were not found to

“interact in producing their effects. Finally, a significant diet by

delay effect was found such that high protein animals performed better
than Tow protein animals on the shorter delay intervals. .
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CHAPTER I
INTRODUCTION

LWhilelit has long been accepted that adequate nutrition is a:
reqUirgment for normal growth and deve]bpment, ii has only béen in
recenf years that ma]nutrition, especially proteinjcalorie malnu-
trition (PCM), has been recognized as an importantAWOr1d health
problem;' The term protein-calorie‘ﬁa]nutrition wés proposed by
.the,qdint ?AO/WHO Expert Committee on Nutrition (W§r1d Health Or-
gani;ation,jlgsz) to desc}ibe é_number of'clinicaT syndromes, such
as kWasﬁiofkbf,fmarasmus, and‘famine_edema; resulting from diets.
deficient in protein and/or ca]briés. While’there'ﬁéé been some
disagreeménf‘over the classification of PCM disordérs (World Health
Orgénizatidn, 1971),‘kwashiorkor is genera]]y‘found,in young children
with inadgquate'proteintintake and is.characterfzed_by edema, gkowth
retardation, muscle wasting with retention of subéﬁtaneous fat, and
]owered_séruﬁ albumin, serum lipase, and cholestéro]“levels (Jdell-
.iffe_aﬁdub]bourn,1963). Marasmus is‘found in childreﬁ whose diets
brovidé én'fnsufficiént numbér of calories and coﬁsequent]y results
in growth_retardation,-musc1e wasting without retention of subcu-
taneous fat,‘gnd'near normal serum albumin, serum lipase, and choles-

terol levels ( Jelliffe and Welbourn, 1963).

1



Only rough appkoximations of~the préValencé pf such severe forms
of ma]nutfition are avai]able, but it has been ésfimated that between
0% and 7.6% of the woer's_chi]dren, less than five years of age,
suffer fromheither‘kwashiorkOr or maras%us (Bengoa, 1970). Howevér,

a much 1arger portion of children suffer from deerate]y inadequéte
diets, with éstimdfeé varying from country to country between 4.4%
and'43.1%‘of children Tess than five years old (Bengoa, 1970). Simi-
1ar1y,_a,re¢ent summary limited to data.co]]ected.iniAfrica, Asia,
and the Americas has reported that severe PCM rangédibetween-O.S% and

8%, and that moderate PCM ranged from 4% to 43% (Werd'Health Organi-
zation, 1972). Thus, it is clear that moderate PCM is much more
prevéleﬁt”and fs potentially a more important prqb1em.from both world
health an@jéocio-economic points of view than are severe forms of PCM.
NeQeftheless, most studies of malnutrition ﬁave begn baséd on
animals $ubjected to severe dietary regimens, or on human data ob-
tained ffbm chi]dren*hospita]ized because of severe PCM. Such studies
have revea]édvpermanent alterations in physical development and have
suggested that malnutrition may cause lpng term alterations in behavior
and'mental dévelopment. Essentially twb models have,been developed to
interpret the results of suchAstudies. The more popular model, the
braihvdamage model, assumes that malnutrition bringsvabout metabolic
or structural changes in the central nervous system which reéult in
various behavioral deficiencies characteristic of bfain damage, such
as hyperactivity, inter-sensory learning deficits; and poor motor
control. The idea of vulnerable periods of central nervous system

development is central to this model. Thus,'it-has been hypothesized



that if a developmental process is restricted at[the'time‘of its
fastest rate of growth, the ultimate extent of deye1opmenf will be
restricted. - Such a model predicts that normal’development cannot'

be achieved even following rehabilitation, that thé effect cannot
be obfained in adults, and that the severity of restriction necessary
to produ¢e é_given deficit decreaées as the time of fastest rate of

- growth is approached (Dobbing, 1968).

Numerous studies have reported_such permanent structural and
physio]ogical changes following PCM in the rapid]y'developing brain.
RedUctith have been reported in gross brain weighfiin rétsv(Winick
and Nob]é, 1966), pigs (Dickerson, bobbing, and McCance, 1967), and
in childrenA(Stoch and Smythe, 1963;-Br9wb, 1965); Similarly, re-
ductions Have been reported in the total number of CElls in the brain,
both in ratél(w1nick and Noble, 1966; Culley and Lineberger, 1968)
and in children (winiék énd Rosso,.1969; Nihick;[1972), and decreased
myelination has been noted in rats (Dobbing, 1964; Dobbing and Widdow-
son, 1965;ACu11ey and Mertz,.1965; Benton, Moser, Dodge, and Carr,
1966), and in pigs (Dickerson, Dobbing, and McCance, 1967; Dobbing,
1968). In summary, ample evidence is available to-conclude that PCM
leads to~ﬁerﬁanent changes in the central»nervousksyStem.‘ However,
such changes have not,beeh demonstrated to be'difeétly responsib]é
‘for the behavioral abnormalities associated with malnutrition.

'More:recently, an envirbnmenta! deficfency_mpde] has emerged
to explafh su;h abnorma1ities. This modellhypothésizes that malnu-
trition preﬁents an organism from adequaﬁer interacting with its

environment (Levitsky and Barnes, 1972; Strobe],A1972; Zimmermann,



Steere, Strobel, and Hom, 1972). Thus, it has been suggested that
the apathy and Tistlessness associated with severe PCM may lead to
a partial breakdown between the organism and its environment, creating
a situatioh analogous to sensory or perceptuaT deprivation (World
Health‘Organization, 1972). While such a model predicts alterations
in the ability of the organism to learn from.its environment or to
be sfimuleted by it, the environmental deffciencyimode] should not
be confused with-an environmenta].deprivation of isoiation approach
to the abnormalities reported in malnutrition research. Thus, while
the effeets mayibe,indistinguishab]e, the environmental deficiency
model hypofhesizes that they are the result of a deficiency on the
part of the organism to successfully interact with its environment,
while an environmental deprivation approach is cdhcefned with ﬁhe
effects resulting from 1iving in a less than optima]”environment.
Such'environmental deprivation has been a'major confounding
variable in field étudies of huhan PCM._ Many studies have lacked
adequate controls for various biological and socio-economic differ-
ences between control and experimental.groups. thenAthere are dif-
ferences between groups in-housing, sanitation, water supply, and
exposure to parasitic and infectious diseases (Wofld Health Orgaei;
zation,'1967). Underprivileged chf}dren frequentlyAfeee unstable
homes; poof'child—rearing.practices, and deficitslih,environmenta]
stimulétioh.- fn severe cases of malnutrition, a schism between the
expected pattefn of reciprocal stimulatien betweenfmother and child
has been reported (Pollitt, 1972). AAdditional]y,emany studies have

been based on children hospitalized for severe cases of PCM, but the



effects of separation trauma and institutiona]{zgtion on development
(Spitz;.1965; Provence and Lipton, 1962;vYarrow,‘1964: Skeeis, 1966;
Eichenwald and Fry, 1969; Yaktin and Mchren, 1970) ‘have not been
cbnsidéred. |

Stoch and‘SmytHe (1963, 1967, 1968) studied 20 South African
chi]dren wh6 were sevérely-malnourishéd (marasmUs}'during the first
two‘years_of Tife. Control subjects were matched for age, sex and
socio-economic level but were from more stable homésAthan the mal-
nourished subjects.. After seven and eleven years, scores for the
malnourished subjects fell below their controls oh a number of psy-
chological teéts,~inc1uding full scale, verbal, nonverba}, vocabu-
.1ary,,and’pattern completién; The authors cohc]udéd'that'deficits
in visuomotor'and pattern perception éould suggeSt organic brain
damage or»mayxhavé been the result of decreased recepfivity to ex-
ternal stimuli dufing?the‘sensorf-motor beriod of development. How-
eVer, Sto¢h7and Smytﬁe haveAbeen criticized for féi}ure'to control
for the disparate family settings of their subjects.

Cravioto and Robles (1965) studied 20 chi]dfeﬁ (0-30 months
old)'who'Were hospiialized during rehabi]itation'from kwashiorkor.
Whi1é lower 1Qs, especially decreased languaged deyelopment (Gese11
schedu]es),_were»found,in all age groups, older Subjects improved
during hospitalization while younger subjects (1e§$ fhan,6 months )
failed to improve. Non-nutritional factors were nbt taken'into ac~
‘countAbut a‘majority of‘children were reported to have parents who
were‘either illiterate or of Tow scho]astic achievément (Cravioto,

1968)..



Iﬁ a later cross-sectional study, Cravioto,"DeLicardie, and
Birch (1966)'compared intersensory functioning between upper aﬁd lower
‘quart11es‘of height for age in a rural p0pu1ationhdfiGuatemalan-éhi]—
dren. It was assumed that children in the Towest quérti]e of height
for age would be most.likely to have experiehCed.eérly malnutrition.
" To control fdr small stature as. a result of a maturationél lag, chil-
dren of the same ages and with eqdivalent height differences wére
selected from an upperclass urban population (asSumihg that such chi1-
drén never'experienced malnutrition). Data on parental stature and
-on the social, economié and educational status of the families of
these-chfldren were also collected. Nhi]e'diffe;ences in height were
not<asso¢fated,with differences in ability in the urban population,
in the rural éamp]e, the shorter.éhildren were fodhd to have iowefed'
intérsehspry 1ntegrétive abi]ity. The authors cbnéiuded that it was
more likaTy fhairthe inadequate interSehsofy'intégrat%ve’performance
énd Tow §£ature in the rural children were a ?esuff‘of.malnutrition
" than that;m&]nutritioﬁ (low stature) and poor %ntéhsensory development
were independent results of general subcultural differencés'(Cravioto,
1968). 5

Champakam, Srikantia, and Gopolan (1968) studied 19 Indian chil-
dren (8.to<11 years old) who had been rehabilitated from infantile
kwashiorkor, and found them to be inferior to contfols’(matched‘for
vage,-sex,4re]igion, caste, socio-economic status, and family size)
on a number of psycho]ogical tests. The gréatest:differences were
found in the areas of abstract and perceptual abilities, however,

the différences between groups tended to decrease.éévthe age of the



subJects increased. \

Hansen, Freesemann, Moodie, and Evans (1971) tested 40 ch11dren
who had a history of kwash1orkor:(9 to 10 yeaki-prev1ous]y). Con-
‘trols‘were sib]ings of similar age.and on]y‘s]ight differences were
Individual Scale). However, wh11e the controls dvdAnot exhibit the
élassica1 signs of kwashiorkor, it is probab]e that they suffered
nutritional deficiencies similar to their ex4kwashi§fkor sib]ings.

Mﬂnckeberg (1968) determined intelligence quotients for 14
Chi]eanAchi1dEen, 3 to 6 years old at the time of:testing, who were
hospita]ized for marasmus during the first year bf life. The mean
IQ of,thesefchi1dren was found to be significanf1y be1ow the average
for'Chi]eén preschool children of 1ow_socio-economié class. Moncke-
berg reported that_the best deve]bpment was usua]1yvin the personal-
soéia] area,whj]e1angdage,was-most retarded. He concluded that}alé
though nutritiohal cbnditions improved ma1nutritfdn during the first
months of Tife caused long term brain damage (at. 1east up to the sixth
year of life). However, Monckeberg did not take 1nto account the ef-
-fects of-social factors w1th1n“the lTower socio-economic groups, nor
the effects of hospitalization on development. |

Cabak,and NaJdanvjc (1965) determined 1nte111gence quot1ents
 fbr‘36 Serbian chi]dren, 7 to 14 years Q]d, whoAhad_experienced maras -
mus in early childhood. Only a»mde degree of.retakdétion Was found,
with ha]f‘of>the sample falling within the normai kénge for children
in nearby comhunitieéf However, Cabak and Najdan?fc apparently made

_n0véttempt to control for differences 1h family Settihgs.
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Brockﬁan and Ricciuti (1971) studied 20 Peruvian children (11.8-
43.5 months old) hospitalized for severe PCM (marasmbs).' Nineteen
controls were matched for age, sex, socio-economic status, and were
selected from day care centers with conditions similar to the rehabil-
itation center. The malnourished group was.found_to be inferior to
the control group on ten sorting tasks, and failed to show improve-
ment following twelve weeks oflrehabilitation. Thé authors concluded
that the lower sorting scores did not appear to be due to less fre-
quent contact with the objects nor to a Téck of interest, but rather
to an ihabi]fty to discriminate the simi]érities and differences among
the objegtsQ However, they cautioned that failure to improve aftér
three months is nof a sufficient basis to.infer pefmanent retarding
effects. .

Canosa, Salomon, and Klein (1972) haVe,carried'0ut two studies
of fivefand'six year old children recruited from é»nutritiona] re-
habi]itatioh daj care.center‘jn rural Guatema]a, .In the first study,
20 chi]dreh who had recovered from severe ma]nutr{tipn were compared
with a contrd] grpup of 10 reportedly we11-nourishéd-éhi1dren. The
control group was selected. from sfblihgsiof children who had attended
'the rehabilitatien center and was matched for fatherfs occupatioh;
parentaiiedu¢ation? living conditions, and family structure. The re-
habi]itétéd children were found to be infertor to' controls on four
psychological tests (memory for sentences, memoryffor digits,_memory
for incidental Tearning, and.méhory for intentionajuiearning) which
had in commbn-the need for close attention and sﬁort¢term recall.

(There were no differences between groups on two tests of matching.)



The experimenters felt that rather than intellectual factors, the
malﬁourfshéd-children were deficient in either short term recall or
motiQatidn‘and attention,

The second study involved 11 well-nourished and 17 previous1y
ma]nourished children selected on the same criteria as in the pre-
ceding study. No differencés between groups were found on memory
for senfénces,’for digits, forAincidentaT or intentipna] Tearning.
However, the groups did differ on tests of memory fdr’visua] desiQns
and a cUbe tapping test. It was suggested that:these results reflected
differences in attention or task concentration rather than differences
in cognitive ability or short term.membfy._ FurthérmOYe, since langu-
age deveiopmént tests are sensitive té social class differences and
since no differences in language development were found between ex- -
perimentaixdnd contro]vgroups,it,was felt that the test differences
could not bé:attributedtto‘sampling biéé, but that'theée dffferences
were directly related to health and nutritiona]:Variables.

