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Á3STR,ACT

protein-calorie inadequate, and. adequate, upon the behaviours

and. aetivity levels of 33 female Wistar ratsr was studÍed by

nea¡ls of observation durÍ:rg a 24-ùay period' of dietary mani-

pulation and. subsequent 24-day period of d.ietary recovery.

Behavj.our was recorded at eight poi-nts in time durÍng eaeh

dietary period. in a fanil-iar environment (home cage ) a4d at

two points in time at the encL of each d.ietary perÍod in a novel-

situation, with lists of 28 or 20 respectively, nutualJ-y 9x-

clusive an.d exhaustive behaviours adapted. from a stucty in the

literature. For analysis the behaviours were grouped into

four categorles (vertical, horÍzontal, grooning, and mainten-

ance). The changes from behaviour to.behaviour, the number

of rotations made in an activity wheel, latency and the number

of squares crossed j¡r an open fieLd provided. the neasures of

activity level. Iach activÍty measure and. each behavíour

category was analyzed separately by split-plot two-way

analysis of variance. Results showed the anina -s of both

d.eficient groups engagecl Í¡r more vertical behaviour and. more

behaviour changes Ín the home cage than rats fed an adequate

d.iet, which may have given the impressÍon of f restl-essnessl

in the ural-nourished. ani¡al. However no behaviours which

iÍ
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could have suggested fatigue of the iron-copper deficient ::

anj-nals was i¡dicated.. In fact they remaÍ¡red more active than

the eontrol rats r,¡ntil- placed. in the open field. Irr this

novel situation the protein-cal-orie mal¡rourished rats

engaged in more vertieal behaviour than rats of the other i;',:.;;,,

two groups, the iron-copper defj-cient j-n more horizontal

behaviour and the ad.eqrrately nouríshed i:r more groomlng

behavíour. During nutritíonal recovery the group differences ,,' 
.-1,'.,

were evident on only four d.ays in the home cage in the : :

horizontal, grooming, and. maintenance categories, and nay ',"',,',t,

be ind.icative of the recovery process. Sinilarly, group dj-f-

ferences ix the open field occurred. only Ín the rate of square

erossing which also may be an indication of recovexf,r The

ulaexpected. behaviour of the anemic a¡ri-nalsr that isr increased.

activity cluring the i¡rÍtial perioil of nutriti-onal. deprivation,

nay partly explaín the diffículty researchers have had í¡
fÍnding consistent behavioural correlates of anemia. fhe

results d.emonstrate that the observatlon technique and the

behaviour categories used are sensitive to behavioural i.¡,'¡11
'l

changes. If a theoretical franework such as Selyets stress 
:,i1,,:,:..: I.i'

model is used as a basis in future researeh¡ more of the

detalled. resultft may be better exþlained.

iil
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CHAPTER I

Hereditary and environmental factors j¡tteraet j¡r a

,,. complex interd.epend.ent manner. they firnction sj:nultaneously ,r.i..

an¿ continuously to d.ete¡rnjne the anatomical, chenical, and

physiological characteristics of the body and. the consequent

, ,t,,,. development of physieal, intell-ectual, social, and enotional 
:.,.1

::: behaviorrrb of the organism. Tn the past the social and. cul-

being the d.etem j-ners of behavíour, However, today the focus

, has broadened to incl-ude consideration of the effects of

I nutritional and chenical eomponents of the environment upon

behavlour.

the importance of food to the physj-cal and. psycho-

I fogical well-being of the organism has been investigated

i r.¡nd.er two broad classifications ! severe protein-calorie

" of the.physical concomitants of both the general protei-n-

',' ealorie and specifíc defieiencies suggests deleterious

effects for the developing organisn (Wi¡rick, 1970; Ilnd.erwoodt

19?1). However, researeh of the psychological effects has

. i produced, few conclusive results. T¡.tel1eetual deficits
(winick, I9?0) and abnormal- social and.emotional deveLopment

(Frankova, 1973; Frankova and Barrresr 1968; I..,evitsky and

Bar:re sr-.J972) appear to be reLated to severe protein-calorie

malnutriti-on.
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Studies of speclfic nutrient d.eficienciesr which

today i¡clude trace elements sueh as ironr copBer, mercuryt

and lead.n also suggest behavíoural correlatesr but the' be-

havj-ours 'can only be specified when the deficiency is severe.

In respect to i-nvestigations of both protein-calorie

and. speclfic nutrlent mal¡utritionr whether alrímal- or humant

the behavioural correlates reported have generally been in

terns of behavioural constructg such as intelligence or emo-

tional reaetivíty, or in vaguely descriptive terns such as

hyperactivity or lassitud.e. îhe use of such terms and eon-

structs has been a l-initj¡rg factor in the attem¡¡t to study

the behavioural comelates of mal¡rutrition. Such terms and

constructs, though intuítively inferred fron sets of concrete

and d.iscrete behaviour r¡nits, have generally not been d.erived.

from analysis at this finer level. Perhaps the subtle behav-

iour changes associated with malnutrition eould be more effec-
tively,.studied in tems of d.iscrete behaviours. It was the

purpose of this study to explore i¡l detaíl the behaviours

shown by rats d.uring a progressing proteín-calorie malnutri-

tion, a d.eveloping iron-copper d.eficiency, and later through

a perÍ-od. of nutritional- recovery.

Followjng is a review of the physÍologÍcal and.

psychologicat effects of protein-calorie malnutrition in
aninal-s, a d.iscussion of the effeets of i-ron-copper d.eficiency,

and the statement of the problem.



Protein-Calori,e. Mal¡rutri ti ol Re segrcþ

Physioloeical Effecl-s ín,Animals

Undernutrition at any stage in life has physio-

logical consequences. However, the earlier the undernutri-

tion, the rnore far-reaehÍng the observed. effects. In the

early stages of life, when growth is at a pealcl inadequate

proteix intake affects tissue, cellular growth patternst

ryelinationr braj¡ chemical compositíon, a.nd. some loetabolic

pathhrays in anj-nal-s

Malnutrition from birth to weaning results i¡ a

pe1:Inanent red.uction j¡r brai¡. weight in both rats a¡rd pigs

(no¡¡ing, 1964; Dobbing & Ìfiddohrsorlr 1965; Widdowson' 1966i

Wid.dowson & McCanee, 1960; Widdowõoll¡ Ðíekerson & Ivicoancet

1960). Both neurons and glia in the spinal cord a¡rd medulla

pennarì.ently degenerate i-n rats, pigs, and. dogs raised on
I

protejx d.efÍcient diets (ltattr 1962; Platt' Heard & Stewartt

1964 ) , Certain enz¡mes ln rat braj:rs show delayed. appearance

and reituetion in ulti:nate quar,rtity with early mal¡rutrition

(Zeuran & Stanbrough¡ 1969).

Winick (fgZO¡) reported that the phase of eeLlu1ar

growth j¡ which a system is engaged. at the time of the

nutritional insult has differe,nt effects trpon cellular d.evel-

opment. ff the nutritional insult occurs durÍng a time of

rapid cel-l division (hyperptasia) and continues during the

period of': limitetl eel1 division and cel1 growth (hyperplasia

and hypertrophy)r the nrxrber an¿l size of the organ cells is

iì i.l: i: ::.



l,

affected penna¡r.ently, regardless of adequate feedi-ng at a

later d.ate. l{i¡ick (fSZOa¡for.md. that by the sixteenth day of

the fetal lif e of the nalnourished rat, red.ueed. ceIl division
jn all a{eas and. in aJ-l cell types was evident. Those animals

deprived d.uring pre- and. post-natal developnent were severely

retarded, in growth and their brai¡ls contained only 4O/' of the

expected nr¡nber of eells.
.ð, study of the nyeli-:nation process in the rat

(Bensted, Dobbing¡ lvlorgan, Reid, & Payling¡ Jg57) jndicated

that most nyelinati-on occurred. fron l0 to 2I days after birth.
Malnutrition during this period. perma.rrently red.uced the amor¡nt

of nyelin in the brain and. the rate at which it was laid down,

Currently other processes which may be d.isturbed by

early nal¡nutrition are being investigated.. Some tenporary

changes have been reported. in brain serotonj:r and norepine-

phrine tlevels of the newbona after only eight d.ays of poor

nutrition (Sereni, Principi, Perlettín & Sereni¡ 1966)t but

noru¡al,.leveIs vrere later established even if the malnutrition
persisted.. The ratio of ribonucleic aeid to d.eoxyribonucleie

acld (mq¿Æru¡,) in the brain was for¡ad to increase with mal¡u-

trition beginning at birth, though with persisting nutritional
d.efi-ciency¡ the levels returned. to no¡mal- (Wjnick, Fish &

Rossor 1968). Generally, the physiological studies of mal-

nourished ani¡nals j-ndicate that the earlier the deprivation

the more far-reaching and pemanent the eff ects.

l':'1.:.'.:ì

. .: -.
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Physiologícal ehanges have also been associated.

wíth an enriched environm€ot. Mj¡imal handlÍng during ínfancy

permanently alters endocrine meehanisms (Denenberg, 1964;