Fina]1y, Cobos (1972) pfesented pairs of mé]ﬁourished_(mi]d and
éevere) and well-nourished siblings in the poverty areas of Bogata,
Columbia, with a battery of psy¢hologi¢a1 tests. :Using a multiple
regression«technique, he found that even after Soéia] variables had
beeh accounted for,;nutritioné] factors had an impact on the psycho-
Togical test scores. However, Cobos pointed out that a definite
causé] re]étionship had nof been demonstrated sincé-the effect may
have been médiated through an unknown mechanism,iéuch as unexplored

social factors.
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Ih summary, while human field studies of PCM‘are suggestive of
a causal ré]ationship between PCM and permanent psychoiogica] deficits,
many investigatqrs feel that éuch a'relationship has not been indis-
putéb]y demonstrated (Cravioto, DeLicakdie, and'Biréh, 1966; Coursin,
1967; Dobbing, 1968; Monckeberg, 1968; Frisch, 19703 Barnes, 1972;
Cobos, 1972; Klein, Habicht, and Yarbrough, 1972)i- The numerous fac-
fors which contribute to a subject's score on a.bsycho]ogicaf test
‘have served as.confounding variab]es-fn most studies. Often groups
have been equated for geﬁera] socio-economic status but factors within
‘a socid—ecoﬁomic level, especié]ly family stabi1ity.and mother-infant
re]atiOnshibs, have not -been assessed. These faéﬁors are perhaps best
controlled by the.uSe of paired siblings. quevér;‘Without the use of
'1ongitudfhai>studigs, it is difficult to determine both the nUtri;
tional condifions,experienced by the siblings during their critical
periods b?‘devé]opment and the différences in fami1ytre1ations during
those peridds; Thus, Cobos (1972) has sdggestedvthét_food deprivation
early in development alters the mother-child'interactfon by inter-
fering with the mother's ability to satisfy thé}basit needs of the
child. He further maintained that the inabi]ity'of the family to
protect the child from food deprivation implies SOme_degreelof impair-
ment of fhe function of the family which will affect the child's devel-
opmehtal processes. Further, repbrts based on studies of severe mal-
nutrition are limited since it ié difficult to assess the effects of
hospita1izati6n and Separation trauma, and the céhifﬁbutioh of in-
fectfous dfseaseS'whiéh often accompany malnutrition. They éfe further

Timited by the applicability of their findingsAtd‘the much more prevalent
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cases of moderate PCM.

Animal research provides a unique opportunity to control for
many of fhe variables that interfere with human PCM research. The
experimenter is free to manipulate numerous facﬁors in the social
and physica] environments of his subjects. He maintains control over
the experiﬁenta] diets, and the age of onset, duration, and severity
of PCM imposed. With the use of littermates, gehetiﬁ variation can
be minimized. However, interpretations drawn frqm anima1 research
are limited by the extent that human PCM disorders are mimicked in
animals, by the limited behavioral repertoires'of tﬁe animals, and
in the extent that inferences can be made from the animal to the
human condition.

Réts are wide]y.used in PCM research because they are ihexpen—
sive to acquiré and.maintain,'and they develop képfd?y. However, it
is difficult to produce a kwashiorkor—1ike syndrqme in rats without
forced feeding,(Bradfie]d,‘1968)_ Barnes, Moore;:Reid, and Pond (1967)
havé been sdccessfu1 in produéing a kWa;hiorkor-i{ké,syndrome_with a
high-calorie, low-protein diet. Protein deficient. rats are anemic
and_havé fatty 1ivers, while calorie déficient rats have near normal
hemoglobin levels. Rats experiencing PCM afe-smé]1 for age, exhibit
loss of muscTé, and. loss of appetite-(w1ddowson; 1968).

Rats that exberience early PCM exhibit a numbér of behaviora]
abnormalities. . They are inferior'[in thisquper; the use of the terms
,"inferior".and "superior" refer only to relative efficiency on a given
task} on maze 1earning.tasks (Griffiths,and_Sehter, 1954; Barnes,

Cuhno]d,’Zimmérmann, Simmons, McLeod, and Krook, 1966; Barnes, 1968;
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Zimmermann and Wells, 1971;'we115,1Geist, and Zimmermann, 1972).
However, -studies by Geist (1973) suggest'that'the»inferidr performance
may'be»dueeto motivathna1 factors. Variations in activity and:ex-
" ploratory behavior have also been reported as a consequence of early
PCM (Lat ‘Widdowson, and McCance, 19603 Guthr1e, 1968 Frankova and
Barnes, 1968a; Barnes, 1968), perhaps indicating var1at1ons 1n emo-
t1ona11ty and over-sens1t1v1ty to the environment 1n ma1nour1shed
rats. Thus, Lev1tsky and Barnes (1970) noted greater mobility in an
open fie]dtby‘previously malnourished rats and greater percentage re-
duction 1n'mobility‘f0110wing a loud noisef In:addition, decreased
exp10ratdkyfactivity has been reported in malnourfshed‘rats’in the
presence of-novel objects (Zimmermann and memermann3 1972) An in-
'creased emot1ona11ty has been reported in a shock av01dance paradigm,
vwhere rehab1]1tated rats acqu1red the cond1t1oned avo1dance response
at the same rate as: contro]s, but were de]ayed in adapt1ng to extinc-
tion (Frankova and Barnes, 1968b), and’ 1ncreased response rates have
been found in a S1dman avo1dance parad1gm (Barnes, 1972). .F1na11y,
Frankova,(1923) has reported that,durmng suck}iné,dmainourished rats
are more:dependent on their mothers, show no social grooming, and are
mofe aggressive. When later tested in the presénce of a partner, Tow
protein rats responded with inhibited exploratory act1v1ty and with-
drawal, wh11e their h1gh protein contro]s showed 1ncreased act1v1ty
and approach’ behaviors.

In.recent.years,.a number of simt]arities between the effects
oftear1y<PCM dnd ear]y environmental isolation, suen'asAincreased

emotionaiity,_physio]ogical effects on.growth'and development, and
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the existence of critical periods early in deve]obhent Teading to
long term behavioral effects, have been noted and have Ted to the
suggestion that they may afféct-behavior through the same mechanism
(Levitsky and Barnes, 1973). This_simi]afity has led several invest-
igatbrﬁ.to engage in research concerned with the:combined effects of
PCM and early experience. Frankova (1968) souéht to determine the
extent tq thch the effects of early PCM could bé altered by environ-
mental stimulation. The dietary manipu]étion involved raising infant
rats in litters of 4, 9, 13, or 17 animals. Haif_of-the Titters re-
cejved stimulation (handling) while half were undjstUrbed for the
first 90 days of life. Between 90 and 110 days; the generalllevel
-of activity was low in the-unstimu]ated groups, declining as Titter
size increased,'wﬁi1e stimulation caused the greateét activity ﬁn
lTitters of 9 and 13. Thus, the effect df‘eérly.dfétahy restriction
on the'dctfvity of adult rats was‘appreciabiy modifieq'by early
stimulation.

Levitéky and- Barnes (1972)‘extended their;studies of nutritional
and environmental interactions to include rats'tﬁat were isolated at
Qeaning; High and Tow protein-groups;were_produced'by feeding mother
rats eitﬁer high or Tow protein dietlehile,nursihQ and continuing
~the pups on those diets for four weeks after weaning, fo]1owéd_by’ten
weeks of control diets. Early experience was varied by creating nor-
mal, stimu]ated or isolated environments for the pﬁps; While the en-
vironmenté1 conditions had no effect on rate 6f g}bwth, differences-
between grdubs were found on number of behavioral measures. 'ngnif-.

icant increases in activity in an open field were found in isolated
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and ﬁa]nodrished groups, along with a sfghificant_ihteraction effect.
While no differences were noted in social behavior in the well-
nourished.réﬁs, stimulated ma]nourished rats made“mbre following
responsés and more fighting responses‘than malnourished isolates.
ana]]y, whiie there was no effect of early malnutrition with stimu-
lation in tendency to éxp]ore a new environment, the interaction of
ma1hutrition and isolation produced a large decrement in exploratory
behavior. _-In summary, with the exception of fighting, Whatever
effect was produced by early maTnutrition was exaggérated by iso-
lation. Siﬁilar1y, Wells, Geist, and Zimmérmann-(197é) found‘the
_greatest_number of errors in maze performance whénnrats were simul-
taneous]yisubjected to both dietary and environmenta1'deprivation,
In many ways, the results from stﬁdies of eafiy PCM in pigs
have pard]]é]ed}the findings in rats. 'Malnourished'pigs display Tow
sérum pkotéins, fétty liver, edema; 1ow weight, and'décreased food
consumption_(P]att, 1968; Barnes, 1968; Barnes, Reid, Pond, and-
Moore, 1968); They are more emotional (Barnes, Moére, and Pond,
1970), exhibit decreased exploratory activity and inferior shuttle
box escape avoidance (Barnes, Moore, Reid and Pond;»1968; Barnes,
1968). While there are no differences between PCM and control aﬁi—
ha]s in thexacquisitioniof a conditioned response, low protein pigs
are more resistant to extinction,(Barnes, 1967, 1968; Barnes, Moore,
Reid, and Pdnd, 1967). They have been found to Ee inferior in the
acqbisition and extinction of a conditioned avoidénce response (Barnes,
Moore, and Pond, 1970), and were inferior and more emotional in a

self-shaping procedure (Barnes, Moore, Reid, and Pond, 1968; Barnes,
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Reid and Pond , ‘and Moore, 1968)

While behavioral defiéits have been demonsffated in'rats and
pfgs as the result of early PCM, there is some question;as to the
va]idity of ektrapo]ation of expérﬁmenta] findings‘from lower ani-
mals to humans. However, data derived from two species of the same
taxonomié order is often comparable (Kerr and Waiéman, 1968), and
has certainly been a faétor in the choice of.pr%métés for behavioral
‘research. Rhesus monkeys have been subjected to a variety of Tearning
tasks éhd the ontogenetic deve]opment of their 1éarnfng abi]iiies de-
Tineated (Zimmermann and Torrey,'1965). Maximum inﬁe]lectua] improve-
ment is not obtained prior to sexual maturity (Zimmermann and Torrey,
1965) and 1t hasAbeen‘suggested that 1eérning is prObab]y involved in
the orgahizaiion of their social behavior (Masom, 1961). In éddition,
their sTow growth and deve]opmeht makes possible long periods of ob-
servation in the laboratory; permitting,experimehté]iresearch during
the period of nutritional deprivation.

WhﬁTévsevera1 investigators failed to'obtéin_the classical
signs of kWéshiorkor in rhesus monkeys,sdbjected'toiéérly protein
restriction;(Kerr and Waisman, 1968; Ordy, Samoréjski;'limmermann,
and Rady, 1966), such signs have been reported as a result of tube
feeding techniques (Deo, Sood, Ramalingaswami, 1965;. Ramalingaswami
@nd Deo, 1968). Physiologically, the rhesus monkéy;fesponds to pro-
tein deficiency with decreased weight gain, decfe&sed~1evels of total
serum protein, serum,a1bumih, serum cholesterol, fatty liver, and
atrophy of the gastroihtestina] tract (Ordy,Samoréjski, Zimmermann,

and Rady, 1966;,Ramalingaswami and Deo, 1968;'Geist; Zimmermann, and.
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Strobel, 1972).

Rhesﬁs monkeys subjected to low proteih diéts,exhibit a number
of behavioral abnormalities. Kerr and Waisman (1968) characterized
such monkeys'as ina;tive, retarded in socia]fdeveiopment, and shéwing
little interest in their surroundings. While Hiilman and Riopelle
(1971) reported that adult rhesus monkeys deprived of protein did
not demonstrate a preference for high protein fooﬁs;:peregoy, Zimmer-
mann; and Strobel (1972) found that low protein mohkéys were able to
discriminate between high and low protein diets éhd preferred high
protein foods. However, Pettus, Geist, and Schuﬁﬁz (1974) determined
'th#t this preference did not persist following réhabi]itation. While
Geist, Zimmermann, and*StrobeT (1972) found no d{fferences in éétivity
Tevels between high and low protein monkeyﬁ; 1Ow1protein monkeys have
been shown to display decrements in cur%osity andEhanipulative're-
sponses in chain pu]]fng (Zimmerménn and Strobel, 1969; Strobe] and
Zimmermann, 1972), and fn pﬁzz]e solving tasks (Strobel and Zimmer-
mann, 1971)fwhen.compared_with controls. -Howevér, w%th the intro-
duction of'food reward, low protein anima!s_manip&iated the puzzle
at least as much as high protein énimais and showed5sharper-Qeclines

~in responding duriﬁg extinction (Aakre, Strobel, Zimmermann, and
Geist, 1973). Thus, it appears.that low protein monkeys have higher
levels of’food motivation, and therefore are more}senéitive,to the
absence or,pkeéénce of food. Greaterfinterest‘in'fdod_than objects
has been reported by Peregoy, Zimmermann, and Stfobel (1972). Wise,
Zimmermann;'and Strobel (1973) and Wise and Zimmermann (1973b) found

that in fodd;competition measures of social dominance, 1ow»protein
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,monkeysfwerg supgrior tb éohtro]s. In addition,‘w%se and Zimmermann
'(1973a) found Tow protein monkeyslto have lower éhdck threshold than
normal monkeys. |
THé reaétion of }ow protein monkeys to objeéts has also been

investigated. Peregoy, Zimmermann, and Strobe]A(1972) demons trated
that highfproteiﬁ animals accepted a greater number of toys than
low protein animals, but Pettus, Geist, and Schultz (1974) found that
this effect did not persist following rehabilitation. Zimmermann,
" Strobel, aﬁd_Maguire (1970) found that while-]oQAprotein monkeys
were superior to controls on a.1earning set task with familiar ob-
jects, when new stimuli were introduced, fhey becamg-hjghly emotional
"ahd ten&ed to avoid the novel stimuli. Simi]ariy;vsfrobel and Zimmer-
mann (1972). found thaf the 7ntroduction>of'noye1g6pje;ts ih a free
operant chain manipulafion situation led to decrééSéd rates of manip-
ulation in Tow protéin monkeys, while high protejn §ontro1s showed
increased'performance. Finally, Strobel (1972)}found that high pro-
tein monkeys trained to shuttle to the top of a vertical tunnel, made
more responses When nove) stimuli were suspendedvffdm the top of the
apparatus, while the low protein groups showed a decrement in response
to objects. _Furthefmore, in a study of disinhibﬁtion of delay, low
protein animals differed from controls by displayihg incréaSed re-
sponsiveness in the bresgnce of novel stimuli.

‘nThe'béhavior of low prdteinAhonkeys in social'situations has
also‘been investigated. Zimmermann and Strobé] (1969) found thét-

1ow'protein monkeys behaved‘apathetically toward other monkeys and

showed a predominance of self-directed activities. In addition,
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‘Zimmermann, Steere, Strobel, and Hom (1972) noted that low protein
animals éngaged.in less sexual behavior, Tess pldy'and less grooming
than high protein controls. They were characterizéd as aggressive
and disp]ayfng a Taék of reciprocal responsiveness ih.socia1 situa-
tions. Furthermore, studies of social dominance suggest an insta-
bi]ity.of dbminance relationships among low protein éﬁima]s. Thﬁs,
while they are less dominant than contfo1s in a shdék avoidance
‘paradfgm,(Wise and Zimmermann, 1973b) and in aggreséiverinteractions
in the social room (Wise, Zimmermann, and Strobel, 1973), they be-
come more dOminaht in food competition situations (Wise and Zimmer-
mann, 1973b; Wise, Zimmermann, and Strobel, 1973). -

High and low protein monkeys héve_béeﬁ testedlbn a variety of
learning tasks in an effort to determine the efféﬁtg of PCM on mental
deve]opmehf;' Zimmermann (1973) found no differences on_én object
discrimination task o# on reversal 1earniﬁ§ for a gréup of year old
monkeys teétéd before and one month after‘béing b]aced on low protein
diets. In addition; Qsing_monkeys subjected to ééY}y PCM, no differ-
ences between high and ‘Tow protein groups were féuhd in learning set
formation, both for oddity (Zimmermann, Geist, and Strobel, 1973)
and for object discrimination learning (Stoffer and Zimmermann, 1973).
When Tow brotein animals were tested on 100 6-trial problems of‘ob-
ject discrimination learning set with §ix Eepetftiops; Tow brotein
animals were,fbund to be superior to high protein'édntrols on both
performance on fhe first trial of every problem,‘é méasure df long
term memory, and on the remaining trials, a measure of learning set

formation, 'However, the differences between groups disappeared
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fo]1owing'rehabi]itation (Zimmermann, 1969b). Sim%1ar results were
obtained by Zimmermann,'Strobél; and Maguire (1970); High and low
protein gfodps were also tested on delayed resporise, which is con-
sidered to be a measure of short term memory, and ho significant
differences were found (Zimmermann, Geiﬁt, Strobel, and Cleveland,
1973). ih‘summary, protein malnutrition was not found to effect'
test performance on delayed response, object diséhimihation, rever-
sal learning, learning set (object and oddity), or long and short
term memory.