Ievine, 1957, 1962; levine & lewÍs, 1959). Rosenzweig (1911a)
''.'.....,' reported. greater cerebral cortex weight and depth, and greater :l;,,.1:l;:,

r total actlvities of acetylchofinesterase, choU-nesterase and

hexoki¡rase i¡r rats reared in an enriehed environment. The

,, responses of protei¡r-caloríê mal¡rourished rats raised. in an ',','-"'
.. : - - ..:

enrÍehed environment are forxrd. to be no different than re-
a-.': :,r..:ìì:i: 

rses of ad.eouatelv nourísher to be d.ifferent "1"'
':' sponses of ad.equately nouríshed. animals but

from proteil-caLorie malnourished ani-mals raised. j¡ an ímpov- 
.,

t erished. environment (Zlrnrneman & Ziru[eruan, 1972). An enrichèd

1 envi-ronment could therefore mask the effects of reduction in

celf nunber. This Íssue has been extensively discussed by

Denenberg and Zarrow (1g11), Rosenzweig (19?1¡), ancl Zimrne¡man

and. Zimmerman (1972).

i Psycþoloßical Effsct,s of ?r,otein-calorie MalnutrÍtíon ix Anipaf,s

Pog}.we.a{rine. Mahy of the cnreial ph¡ilsiological d.evel- :...:,

" lnts in the rat are conpleted by 21 days of age. After this 'i"'.'"''"..'opmentsintheratareconp1etedby21daysofage.Afterthis
. i.:....:.. :-::.,.-,::, ag€r the effeets on the central nervous .system dininish and are ,,,,.,:

more temporary (Winict, 19?O). .Studies of mal¡rutrition beginnlng

after 21 d.ays .of age also suggest'a variety of effects upon learn-
.ri, llaza\ --r-^ ----5---¡-,..,1 ing. Ándersol and. Snith (1972), who underfed. male albj.no rats, ;.::,.::,

r 
.. 
. ,,,.,,,.,,. ,

for¡nd the r.¡nd.erfed rats superlor to adequately fed. rats Ín maze

, learning wíth food. rejnforcement. Tn contrast, Ruch (1gZZ) for¡nd.

that rats w'ith a diet linited to naj¡rtain body weight learned



to escape from a water rre;ze more efficiently than those fed. ad.

libitun. Bernhard.t (I936a)rusÍng a water sLaze with an escape

incentive, for¡nd protein deficient rats did not perforn as

well as adequately nourishecl anjmals. laterr Bevan and Freeman

ogrz) reported that though ari anj¡ro acid. deficíeney did not

affect the lea¡ni-ng of a tunnel rlLaze rtrith either food or water

rej.nforcement durÍng the rel-earníng period, the d.eficient rats

engaged. in more retracÍng of the ¡naze which they deseribed. as

nnefvoUsl behaViOllr o

gther Ínvestigations ind.lcate that learning efficiency

nay be associated. with type of rejnforcement or with strain

d.ifferenceso Griffiths a¡r.d. Senter (1954)r reared rats on

either a balarrced or a protein-free d.iet, and used either a

balaneed or protein-free d.iet as reinforcement in a multiple

Yqaze. They for.¡nd that those raised on the protej¡n-free diet

erred. Jeast when reinforeed with a balanced d.iet but al-so erred

less tl* the control group even when the protein deficient

diet was useil as reinforcement. Hughes and Zubek (1965)r

usi-ng hooded. rats selectively bred as ltbrightn and rrdullrr maze

lea¡ners, tested then on a Hebb-Willians maze with a food.

reinforeement. They reported that supplenents of glutanic

acÍd to the regular d.iet reduced the errors and the time scores

of the dull strai¡¡. but þad no effect on the bright strain.

Ðifferenees jn behavioural patterns have also been

reported.,' Bolles (lgAl) for¡nd that duríng deprivation, patterns

of behavio.ur in the home cage were redistributeil. -A¡rimals on

6
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the deprived diet spent less time sleeping and more tine in
alert rest. revitsky and Barnes (tglz) nanipulated protein
levels from zr d.ays of age to seven weeks and tested the 

:

animals on the open fierd after 1? weeks of recsv€rso The
malnourished. aninals showed. more locomotor aetÍ_vÍty, less,
exploratory behaviour, and more flghtÍng behaviour than the
well-nourishe d. aninals .

0f the eight studies i¡ which the dfet was manipulated
after weanÍng; five showed. effects on learníng. 0f these,
three supported the h¡lothesis of red,uced. learrri_ng capaeíty
wÍth mal¡rutrition (Beva' & Freeman , LgSz; Bernhardt, rg76i
lhrcht L93z) an¿ two ehowed. lea¡ning efficÍency to be affected
by the type of relnforeement (or:-rriths & senter, rg54) a¡r¿
genetic potential (Hughes and Eubek, 1956). Observation of
behaviourar patterns also indicated. a variety of changes
associ.ated with nalnutrition induced after 21 days of age
(nolJ-es, 1967; levitsky & Barnes , L97Z).

Prewe3Irine. Trtspection of the ltteratr¡re indlcates
that Índuetion of nutritional d.eprination before weaníng
(generally prior to zr d.ays of age ) i-nvolves one or a combi-
natlon of the following methods: (a) d.eprivation of the
pregnant dam, (¡) deprivatÍon of the lactatÍ'g da,n, (c)
nanipulation of litter size during Lactatíon, or (d) d.epriva-
tÍon of prevÍous generations. ¡l this sectÍon the research
reviewed. 'is restrÍcted. to stud.i.es in whieh behaviourar. coûsê-
quents Ín the offspring of the deprived pregnant and lactati¡rg
d.am was investigated
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Frankova and Barrres (fgeg) sh¡died the effects of a

low protej¡-calorie diet during the lactation of Hol-tanan da,ns

on the quality and i¡rtensity of the progenyts exploratory be-

haviour. Iurj¡rg the deprivation periodr systematic observa-

tions j¡d,icated that the deprÍved animals exhibÍted a higher

level- of exploratory behaviour tha¡ the controls. Howevert

after diet repletion they observed. a decrease jn rearing behav-

iour and. l-ocomotor activity. Frankova (¡'971) also str¡dÍed the

effects of l-ow caloríe and proteín intake durilg laetatior and

post-weaning on actiwÍty and social j:nteraction. The d.eprived

rats developed soeial behaviours at a slower rate thari the well-

nourisheil. Príor to weanj:rg they took a longer tjme to approach

a second ani-mal, they engaged in l-ess socÍal groonÍ:lg and j¡ :

mafiy mgre attacks on other animals. Ïrlhile j¡. the reari::.g cage

the deprived rats spent less tíne i.:a play with the nother ar,ld.

Ín aetive aggregation, more ti-ne in passive protectiont and

Iess time playing with littermates. l\fter weanÍng the proteÍn

calorie d.eprivecl rats showed. a higher leve1 of exploratory

activity except j¡r the presence of a second animal in which

case its activity was reduced.

I¡r the foll-owing stud.ies nutritional, deprÍvation was

Índ.uced during gestation, gestation and lactatj-onr oT lactation

on1y. f,immsrnari and Zi-ustetÍûarr' (lglZ) studíed the effects of a

low protein diet from birth to seven weeks of age on responses

to novel stinul,i and behaviour jn the open field. They found

increasêd,activity with novel stÍnuli a¡nong rats fed. .a high
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protein diet whereas. rats fed l-ow protei-n d.iets showed

clecreased activity when novel stinuli were present. Simonson

and. Chow (fgZO) deprived. the da¡ns of 5O/, of the usual ad
, 
,:;,....;

libitr.¡n,intake during gestation and. lactation. the 2þ- to ''

l4-nonth-old mal-e progeny were tested. for lea¡ning on an e1e-

vated D-maze. The progeny of the restricted. nothers had.
' -l-jt .-

longer starting and nrnning tirnes than the controls and. erred. ,,;,.:

more frequently on the last 12 sessions of the first testÍng :¡,1,:,,

t:t:t:t:1:

period.. Ir a second. testing perioilr two months laterr the

deprived group still showed. longer starting and runni-:rg tines,

as well as longer tlmes to reach exti¡.ction criterion and

signif ieantly more d.efecatlon than the control group. {lhese

results ind,icate long tern behavioural effects of nutritional

restriction during gestation and lactation. Simonson, Stephann

Ha¡rson and Chow (f gZf ) also f or¡nd th.at rats from dans ma]-
ì

nouri.shed during presaqcy shovfed more variable and longer

reaetion tiues, a higher activity level Índicated by more 
ilì,,

squares crossed, to spend less tine in the center squares ,,' 
'

r, r,. 
t'

and. to d.efecate more in a¡r open field apparatus tharr rats ::'''

from mothers welL nourished' durilg pregnancy.

.ottÍnger ar.rd. Tanabe (rgoa)r who restricted the d'Íets

of Purdue Wistar rats during the preweanlng perlods, reportecl ,,,:,,..,

that the ailult progeny of d.ans restricted' durJng lactation

showed long-tem body weight d.eficits. Although no differences

vrere for¡nd on either the level of activity or the a,nor.¡¡t of

ctefecation i¡r the open field, the progeny of restrieted 
:.,,,:.
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lactation d.ams erred more frequently on the Hebb-T{1lfÍams

maz,e' vore and Ottinger (r9Zo)r who restricted d'iets of the

d.ans to 50% aA, libitr¡n from 20 days prior to natlng through

gestation and lactation, have reported red.uced learnÍng

ability Ín the progeny. Well-s and. Ottinger (fglO)' who d.e-

prived the da,ms prior to conception, durÍng gestationr lacta-

tiono or g_estation and lactatÍon, tested learning perforrmance

of the ad.utt progeny on a shoek escape t-maze. -Again the

adult progeny showed learrning defÍcitsr wíth the most severe

consequences among those d.eprived. during the d.ants lactation.