'Howévér, low protein anihais have been found‘to.be inferior
on other tasks. Zimmermann (1973) tested high and Tow protein groups
of monkeys on object discrimination and reversal Tearning in which
:the'objects"wereymOUnted on masonite p]aqueS'to produce a stimulus-
response,diécontiﬁuity._,Such diséontinuity makgé discrimination
problemstmbreudifficult for rhesus monkeys to 1e;fﬁ§  While there
were no différehces between groups in learning the discriminatibns,
'the Tow prote1n group was found to be inferior to contro]s on the
reversal 1earn1ng task, a task wh1ch d1fferent1ates the learning
capac1t1es of higher prlmates (Rumbaugh and Pourne]]e, 1966) " Thus,
although Z1mmermann found no d1fferences in reversal 1earn1ng when
the monkeys touched the objects, low protein monkeys were inferfor
on the same task with‘stimulus-respOnse discontinuity.

In énother ekperiment.designed to investigate the effects of
'stimu1us response discontinuity, both the ]ocatjoh:and size of the
dispriminative stimulus were varied in a'1Earhing sepﬁparadigm.

The disérimihative cue occupiedeither the center or periphery of a
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grey plaque and varied in totaf area_ffom 5% to iQO%‘of the plague.
Thus, in the case of central cues, as the siZevdf”the cue decreased,
the dmscontinuitybetween where the monkey placed his fingers and the
locus df the'éue.increased.‘ While the high and 1pw'protein groups
did not differ in the ability to learn the original problem, the Tow
protein animals were ihferior on the reversal problems as the area
of the central cue decreased (Strobel, 1972; Strbbe],;Géist, Zimmer-
-mann,'and'Lihdvig; 1974). -,:l

Stimulus-response discontinuity was investféated in two further
studies (Strobe], 1972). The conditional learning paradigm involved
the placement of a card contaiﬁing either a square;br a triangle be-
tween two identical plaques which covered the fbod we11s. The
square or-triang]e indicated the position of the f§od rewafd on any
given trial. Thevlow‘protein groups were found,to.be significantly
inferior to the control groups in learning this taSk.- The hidden
and.gmbedded'figures experiment inyd]ved teaching'fhe monkeys to
discrimingte between a square and a triangle and tﬁeﬁ testing them
on transfer,df'training to the hidden and ehbedded’figures probfems.
While theAhigh protein groups scored.inita]jy superior and improved
across tfia}s, the'1ow protein animals dfd not reépond sfgnificant1y
~above chance.

Finally, the high and‘%ow'proteih'monkeys were tested on a
patterned‘strings task. This can be described as a reward-directed
task since the reward is visible, attached to the fér end of one
string. Ih‘both the parallel and pseudocrossed patterns, the monkey

can obtain‘the reward by pulling the string nearest to the reinforcement,
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and no differences were found between high and low prptein groups.
However, on the crossed pattern, the’mbnkey‘must'éelect the string
opposite the reinforcement. Thus, the crossedkpaftern created spatial
discontindity‘bétween the response 1¢cus and the reihforcement,vand
on this’pattern, low protein animals were found to.be much inferior

" to their high protein controls (Zimmermann, Geist,'ahd Strobel, 1973;
Zimmermann, Geist, Strobel, and Cleveland, 1973),1':”

zIn summary, while there aré a number of learﬁing and perceptual
tasks in which low protein monkeys perform as wefllas controls, they
haVe"dispIAyed inferior performance On>a.groub of‘tests involving a
discontinuity between stimulus-and response, such.és object reversal
with objects,modnted on‘p1aques, central stimu]us;féversa] learning,
conditiohal discrimination learning, and ehbeddedzand hidden figures
discrimination, or a discontinuity betﬁeen responée<and reinforcement
(patterhed §tring$, crossed pattern). These tasks have in common thé
need.for an ability tb localize and select critiéa] cues from the
environméﬁt;'i;e., they make increased demands on the attentional
processes of the organism.

The suggestion that protein malnburished_anima]s may suffer
from_attentioha] deficiencies; receives support %rdm-a study of human
PCM by Kléih, Gi]bert,}Canosa, and DeLéon (1969). While they found
no differences in discrimination learning between children who suf-
fered eak]y PCM and controls, malnourished chi]dren were found to be
inferior on tasks which made increased demands on'their,attentional
proéesses, such as rapid tapping or‘embedded figures. Since these

children'cou1d perform adeqUate1y when the tapping sequence was slowed
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down and cbuld solve embédded figures problems once the embedded
figuré was pointed out,'the deficiency 6an be considered attentional
rather than one of mental capacity per se. ;

In summary, the high incidence of protein-calorie malnutrition
throughout the world has led many investigators to $tUdy the long
term effects of nutritional deprivation. In a seriés of animal and
human studies, PCM early in development has been shown to result in
a number of structural changes within the central nervous system.
In addition, numerous human field studies of~earTy'PCM have suggested
a causal reidtioﬁship between PCM and Tong term psyéhological deficits.
However;’there are a number of uncontrolled variab{és in such human
field stddjes, mostly socio-economic factors, which have tended to
cohfound $tudies of nutritional deprivation with environmental depé
rivatioh. Consequently, there have beeh"a‘series of studies involving
rats and pigs which have demonstrated behavioral d?ficits and abnorm-
alities as é'resu1t of early nutritional deprivaﬁfon, as well as
inferactidns between nutritional and environménfaj deprivat1on; but
such stUd{és?are Timited to the,extentnthat'inférences can bé‘drawn
to the hUmdhiconditidn. As a compromise betweeﬁ experimental control
“over nutritionaT'and environmental variables andﬁthé'validity of
, extrapéfafion to the human condition, rhesus monkeys have been selected
for PCM research,

Malnourished monkeys have_been observed dUring‘the period of
nutritionél'deprivation and have displayed a yarfefy,of abnormal
behaviors.: They are highly emotidna], tgnd to aybidﬁnove] stimuli,

and their behavior_in social situations resembles that.bf isolated monkeys.
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However, in a variety of learning tasks, including many rather
.difficult discriminations (such as learning set), malnourished mon-
keys have performed as well as controls. The only-discriminetiqn
tasks‘wﬁich have demonstrated deficient performance by low protefn
Hmonkeys.havevinvo1ved stimulus-response diScontihuity and have been
interpreted as 1ndicating an attentional deficit'in_protein melnour-
ished monkeys. If lTow protein monkeys display inferior performance
on tasks which require the ability to localize and select critical.
cues fromvthé envfronment, then they may also expefience‘difficulty
~when confroﬁted with tasks ih which the critical cue is not even
presentAin_the external environment. Delayed alfeknation is such
‘a. task, that is, in delayed alternation the critical -cue as to the
correct;response}is the animalfs-responsegon the preceding problem.
Thus, thefpubpose:of.the present experiment is;to_determine if pro-
ltein‘malnoufiShed‘monkeys perform differently thaﬁ ¢ontro1s on de-
_]ayed,éiterndtidn,_g task-which requires'them to;atfend to their own

past.behevior,»

Rationale

1t hés,beeh suggested that the inferior perfermance of Tow
protein monkeys onftasks involving stimulus-responéeidiscontinuify
may be due to an attentional deficiency (Strobe15‘1972§ Strobel,
Geist, Zimmermann, and Lindvig, 1974). In'the various experimental
procedurésvempioyed to demonetfate this defect, fhe critical cue has
been present in the environment and the profein'me1nburished animal

has been interpreted as failing fo'locate'br selééffthe apprOpriate
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cue. 'Spafiéi delayed alterﬁation providés anotﬁér method for separ-
ating the critical cue from the response locus sin¢e in the case of
delayed alternation, the cue to alternate comes‘from inside the ani-
»maT (French, 1965). 'By using a correction proceddre; whereby each
“trial is rerun until the aﬁimal makes the correct response, the
adoption of a simple "shift" strategy is adequate for,stution of
the probfém. In this case, the critical cue becomes}the animé]'s
last respdnse, for instance, if his last response was to the left,
the nexﬁ‘response should be to the right. Thus, such a task re-
quires oh]y that the animal adopt a shift'strategy_in reference to
his preceding response. If the malnourished monkey.is fixated on
" the 1ocu§~6f response, as suggested.by the 5timﬁ]0§fresponse dis-
cohtinuify’experiments, then he.shou1dipkove infeﬁiok on a delayed
alternation task. Assuming that problems with Tonger de]ays-make_
inCreased_attentiona]'demands on‘theAanimal; thén thé‘performance
of Tow pfotein monkeys can be expected to drop,rélatively mo}e
rapid1y than that of high propéin,monkeys as tﬁe length of the delay
interval increases. In addition, since no differénées between high
and low protein monkeys have been found on the de1éyed-response task
(Zihmermanh, Geist, Strobel, and CTevg]ahd, 1973},ih’which the criti-
cal, reinforced cue is given by the experimenter,:deficient perfor-
mance by 1bw protein monkeys on de]ayed élternatibn cannot be inter-
preted_asdﬁe sjmp]y to defective short term membry,

In aadition to expecting inferior performandefon the delayed
a]ternatipn task‘by 1ow.protein monkeys, a similar effect may be

anticipated with respect to.environmehta1 deprivation. Several
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ihvestigators have noted éimi]arities betweéh“brotéin,malnourished
animals ahd those subjectedAto early environmenfa] depri?ation
(Zimmermaﬁn, Stgere,»Strobel, and Hom, 1972; Levitéky and Barnes,
1972, 1973). Mason. (1968) has characterized mohkejﬁ depfived of
early social experience as displaying abnormal postUkeé.and move-
ments, poor_integration of motor patterns, defectivé social com-
municétion;.and-motivational disturbances, inc]udfng-increased emo-
tionality and excessive fearfulness. _Zimmermann,:Steere, Strobel,
“and Hom.(1972), noting similar abnorma1€tiesvin'mélnourished monkeys;
have §uggested that since low protein monkeys tehd t6 be neophobic
and avoid.sdcia]'interaqtion, they may suffer from self-imposed
stimulus deprivation and perhaps can be cOnsidered:funCtiona1 social
isolates. Similarly, Levitsky and Barnes (1972).have proposed two
mechanismé in an effort to account for the.behavioré]'effects of
ma]nutritibh, i.e., that malnutrition may change an;animaj's experi-
ence oribercéptidnbof-the environment, rendering him Tess capable
of recefving or intégrating environmental 1nformétjbn; or malnutrition
may produééjbehavior, such as extreme food orienté;ion, that is in-
compatible with the incorpofation of envirqnménté1f%nformation.
"Such models éuggést that the same or very similar mechéﬁfsms may be
1nvo]ved:fn producfng'the behavioral abnormalitiéS'seen with early
malnutrition and earTy environmental deprivation. _If this is the
case, ma]nufhition and eﬁvironmental deprivation céh be expected to
“dinteract in producing their behavioral effects. In order to test

such a model,-diet and environmental stimulatiohvshOUJd be varied

in'a‘factorié1]y designed experiment.
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Finally, Strobel (1972) and Strobel, Geist, Zimmermann, and
Lindvig (1974) ‘reported that‘the Varioyé reinforcers used with Tow
pkotein'mgnkeys and slightly deprived high protein mbnkeys-(faisins
or ﬁigh protein diét for_high'protein'monkeyé and sugar coated cereal
for 1owlprotefn moﬁkeys) have equal incentive value; Assuming»that
response rate is.dfrectTy re]qted to food mdtivation, no_significant

differences in response latency between diet groups are expected.



CHAPTER II
METHOD

Subjects éhd'Nutritiona] Treatment

Twé]Vé'laboratory-born rhesus mataques (Macaca mulatta) were

hbused_indiVidua11y with their mothers for the first 90 days of Tife
in wire cages measuring 76.2 x 76.2.x 76.2 cm. 'Th§ animals were then
separated and pléced individually into 47.0 x 61;b’x-48.3 cm wire
cages. During the first day post separation, the infant monkeys were
vmaintained‘on.milkkformula'diet (Blomquist and Har]owg 1961), pro-
-vided evéryﬂt@o to four hours. On subsequenf dayé,‘botfles of formula
. were placed in bottle holders dn a wire ramp and'gf&én-to the infants
ad 1ibitum in their home cages. By 120 days of ageval1 animals were
weaned to §o1id food which contained 25% casein by weight as the sole
source‘of.dietary brbtein, according to procedures detailed by Zimmer-
mann (1969a). |

“Three éddftional infant rhesus monkeys were reared from birth
_with their'mothers'in group_liVing cagéé at the Dévis Regional Primate
Research,Céﬁter. At 112 days of age, the animals were separated from
their mdfhers, shipped by air to the laboratory, and were received
the same day. The.monkeys were immeaiate1y housed in individual wire
céges identfca1 to those of the laboratoryfborn:ihfénts and placed on

the same milk formula diet. Weaning to solid fo¢d,cdntaining 25% protein

27
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was completed by 120 days of age for all animals.

A fourth infant macaque was reared from b1rth to 141 days of
age w1th 1ts mother in an individual cage at the Dav1s Reg1ona1
Primate Research Center. At this time the an1ma] was separated from
its mother and shipped by air to the laboratory. The infant monkey
- was immediately housed in an wire cage 1dentical[to,those described
above. ‘Being past the age at which milk is required'during weahing,
the animal was provided with the 25% protein'dietf .

At 120 days of age, one group of anfmaTsf(LPiSOC), combrised
of one 1aeoratory-born female and three males from the'Davis colony,
wasvp1aced°1n a 146.1Ax 71.8 x 182.9 cm cage and waé provided with;
continuoueisocia1 enrichmeht in the form of'groub 1ivjng. The anima]s
were provided with a low protein dietvcohtaining-S'S% casein by weight
(3.3% of ca10r1es), but isocaloric with respect to the 25% high pro-
tein diet (23 6% of ca10r1es supplied by case1n) A control group
of'socia11y enriched laboratory-born monkeys (HP-SOC)Q consisting of
two males and ‘t.wo females, was placed in a group ]iv;ing cage identical
to that of the LP-S0C group at 120 days of age ahd’waé maintained on
the 25% protein diet given during weaning. A third group of Tlabora-
tory-born rhesus monkeys (LP-ISO), comprised of one female and ‘three
males, was housed jn individual wire cages measuring 76.2 x 76.2 x
76.2 cm and maintained under this condftion-of partiai social isola-
tion begihniﬁguat 120 days of age. The animals were given an identi-
cal 3.5% Tow protein diet as that of the LP-SOC group. A control
group (HP-iSO) of three laboratory-born monkeys aﬁd one infant from

the Davis cp]ony which had been reared individually with its mother,
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consistihg.bf one female and three males, was provided with identical
conditions of partial soéia] isolétion'és'that of the‘LPQISO group.
At 120 days of age, however, the animals were maintained on the 25%
high protein diet. At the time of testing, a11"ahima1s were between
two andvfouf'years of age. For convenience, each group will be re-
ferred to by either the low protein or high protéiq djet, as well as
by the enVironmenta] rearing condiﬁioné, i.e., LP-SOC, HP-SOC, LP—
150, and HP?ISO groups. Details of the composifioﬁ and preparation
of the various diets, as well as the gg_]ibitumyfeedfng procedure,

are ‘presented in Geist, Zimmermann, and Strqbe]}(1972). 

Experimental Histories

Thé LP;ISO group was tested on a variety of'curiqsity and manipu-
lation ta_sks' including chain pulling (Strobel an& Zimmermann, 1972),
home cage actiVity (Ge%st, Zimmermann, and Strobéj, 1972), and puzzle
solving (Strobel and Zimmermann, 1971). In addition;'a11 groups were
tested fbr food competition dominancé (Wise, Zimméfmaﬁn, and Strobel,
.1973; wisé:ahd_Zimmermann, 1973b),.f60d preferences (Peregoy, Zimmer-
mann, andlStrobé],v1972), competitive and social dominance (Wise and
Zimmerméﬁn; 1973b; Wise, Zimmermann, and Sfrobé],.1973), and visual
eXp]oratién (Zimmermann and Strobe1, 1969); The énihals received
minimal experfence iﬁ the wisc¢nsin General Test Apparatus (WGTA)
cbnsistingwof‘shapihg and 50 problems of 1earning sét, Social ex-
perience was'prOVided to all monkeys two to four times each week in
a 243.8 x 228.6 x 203.2 cm playroom with animals.ofAeQuivalent age

and diet conditions. Whereas the LP-SOC and HP-SOC:groups began social
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experience at 120 days of age; such experienée was~de1ayed in the
LP-1S0 and’HP-ISO.groups until 485 days of age in order to maximize

the;effeéfS'ofvearly partial socié] 1so]atiqn\

Aggératus '

-De1ayéd alternation prob]ems wereAbresentéd‘ih a WGTA which
~consisted dffa cage,iform.bbard, and tabje. "The fofm board was a
38.1'x 22.9 cm tray on-whee]s'with fon wells ]6cated 26.7 cm‘apart.
‘The tray moved along a track, the length of the 66.0 x 70.5 cm table.
Anima1s.placed in the cage were separated from the'form board and
table by means of vertical iron bars and a movabTé oﬁaque partition
of Masonite. In order to.measure the responsé Tatéhéy of each animal,
a pair,Of.PhotOCQ1ls wasv1oéated 3.8 cm fromvthé/péktition andaat'a-
height qf'5f1 cm. The photocells were connecfed-tdlg photoréTay and
then to a Hﬁnter~timer. Moving the form;board to within 3.8 cm of
’the animaliattivated the timer, and following eacﬁirésponse,_removing
the tray froh'withih reach of the animal termfnatéd the_latency measure-
ment operation. A one-way viewing screen masked theAexperimenter from
view at thé other end of the table.,.The_stimu]i were-identical pairs
of 8.9 x 8.9 cm wooden blocks painted "smoke" gréy.‘*Reinforceménts
-'Were,sugar4coated pieces of cereal for the low protefh animals and
raisins or pieces of the 25% protein diet for the high protein monkeys.
These diffefentia] reinforcers have previously been'fpund to héve
nearly the equivalent incentive value for the different diet groups
previous1y'tested in the WGTA (Strobel, 1972; Strébe1, Geist, Zimmer-
mann, and Lindvig, 1974). .
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-Procedure:,

Pretraining. Because of the minimal experience of all animals
with the procedures employed in testing in the WGTA, pretraining was
esséntial; both to familiarize each monkey to'fhe_WGTA itself, and
to acquaint the animals with the operations invb]yedAin responding
énd'with the stimulus objects. Pretraining fo]]oWedlthe paradigm of
delayed response, albeit with only a single zero second dé]ay,period.
Each animal was given 36 trials per day until a criterion of 32 correct
responses was achieved for two consecutive days.z_A,trial consisted of
a sing]e presentation of a stimu]us pair and one“dbject was reinforced
on eééh.tfial. With the opaque partition raised a]iowing the animal
full‘view’of the stim&]us objects, a reinfbrcemehf}was placed by the
eXperimentgr'in one food well and covered by the'cOr?ect member of
thé‘pair,-Wh§1e~the incorrect member of the pair'COvéred the empty
food weii. A triai was:beguh %mﬁediate1y by moving the form board
within reaCh of_the animal and allowing the respoﬁsélof pushfng aside
‘one of the stimulus objects. However, ‘in order'to maintain- the ‘con-
cept’oflé discrete;trial in which onlyvqne'responée;is contained within
a given,tfiaj (French,.1965),:a tria] was coné]uded after a single
response Fegardlesé of whgthér or not it was corteétl A trial was
concluded wheh the form board was removed from Wifhih reach of the
monkey and the_Opaque partition was lowered fo]lqwihg'the reSbbnse.
The'posifébn of the reinforcement was randomized;éccording;to a
‘modified Gellermann series (Lester, 1966).

SpatiéT de]ayed'a]ternation. Each ahimal was presented with

36 delayed aTternatioh problems each day; Six pfpb]éms were presented
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for each delay interval of 10, 20, 30, 40, 50, and 60 seconds com-
prising the daily testing session. A problem consisted of multiple
presentéfibns of the stimulus pair (tria]s) employed during pretrain-
iné until fhe correct stimulus member was se1ecfed and a food rein-
forcement was obtained. The experimenter placed a reinforcement

into both food wells underlying fhe stimulus pair on tﬁe firsf pres-
entation of the objects for each delay interval. The opaque parti-
tion was lowergd to prevent the animal from viéWﬁng_the process of
reinforcement p]acement. .Thé first presentation:of the stimuli was
initiated by raising the partition and moving the form board.within
reach of the monkey. The animal, being presented with two identical
objects,;fésponded to a preferred side.byxpushfng‘aside a member of
the stiMulus pair. 'Since both objecfé bovered réihforcement, the
animal a1way§ secured a reward. On the second and:remaining five
problems for each delay interval, the correct stimulus object (cover-
1ng'reiﬁforcement) alternated systematically from sfde to side. Thus,
if on problem n, ‘in which both objects covered reihforcement, the
animal se]ected,reinforcement from the right memSer of the stihu1us
pair, the ébrrect.member on problem n + 1to prob]ém'n + 5 was left,
right;A1eft,,right, Teft, respectively. Conversély,’if an animal

\ se1éCted réinforcement'from the left stimu]us object on problem n,
the corréct object on problem n+1 to problem na-s was right, left,
right, left, right, respectively. However, a given pfob]em did not
neéeééari]y contain only one response (trial). For;fif on problems
n+1ton+5 an incorrect response was made by the animal, repeated

presentations of the stimulus pair were given, with reinforcement
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remainiﬁg on the unchosen side, until a correct response was obtained
and reinforcement was secured. Hence; in fo]lowing such a correctional
procedure, each problem terminated in a correct rééponse, after which
alternation was resumed (French, 1965). A given presentation of the
stimulus paik was concluded when the opaque partition was lowered
following a response by the animal. A1l delay intervals were preSented
each day for six problems and were ordered across‘six_days according

to a six by six,Lafin Square design for each of thé.animals.' The
present investigation of spatial delayed a]ternation continued for
atvleast 35'days for each of the groups and until evidence for stabil-
ity of performance was demonstrated by means of é'cufve-fitting pro-

cedure.



CHAPTER III
RESULTS

-DaiTy.percent correct responses'(looltimes thé number of correct
responses divided by the sum of the corﬁect and incorrect responses)
were calculated for each animal and were averaged}across days and
anima]é to produce 5 day block means for each group. Beginning 30
days following the onset of spatial delayed é]ternation testing, a
curve fittfng procedure was initiated in order to determine if stabil-
ity of performance had been attained. The proced&re'involved pre-
dictjonvof_fhe.next.s day block mean by way of extrapqlation from
-thé best pérabo]ic_fit of all existing_daté.._GroupsAwere tested un-
ti1~$uch'5.time'as the obtaibed 5 day block mgan ya1ue was greater
“than or equal to the predicted value and less thén'or equal to the
aﬁso]ute average dev{atipp:bgtween;the Ptg&jqpslyipbtqjgeq‘gglge§_V
and the bést'barabo1ic fit of those scores. The HP-SOC and LP-SOC
groups were'fésted for 45 days and HP-ISO and LP-150 gkoups were
fésted for. 35 day;.. |

| Figure 1 presents a summary of percent corr¢Ct responses across
5 day blocks for all groups. From Figure 1, it ngeVident that while
all groupsijmproved across trials (5 dayvbTOCks),,tHey progressed at
different nétes.‘Thus, while the HP-SOC group was)fhitially inferior

to thevLP-SOC group, it rapidly improved and soon surpasséd the
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LP-SOC groub; Simi]ar1y, the HP-ISO group, thOhgh initially inferior,
duick]y'surpassed}the LP-1S0 group. (The dip_iq'performance during
the testinQ of the isolate groups'ét 5 ‘day block number 5 occurred in
conjunction with the 1ﬁtroduction‘of a new experihenier.) Addition-
ally, ft is evident that the performance of the social groups was
‘consfstent1y,1nfér10r to that of the iso]ate groups;

A2 x 2 x 6x 7 fixed effect analysis»of vdriance (n = 4) was
performed:qn the percent correct"response data.-‘As suéh, the analysfs
was .composed of two diets (high and low protein), two environments
(social and isolate), six delay intervals (10, 20, 30, 40, 50, and
60 seconds), and seven, 5 day blocks (the,haximum number of blocks

- for which all.groups were tested). A summary of thiS analysis of
varianceiis présented in Tab]é‘l of Appendix A.

As a result of this anaiysfé of variance, the main effect of
environmenf}was found to be significant (p < 101). .The overall mean
percent corrent for the social groubs was 57.4 while that for the iso-
late groups was 68.0 (Table 1). The main effect'f@r diet was in the
expectea:direction, 64.9% correct for the highlprdtein groups as op-
posed to 60.5% correct for the Tow protein groups{ 'However,_it failed
to reachsségnifjcance (p = .091). The effect of diet x environment
waé not éighificant.

Performance for all groups c0mbined'imprbved'across 5 day block
trials (p < .001) (Figure 2). The environment x 5 day block trials
interactibn_was also significant (p < .01) as séeﬁ‘in Figure 3. Thus,
while bothfsocial and isolate groups initia]]y résbbnded at near

" -chance levels, the isolate groups improved more rapidly than the



Table 1
Main Effects
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PERCENT CORRECT PERCENT CORRECT

GROUP ALL RESPONSES FIRST RESPONSES
Social 57.4 51.1
Isolate 68.0 - 60.9
High Protein 64.9 58.5
LoQ_Protein

60.5 . 53.4
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éocia]_groups'and maintainedVthéir4superioriiy across bTocks, Addi-
tionally, the diet x 5 day block fn1a1s inienactionrwas also signif-
icant (p <i.001). Thus, while the low pnotein groups initially per-
formed s1ightfy better than ihe high protein groups, the high protein
groups rapidly surpassed the 1ow~pkotein groups and continued to im-
prove their performance at a faster rate (Figure 4)."The dfet X
environment x 5 day block trials interactions-was not found to be
significant.

In édditjon;'a significant effect (p < .05)'du§ to length of
tne delay interval was found such that performancevdecneased slightTy
from shont’to'long delay 1ntenva1; (Figure<5). F{né]}y, the diet.x |
delay fntéraction»was'significant (p < .01); ThuéQ_in-Figure,G it
can benseén £hat high.protein»grqups nerformed beftenythan Tow protein
groups on,thé shQrt delay interv&]éAbut‘thiszdiffenence between groups
disappeared at. the longer delay interva]irT*Nqne of'ihe other inter-
actions-wére f6undgto be significant. s

A]thunghnthe social and isolate groups were tested for an un-
eqda numberzéffdays'(45 and 35 days, respectively),;éhe above analysis
of vanignce*was based'dn only 35 days nf‘data, i.e., the maximum number
of,déjé'fOrithCH bofhigroups were iested.  anceffhé social groups were
tested for 45.days, additional infqnnation7i§ contained in,an:analysis
6f variance for the social groups based.onv45vdayéfpf‘data. A sunmary
of this analysis ofAvariance.fs contained in TabTe.Z,Of Apnéndix A and
for compariéon an analysis of variance based on only}the'1501ate,groups
is containéd.in Table 3 of Appendix A. The results from these ana]ysé5~

génerally foTlpw'thé same trend as found with the QVe?d]]_ana]ysis of
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variance based on all four groups (Tab]ell of Appéndix A). quevér,
in the ana]ysis'based on only the social groups, the diet main effects
reaches significance (p < .05), such that HP-SOC-éhimé1s obtained a-
mean of 63.9% correct while the LP-SOC group averaged only 56. 1%
correct. The effects of performance across 5 da&-ﬁ]dcks and the diet
x 5 day block interaétion fd]low the same pattern as in the overall
analysis:ofAyarianceg'hOWever, the diet x 5 day block fnteradtion'
reaches sjignf:f'icaricé'or‘ﬂy in the social groups comparison (p < .001).
Similarly, ihe dé]ay‘and the diet x delay effects fo11ow the. same
patternvgsiin;the combiﬁed analysis but reach sigﬁifiCance only for
the isolate groups (p < .OS).v

The above analyses considered peréent corréct:based on all the
responsegfah animal made to a given problem, inc]ﬁding correction
tria]é. ]It is also possible to analyze the.bercent;chrect data as
a function of the initial response to a given prob]eﬁ; Such a pro-
cedure'exciudés all correction trials from the analysis and considers
an animal's performance on a given problem to be'cokrect or incorrect
on'thé basis_of.hﬁs first response to that problem. The summary for
such an analysis of varjance based on first reépdhses only is pre-
sented in TabIe 4 of Appendix A. In general, the résU1ts appear very
similar to fhe analysis contained in Table 1 of Appéndix A, with the
exception that the effects due to delay and to diet x delay fail to
reach signiff@ance.-

The main effect of environment was found toibe'significant
(p < .01) With means of 51.1% correct for the social groups and 60.9%

correct for the isolate groups. These:va]ues are conéiderab]y Tower
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than those obtained from the analysis of variance considering all re-
sponses,~i.e.,’57,4% correct for the social groups and 68.0% correct
for thé‘iéolate groups (Table 1). Similarly, the main effect for diet
was.in the expected direction, 58.5% correct for the high protein
groups and»$3;4% cbrrect for the Tow broteih groups, but failed to
reach signfficance (p = .072). Again these valueé;are somewhat below .
those obtained in the analysis of variance based on al] responses,
i.e., 64.9%‘f0r high protein groups and 60.5% corkéct'for the low
'prote1n groups (Table 1) A sﬁmi]ar trend is found in Figures 7, 8,
and 9 represent1ng percent correct across 5 day b]ocks (p < .001),

the environment x 5 day block interaction (p < .001), and the diet x

5 day~b]0ck interaction (p < .01). When<combaredTWith'Figures 2, 3,
and.4 (based onvali responsés) these curves~are-o%‘feharkably similar
shape and slope, but. the initial points are somewﬁatiﬁg]ow chance
(507) In»addition, all points are consistently lower on the graphs
summar1z1ng first responses only.