Hsueh, Siynonson¡ Chown and. Hanson (I97+) nanipulated. diets in
the sâme maruLer as Ottinger and Tanabe (f 9eg ) . lhey f or¡nd.

that da.ns restricted during gestation alone prod.uced. progeny

with a low birth weÍ-ght, slíght but pemanent str.rrti:ag of

body gTowth, and Ímpaired. learnÍ¡g j¡ an el-evated. T-maze

whereas d.a.ns restricted durþg lactation only prod.uced

severely and penranently str.¡nted. offspri:lg wtth no impairnent

of learni:,:.g ability. Restriction during both gestation and

lactation effected. sinilar but more severe consequen'ces in

the progeny.

,Cowley and Griesel (lg5g, 3961) studied the effects

of a 1ow protein d.iet on exploratony behaviourr Í-ntelligencet

and growth patterns of the first-filial and seeond generatíoût

Wistar rats. The first-filial generation showed. no difference

in exploratory behaviour but made more errors on the Hebb-

lfill1ans naze afld took longer to reaeb the goal box.. the
t.,
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E econd generation contjnued to rrake more errors on the Hebb-

Willians ûaze. Both fírst ancl second generation rats $¡ere

retarded in growth.

In summary, dietary deficits prod.uced. in the d.a.n

result l¡ retarded growth of the offspri:ng. Exploratory behav-

ior¡r and intelligence are generally reportecl to be reduced and

soeial behavlour to develop more slowIy and. ín a d.iffer-ent

direction than notîmaI.

Hr¡man studies of protein-calorie d.eprivatíon gener-

a1ly d.emonstrate retardation 1n physical and mental d.evelopnent,

but can only Ínplicate nutrition as the cause. Table 1 pre--

sents Winíekt s (f gZO) sr¡nmary of the fi¡nctisnal changes in the

d.eveloping brai-nrs of malnourished animals and hr¡mans.

Igon D-ef igi-encY Re sggrrqh

Iron deficiency literature has d.ealt prinaril-y with

the metabolisut (Mc0all, ITewman, Ot3rien, Volberg & lüitts,

1gøZA; Ihden¡ood, 1971 ), the physlological changes

accompa.rryjng iron cl.efieieney (Ånderson & Sarkve, 19?0i ErÍes;

son, 19?0 a & b; Gíorgio, L97O; Me0all et al' 1962 bi lhe Ross

Conference 1972i linderwood., 19?1; Vellar¡ & He:merrs€llr 19?1)t

ar¡d the assessment of fron status in the population (¡Iixt

1968 ) .

Underwoocl (fglf ) states that the nost frequently

occurri¡rg deficiency disease clinically uanifest Ín humarrs

is iron defieíeney' Nutrltlon surveys support his statement

11
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(nlix, 196e; Nutritíon canada survey rg75; underwood, f9?1).
Despite the incidence of i-ron deficlency few Ínvestigations
have focused on the effects it has upon the .'healthr and. well-
being of the individual. rfDespite cli¡ical- belief that anemia

causes s¡mptons, there seems to be l-ittIe valid. evidence of an

increase j:'r s¡rmptons with low levels of circuLating hemoglobin,
or of a beneflcial effect of iron therapy upon well-bejng,,
(E1wood, L971r p. 958).

Generally the s¡rnptons of iron d.eficiency arnong human

adults are said to inelude listlessness, fatigue, headache,
dizziness, breathLessness, palpitatÍon on exertim., sore tongue,
angular stomatitis, dysphagia, and koilonyehÍa (Elwood, ìrlaters,
Greene & Sweetnan, 1969; Giorgio, l9?0; Und.erwood, f9?l).
Research reported by Wood and Elwood_ (1966), nlwood, and. Wood

(L966), Ðlwood., 'lrlaters, Greene, sweetnan, and. vfood. (1969), and
I

Elwood and Hughes (fgZO) inA:.cated. no consistent relationship
between henoglobÍ¡ levels and. behavioural s¡rmptons. However

Elwood- (L97r) ai¿ fjlld high revels of cÍrcutating irb to be
positively correlated with high mortarity rates, Beutler,
larsh and. Gurney (1960) reported. iron therapy to have fatigue
al-leviating effects in Dorr-ârr€úic women but to have no consls-
tent effects amongst an anemie group. .Anderson and Barkve
(tglo) observed. that the eardio-respiratory systero of anemic

subjects took, longer to return to a resting level of fwrction
after exercise than did the cardio-respiratory system of norm'a1

subjects. ' Sirnilüly, Ericsson (19?0) for¡.d physical work

capacity i¡ nales j.nereased witþ an j¡ncrease j-ta }rb levels.
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SJãnptoms of iron deficíency ix children includ.e

anorexiar depressed growthr and redueed. resistance to j-nfectlon

(Underwood., 19?1). While the investigations of irqr deficiency
effects upon child.ren and adoleseents do indicate subtle

changes in attitud.e (Dianond, L?TO), energy level (Ðianon¿,

19?0)r and possibly intelligence (Sulzer, Hansche and. Koenig,

1975), the relationships are not well established.

In rats, iron d.eficiency arrenia is characterized by

speclfic physiologieal s¡rmptoras such as slow weight gajnr rough

coats, white lncisor teeth, paleness of nomally pink ears,

pahrs arrd eyes, enlargement of the heart, spleen and. caecr¡nr

and a charaeterlstie sequenee of changes jx the blood. chenístry
(tucCbtt, et.al. 1962 b). However, the behavioural effeets have

seld.on been d.escribed in tems more explieit than lethargy,
lassitud.e, fatigue, and l-ov¿ level of energy output.

Bernhard.t (tgløa) reported not only that iron d.eficient
rats fail-ed to galn weight and showed lower resistance to i¡'-
feetion but that their learning of a water maze tend.ed. to re-
quire mor'e time and. trials and that they covered more distance

in doing so. Ed.gertonl Sryant, Gillespier and Gardner (tglZ)
indueed. anenia in a group of male Sprague-Þaw1ey rats by diet
and by Ín jection of a henolytic agent. They found. a positive
relationshlp between IIb level and. endurance on an exhaustive

sprint run test. .Anemic rats ran for a shorter time during

their d-eprivation than the controls. However, after Íron

repletion: the perfoimance capaeity of the two groups was
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virtr¡aLly the same. fhey al-so for¡¡rcl voh¡ntary actívity-of
the a¡renic animals, as measured by a.mount of use of a¡r aetivity
wheel atlJoining .the home cage, to be at a lower level thar that

of the control group. Again the difference d.isappeared with ..., :,.'. : r '_-:.:i

nutritional rehabilitation r

Elwood. (lgll) suggested that although hr¡nan and

aninal stud.íes of this last tyBe are inportant theoretieally, :.:,,:r,:.

they have little praetical sígnificance. Seld.om is the average ':':;'ì:

, .-,.-1..- ,

perñ,qn or animal required to work to capacityr or r.¡ntil exhaus- ,.1.',.".',"

tÍon. \' It is perhaps sttrdy of the more subtle behavioural

effects and more moderate levels of deficiency that may have

nore practical application.

Statement of the Proble¡t

Though there appear to be relatíonships between

malnutrition and physieal and psyehological perfornencet

tliffict¡1ties are encor¡ntered in specifying the behavioural

ef,fects. Fron the review of literature it becomes apparent

that behavioural correlates of malnutrition are frequentl-y

reported. in gross deseriptive terns sueh as fatigue, lassitude,

exploratory behaviour¡ and intelligence. Ge¡teral"ly the de-

scriptive terns and construets have been i-ntr¡ítively Ínferred.

from sets of specifie behaviours wíthout a systenatically

obtalned. empirÍcal base. Á. consequent of this is lnconsistency

irr the referents labelled by the sa¡ne telm or constmct. For

example, exploratory behavÍour, a frequently used psyehoJ.ogical

eonstruct, has been defined as (a) the time it tales a rat to
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enter the room off an open field apparatus (levitsky & Bames,

L972), (¡) the nunber of squares entered. i¡r the opelr field
(Denenberg, 1969)r and (c) vertical behaviour exhibited. by

the aniural fu conjwretion with the nr¡nber of squares crossed

j:a a box situation (trbankova & Barnes, 1968). On the other

hand., some researchers use nr¡mber of squares crossed. as arr

i¡rdicator. of activity (Boilesr 1967; Cow1ey & Grieseln L959t

1960; Hsueh et.a}.L97+) and others as an indicator of the

anÍmalts nocspeciflc excitability level (Kendri-ck, L972).

ïbom her systematic observation of exploratory

behaviour of rats nnder different nutritional or stimulatíon

conditions, Frarrkova (f973) conclud.ect

it was necessary to evaluate horÍzontal as wel-l- as
.vertical eomponents of explorato:ry behaviour. Ill
previously nalnourished rats the horizontal eoü-
ponent, nanelyr the nr¡mber of squares traversed or
r¡nits entered., r*as not i¡rfluenced as much as numbert (or duratfon) of standing-up reactions. Iatensity'of standing up reactions appears to be a better
measure of-exþloratory drivé (p. 481).

Shettleworth (19?5) also emphasizes the importance of the

vertical component of behaviour when studying exploratory

behaviour in hungry anjrnals. However, defi:nitions of explor-

atory behaviours generally include only the horizost'aL aspeet.

Wj¡riek,s (19?0) statenent that ttllhe weakest link i¡r the chain

of animal experÍments is the lack of standard.ization of the

behavioural- tests employed (p, l+26)u also expresses this
basic problen of nutrition/behaviour researchr

ffru challenge of researeh is to produce . ' '' '-.

fÍndings Wlf¡n can be replieated.. Systenatic observational
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analysis such as that used. by Bolles (1961), Franl<ova and

Bam.es (1968), and Shettleworth (19?5) nay provid.e a mean.s

: of d.oÍng so. Sehaviour rm.its operationally defi¡ed. in terms 
;,.,.1,,:,,.,,,,,.,

of identiflable physical acts of the organism comprise the ¡:".":':;:'

basis of this type of analysís. The final score attained.

(number of panel rears, number of face washes, etc.) is then 
..,. ,.

' not confowrded by an operationally defined construct. Rather ¡.' ,' ' ,'

it províd.es d.ata i¡ tems of behaviour units that can be ana- . .. .'''.'
... ...1..1 : i.:-j:

lyzed for variety, frequency, and. d.uration of each behaviour

i or for all behavior:rs in relatlon to each other.

I]1 this research the association of five behaviours

i with three nutritional states of rats were exanilxed .in faniliar 
l

i arld unfaailiar environments. The behaviours j¡rcluded. vertical t
:

i horízontal, groomi:rgr maintenance, and. activity categories.
ì

Specifi-cally the exploratory questicnrs Bosed were 3

I a) At different points durÍng the i:rduetion of a protein-

I calorj-e malnutrition or an iron-copper d.efÍcielcy are the five i,'.!,,',',,,ia,.;,'r,,,,tr,',,,1,

, categories of behaviours exhibited by the malnourished in a ,'',,',',',,'.'-.'
_::.: :..:::il::.. .. . ..:.

familiar environment the same as those exhibited by an ade- '",,'.. 
,

I q.uately nourished. group of rats3

b) After 24 days of nutritional deprivation d.o the three groups
.l:,:'.:1 -rj-.:i:::

' show differences Ín the five behaviours when placed j¡r an r¡n- -.::....:':..'-.::.

faniliar situation, the open fieì-dl
c ) át d.ifferent points d.urlng subsequent nutritional rehabili-
tation are the five categories of behaviour exhibited by the

i previousl.¡i malnouri-shed i:r a fa¡oiliar environment the sPme as 
l:,:¡:l,t;:,,,:;,,:,:,,,,:,,

..'''.'..'::
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those exhibited by the previously ad.equately nourishedÍ

A) After 24 days of nutritional rehabilitation d.o the three

groups show d.ifierences Ín the five behaviours when pfaced. in
the oDen fiel-d?



CHAPTER IT

METIIOD

Suþ igcts
Thirty-six female, Ylistar rats, obtalned from the

Woodl¡m laboratories at 2L d.ays of ager were grouped on the

basis of bod.y weight j¡rto three categoriesr light (42.5-

47 ,I F ),' medium (4? ,a-5t .2 g) , and heavy (5L.3-55.1 gm ) .

The rats j-:n each weight group were then randonly assigned.

to one of three nutritional treatments; iron-copper deficient
(fCl), protein-calorie malnourÍshed. (pcu), or adequately

nouríshed (ÁI[tT). the original sample consisted of 16 rats

vrith 12 in each group. However, with the death of one PCM

rat the d.ata of one ICD and one -A}}T rat of matchÍng initial
weights Ïrere also exeluded from the sanple j:r order to uajn-

tai¡r equal sauple size. lherefore, the data-producing oanple

consisted of 57 rats with 11 ix each treatment group.

Apparatus

tr'aniliaq ,EnvironneÌit. lhe horre cages i¡r which the

animals were housed for the duration of the experÍment con-

stituted the fa¡niliar environment. The cages vtere 27x17.5x

!2.5 cn stainless steel hardware eloth front and. back panel,s.

Steril-ized. aspen shavi:egs \,¡ere usecl for bedding. Food. r+as

provided. j¡r removabl-e ceramic d.ishes'and water. in bottl-es

attached. to the front hard.ware cloth panel.

t¡.e fe-hr. day-night cycle began at 7¡00 a.m. with

ilh¡njnatlon:provided by two fl-uoreseent tr¡bes, An air-
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conditioning system and two oscillating fans provided the

ventilation as well as a continuous masking noise. The a,nbient

tenperature of the colony room was 27-250 C. Al1- apparatus r,vas

kept and all testÍng was d.one ín the colony roourr

Npvel- Ðxvironnent. The open field apparatus was

adapted. from Denenberg (gAg) with modifications i-¡r size. 3or

both Phases A & B the scale of the apparatus was d.etermined by

the average bod¡¡ length (excluding tail ) of the rats. At the

end of Phase B the apparatus was increased fron a 75 cn. square

pl¡nrood base divíded i¡to 76 12,5 crnr:sguâJfes and.30 cm. walls

to a 84 cnr seüârê divided into 36 16.5 GÍlr sçluares with 52.5 em.

walls. ÍIhe field was treated with llquitex llatte Varnish which

sealed. the wood., âûd prevented. urine from soaking i¡to the wood.

9.ther Appargr.tup. The seven activity wìeels used. to

measìlre activity l-evel-s were rotating dn¡ns with automatic

rotation cor¡nter mechærisms and detachable hardware cloth hold-

ing cages. A Spencer Henoglobinoneter was gsed to assess blood

sa.nples for hemoglobín (Ifb ) content. To d.etemine body weight

(nW) a gra¡n balance scale equipped with a removable holdíng

basket was used..

Procedure

Following assignment of'the rats to their respeetíve

treatnent groups the experimental reginen began. The daÍly
routine consisted of¡ (a) removal of food dishes fron the

-.eages, (b) deterninatj.on of the anor¡nt of food left, (c) prep-

aration of fresh diet, and (d) placement of food. rations Ín
the cages. The other procedures which lncluded,assessments



of IIb, BW and activity Ievel, and behavioural observations

ín the fanriliar and novel settings were based on a six day

cycle (¡igr¡re 1) . Every fifth d.ay of the cycle IIb Levels and.

BW were taken prior to rettrrning the food d.ishes to the cages.

Every third and sixth day of the eycle the animals were ob-

served. i¡r theír home cages. Followilîg observation on the

sixth day they v¡ere placed. fn activity wheels while the cages

were clea¡red.o

The experi-ment consisted. of eight six-d.ay cyeles.

The first four cycles corstituted. Phase Ar durÍng which d.iets

were nanipulated to produce three nutritional conditions; an

íron-copper deficiency (fCl), a protei¡L-calorie malnutrition

(pC¡t ), md ad.equate nutrition (AIN ) . The second f ou¡ cycles

constituted ?hasê Br during which tine all æimals were given

ad.equate a¡rounts of stan,d.ard laboratory rat diet. Orl. the

fourth and fifth days of the fourth cycle in each phase,

observatj-ons were mad.e in a novel sítuation and Hbr B1'I a¿ä

activity neasì,Lres were taken after the observation on the

sixth d.ay instead. of durÍng their usual periocls.

NutTitional ,srgatrnentE and ï'lon.itors. [here were

two phases of nutritional treafuent (?hase A and. Phase B )

each lasting for a period of 24 days. During Phase Ar the

period of nutritional deprivation¡ the rats were given a d.iet

composed of 5Tfi d.ry skirn milk with supplenents of VitamÍ¡rs A

arrd D (lucerne Ðry Skiur Milk)t 7.5y'" corn oil, 4O.5/" corn

starch and. Z/" lJrpnaeel. The milk powd.er ration of the AfE{
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group was mlxed with supplements of 10 nl of each a 2jmg

FeS047H20 and a 5mg CUS045H20 solution to fo:m a paste. lhe

rnilk powd.er gÍven to the fCD rats was mixed with 20 ml of
distiiled. water. lhe PCM group received exactly the sæe diet
as tbe Án[[ group but was given only 5O/" of the amount.

Initially, the'ICD and the AÐ{ rats vrere given 6 gB

of the nilk diet daily while the PCM rats were given 3 gm. A

record of f ood intake was kept. Y,lhen the AÐN rats began to

eat their complete ratíon, the â&oun t ,of nilk powd,ef was i:c-

creased by 2 gn for the .AÐtS and ICD and by I gln for the PCM.

ÞrrÍ-ng Phase B, the period of nutritional rehabili-
tation, all treaturent groups were given equal- and ad.equate

amounts of Purína laboratory rat chow. Distllled water was

avallable to all rats ad libitr¡¡n throughout Phase.A--and Phase B.

Ihe effects of the nutritional treatments upon body

iron statuç and growth were monltored b¡r regular checkÍng of

cireulating blood henoglobln (U¡ ) levels and. body weight (nW) .

A measure of Hb was taken between l-1 a.m. and. LtSQ prlt. every

sixth day during both Phase A anct Phase B (Ftgure 1). The Hb

content of a blood sanple taken fron the tail vein of the

aninal nas assessed. by means of Speneer ltrenoglobinometer.

Two readings of a sanple vrere taken by eaeh of two observers.