Tables 5 and 6 of Appendix A contain summar1es of the analysis
of variance based on f1rst responses for social groups and for isolate
groups, respect1ve1y. These analyses-fo]lowvthe same‘general trend as
in Tables 2 and 3 (considering all responses) withifhé exception that
the delay and diet x delay effects fail to reach si'g'ri_i.ficancé‘ and all
points are lower. |

The dffference bétween the analyses based on all responses and
those basedAQn initia]iresponses only is the inclusioh_of data obtained
from the'cérrection trials. The use of the correétioh7procedure allows

an animal to make more than one error to a given problem, that is, it
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allows him to make perseverative response errorsvuntii he reaches the
correct so1ufion. Thus, it was thought pqssib]e'that there might be

a difference between the groups with respect to the relative frequency
of persevefative response érrors}

A chi square ana]ysis'of perseverative response errors (fre-
quencies of 1, 2, 3, 4, or more than 4 errors to a given problem) inA
the HP-SOC, LP-SOC, HP-ISO, and LP-ISO groups was performed for each
delay interval. As can be seen in Table 7 6f Apbendix A;'the analysis
of differential frequency of perseverative response efrors across
groups was highly significant for all delay interyais. The dafa was
then recombined in order to investigate thé'possibility of differences
resuTting‘from the social versus the isolate grodpérand from high pro-
tein as compared with low protein groups. As cah;be seen in Table 8
of Appendix_ﬂ;rthe differences between social and iéo]ate groups were
~high1y sjgﬁificant across all delays while none of”thé comparisons
“involving high and 1ow}protefh-groups reached 31gnificance (Table 9
of Appendix A). Therefore, the significant'effecﬁﬁifound in the com-
parison of'ali four g}oups (Table 7, Appendix A) Céh be interpreted
as.resu]ting from the socia1>anima15,making proportional]y more per-
severative;résponse errors than isolates.  ,:,,

'Respohse 1atencies; thé time-interva]‘from théiintroduciion of
the form béabd until the anima]_ha§ responded, were recorded for all
trials. A 2 x‘2 x 6 x 7 fixed effect analysis of variance (diet x
environmeﬁf x delay interva]lx 5 day'block'tria]s)_was.performed on
this data and fs}summarized in Table 10 of Appendix'A. Neither -the

diet nor the environment main effects were Signifjcant. The environment
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x 5 day biock trials interaétion was significaht (p < .01) and is
,repfeSentéd in Figure 10. It can be seen that the 59¢ia1 groups’
response_}atency was initially quite low, increasgd'rapidly until
the fourth 5 day'b10ck, and dropped back down to-an intermediate
level. in contrast, the iSolate groups initially displayed long
response latencies, but these raﬁidly dropped to 10W va1ues. The
length of thé dé]ay interval also showed a significént response
']aiency effect (p < .001). As can be seen ithigure-il, reﬁponse
latency 1hcreased from a low to a moderate level aéldelay intervals
increased; In addition, the environment x delay interaction was
sjgnificant (p < .05). In Figure 12 it is évident that in the social
groups, heébonse 1§tency increased from.moderaté'fé hfgh values as
the:]éngﬁh 6f-the delay intérVa1 increased as opbdsed:to thejiso1ate
groups where fesponse latency“rema{ned 1ow aéfosshdeléy intervals,
incfeasing’0n1y151ight1y acrqss'deiay ﬁnterva]s.hia very similar trend
is found %ntfhe diet x-de]éy interval.interactjon_(b:; .01). As can
‘be seen {n F{gure 13,,re$ponse_1atency increaséd ffom.moderate to
high va}uéS"aS the length of the delay 1ntérva]'ihéreased in the low
protein gfoUps, and'whj]e.femainjng Tow, incréasedislight1y across
delay 1htehvals.in the high protein groups. o

A ‘reciprocal transformation, Which is often used with time data,
Qés performed on the response latency data. ‘An ana]yéis of variance
~bésed on thjs tran$formed data is presented in Tablelll of Appendix A,
~and was not found.td change the significaﬁcev1éve]s§6f>any‘of the

effacts.
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A separate analysis of variance of response latencies was per¥
formed fof the social groups based on 45 days of data (Table 12 of
Appendix A)'and‘fpr comparison, an analysis of the isolate groups
alone is included in Table 13 of Appendix A. ThéselanaTyses follow
the same general trend as the overallanalysis (Table 10, Appendix A)
with the exception that the 5 day blocks effect reached signiffcance
in the isolate grouﬁs comparison, and diet x delay interval inter-
action failed to reach significance in either analysis.

Fina1]y, since the number of respthes at each delay interval
varies, the daily mean'response latency is not equjva]ent to the
average bf‘the response latencies for the de]éy 1nfgrva1$. In other
words; tﬁg response latencies for the various de]ay.ihterva1s mdst
be-weightéd,in order to obtain the daily mean response latency. The
| data from these;wéighted means was anaiyZed by means of @ 2 X 2 X 7
(diet x environment x 5 day block tfia]s) ana1ysi§»0f'variance and
iS‘summariié§ 1n‘Tab1e 14.of ApbendivaQ7'0n1y the environment x 5
day b]ock’tria]541ntéraction was éignjficant (p <’;001) and as can
‘be seeh ih‘Fjgure 14, this interacfioh'is very similér to that seen

in Figure 10, based on unweighted means. -
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CHAPTER 1V
DISCUSSION

-The Diet Effect

As predicted, a general improvement,acrosé 5 day block trials
“on the dg}ayéd alternation task was fbundA(p < ,001).._A11 groups
improved, -but they progressed at.different rates,and_eventual]y
reached different 1eVels of performance. However;;whi1e differences
between groups were anticipated, the hypothesis that_the high protein
groups would ﬁerform better than the Iow proteinléroups is notvsup-
ported byté;significant main effect for diet. Thﬁsevwhile the dfetﬁ
effeCf was'fn the expected direction, 64.9% correcf:for high protei;
as opposed to 60.5% correct for low protein animals, it féi]ed to
reach sigﬁificance,(p = ,091). A similar trend was noted in the
analysis bf’first response data, i.e.,‘the'main effecf for diet,
while fn thé'expected direction, failed to reach signfficance (p =
.072). (The,importancé of first response data Wil1.be discussed
in more detail later.) |

However, the failure of the diet main effect to reach signifi-
cance can be éési]y explained with reference to thé”djef by 5 day
block trials interaétidnf As can be seen in Figure 4 for overall
percent‘correct (p < .001) ahd in Figure 9 for percéht'correct first

responses {p < .01), the effect of diet varied across trials such
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that, whfie initially inferior to the low protein groups, the high
protein groubs quickly improved, surpassing the 1ow'protein groups
by the third 5 déy'b1ock and maintaining theirAstériority for the
remaindef of the experiment. This type of interaction,‘where the
effects cross each other, acts to lessen the maiﬁ effect, Thus, the .
performance 6f the high protein groups on this ta§k is distinct from
that of the ibw protein groups whén viewed'with réépéct to perform-
ance across trials, but the supefiority‘of thé high,protein groups
tends to-be obscured due to their initial inferiofity when only the
main-effect4is considered. |

This initial inferiority of the high protein groups and the
genéréT téndéncy to perform at below chance»(SO%vcérfect) levels
(Figures 4'and 9) at the first 5 day block may af'firgt seem ﬁﬁzz]ing,
but is not difficu]t to explain when the experimenta] pabadigm is con-
sidefed.*iThus, it is reasonable to assume’ that when first confronted
,wiih the delayed alternation task,'the‘ahimal wii1'résbond according
to the law of effect. In other words, following fe%nforcément, the
animal wii] ténd-to repeat his previous responsév(th4stay). (Suther-
land .and Mackintosh [1971] maintain that while there ié evidence that
rhesus monkeys‘and chimpanzees do develop strategies, there is ho‘need
to appeaT‘to a win-stay, lose-shift strategy when éimple'operations of
reinforcement and nonreinforcement are'adequate‘td<exp1ain the data.)
However, efficient performance on defayed a]ternai%bn requires the
adoption of a win-shift, lose-shift strategy, that is;'correct per-
'fdrmance on delayed alternation with correction reqﬁires that an animal

respond counter to the law of effect. Thus; to the extent that an
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animal recalls his previously reinforced response and adopts a win-stay
strategy, hisvinitia1 performance will tend to be bé?ow chance. There-
fore, for the first 5 day block, the general tendenéy to respond at be-
Tow Chancé levels, éépecia]]y immediately f011owing Feinforéement (Figure
9), can be seen as the result of an experimeﬁtaI paradigm that requires
the animal to. respond counter to the law of effect. |

In addition, it is evident from F1gures 4 and 9 that th]S ten-
dency toward less than chance performance at the flrst'S day block is
greater in the high protein animals. One possible exp]anat1on for
this closer to chance performance in the low prote1n groups is that
the low protein groups are content to' respond at ‘chance 1evels, es-
pecial]y when confronted withva difficu]t,prob]em{(Stfobel, 1972).
However, ance they eventually respond at above chance'1evels, this
~explanation seems inadequate. Alternatively, it‘is~possib1e that
both the high?protein and the low protein groups initially adopt a
win-stay, lose-shift strategy, but that the Tow profein‘groups'are.
relatively less efficient in app]yjng this stratégy£due to a failure
to attend to their previous response. Thus, while it has been demon-
strated that 1ow protein'mbnkeys are able to remember the Tocation of
a reward when the critical cue is provided by the experimenter as in
delayed response (Zimmermann, Geist, Strobel, and Cjeveland, 1973),
it was argued earlier that they may experience diffiéuity in attend-
ing to their own pastlbehavior. If Tow protein monkéyé do have dif-
ficulty in attending fo their own past»behavior, they will ‘experience
difficulty 1n'app1ying a win-stay strategy with refe?énée to that be-

havior. As a result, their scores should deviate less from chance
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than those of the high protein groups.

Such an‘argument could a]éo account for, thé 1ﬁferior performance
of the 1ow:protein groups across the remaining Slday blocks (Figure 9).
As group performancé rises above 50% qorrect,_it'caﬁ;be assumed that.
the monkeys have abandoned their original and never reinforced win-

'stay’hypothesis and have adopted a win-shift hypothesis. Again, such
a strategy requires the animal to attend to'his preceding reinforced
responsetéhd to shift with reference to that“respdnge; If the Tow
protein animal éxperienées difficu]ty in attendihg\to his last re-
sponse, he will be less efficient at shiftinQ_Wffhuféference to that
response and therefore ‘should perform less well thanfhigh protein ani-
mals using a win-shift strategy. Alternatively, it is possible to
argue that low protein animals are simp]y's1pwer~td adopt the win-
shift Strateéy and consequently perform 1essvweTT,than,the‘high pro-
tein ahimals. ~Such an argument by itself fai]s'to_accbunt.for the
different.firstAS'day block data points. .

It shdﬁid bé_noted,that}the-above discussion deals mainly with
the first<response.percent correct daté. This emphés{s is intentional
and is due to the fact that in the case of a‘correéﬁ response.(win),
that is, foi10wing reinforcemeﬁt, the animal must‘Téakh to change his
strategy‘from.Wiﬁ-stay to win-shift; whereas following an incorrect
response, both the experimental design and the basic laws pf reinforce-
ment and naﬁréinforcement require a lose-shift strategy. Assuming
that Tose-shift also requirés'attending to past béhayior, low protein
aﬁima]é would be expected to perform less well théﬁjhigh protein ani-

mals following an incorrect responSe‘. Trianto—trfa]'response patterns
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will be discussed in mofe detail 1atér, but differentiai performance
‘foiiowing_an incorrect response does not appear to be the case, as
high1and Tow protein animals seem to perform equaiiy well following
an error. In other words, there were noidifferencés between diet
groups with référence to persevérative response errors (Table 9, Ap-
pendix A). _Therefore, it seems reasonable to assume that the failure
of . Tow protein animals to attend to their previoué'béhavior following
reinfOrcementfis directly associated with obtaining reinforcement.
It may be that low protein animals are so disrupted'when they receive
reinforcément that they fail to remember‘or attend-to the response
that led to reinforcement. It will be recalled ihat Levitsky and
Barnes (1972) suggested.as one of several possible mechanisms to ac--
count for fhe behavioral effects of mé]nutrition,~tha§ malnutrition
. may produce behavior, sﬁch as extreme food orientation, that is in-
compatible with the incorporation of énvironmenta}.information, Such
an interpfétation seems to be compatible with.thg hypothesized dis-
ruptive effect of food reinforcement on-attendinglfo one's own behaVior.
If such food 6rientation is solely responsible for the differential
performance between high and 1ow'protein animals féiiowing reinforce-
'mént,'then it.wou]d be expected that shch,differeﬁées:between groups
would disappear in experimenta] paradigms which dojngt use food as a
reinforcer. |

Finaiiy,lthe significant (p ?'.05) mbin.effeét of delay intervals
(Figure 5) ié_perhaps best Viewed with respect to the significant
(p < .Ol)ldietjby déiay interaction (Figdre 6). .iﬁus, it appears that

whatever advahtage high protein animals have on the shorter delays,
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this advantage is lost at the longer de1ay‘1nterVéls. ‘Also,'it is of
importance ﬁd note that the performance of low prbtein monkeys does
nof fall,off;at the longer delays and may even ten&_to impkove slightly.
It was previously suggested that low protein monkéys'are suffering froh
attentional deficit and'ft was assumed that problems with Tonger delays
make ihcréased attentional demands on the animal. Therefore, it was
predictedfthat the‘perfbrmance of the 1ow proteih‘mbnkeys would fall
of f re1ative1y more rapid1y than the performance,éf-high protein mon-
keys as the length of the delay interval iﬁcreaséd;b‘Since this pre-.
diction was found to be incorrect, it is appropriafe_to examine the
Qﬁderlying'assumptiohs, and since the arguments have already been dis-
cussed with reference to an attentional deficit éhd the suppﬁkt for
.thfs notion‘presented, an éQa]uation of the assumption that longer de-
lays are more difficult is in order. |