ïf any of these read.ings differetl by more than 0,99, a second.

set of four read.ings was taken. tne average of the four or

the elght readÍngs was accepted. as the ani-nal I s IIb level. 0f
288 readi¡gs taken throughout the experi-ment, only 6 required
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a second reading. FollohrÍng d.eteroÍnation of IIb l-evels the

body weights of the subjects were assessed by neans of a gran

: balance scale. , ':
' :'-.1:. ì.

observational Proeedure and Measures Used i4 tþg :':::;;

, Fg.niliar. Envlror-mep,t. Setween l-0 ¡50 a.m. and 1130 p.m. evely

third d,ay observations of hone eage behavior¡r followed. removal , .

f the food dishes from the cages. Obgervations irr the ho¡ne ,.-.;,,.,

, oage hrere made for a three njlr. period. Every five s€cr the 
,¡¡,.¡,,r.

, observer record.ed. the :, ',-:behaviour shorr¡n by a rat for ::::r'

,, at least three of the five s€cr therefore duri:rg a three mirt.

l' period, 56 judgements of behaviour were made. The order in

1 which animals were observed. differed. Í¡r each of the 1"6 home 
,

i a"g" observations. The only criterjon for observation l¡as that

i tfre anirnal show some signs of being ar,vake. Those arr j-nals
i

'' which slept durÍng the entire 2-7 h.o:u;r observatíon period' were
I

, recorded. as sleeping.

-, The behaviour categories used in this study (tatte 
,,:.,,,,,,,.' 2) were a nodification of those usecl by Shettl-eworth (Ig75) '.''.

.; :_,.",::' with gold.en hamsters (Appendix A). Shettleworthts (L975) ,;,:.::':'

I behavj.our categories were pretested with rats (one íron-copper

, deprived, two iron depri-ved, two copper deprived, and. two
i - Ir 

-!, adequately nourished.. The observations indicated that some 
:l:ii::,:,

of the categories either were not shor¡n by rats or rr¡ere re-
:

stricted by apparatus. Behaviour categorÍes not included. were

hjrrd. kiek, pick trp sawdust, and seent nark. However, some rat

behaviours origi:nally not defjned by Shettleworthts categories ::.
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were ad.d.ed. The ad.d.itions i¡rcludeåclimb, hsng, sit, wall

rea¡:, and groom. The final list used. in this stud.y co¡rs1sted.

of .28 rnutually exclusive behavj-our categories for the home

eage observations

Observational- Froce3l¡r,e and-Mea,sureg,UseÈ i+ tþ-e

Novel Siluation. Each anjmal was observed. in a novel situatiort

the open field., f or a five-ni¡r. perÍ-od. on each of two d'ays at

the end of Phase A and Phase B. Vid.eo-tape record.s v¡ere mad'e

of all open fiel-d behaviour, The subsequent codj¡g of the

behaviours from the vid.eo-tape was d.one in the sa¡ne mAnner as

that j¡ the faníliar environment. Tbe PCM group was observed'

first, the ICD second., and. the .AfE{ third with the ord'er of

anj-mal-s observeä withi¡r the groUp cor¡nter-balaneed from the

first to the second day. In the novel environmentr the appa-

ratus preclud.ed. use of some categories such as cl-imb, hang,

panel rear, nanipulate nestr irx nest drink, hoard' and' eat.

Therefore, analysis of behaviour ín the open field i¡volved a

subset of 20 behaviour categories (Table 2).

åSjiJLlj[. Three measures of activity were obtained ¡

frequency of behaviour changes, nr¡mber of rotations mad.e in

an activity wheel, and nwrber of squares crossed jn the open

field. -4. change fron orle behaviour category to asrother pro-

vided the measure of ffequency of behaviour changes which was

used. as an indicator of activity level in the hone cage. The

n1rmber of',rotations made during a l-5-urin' perÍ-od in the

activlty wheel provid.ed a measure of volw.tary nurning. The '

.:



:::

50

nunber of squares crossed durÍng the five mjnutes Ín the open

field and. the length of tÍme it took the aninal to leave the

center foqr squares (Iatency), measured activity i¡r the novel

environment.



CHå.PTER TIT

RESUIlS

This ehapter is divided into three seetÍons. The

fÍrst dears with physiological monitors of the diets, rerj-a- 
;,r,..'

bility of the data, and. a description of the d.ata analysis. 
' 

' ,'

The results obiained. from analyses of behaviours and activities
in' the fa¡riliar environment and. l¡r the novel- situatÍ-on during 

,,,,,,1,,,,:,,,

Phase A are presented in the second seetion and the resuLts :

of ?hase B analyses in the third section ',,,,.,,'

Mpnitors of Nutritíonal Treatnents

Henogrobin (u¡ ) and body weight (nw) were the physio-.-
logical neasures used. to nonj-tor the effects of the diets.
Nutriticnal treatment group differences vrere assessed by paired
t-tests.(see Appendix B for means, t-valuesr and significance 

l

leve]s. ) changes in mean Hb values drrrÍng phases .å. and B are
illustrated ín Figure 2. After only six days on the iron and.

copper deficient diet (27 days of age ) tfre mean Hb 1evel of .: .

the ICÐ aninals was sÍgnifÍcantly lower than those of the PCII 
'.,..,::,r.'

ffih a la .¡ ^l^ '','.',t ,1,t,and "AnN rats and remaj¡red lower throughout ?hase A. The high 
:i,,,,,,,,,

mean Levels of Hb evident in the pcM group nay be attributable
to their smal-l-er body size and therefore smaller blood volume

duri:lg Phase A. with provision of Pr¡rina laboratory rat ehow ,;;,,,;.;;,

in Phase B the nean lrb l-evel of the rcÐ animals íncreased to ':'=

normal (12-lr snHb/100 nr bl-ood) and the mean }rb 1evel of the
PCM aninals deereased with a concomitant increase in theÍr BWrs.

Figure 7 illustrates the ehanges i-n mean Bhr var_ues

for each group throughout the experÍ-ment. paired $-tests of .:.i,,,.,

51



?2

et4
o
l_lp17
r{
E

8L2
r-l

Iþq 11

5
f;10

ole-.ffiï

Phase .A

Change
to Rat Chow

Age of Rat

5l-576
?hase B

(Ðays )

of rats in the
day of testing

t9 45

Figure . 2. Mean hemoglobin (H¡ )
PCM (0), .AnN (A) groups on each
A and Phase B of the experÍment"

rcÐ (o),
in Phase



240

229

200

]-80

160

140

120

100

BO

60

40

.: '..r;-i r:;i¡'.,ir_ '-

Chov¡

19 45 51 57 65 69
I
II phase B
I

.å,ge of Rat (nays )

37

.rcDcffi

trh

P
þ0.rl
o
Þ
h
o

2t 27 13

Phase A

Figgrg f . Iviean _bgdy weÍghts of rats in the ICÐ(O),
PCII(O) and .Aïll{ (^) groups on each day of testing jrr
Phase A and Phase B of the experiment.

Change



74
' 3w showed that by 27 days of age, after only six days on the
restrieted diet, the mean BW of the PCM rats was significantly
less than either the rcD or the .Aü{ groups. The pcr,i animals
remalned. at a sígnificartly lower BVf level throughout phase

A ar¡d Phase B whíle the rcÐ a¡rd AIIN e.ninals did not differ
from each other durÍng either phase.

Reliabil-ity of the Ðepend.ent variable Measures

Â11 behavioural- recordíng and codi¡rg was d.one by
one observer. vldeo-tape records permitted assessment of
i¡rtraobserver reliability on a sample of slx anÍnals selected
fron each of the four d.ays of open field observatior. The

percentages of agreement based on the ,frequency of the zo

oBen fÍeld behaviours for phase A were 97.6% on Day 1 and

92.816 on Day 2 and for phase B1 g4.g1t æld g3.gú ot Days 1
and 2 respectlvely. fhe mean differenee between the. first
a¡rd second record.ings of the nr¡mber of squares crossed in
the oBen fierd was 3.95 wÍth a stand.ard d.eriatÍon of 7.44.
For latency, that is, the aaouat of time the anlmals took
to leave the centre four squares of the open field., the nean.

difference y¡as .1? sec. with. a standard d.evlation of .zg sec.
Data Analvsis

To faeilitate analysis the 2g specifie behaviours
were logically grouped i¡to four larger behavi_our categories,
nameJ-y, vertical, horizontal, groonlngr &rrd maintenance
(ratte 2). As lniticated, in Table 2 three vertÍcal and ffve
maíntenanee behaviours d.o not apply in the open fterd. ï1r

addition to the four behavLour categorles, two measures of
activÍty rever (p. 29 ) were obtai¡ett for each of the home

'''..'...'.'''':':

'r.: i:r.::--
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cage and open field situations. The activity measures of

ÊçLuare crossing and lateney were transforued. to prod.uce

integer d-ata which was reçLuireä for the computer progra¡n.

Split-plot two-way analyses of variance were used

to test the effect of nutritional treatnent (1) and of day

j:rr treafuent (hone cage 8, activity wheel 4r open field 2)

on behavior¡r. Each set of behaviours (vertical, horÍ-zontal,

grooming, and maintenance ) and each activity level ind.icator

(frequency of behavior¡r changes, activity wheel rotatlons,

latency scores,and. rate of square erossing) for each phase of

the experiment (A and B ) 1n each environmental setting (fa-

m1Iiar and. r¡nfa,niliar) were a¿alyzed separately. Because of

the expLoratory nature of this study only analyses which

Brod.uced. results significant at a .05 probability level or

better are presented.. Wþere there are signifieant results
ta su¡nmary of the analysis of variance and. appropriate figures

are inelud.ed in the body. À11 other pertinent j¡rforrnati.on,

such a'b complete tabl-es of means and !-values, íf not pro-

vided ín the text, is provided in Append.ix Cl. Secause the

effect of nutrit'ion on behaviour was the focus of this study¡

resul-ts from the Ðay factor which reflected behavloural

changes occurring with maturation¡ are also presented in
-å,ppend.ix C.

Phase A¡ Nutf.ilionaf Deprivatl
'' 

.Sehaviours and activity in the familiar environ-

ment. .4. summary of the F-ratios of the analyses of variance
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of behavlours observed in the home cages during the period

of nutritional deprivation is presented. in Tab1e 7, During

this phase nutritional- treatnent was associated with d.iffer-
ences in vertical and grooni:ng behaviours and. frequency of
behavÍour changes. The length 'of tine in nutritionar treat-
ment (Ðays) r¡ras also associated. with differenees i¡l vertical
behavÍour as well as with di-fferences in naintêrsnce behav-

iour, frequency of behaviour ehange, and. activj-ty wheel scores
(Appendix c). significant nutritionar treatment with tlne
in treatrnent lnteractions were noted for vertical. and. main-
tenance behaviour, frequency of behaviour changes, and activ-
ity wheel scores. .

Figure 4 provides a sunmary of the mean frequency

of vertical behaviour of rats in each of the nutritional
treatment groups u¡hen observed in their home cages during

l

Phase A. This figure suggests that the anor¡nt of vertical
behavíour shown was rerated to differences in dlet. The

analysis sunmarízed i:r Table 4 did indicate a significant
nutritiqa effect, E(2120)=19 .46rL1.001-. Significantly more

vertical behaviour was obsen¡ed. in the pcM rats than either
the ICD, P(164)=3.?Brg<.001r or the .åIN rats, t(164 )=6.I7 t

¿<.001. The rcÐ animals exhibited. less vertical- behaviour
than the PC!I, !(164 )=3.78rp..001, but more than the All{ rats,
3(f0+)=2.38rp<.05. The -AJlrI rats showed the teast amount of
vertical- behaviour. îhe day-to-day chan.ges j:r frequency of
vertlcal behaviour over the eight days of observation, which

:"



ÎABLE 7

Sunmary of F-ratios for Beiraviour Category Scores
and Activity level Scores

in the FamiLiar &nvironment
during Nutritional Ðeprivation

17

Behaviour

Vertical
Horizontal

Groomilg

Mai.ntenance

Aetilrity
Frequency of
Behaviour
Changes

Activity Mreel-

Nutrition
( dÊ'2, 20 )

1!.46xxx

o.22

7.o7xx

0.10

9.20xx

r.25

Iav
(¿r=7", ero \

I7.57x**

r.27

1.88

l?..tgx**

Nutrition x Day
(df=14,210)

2.16xx

1.1_8

1.51

1.86*

L4.7gxxx

L8.77xxx
(ar=],9o)

2.15x

5.lOxx
( ar=6, 9o )

*P" 05**!.t 'ofxxxg<.001



?R

ffiÍ{
5o

.11

c)
É
rl
cd
o

' 'rl€
h
(¡)

Þ
+{
o
Þr
C)

Ì.{o
á.o
o
t{
É{

F¡
d
(¡)

ã

16

14

I2

10

Day of Observation

Figure 4. Mean frequenci-es of vertlcal behaviour
(¡ãsed on 5-sec. observational r.¡nits) exhibited by
each nutritional treatment group for each day of
observation in the fa¡riliar environment durÍng
nutritional deprivation. Significant group differ-
ences were indicated. for ¡

l.;'

Ðay 33

16

7g

42

45

Iv1ean over Days

TCD > .åÐN

TCD > AÏ'N

ICD ( PCM

ICÐ < ?CM

ICD < PCM

rcD < PcÙI

PCM > .AÐ}T

PCI4 > Ant{

PCM > ATA{

PCM > ATIT

pCM ).AXN

fCI) ) ^AnN pCM ) AXbl



zo
:

!'

TABIE 4

Sunmary of AÌ{OVA of Vertical Sehaviour
in the Familiar Ervironment

. durjng NutritÍonal Ðeprivation

Source ¡f (lqqI IJIJ I{S F

Sub jects l_0 1l,l..z'.î 1r.r1
Nutrition (tt ) 2 1735.38 867 .69 19.46x*x

Error6 20 89L.77 ++.59

I Days (e)
ì; NxÐ

7 4296.88 6iI1.84 1'l ,53xxx

Error* 2lO 7355.66 75 .O7

r Total- t 267 l-5747 ,4L

14 1J.56 .43 82.60 2.75xx

rÉ* p..01
x*x þ.<.001_

--- :- --:--- ;,-T-:-;-477-ñ:-l"r-----=:-
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also Ímplies the age of the rats, w&s significantrg(7¡20)=
' 17.51¡y..001. Nutritional treatment also interacted with

: d"y, E(r+r210)=2.76¡P...0fr which suggests a differential
. effect of nutrÍtion upon the frequency of vertical behavÍour . ,'i,:

Paired. t-tests Índicated no differences in frequency of
vertical behavlour between nutritional groups before Tlay 33t

i hat 1s, during the first 12 days olr the d.eficient dlet. ,,.,-

,, From Day'33 to Day 45 the PCIvI rats showed. significantly more 
.r,.;:

vertical- behaviour than the AnN group and from Ðay 79 to 45

also more than the ICD rats. More vertical behaviour was

' observed. a¡nong the ICD than the .âDi{ rats only on Days 11 and.

, tu'
Anqlysis of grooming behaviour (Tab1e il indicated.

differences arnong nutritionaL groups, LQ, 2O=7.0?r!..01.

i the PCM rats groomed less (Li=¡ .42rÐ=9.79) than the fCD rats
' 

frî 
^(LÞ2.35rÊg=5.16; j!,(2O)=2.24¡L<.05) and. also less than the

.,i o* rats (LI=Z ,4 5, !g=1r .gz; I( z0 )=j .77 rp. . ool ) . i;:;,'': 
The mean frequencies of maintenance behaviour _,.

-r observed. in the home cages over the eight d.ays of nutrÍtional ,-,.

, deprivation are illustrated in Fígure 5. The analysis su¡m-

mari-zed in Table 6 ind.icated no d.ífferences a&ong nutritional-
¡ treaturent groups but significant changes from day to day, ,,., .
'' ':-: i:':

E(2, zrO)=L2.39tp..001, and a signi-ficant interaction of
: trutritional- treatnent with day of observation, F(14r210)=

l-.86r!,.nO5. Howgver, t-tests ind.lcated significant differ-
:

ences between only the ICÞ and the PCIvI aninals on Days tO
. . li :.. 

.. . : ,...: ..
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TA3IE 5

Sunmary of AIIOVA of GroomÍng Behavj.our
in the Fa¡ailiar Srvíronment

during Nutritioaal Ðeprivation

Sgurg.e

Sub jecte

Nutritior (lV )

Jlrrorb

Days (l )

N xÐ
Errpr,

Total

SS

659.gg

1161.14

l.64]..35

1114.49

t794.85

l7802.28

2417 4 .tr

df

10

¿

20

7

14

210

265

ys.

66.00

58O.57

92.o7

l-59.21

L29.20

84.77

7 .o1x

1.88

l-.51

F

* Pt.'05
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TABIE 6

Sr:rnmary of AI{OVA of Maintenance Behaviour
in the Faniliar Drvironment

. during Nutriti.ona] Deprivation

S,otrce

Sub Jects

dfSSMSF

10 11O4.gO 1f0.49

7 13024 .O5 1860 .58 !2.79*xx

14 3920.7+ 28O .O2 1.86*

Nutrition (w ) 2 47 .05 23 .j7 0.101

xrrorS 20 4649.01 272.45

Days (D )

NxD
Error* 210 51542.98 150.20

Total r 267 5+288.76
* .P.t'05** p<.01

xxx !t.001
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arLd 42. less maintenance behaviour was observed among the
rcD than the pcM animars on Ðay Jo whire on Ðay 42 the pcM

showed less than the fCÐ animals.

Figure 6 irlustrates how frequently the rats in
each treatment group changed. from behaviour to behaviour
d'uring the 3-nin. observation period.s. The analysis of
behaviour changes sunuarized. in Table ? d.emonstrated signi_
ficant dífferenees among nutritional treafurent groups,

!(2r2o)=9.20rp<.01. During the period of nutritionar_ d.epri-
vation the pcM group changed. behaviour more frequentry than
the IcD, !.(164)=2.04¡p..O5r and the AItrI group, !(164)=3.66,
9<'001. The day to day differences Ín frequency of behav-
ioural changes over the eight days of observation v/as signi_
ficant, E(7, 210)=14 .79ry..001. However, the sÍgnificant
interactlon of nutritional treatnent with day of observation,
g(14' zLo)=2.f3rF.otrr suggests diet i¡rfluenced the frequency
of behaviour changes d.ifferently at dÍfferent times during
the course of treaturent. Group d.ifferences were not i',di_
cated r¡ntiI Ð^y 75 at which time the rcD and. the pcM a¡rimals
changed behaviour more frequently than the ArlrT. The pcM

also showed more behaviour changes than the .AJIrT on Ðay 39
and 45 and than the fCD on Ðay 4l>.