As‘can Se seen in Figure 5, while the delay_éffect is signifi-
cant (p < .05), it is slight, suggesting that 1ong¢k.de1ay intervals
are_only-s]jéhtly more difficult than are shbrter delays. Little sup-
port with'respect'to this finding comes ffom,the sténdard delayed al-
ternation studies since they tend to use only one delay interval,.
generally 5 seconds (Rosvold and Delgado, 1956; Rosvé]d, Mishkin,‘and
Szwarcbart, 1958; Mishkin, 1957; Pribram and Tubbs,v1967; Stamm, 1964;
Abplanalp and Mirsky, 1973). ‘However, Riopelle and*Churukian (1958)
reported that on a visual discriminatioh learning'task, performance
did ndt vary sharply as a function of intertrial intefval (10, 30, 60,
and 120 éecond ihterva]s). . Therefore, it seems likely that the failure

to find the‘predicted trend with reference to the diet'by delay interaction
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was a result of incorrectly assuming that 60 Secohd-deTay‘interva]s
would be considerably more difficu]t for rhesus monkéys than 10 second‘
de]ayél

It ma& be possible to explain the obtained'diet by delay inter-
action with reference to the relative rate of reihforcement for the
different delay intervals. Since the main effect f§r,diet was not
significant With referénce to fesponse Taténcies;,itiCan be assumed
that low protein monkeys and slightly deprived High protein monkeys
are approximately equally motivated with respect:tq obtaining food
reward."Hdwever, while on the average, equally mbiivated, food deprived
high protein animals and gg_ljp;low protein ahima]S'may respond sTightly
differently to changes in the relative rate of reinforcement. ThUs;'as
thé Eéte of'réinforcement decreases as a resu]t'ofg1ohger ihtertria]
delay intervals,.high prqteinvanimaTs may<become'$]ight1y less moti-
vated to perfbrm, causing a slight drop in their performaﬁce, while
]ow,protéin ahfhals with their extréme food orientation, may maintain
or even $1ight1y increasé their motivation to perform, thus maintain-
“ing their 1evé1 of performance. |

Fina]]y,.it is worth noting that the delayed alternation per-
formance ih this study is generally lower than is{UéQéjly reported in
the_literature. However, there are seVéra] dffferences between this
study and the classical delayed alternation with correction studies.
First, in’thefstandard paradigm a 5 second delay fntérva] has normally
been used (Rosvold and Delgado, 1956: Mishkin, 195};'Rosvo]d, Mishkin,
and Szwarcbart, 1958; Pribram, Mishkin, Rosvold, and Kap1an, 1952;
Pribram'éﬁd Tbes, 1967; Abplanalp and Mirsky, 1973) although Stamm
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(1964) used 7 seconds. Secondly, only one delay interval per study
was used ahd therefore only on the initial.tria] fbr a given day were
both boxes baited. whi1e the longer delay intervals in the present
study may have served to Tower overall pérfbrmance, Figure 5 suggésts
that this.was:not the case since within'thé 10 and'60'second range,
the length of the de]ay.interval.had only a s]ight.effect. However, -
it ié possible that the shape of this;funétionvi5~quite different in
the 0 to 10 second range. Howevér, it seems more ]ikely that baiting -
both boxe556.times instead of once per day was 1arge1y responsible for
the're1ativéiy,1ow performance levels. This provfgiOn was originally
included in 6rder to provide an opportunity for thé monkeys -to make

" a shift with reference to their pattérn Qf‘respohdﬁng; :However, since
the-oh]yiéignal for the opportunity to make-a respdhse shift was a
change inf&e]ay:interva1, the monkeys_méy have been unaware of this
opportunftyxﬁd‘shift‘their respbnse'pattern. As#ﬁming that rhesus
monkeys fovﬁ hypotheses while problem so]Ving,,this»bkovision probably
héd a:deleterious effect on performance. Thus,_oﬁ 5'out of 36 trials’
per day, a monkey engaging in hypothesié testing wéS'likely‘to receive

incorrect information concerning his hypothesis.

The Environment Effect

In aadition to diet affecting\pefformance on the de]éyed alter-
nation taék; it was predictéd‘that a significant ényironment main
effect wbu]d’Bé found such that the socially enriched groups would
perform betﬁer than the isolate monkeys. Such a prediction was based

on -the several studies investigating diet by environméntvinteractions
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in rats which reported that the effects of ma]nutriﬁfdn were exag-
gerated by‘eﬁvironmental-deprivation (Frankdva, 1968;.Levitsky and
Barnes, 1972;:We11s, Géist, and Zimmermann, i972); along with a
knowledge of the severe social and emotionaT distdrbénces which
characterize socially deprived monkéys (Mason, 1968). Notihg the
_behaviora]“éimi]arities between protein—mainourishéd.anima]s and
those subjected to early environmental deprivatioh;[severa] invesf-
igators have,suggested that very similar mechanismsfmay be involved
in producing these effects (Levitsky and Barnes,'i973; Zimﬁefmann,
Steere, Strobel, and Hom, 1972). Thus, it seémed;reasonab1e to assume
“that socially deprived mdnkeys would perform 1ess~wé11;than enriched
animals on the delayed alternation task. |

‘Howéver; fhis was not found to be the'case.“JWhile a significant
vmain,éffect for ‘environment was found (p <.01), ifiwés_in a direction
opposite to_that:predicted; Thus, the overall perceni-correct for
1soTates_WaS‘68.0<wHi1e that for.social anima]s_wd§,0h1y 57.4. A
similar trendwfs.present when on1y,ffr$t response.daté'is considered
(p <.01). As can be seen in.Figure 3 for'pvera11-pércent correct,
and in Figure 8 considering first responsesionly,'tﬁe‘isqlate groups
‘areicqnsistently-and strikjng]y(superidr to the sééié} aniha1s.

WhiTe there ﬁs.tbnsiderab]e literature Concéfnjng social and
‘emotional abnorma]ities fo]]oWing environmental and social depriva-
tion, there has been relatively Tittle research on how social rearing
~conditions affect learning ability and much of this 1iterature is
confusing. For instaﬁce,'R0w1and (1964a, b) totaily'fso]ated fnfant

monkeys‘fbr!6ror 12 months and tested them during and following
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isolation on both discrimination learning and learning set formation.
While he found no significant differences in_performance between iso-
lates and controls, the rearing conditions of control animals were

not specified. Since this reséarch'was conducted fn"tﬁe Harlow lab-
oratory, the so-called contrq] animaTs were probably partial social
isolates. Such a finding would be consistent with tﬁe data of Griffin
and Harlow (1966) 1in which.no signfficant differences in learning set
formation were found between partial social isolates and monkeys to-
tally 1sofated from birth to 3 months. The difficulty with this re-
search and that of Har]oQ,chhiltz, and Harlow (1969} which reported
some différences between groups, is thaﬁ tota} iso]ates are being com-
_pared'with,bontroTs which are in fact partial social isolates. (Par-
ija] sdciai'féolatés.are raised in‘individual cagéS from birth where
tﬁey;qan see and hear.but not touch other mgnkeys,)  Since the environ-
ment main effect in the present study (Figures 3 and 8) was found be-
tween partiaiasocia} jso]ates'and.sbcial]y:enrichéd $ubjects,lthe above
studiés aré ofv1itt]e.exp]anatory value. Howeyer; Harlow;_Harlow,
Schiltz, and Moﬁr (1971) reported the fe3u1ts of a test battery ad-
ministered io_6 and 9 month total social isolates (iso}ated'for fhe
first 6vor>9'm0nths of life), socially enriched mpﬁkeys (reared in a
nuc]eqr family housing apparatus), and.controls (énce agaih, partial
socia]_isolaﬁes). While the control animals seem to be of little
interest to Har]ow"in‘this.study; they aré'in fact the most éonsis-
tent]y superior group. The firsﬁ test ﬁf.the battery involved 20
discriminatioﬁAproblems of 25 trials each, 'While‘the"besults bf this

study failed to reach‘significanpe‘(p <0.1),,the~£rénd was for total
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isolate and control monkeys to perform better than enriched animals.
Similarly, when tested on 600 prob]em; of 6'tfia1v]earn1ng set, the
control and isolate groups were found to be‘signjficant]y‘superior

to the eﬁrichéd groups (p < .05). . When tested for 1,800 trials of

0 and 5 second delayed response, the contro] animals were found to

be superiOF to-the isolate énd enriched groups (p < .05). Similarly,
when tested on multiple delayed response (5, 10, 20, and 40 second),
the trend (p < 0,1)_was for control to be superior to isolate and
enriched animals. Only‘when tested on oddity 1eafhing Set, were en-
riched animéis fbund to be superior to_isolates and,contro]s (p_< .05).
Thus,'on‘fqur out of five of the tests‘iﬁ,this baftehy, there was at
least a trend for contro]ianimals (partidlvsocia]iisbiates) to demon-~
strate suﬁeriqr performance. However, Haffow, concerned mainly with-
the enriched versus total isoiate comparisons, faf]ed to note this
trend and.tonﬁludedvthat although early environmehtAmay greatly alter
emotional éhd personality variables, it has little br no effect on
learning or intellectual variables.

In.suﬁmary, in Harlow et a1; (1971), which apbears to be the
only study which compares learning ability between socially enriched
and partial1y:socia]1y isolated honkeys, the trend was for superior
performance by the partial social isolates (contro]é), Therefore,
the finding in'the present study, that partial socia1'iso1ates out-
performed enriched monkeys on the delayed. alternation task, is not
inconsisténtAWith the findings reportéd b&~Harlow'ét.a1. (1971);.

While there is little information on how rea?ing‘environments

affect learning in monkeys, there is even less data which might help
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to explain this phenomenon. Isolates are frequently described as
emotiona1lénd fearful, but Harlow et al. (1971) maintained'that their
adaptation sequence gneatly alleviates this problem and it is inter-
esting to note that when presented with what Harlow'described as a
somewhat emotionallyltaxing task (0 and 5 second delayed. response),
it was his enriched monkeys who made totally inadequate responses while
reportedly. threatening the experimenter and ignoring the problem. Dur-
ing de]ayed diternation testing a similar phenomenon was noted. Soci-
ally enricheo animals were relatively emotiona1,'that is, they tended
~to run in circ1es'and to call frequently, or alternative1y,,to engage
in a vafiety_of quiet but competing behaviors suon‘es grooming or play-
ing wi£h~fhe‘sawduét in the floor of the cage. As ¢an be seen in
Figure 10, “such animals also tendéd-to exhibit 10ngkresponse latencies.
In contrast, partial social isolates tended to be qniet,Aless active,
and responded more readily. Thus, the socially enniched monkeys ap-
‘peared to:be morenemotionallyfaroused-during WGTA te§tingvthan dfd |
the isolates. | kN
Harlow et al. {19?1) attributed.ihe behavior of the enriched

monkeys‘during 0 and 5 second delayed response testing tovlatent in-
,secnrity‘and,hostility as a result of being removed'fnom the security
of friends and family, and there is_some‘experimentoloevidence for a
sort of separation énxiety occurring in nhesus monkeys. For instance,
Willottfand MoDanie1 (1974) studied the_neeotion of pairs of juvenile
rhesus monkeys to threat of separation and reported'that the animals
disp}ayed'disturbance, especially pacing, increased activity, distress

vocalizations, and threats. -In addition, severaleinvestigators have
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studied the affects occurring during peer separation in juvenile
rhesus monkeys (Erwin, Mobaldi, and Mitchell, 1971; McKinney, Suomi,
and Harlow, 1972; Erwin, Brandt, and Mitche]], 19?3) and have gener-
éi]y reported inéreases in 1ocomoti0n, cooéséreeching (Erwin, Mo-
baldi, and Mitchell, 1971), and stereotyped moveméhts. Therefore,
it seems 1ike1y that.socia11y enfiched'monkeys are stressed when re-
~moved from their hoﬁe environments and placed in.fhé WGTA.

In addition to undergoihg peer sep#ration, there are séveral
additional factors which might add to the s£ress of,éocia]]y enriched.
monkeys in the WGTA test situation. For instance, it was more diffi-
cult to peréuade the socia]Imonkeys to enter the transport'cage_and
occasionally the WGTA, and therefore, social animé]s~may be more
aroused when they arrive at the test situation. ;fnﬁéddition, social
monkeys are hﬁt accustomed to being confined 1in a sﬁaii.cage as are
_the iso]ates,andvmay;find such confinement to be stfessful; Finally,
while isolates spend much of their time sitting qhietly‘in their
cages, so@faf>animals live in a more active‘ehvirdnment gnd may find
delay intervals especially disturbing.

In summary, the social]y.enriched monkeys disblayed relatively
more emotiona} behavior during WGTA testing‘than Aid isolates and
.séVeral reasons have been offered to accquﬁt for this behavior in
terms of stress due to changes in the social and:physica1 environment
which would not be éxpected to influence the behavior of partial social
iso]gtes;to‘the same degree.

“Such an emotionality argument can aléo.be used’ to explain the

perseveratiVe response data. It_wilI be_reca]led'that since a correction
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procedure was employed in delayed alternation teéting, when the animal
_Vmade an incorrect response to a problem, that prbblem was presented
repeatedly until he made the cokrect response. Thé.perseverative re-
sponse-dnalysis was performed because it appeared'to the experimenter
during the course of testing, that there was a tehdency in social
animals to respond with chains of errors. While it is possible, as
Harlow et al. (1971) suggested; that enriched monkeys~under stress
simply ignored the problem, this argument does not_Séem terribly com-
pe]iing._ Harlow (1959a)-suggested a better answer. Thus, he feported
the results from testing 12, 30, and 50 month rhesus monkeys on the
Hamilton Perseverance Test. Ih this test, the‘ahima] was presented
with four boxes having spring-loaded 1ids and was'éijowed four trials
in order fa?find the food reward which was contaihednih.one oflfhe
boxes. An error in this parad{gh was defined as méking an additional
response'to:an»unrewarded'box after 1ifting,the11iﬂlpfevious]y during
the prob}ém. “There was a tendency for 30 and 50 monthﬁmonkeys tb make
many fewer heksevératiye errors of this type thanvdid year old monkeys.
Thus, an a1térnative explanation for the4perseverafiVé response errors
found in the'dejayed.alternation performance iS'that'enriched animals
under the stréss of‘tes;ing in the WGTA, ténded to}éxhjbit a more
juvenile response ﬁattern. ‘

in summary, on the delayed alfernation task; sociél]y enriched
animals were found to make more first response.errors and more per-
severative response errors than did partial spcial”isolates. This
finding'reCeives support from avgeneral trend evideﬁt in the study

by Harlow et al. (1971). Due to general observations of their behavior
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ddring test%ng and the evidence for emotional responses during peer
separation (Erwin,»Mobaldi, and Mitchell, 1971; Mcanney, Suomi, and
Harlow, 1972§ Erwin, Brandt, and Mitchell, 1973),»ft has been suggested
that this tnferiot performance of socially enriched‘menkeys during de-
1eyed alternation testing in the WGTA is a result of emotfena1'behavior
due to relatively large changes in the social and,bhysica] environment
of these animals. ‘Thus, it Seems likely that these differences between
enriched end isolate groups would fail to occur if the animals were

tested in their home cages.