Aetivity wheer- measure* v¡ere obtained. on onry four
d'ays d.uring the period of nutritionar. deprivation (Figu.re ? ) .
The analysis sr.¡nqarized i:r Table g ind.icated. no d.ifferenees
between nutritlsnaL treatment groups j¡r aetivity wheer rwrning
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TABIE 7

Sunmary of ANOVA of Frequency of Behaviour Changein the Fa,miliar Þrvironment. during Nutritional Ðeprivation

''.:.-: t,. l ..j:_

Source

Sub jects

Nutrltion (w )

Error¡

Days (l)
NxÐ

Errgr*

Total

SS

477.36

679.16

718.OO

1727.9O

ro72.54

?560.88

t4255.84

df

t0

¿

20

t4

2to

265

MS

47.'14

739.58

36.9O

552.56

76.6r

76.OO

9.20*x

I+.7gxxx

2.l1xx

F

* !,t.05xx p..01
xxx !<,001
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T^A3T,E 8

Surnmary of ÅI{OVA of ActÍvÍty 'ltlTreeL Rotations
during Nutritional Deprivation

Source

Error¡

Day (D )

NxI

Fdf SS MS

Sub jects 10 807l3.t1 8071_.11

Nutrition (tq ) 2 14416.55 7 2Og .27 L.25

20 117.06.06 5855.70

5 6.609.18 20516.79 l.g.',l1xxx

6 37541.69 5590.61 5.10xxx

Error* 90 98666.25 l096.29

Total t 'I31- 406054.94

* !.t'05** !'t'olxxx p<.001
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but a significant difference from day to day, L$r90)=18.?5r
g¿.OO1r during the period. of nutritional depri-vation. The

Nutri-tion x Day interaction, F( 6190)-5.t0rp<.001, indicated.

less activity wheel nrnnÍng a¡uong the POM rats than the fCÐ .

and .AÏÀT on Ðay 2J. However, on Days 77 and 59 the PCM rats
ran more than either of the other two groups.

B.ehaviours and Agtivity .i¡r the Nglgl Situatioq.
Generally, analyses of the data from the nove] situation at
the end of ?hase A ind.icated that differences j:r vertical,
horizontal, and grooming behaviours as well as in the number

of squares crossed in the open field were associated. wlth

nutrÍticnal treatment (tatle 9). latency, that is, the

length of tine taken to leave the four cem.tre squares of the

open field., was longer on the first than on the second day

of exposure for all- three nutritional treatmeert groups (Ap-

pend.ix C). However, the a,nount of naintenance behaviour

shov¡n on the first and second d.ay of exposure to the open

fÍeld differed among nutritional- treatnent groups.
:Speeifieally, analysis of variance of the frequency

of vertical behaviour (ta¡te fO) inclicated d.ifferences a¡nong

nutritional groups, f.'(2r 2O)=11.1-9rp<.001, attributable to

the PCM rats (g=fg.¿f ) who shov¡ed more vertical behavior,lr

than the IcÐ, (gt=11.09; !GzÈ7 Jzry<.001) . Tfr coatrast,

the significant nutritional treatmqrt effect on horizontal

behaviour- jndicated by analyses of variance (fa¡te 11;I(212)=

12.08rg<.O01) ,was d.ue to the ICD group (g=+e .Oe) that
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Summary of I-ratios for Behaviour Category Scores
and Activity l,eveJ- Scores
irr the Novel Situation

d.urÍng Nutri tíonal Deprivation

50

Behaviour

Vertical
Horizontal

Grooming

Maintenanee

Ac.livL!r,

Latency

Totart Sqr*""."
Crossed

Nutrition
(¿r=2. zo)

11.19xxx

12.08***

6.06*x

o.65

0.48

5.zl.x

7.23

1.41

5.2r

4.+4x

1.60

2.78

Dav Nutrition x Ðay(¿r=r.50) .(gr=e. ro)

0.17

0.82

7.45

0.68

1$.99xxx

2.79

*P"05
*xp <.01

xxx!..001
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TASIE 10

Sunmary of AI{OV-å. of Vertical Behaviour
i¡r a Novel Situation' d.urj¡tg Nutritional Deprivation

Source df

Sub jects

Nutritiqe (N ) 2

SS }IS F

Error.

Ðays (D )

NxD
Erròrw

Total-

20

10 1071.69 10?.17

1

¿

10

8L1.5O 406.65 11.f 9xxx

727 .O3 76.35

7.41 3.4L o.}7

I27 .18 61 .59 7.23

590.91 19.70

65 7357.52

tÉ P'<.05*x 1..01xxx !<.001
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TA3IE 11

Surnmary of AI,TOVÂ of Horizontal Sehaviour
in a Novel Situation

d.uring Nutritional DePrivation

Sourcg

Sub jects

Nutrition (tl )

ErrorO

Ðay (D)

NxÐ
Error*

Total

df

10

2

20

1

¿

30

65

SS

l}2'l .7 9

916 .64

67 6.O2

l7 .52

60.57

644.92

7243.45

HS

102.78

408.52

73 .80

L-l .52

5o.29

2r.50

12.08*rÉ*

0.82

1 .41-

I'

* p<.05
xx l¿.01

xx* !..001
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exhibited more horizontal behaviour than the PClvl (g=¡g'14;

t(+Z)=4.89r!.¿.001) and Al[{ groups (g=+f .+5; !(qz)=Z.99,

.p.<.01). [he analysls sunmarized in Table 12 i¡rdicates that

frequency of grooming behaviour also varies with nutritíon-' .,'i

al- treatmentr, g( 2)20)=6.06rg<.OI More grooming behaviour

was observed. a.mongst the aÐN (LÞ4.77) than rcÐ (g=r.45r!(42)=

7,o2ry<.01) or PCM aniurals ([=l .45i !G2)=3.02rp<.01). SÍni- 
i,

lar to vertical behavj-our, the significant differe:c.ces mong

nutritional groups i:n the rate of crossing sql.lares i1r the t.r

open field (Tabl e !1t T(2r2o)=5.2i*rp<.05) resuLted. fron the

PCM rats crossing more squares per second. (g=.6e) than either

the IcD (g=.+¡, \G2)=2.94rp..01) or ttre A.IE{ groups (5.+?;

t(+z)=2.60rp¿.01) .

The only i:nteraction of nutritioral treatment with

day of exposure to the open field was indicated for the ana-

lysis bf nai¡tenance behavÍour (la¡te la; f(2110)=4.44rp<.0!).
On the first day more maintenance behaviour was observed i¡r 

;,rti;

the PCI,I (M=1.09) than the TcD (g=O.r8; 3( 2o)=2.39¡E<.o5) and ,'i"''

AnN groups (F0.18; j.( 2l)=2.79tg<.05). Or the second day ::,;':

there were no differences a¡nong nutritional groups 1n anor:nt

of naintenance behaviour observed.

Phase B: Nu:Lritional Recoverv ,.,..,
:.- ;:..

. Behay:Lo:r¡¡s .

The summary of analyses of behaviours observed i:r the fæiIÍar
environgrent during nutritional recovery (Table 15) suggests

that these behavi-ours were not associated with nutritional
:.:: .

:
: ,,t.

51



Source

Sub jects

Nutrition (t't )

ErrorO

Ðay (Ð)

NxÐ
hr0r*

TotaI

101.76

161.48

266.5L

16.50

50.64

L47.16

720.26

ug
l_0.1_8

80.74

L1.31

16.50

L5.72

4.78

6,06**

5.45

7.2r

54

TASIE 12

Sr.unmary of ANOVA of Grooming Behaviour
irr a Novel Situation

during Nutritional- Ieprivation

d.f

10

2

20

I
¿

70

65

FS.S

* p..05
xx f,<.01xxx [4.001
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TABIE 11

Swnmar¡r of ANOVA of lotal Nr¡mber of Squares
Crossed. per Seeond in a Novel- Situation

durÍng Nutritional Ðeprivation

55

Source

Sub jects

Nutrition (N )

Error.
Day (D )

NxD
hròro,

Total

,8o24o.oo

587680.00

7+47 68.OO

29120.OO

54032.OO

567].52.OO

L962992.OO

18024.OO

19r840.00

57278.40

29120.00

2?01-6.00

12238.40

F

10

2

20

l-

¿

30

65

5.ZLx

2.79

2.2r

xP<.05
**1..01

xx*[.,001
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TA8IE 14

Sr.rnmary of AXTOVA of Maintenance Behavi.our
i¡r a Novel Situation

durlng Nutritional Deprivation

Sou¡ce df SS MSF

Sub jects 10 g.7g 0.98

Nutrition (m) 2 1.12 0.56 0.65

Emor, 20 I7 .2I 0.86

Day (D)

NxÐ

Total

1 O.55 O.55 0.68

2 ?.18 7.59 4.44x

nrrer, 30 24.27 0.81

65 60.12

*p <.05
xxf,a.ô1

xx*!<.001
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TA3IE I5

Summary of F-ratios for Behavi-our Category Scores
and Activity level Scores

i¡r the Familiar &evironment
durÍng Nutritional RecoverY

Behavi-our

Vertical
Horizontal

Grooming

Maintenarrce

Activ_ity

Frequency of
Behaviour
Changes

Nutrition Day Nutrition x Ðay i:''"'.",,'','','

(df=Z" 20) (of=?. e10) (df=t4. z1_0)

o .27 2.94xx 0.81

1 .go L.g2 L .g5x

o.B4 l-.01- L.75x

1.50 1.80 0.98

2.25 4 066àÉ** 0.60

ActivÍty Wheet 2.10 9 .16x\x 1.78(df*,,90) (ar=6,9o)

*Þ <.05
xxþ<.01

**lÉg<.001
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treat¡nent. Verti-cal behaviour, the frequency of behaviour

, changes, ard rotatÍons in the activíty wheel differed from
day to day dr.rrfng nutritionar reeovery (Appendix c ). How_

,,j everr the Nutrition x Day interaetions ind.icated for the ,;,.' ,'..,,,,

I horizontal and groomÍng categories suggests an j:nfLue¡.ce of
nutritlonal treatment.