The D1et by Environment Interact1on

Not1ng the s1m11ar1t1es between the emot1ona1 and soc1a1 abnorm—
alities seen in protein ma]nour1shed monkeys -and those subJected to
early social deprivation; Zimmenmahh,’Steere; Stroﬁef; and Hom (1972)
suggested that Tow protein monkeys might be considered-functiona1 social
isolates. Thus, it was proposed that swm11ar mechanisms m1ght be 1n—
volved in produc1ng the behav1ora1 effects seen 1n ma]nutr1t10n and
early soc1a1 depr1vat1on It was therefore hypothes1zed that social
depr1vat1on and protein malnutrition would 1nteract in the delayed al-
ternation exper1ment. However, as can be seen 1nfTable 1 of Appendix
A, no such interactions were found. The answer totthis somewhat puz-"
zling situation was probably given by Harlow et‘al; (1971) when they
emphaSizeelé'diffehence between measuring the effects of social depri-
vation on‘emotiona] stébi?ity and measuring the effects on leakning
ability p_'e_gbge_‘.

The studies which have reported interactions‘between rearing

and diet COhditions, have tended to deal with this first measure.
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Thus, Frankova (1968) and Levitsky and Barnes (1972), both working
with rats, reported significant diet by environment interactions with
such measures as activity; tendency to explore a new enVironment, and
sociai behavfor.. Similarly, Elias and Samonds (1974); working with
cebus monkeys, reported sign{ficant diet by envirqnﬁent interactions
for explorétqry behavior and a§tivity. Finally, Wells, Geist, and
Zimmermann (i972) found a significant diet by environment interaction
in rats tested on maze performance. It should be obvious that all
these_studies:capitajize on the éxcessive fearfuf@ess and neophobia
of low protein and“isolates animals. Thus, Harlow et al. (1971) em-
phasized that if an investigator was interested’in evd]uating learning
capacity-jn;soéially déprived anima]s,'he-shou1d be'careful to provide
extensive'adaptation to the test situation and_shdu]d avoid designs
that involve pain or shock, or which tend to be emdtionally disfurbing
as would variants of an open field (inc}uding HebeWilliams mazes).
Thus, although diet by envirgnment interactions héVéJbeen reported,
they have tended to measure emotionality rather than learning Q§£_§g,
In the present experiment, all groups received extensive adap-
tation to'the test situation and wére»fami1iar wiih:the test stimuli
as a result of pretra{nihg.- Under such cbnditioh;g.thé effects of
excessive fearf&]ness in the test situation and nédphobia in isolates
and low protefn monkeys should have been minihized;: However; while
Harlow has nggested that the fearfulness of isolates habituates as
a result gf ektensive experience with the test,sftuéfion, this has
not been shown to be the case with "separation anxfefy.“ Thus, when

the behavior of sepakated rhesus juveni]es was recordéd'durihg two
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days (Erwin;,Mobaldi, and Mitchell, 1971; and Erwin, Brandt, and
"Mitchell, 1973) or two weeks of peér'separation (Mchnney, Suomi ,
and Harlow, 1972)a the behavioral effects were fouﬁd to persist
throughout separation. In addition, Willott and McDaniel (1974)
woul& not have been able to.obtain their rgsu]ts,_which required
conditioning subséquent separation to the appearaﬁ;e of a transport
cage, if fear of separation habituated rapidly as a result of re-
peated separations. Thus, there is the suggestion fhat while fear
of nove1ty (cﬁaracteristic of low protein and early social isolates)
habitUateé; this does not appear to be the case with respect to "sep-
aration anxiety" (characteristic of social animals) In the preseﬁt-
study, the exper1menter took precautions to e11m1nate emot1ona1 be-
havxor in the 1solate and low protein monkeys but was unaware that
such a factor might be operating in social an1mals Such emotional
behav1or‘was<qu1te 11ke1y responsible for the lowered performance of
enriched ahima]s (Since low protein anima]s'tend to behave as func-
tional soc1a1 1so]ates in a var1ety of . c1rcumstances, ‘the effect of
separat1on on. the LP-SOC group would be expected to be attenuated. )
Add1t1ona1 evidence for the suggestion that emot1ona1 behav1or did
nof account for the lowered performance of the low prote1n groups is
provided by the failure to find differences in the distribution of
perseverat{ye,respbnse errors as a result ofidiet,

In sﬁmmary, while dfet by environmenf'interaqtions hhve_been
reported in fhe 1iterature, such that the effects of malnutrition
have been enhanced by social iso]ation, they have been found in studies

which tend to measure heightened emotional behavior; a characteristic
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of both these syndrohes. The failure to.find a~sign1ficant,intérac-
t1on between diet and environment in the present study tends” to ‘sup--
port Har]ow s argument that there are d1fferences between measuring

the emotional stability and the learning capacity of isolates. Fur-
thermore, there is the suggestion that there are iwo mechanisms in-
volved in producing the behaviorai abnormalities associated with‘pro-
tein ma]nutritioﬁ Thus, it may be that one mechanisms'produCes its
effects by creating an animal that 1s to some degree a funct1ona1 social
1so]ate, while a second mechan1sm, perhaps 1nvo1v1ng an attentional )

def1c1t (possibly in the bra1n) acts to product avlearn1ng deficit.

Response Latencies

Strobel, Geist, Zimmermann, and Lindvig (1974)“and Strobel (1972)
reported that the various reinforcers used with Tow bhotein mphkeys.
and s]ightTyvdéprivedvhigh protein monkeys, i.e., rafSins or high pro-
tein diet_for~thé'high protein groups and‘sugar cdéted cereal for the
low.protein groups, have equal incentive values. Thus, assuming that
response rate is directly related to food motivation, it was hypoth—

- esized that no significant d1et effects for response 1atenc1es would
be found. As‘pred1cted, the diet main effect and the d1et by 5 day
block trié]s intekaction were not significant. In order to provide
evidence ﬁhat the superior performance of high profefn animals on de-
‘layed alternation could not be attributed to increased motivational
levels as a result of-food déprivation, the HP-IS0 group was placed
on ad '1ib feeding and tested for an additional 5 days at the end of

the experiment.‘ Response latencies increased during this period,



75

from an avekage of 2.0 seconds to 5.1 seconds whi]eiperformance dropped
'11%. Thué, there seems.to be some evidence for tﬁe_éésumption that re-
sponse 1ateﬁcy js a measure of motivatjon to perfofm and that the diet
groups were approximately edhated with respect to this measure fhrough-
out the experiment. However, it should be noted that these findings

do not agree with those of Gross. Gross (1963) tested a group of rhesus
monkeys on 3spr 5 second delayed alternation performahce}and’repdrted
that deprivation level did not alter pefformance and in addition, that
latency andtperformance were not significantly corre]éted. However,
Gross used 2, 26, or 50 hours of deprivation and did not have an ad 1ib
group. Therefore, it is difffcult to make compafjsons between his
findings ahd those found under gQ_liQ_Conditions;for‘to evaluate the
effect Qf_dephivatioh level on the acduisition of,de1ayed alternatfon.-

As previously mentioned, a significant (p < .01) environment by
5 day block trié]s effect was found for response fatencieé (Figure 10)
and the reTative]y long response latencies of the social animals were
attributed to their participation in compéting behéviors. The rapid
drop in reépOnse 1atenqy across 5 day blocks demonstrated by the iso-
late groups’may'correspond to habituation of fearfulness. |
In"addition a significant environment by'deiay effect (p < .05)

was fqund.such that both groups took longer to resbbnd.as the delay
interval increased (Figure 12). There was a genéré1; é]though slight
‘tendency for performance to decline as fhe delay interval increased
(Figuré 5), howevér, it is not possible to determ%né'form cofre]ational
data if perfdfmance declined as a result of»]ongervresponse latencies

(eséentia11y‘]engthenjng the delay interval) or if fonger response
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latencies were the{resu]t of more difficult problems (longer delay

intervals). .

Trial-to-Trial Response Patterns

In beginning a discussion of tria]—tbftria1 response patterns,
it is perhaps helpful to review some of the daté anaiyses which hqve
been previously mehfibned. Figures 1 through 6 refer to analyses per-
formed on.bVera11_percent correct response data. In such analyses,
overall peréent correct responses was defined as 100:times thé number
of correct reéponses divided by the sum df the ccrrect and incorrect
responses. Since a cdrrectioq procedure was empToyéd in this experi-
ment, the daily number of incorrect responses, and therefore, the
divisor in’the above calculation was variable. HoweQér, this is not
the case when first response data (Figures 7 througﬁ 9) is considered
sincg ana1yse$ based on initia] résponsesvto.a-giVéh prob]em exclude
-infbrmatjoﬁdbased on correction'tria1s,,_Thé ana]ysjévof perseverative
response errors was employed to eya]uaté the data obtained from cor- -
reéfioh tkig]s; | |

It can“be assumed that if the probability of avcofrect response
'weré constant across trials, then the overall perCenf.correct response
data would be equivalent to the percent correct'of-first responses.
However, thisvwas.not found to be the case. That ié;.percent correct
of first responses was consistently less than overaT] percent correct.
This finding has led to a consideration of trial-to-trial response
patterns. | |

Since percent correct of first résponse; is 1éss“than overall

percent_correCt; it must be concluded that the probability of an error
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on a first response trial is in generé1_greater’than the probabi]ity
of an error on a correction tria],_ This»concfusion,fol1ows from the
facf that by definition, the primary difference BetWéen first response
trials and'cbrrection trials is that first response:triais ﬁave a
correct response immediéte]y preceding them while correction trials
have an efrorApreceding them.

A tendency for this greater probability of a co}rect response
following an error than fo]lowfng a correct response has been noted
by several investigatofs of discrimination 1earhihgvfn rhesus monkéys.
Moss and Harlow (1947) provided animals with one'ér two training trials
consisting of presentation of a sing1evpositive (kewgfded) or negative
(nonfrewafded) sfimu]us object prior to testfhg; andifeported hjgher
test trial discrimination performance'fb]1owing ndn?réward than re-
warded training. Variations of this procedure have produced similar
results és reported by Harlow and Hicks (1957) and Kfng and Harlow
(1962). (However, Miles [1965]1 failed to obtain this effect in squir-
re14monkeys.) In all these cases, the tendency for the probability
of a correct responsetto be less following reward Was.atiributed to
a responSé shift error, i.e., the_tendency,of the monkey to investi-
gate an unexplored stimulus object. This So-pal]ed error factor is
discusSedvby Haflow (1959h) d]ong with three additiohal error factors,
differentiaT'cue (the tendency to'respond to thelposition previously
yielding food rather than to the object), stimu]usvperseveration (the
tendency for the animal to make repetitive responses to the incorrect
object, presumably as a result of stimulus preferéhce), and position

habit. However, position habit is quickly overcoméfin primate learning,
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and stimuiﬁs perseveration, differential cue, and response shift are
-only appropriate explanations for an error when twb different stimu-

lus pbjects aké‘present, és in learning set, but hot delayed alternation.
Furthermbre, Bowman,and Takemura (1966) have demoﬁstrated a response
shift typé of phenomenon in a situation where neither stimulus object
had previously been displaced.

Thus, while the>above studieslprovide support for the finding
that the probability of a correct response is greatér following an
error thanjfdllowiné a correct responée; the exp]aﬁation in terms
of a>rqsponse shift (as a tendency to‘iﬁvestigafe non-displaced ob-
jects) cannot be used to explain this phenomenon ihAtHe delayed al-
ternation data. As was- previously suggested, it may be that reipforce-
ment is Suffiéﬁently disruptive to"maneys agvto'disturb their perfor-
mance on the fojiowing‘trial,br con?eréé]yf,an errér'immediately fb]-
lowing;reihfdrcement may serve to focus attention?mbre'sharp1y.

While it is difficult to offer an explanation for the above
generg] phenomehon,invﬁhe delayed'a1ternation déta, whén the trend
across perseverative errors is considered, the reSO]ts are even more
puzzling. Since thévabove_sfudies were based oﬁ decrete trial data
(1earning‘$et), perseverative response errors cOqu-not occur in the
sense'thatAfhey can with a corfection procedure. ‘wiihin the frame-
work Qan?tOrrection procedure, the pkobability of perseverative er-
rors can bg;determined. Thus, as can be Seen_in Appendix B, Figure
1 for group data and Appendix B, Table 1'for.indiyidua1 subjects,
there is nqt QnTy a tkend for the probability of ah»error to decrease

following a single error, but this trend reverses with perseverative
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errors(abparently tending toward chance). When individual subjects
are considered, and using the probability of an error fo]Towing a-
correct response as a reference, it can be seen that approximately
3/4 of the subjects follow the trend of a decreased probability of
an error following a single error and increased probability of an
error fo110wihg a second or'third (perseverative) error. Therefore,
it appears that whatever the advantage of committing a single error
immediate]y fd110wing reinforcement, it is not mafﬁtéined-for per-

severative errors.

Frontal .Lobe Damage

It‘w5s breViouS]y SuggestedAthat.the defiCifé'fn learning ability
or attention demdnstrated by the Tow protefn monkeys might be associ-
éted with an actua1 brain deficit. There are severai'para11els be-
tween low proteih monkeys and those with frontai.]obe Tésions which
should be menfioned as they may suggest a possib1é4meéhanism for the
attentional déficits seen in profein malnutrition.’ First, deficits
in délayed a}ternation performance fb]lowing fronialslobe lesions are
commonly répofted in fhe literature (Mishkin, 1957;AStamm, 1964; Pri-
bram-aﬁd TUbbg, 1967). These deficits seem to be specific to the
frontal Tobes, other neocortical regions not being esSentia] for the
“task (Thompson, 1967). However, 1esfons in rhinencépﬁa1ic regions
and the caﬁdate nucleus produce similar effects (Rbsvo1d and De]gado,

19563 Rosvo]d; Mishkin, and Szwarcbart, 1958). Thué; both monkeys
with fronfal iobe lesions and monkeys reared on low pfotein,diets

showed deficits in delayed alternation performance}>'5econd1y, Strobel
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(1972) and Strobel, Geist, Zimmermann, and Lindvig (1974) reported
inferior performance of low protein mbnkeys'on.tasks involving stimu-
Tus-response discontinuity. Likewise, French (1962) and Riopelle and
Churukian (1958) reported that frontal monkeys experienced difficulties
on tasks involving stimulus-response discontinuity; In addition, while
the frontal lobe is often considered t6 bevinVO1v¢d=in short term
memory, Riopelle and Churukian (1958) found that the visual discrimi-
nation learning of the frontal monkey was neither ihtreased nor de-
creased sharply as a function of intertrial intervaié of 10; 30, 60,
and 120 seconds, a finding which again-para11e1s the results obtained
in the present experiment. Finally, diet effécts wefé not found td
be Signifféént with reference to perseveratiye'réépopse errors in the
preseht study; Simi1ar]y, perseverative kesponse‘errors were not found
to be signfficant in fronta1'monkeyS'perfohming é sequential task which
was simiiar fo'de]ayed alternation'ih that no cue was constantly re-
lated to reward and the correct response was cont1ngent only on previous
action (P1nto Hamuy and Linck, 1965) ' N

Thus, there appear to be several s1m11ar1t1es between the in-
ferior performan;e seen in monkeySVWith frpnta1'1obe.1esions and-those
reare& on jow protein diets which hay tend t0-sug§e$f frontal lobe
damage in low protein monkeys. However, monkeys with frontal lobe
]esions a]so-disp]ay infekior de]ayed,responSé'perfdrmance, an effect
not found with lesions in othek areas of the cortex»(Thompson, 1967)5
ijmermahn,léeisf, Stﬁobel,_and C]eveland_(1973)‘didfnot find a defi-
cit in delayed besbonse performance for,monkeys‘piéced on the experif

mental diets at 210 days of age. Since the}monkeys'ih_the present.
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experiment-Were pfaced on the experimental diets mgch.ear]ier, at iZO
days of ége;”the delayed response study should probab1y be replicated
with.ahima]s:expefiencing the earlier dietary mahipu]ation. However,
while there ére several similarities between fronfa] and Tow protein
animals, it seems unlikely that the effects of profefhimalnut}ition
will be found to be simply analogous to those reported with frontal

Tobe Tesions.



CHAPTER V
- SUMMARY

Protein-calorie mainutrition.in rhesus macaqués has been shown
_to result in a variety of behavioral abnorma]ities. However, when
PCM is encountered in the human conditioﬁ,.it often occurs within the
context of not only diefary, but»also generaT envikohmental depriva-
tion. Therefofe, it is of~importance to ﬁnvestigate‘how environmental
depkivation and PCM interact to produce their_ effects. In the bresEnt
study, the'effects.of nUtritional and environmenta1ideprivationvon
rhesus monkeys_were investigated in a faétoria]ly_deSigned experiment.

| Sixteen infant rhesus monkeys were separated fkom their mothers
at approximately 90 days of age and housed indfviduajly. At 120 days
of age, these_infants were divided into four exberimenta] gfoups (n =
4): high protefnlsocia], 1ow protein~socia1, high protein isolate,
and 16w protein isolate. The environment manipu]ation»involvéd rearing
either in group 1ivfng cages or jndividua11y_(pahtial social isola-
t%on). Nutritfon was varied by feeding either a diet_consisting of
25% casein by Weight (23.6% of ca]oriés)vor,an isoéa]dfic diet con-
taining only 3.5% casein (3.3% of ca]ories).n

A1l groups were between two and four years of age when they

were adapted'to,the Wisconsin General Test Apparafus, pretrained in

order to overcome position preferences, and tested on a spatial

82
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_deTayed-a]ternation with correction task. Significant differences
were found both for environment and diet effects across 5 day blocks
such that high protein subjects performed betterAachSs blocks than
Tow protein subjects and isolates performed better than socially
enriched animals. No interactions between diet and'environment were
found.

The diet effect was interpreted as suggesting an attentional
deficit due to malnutrition, while the environment effect was attri-
buted to increased’emotionality during testing in thé WGTA. The
failure to find a significant diet by environment:ihteraction suggests
thdt these factors may produce. their behaviora1’effects through different

mechanisms.
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Table 1 %

Summary of the Analysis of Variance:
Environment x Diet x Block x Delay
(HP-SOC, LP-SOC, HP-ISO, LP-IS0)

Percent Correct

Sourcel s df WS F
E 18,655.9 B 18,655,9 A 18.9%
D 3,259.1 1 3,259;1f 3.3
B 26.3 1 26.3 0.0
S(ED) 11,822.7 12 985.2.
B 33,775.6 6 5,629.3  46.1%k
EB 2,708.8. 6 451.5 3.7%*
~DBi”_. 4,616.0 6 769;3f‘ 6.3%%x
0B 361.9 6 60.3 © 0.5
S(ED)B 8,796.0 7 w2z
T T 782.9 5 156{6_» 2.4%
I 350.4. 5 701 . 1.1
DI . 1,081.7 5 216:3 3. 4k
EDI - 206.0 5 ‘-41;2: 0.6
S(ED)T 3,868.6 60 64.5
Bl 9371 30 312 0.6
EBI 11,185.3 30 9.5 - 0.8
D8I 1,843.2 30 614 . L2
EDBI 1,448.5 30 8.3 1.0
S(ED)BI  18,302.9 360 50.8
*p 1ess:than .05 le=environment  1B=5 dayib]bck trials
**p less than .01 D=diet I=delay interval

***p less.-than .001



Table 2 97

Summary of the Analysis of Variance:
Diet x Block x Delay (HP-SOC versus LP-SOC)
Percent Correct '

Sourcel SS df MS F
D 6,536.8 1 6,536.8 8.4
S(D) 4,673.2 6 778.9
B 19,450.4 8 2,431.3  24.2%%
DB 6,842.2 8 855.3 8.5xx
5(D)B 4,817.8 . 48 100.4
I 1,086.9 5 217.4 2.2
DI 177.4 5 35.5 0.4
S(D)T 2,959.7 30 ~ 98.7
BI 2,026.3 40 50.6 0.9
DBI 2,066.7 40 51.7 0.9
-~ s(D)BI 13,485.2 240 562
*p less than .05 | 1p=diet . =
**p less than .01 . B=5 day block trials

***p less than .001 ‘I=delay interval



Table 3
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Summary of the Analysis of Variance:
Diet x Block x Delay (HP-ISO versus LP-IS0)
Percent Correct ‘

SS

Sourcel df MS F
D 1,350. 1 1,350.1 0.9
s(D) 8,880. 6 1,480.1
B 26,694. 6 4,449.1 29.7%%x
DB 1,535. 6 225.9 1.7
s(D)B 5,399. 36 150.0
I 697. 5 139.6. 2.8%
I 824. 5 165.0 3.3
s(D)1 1,499. 30 50.0
BI. 932. 30 31.1 0.8
DBI '1,875. 130 62.5 1.5
()BT 7,414, 180 41.2
*p Tess than .05 Ip-diet
**p less than .01 B=5 day block trials
***p less than .001 I=delay interval
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Summary of the Analysis of Variance:
Environment x Diet x Block x Delay
(HP-SOC, LP-SOC, HP-ISO, LP-IS0)
Percent Correct - First Responses

Sourcel ss of MS  F

E 16,284.0 1 16.284.0 14,55+

D 4,260.2 1 4,260.2 3.8

ED 1,020.1 1 1,020.2 0.9

S(ED) 13,444.7 12 1,120.4

B 29,465.5 6 4,910.9  26.4%%
EB 5,880.1 6 980.0 5. ikt

DB 3,819.3 6 636.5  3.4%x

EDB 1813.9. 6 135.6 0.7

S(ED)B 13,398.7 72 186,1

1 198.4 5 39.7 0.3

£l 504. 1 5 1100.8 . - 0.8
oI 1,299.4 5 259.9 . 2.0
CEDI . 408.5 5 8.9 0.6
"s(ED)i‘ 7,761.6 60 129.4

BI 2,37.1 30 782 0.9

EBI - 2,666.7 30 88.9 1.0

DBI - 3,148.1 30 1089 1.2
EDBI 2,700.3 30 190.0 1.0

S(ED)BI . 31,399.1 360 87.2

*p. less than .05 le-environment 18=5"day block trials.
**p less than .01 D=diet . I=delay interval

***p Jess than .001



Summary of the Analysis of Variance:
Diet x Block x Delay (HP-SOC versus LP-S0C)
Percent Correct - First Responses

Table 5
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1

Source ~SS df MS F
D 4,693. 1 4,693.9 10.3*
s(D) 2,732. 6 455.5
B 113,042.! 8 1,630.3 9. 4wk
DB 9,714. 8 1,214.3 7.0%k%
S(D)B 8,333. 48 173.6
I 828.7 5 165.7 1.0
b1 574. 5 1148 0.7
s(D)1 5,097. 30 169.9 -
B 4,825. 10 1206 1.4
DBI 2,909.9 40 727 0.8
S(D)BI 21,348. 240 89.0
*p less- than .05 Ip=diet

**p less than .01
***p less than .001

B=5 day block trials
I=delay interval '



Summary of the Analysis of Variance:
Diet x Block x Delay (HP-ISO versus HP-ISO)
Percent Correct - First Response

Table 6 -
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Sourcel ss df MS F
D 4,725. 1 4,725.0 2.4
s(D) 11,895, 6 1,982.6

B 29,979. 6 4,996.6  20.6%**
DB 1,074, 6 179.0 © 0.7
S(D)B 8,750. 36 243.1 .

I 357. 5 71.5 0.6
DI 839. 5 167.8 1.5
(D)1 3,328. 30 111.0 -

BI 1,507. 30 50.2 0.6
DBI 3,751. 30 125.1 1.5
S(D)BI 15,125. 180 84.0

*p‘Tess than‘.05  Ip=diet .

© *¥p less than .01
**%p less than .001

B=5 day block trials
I=delay interval
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Table 7

Perseverative Responses 4
(HP-SOC, LP-SOC, HP-ISO, LP-ISO)

df AChi'Square
10 Second Delay 12 | 57 .95 %**
20 Second Delay 12 57 ,03%
30 Second Delay 12 -+ 38.08%**
40 Second Delay 12 27 .50**
50 Second Delay 12 ;41.48***‘
;60_Second Delay 12 A 49}20***

*p iess than .05
**p less than .01
***p less than .001
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‘Table 8

Perseverative Responses: Social-Isolate

df | Chi Square

10 Second Delay 4 32.28%***
20 Second Delay 4 38~61***

30 Second Delay 4 $28.42%%%
40 Second Delay 4 | 15.92%*
" 50 Second Delay 4 31,174
60 Second Delay 4 41.67xk*

*p‘]ess than .05
**p less than .01
*%*p Tess than .001
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‘Table 9

Perseverative Responses: High Protein-Low Protein

df f.Chi Square
10 Second Delay - . 3.95
20 Second Delay 4 6.83
30 Second Delay 4 -1.80
40 Second Delay 4 217
50 Second Delay 4 2.48
60 Second Delay 4 0.70
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Summary of the Analysis of Variance:
Environment x Diet x Block x Delay
(HP-SOC, LP-SOC, HP-ISO, LP-LSO)

Response Latency

Sourcel sS df MS. F

E 95.8 1 95.8. 1.9,
D~ 87.6 1 87.6 1.7
ED 10.0 1 10.0 0.2
S(ED) 604.6 12 50.4

B 16.5 6 z.z' 0.9
EB 80.1 6 1.3 44w
DB . 37.1 6 6.2 . 2.0
EDB- 20.8 6 3.5 L1
S(ED)B. 220.5 72 3.1

I 25.5 5 5.1 8. 4w
3 8.1 5 1.6 2.7
DI 11.7 5 2.3 3.8%%
EDI 5.1 5 1.0 17
S(ED)T 36.5 60 0.6

BI 19.5 30 0.6 0.9
EBI 21.6 30 0.7 = 1.0
DBI 16.7 30 0.6 0.8
EDBI 17.7 30 0.6 0.8
S(ED)BI 248.6 360 0.7 |

*p ]esé'than ,05
**p less than .01
***p less than .001

YE=environment

D=diet

1p=5 day block trials

‘I=delay intervals
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Summary of the Analysis of Variance:
Environment x Diet x Block x Delay
(HP-SOC, LP-SOC, HP-1S0, LP-ISO)
Response Latency (Reciprocal Transformation).

Sourcel SS df MS O F
E 0.0205 1 0.0205 0.0
D 4.2130 1 4.2130 1.9
ED 1.2733 1 1.2733 0.6
S(ED) 26.5974 12 2.2164
B 0.1648 6  0.0274 0.7
EB 1.0208 6 0.1701 j*fi~4.1**
DB 0.4226 6 0.0704 1.7
0B ' 0.1563 6  0.0261 0.6
S(ED)B 2.9754 72 0.0413
I 0.2233 5 0.0446 ' 9.6***
3¢ 0.0626 5 0.0125 2.7
DI 0.0872 5 0.0174 3.7%%
EDI 0.0149 5 0.0030 0.6
"~ s(ep)1 0.2793 60 0.0046
BI 0.1317 30 0.0044 1.2
EBI 0.0848 30 0.0028 - 0.8
DBI 0.0549 30 0.0018 . 0.5
EDBI 0.1352 30 0.0045 1.2
S(ED)BI 1.2889 360  0.0036
*ﬁ less than .05 le=environment |  18=5 day block trials
**p less than .01 D=diet ' I=delay interval

***p less than .001
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Summary of the'Analysis of Variance:

“Diet x Block x Delay (HP-SOC versus LP-SOC)
' Response Latency

Sdurce1 SS df MS-. F
D 88.9 1 88.9 0.9
s(D) 607.7 6 101.3

B 71.2 8 8.9 1.8
DB 53.0 8 6.6 1.3
s(D)B 243.4 48 5.1

I 9.6 5 1.9 1.4
S(D)I 39.8° 30 1.3

BI 41,2 40 1.0 0.9
DBI 44.5 40 1.1 1.0
$(D)BI 270.1 240 1.1

*p less th'an .05
**p less than .01
***p less than .001

1p=diet .
B=5 day block trials
I=delay interval
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Table 13
Summary of the Analysis of Vafiancei

Diet x Block x Delay (HP-ISO versus LP-ISO)
Response Latency

Sourcel 5§ df MS  F
D 19.2 1 19.2 1.0
s(p) 114.1 6 19.0
B 35.4 6 5.9 8, 3%k
DB 9.2 6 1.5 2.2
s(D)B 25.4 36 0.7
1- 4.0 5 0.8 4.3%%
DI 0.9 5 0.2 1.0
S(D)I 5.6 30 0.2
BI 3.8 30 0.1 1.1
DBI 3.3 30 0.1 0.9
s(D)BI 21.4 180 0.1
*p less than .05 ~ 1p= diet
**p less than .01 B=5 day block trials

**%p less than .001 I=delay interval
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Table 14

Summary of the Analysis of Variance:
Environment x Diet x Block
(HP-SOC, LP-SOC, HP-IS0, LP-IS0)

Mean Response Latency

Sourcel $s df - MS F
E 15.8 1 15.8 1.7
D 14.3 1 14.3 1.5
ED 1.5 1 1.5 0.2
S(ED) 111.2 12 9.3
B 3.0 6 0.5 1.0
EB 15.0 6 2.5 5, Qxx
DB 5.2 6 0.9 1.7
EDB 3.5 6 0.6 1.2
S(ED)B 36.0 72 0.5
*p less than .05 1E-environment
**p less than .01 D=diet

*%*p less than .001 B=5 day block trials
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PROBABILITY OF AN ERROR

Figure 1. Probability of an error
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Table 1

Probability of an Error
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After

.49

After a After After After
Correct 1 2 3 4
Response Error Errors Errors Errors
LP-1S0
19 .48 .35 .42 .49 .50
20 .42 .22 .34 .47 .47
21 .42 .35 .36 48 .59
22 .38 .25 .23 .30 .29
HP-1S0
31 .37 .31 .36 .51 .68
32 .37 .32 .35 .44 .58
34 .44 .44 .44 .42 .41
7217 .24 .36 .42 .32 .67
LP-S0C
36 .50 .53 .54 .52 .61
7245 .53 .43 .47 .53 42
7329 .46 .56 .58 .54 .55
7333 .48 .45 .46 .50 .51
HP-S0C
26 .48 47 48 .60 .50
27 .52 .48 .47 .54 .45
29 .44 .32 .41 .43 .62
30 .46 .37 .37 .34
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