: Figure g irlustrates the nutrition x day ircter- ,. ,,,,,
ln of hnr.i znvr tal Ìiahor¡.i a..s t ¡ t ^r ^ \ 

t,:' t ::"'',ri action of horizontal behaviour (tatl_e 16; g=(t4, eto)=1.95r :

::: . -.:.-'

:.' P<.05). Palred t-tests indícate the group differences on ","-,..,.

, Day 48 resulted from the ICD showÍng significantly more hori-
I zontal behaviour thar either the PgM or AI[rï animals. The

i

x ilay interaetÍon, (Table lT; g=(14,2I0) =I.75¡,p<.05) are

i presented Ín Figurê 9 ' Sígnifica.ntly more grooning behavf our
was observed in the PCM than the AÐN group on Day 54 while on

Day 60 the rCD group exhÍ-bited, more grooning than either of
the other two groups.

:.: i.::.- :.:.:..-,,,t, ' Bghaviou.rs and Activity j-n__the Novel Situ,ation. In. 1ab1e ¡l:ì;,,,ri.r.,

. : . . . - ... ..: ..: 1g the sunmary of analyses of variance ind.j-cates that after 24 '. ,'',,,
:

days of ad.equate nutrltion the mai.:c effect of nutritlonal
treatment indicated. no differences among the groups. How-

,, everr the day of exposure d.oes have somg infl-uence on vertical 
:,:1,;1,11,.,¡
:::-. -:"'.''.'.'1 and' horizontal behavíour as well as on latency and the nr¡¡rbeb ":

of squares crossed. per sec ò

The only effect of nutrltional treatnent on behav-
iour Í¡r the novel situatíon at the end. of the period, of
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Figure 8. Mean frequency of horizontal- behaviour
(Uãsed on !-sec. observational units) exhibited by
each nutr.itional treatr¡ent group on each day of
observation j¡l the familiar environment during
nutritional recovery. Significant group differences
v¡ere indicated for 3

Day 48 ICD > PCM
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Day of 0bservation

Mean over
days

ICD > AÐN
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T,A3IE 16

Sunmary of ÀI{OVA for Horizonta} Behaviour
in the Fa.miliar Brvironment
during Nutritioral Recovery

Source

Sub jects

Nutrition

df ss Lts E.

10 242.27 24.22

2 187.87 93.93 1.80

Error, 20 1042.88 52.14

Days 7 644 .76 92.05 L.gz

Nutrition x Days L4 I5l2,O7 91.72 !.95+.

, EruprO 2IO 10084 .78 48 .O2

lotal 265 L35r4.r9
*.P,'.95
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TA3IE 17

Sumnary of ANOYA for Grooming.Behaviour
ín the Fa.niliar Ervironment. during Nutrltional Recovery

Source

Sub j ects
.i Nutri-tion

i Error

, Days

df, ss Ms L
10 rr72.28 l,]-7.23

2 210.48 LO5.24 0,839

20 2507 .60 L25.38

7 892.02 127.43 1.012

Nutrition x Days f4 3083.82 220.27 I.749x

I nrrqr 210 26+48.58 L25.95

Tota1 261 74714.78

*!,'.05
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Figure 9, Ivlean frequency gf grooning behaviour (based. on
5-sec. observational units) exhibited by each nutrítional
treatment group on each day of observation i¡. the fanillar
environment during nutritional recovery. significant group
d.ifferences vrere indicated. for ¡
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-: ::'. : ..: --::

Sr-rmnary of

Behavi-our

Vertical
Horizontal

a

Groomi-ng

Ivlaintenance

Activity
latency

t

Total Squares
Crossed

TASIE 18

F-ratios for Sehaviour Category Scores
-and. Activity level Scores

in the Novel Situation
durilg Nutritional Recovery

o.55

o.45

0.79

3.ro

Q.52

Õ.53

6.7 4x

7 .50*

0.48

3.lL

6,65x

44.77*xx

Nutrition x Day

1.58

0.86

1.33

1,78

o.77

7.ggx

Nutrition

*p<"05
**î..01-

xx*!<.001
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nutritional reeovery aBpeared. 1n the Nutrition x Day

interaction (ta¡le t9) of rate of crossÍ:rg squa^resr E(2¡5o)=

7.99¡!a.O5. This interaction, íllustrated in Fígure 10, vÍas

due to the ICD rats crosslng nore squares per sec. than the

PCM on the first day of exposure to the open field. Or'the
second day both the ïCD and the PCM crossed more squares

than the AJN.

Ï:lr sunmary the analyses of the results j¡rdicated

the differences in behavÍour among the treatment groups were

greater during nutrltÍoea1 deprívation than during nutritÍonal
recovery in both the fanlliar environnent and. the novel situa-
tion. Furthermorer during eaeh of the nutrj,tional treatment

period.s d.ifferent behaviours were affected.
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TA3IE 19

Surunary of ANOVA for Nr¡mber of Total Squares
Crossed per Second. in a Novel Situation

durÍag Nutritional Recovery

Source

Sub Jects

Nutritioe

qfssMSF
10 558592.OO 55859.2O

2 46976.QO 25488.00 O.5t

Error" 20 886160"00 44308.00

Days I 349840.00 349840.00 44.77xxx

Nutrition x Days 2 62368.00 51184.00 7.ggx
Error. 70 2744J:6.00 ?811.00

Total 65 2r78352.OO
',:t *!,t'05

**p<.01
*** !..001
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Figure 10. Mean rates of total squares
crossed in the open field by each
nutritíonal treatment group during
nutritionaL recoveryo
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CHAPTER IV

ÐISCUSSION AND SI]MMARY

'- '' :

Differences in behaviour were for.md to be related ','.:'i,i;';:;la',j.j,,

to nutritíon in both the faniliar environment and. the noveL

situatior. Llx the fami]-íar environ¡ient both of the nutri-
tionally deficient groups exhibited. more vertlcal behaviours

dr.rÍng the first few days of deprÍvation. The PCirf aninals

engaged i:r more vertieal behaviours ( Jr¡npj¡rg, clÍ-ribÍng,

hanging and rearj¡tg) and showed. a higher level of activity
(frequency of behaviour changes and activity wheel nrnning)

than the other groups throughout Phase A. It nay be this
greater than usual amowrt of activity arrd vertical behaviour

which accounts for the use of tems as rrestless, hyperactive,

Írritabl-er in d.escriptions of hungry or proteín-calorie mal-

nourished animals. On the other hand., if restles$xess is
inferred from the frequency of behaviour changes, activity
wheel runnilg, and. vertical behaviour, then the tersr also

applies to ani-mals of the ICD group beoause they too showed ;i" ", ,' ,
. .'-t:-:.::r-_

an increase in these behaviours during the first 15 d.ays of

iron-copper deprivatÍ-on, even. though the mean henoglobj¡r level
of the group was fallÍlg during this sane time. These are

not, however, the .behaviours one would. expect to ind.icate

the usual s¡rmptons of anemia which i:rcIud.e t fatigue anai

l-assitude. t Fur,thernore, although a reduction in the

67
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occurrence of these behavi-ours coincided with further drops
Ín I{b levels, the ICD contj:nued to engage i:r a higher mean

frequency of vertj-car and grooming behaviours, anä frequency
of behaviour changes than the .ånN animals. However, lassitude
and fatigue woul-d be expected to imply lower than normal
levels of these behaviours.

Þ(asrination of the behaviour differences between
groups ín the faníriar envi-ronment shows d.ifferenees to be

more frequent between the rcD and the pcM or between the pcM

and .AnD[ groups and much ]_ess co¡nmon between the ICD and the
aÐNT groups. Results from this research suggest that anemia
can be identified from behavioural symptoms but these s¡rmptons

occur early in the d.everopnoent of the d.eficiency. After the
lCÐ anÍnal-s reacheil a mean IIb level of 9.5g their behavj.our
became very sinilar to that exhibited by the adequately
nourished ani-mals and¡ hencer ilo r.onger distinguishable from
normal behaviour. The initiar phase of j¡rcreased. activity
followed. by ? return to a Inormalr level of activity found
a'mongst the anemic animal-s of this study contrad.icts the general
description of anenic animar-s appearing easily fatigued.. perhaps

the difficulty ín pinpoínting the s¡mptonatic correrates of
aneuria which E1wood (1glZ) discussed. stems Ín part from
different behaviours being exhibÍted at d.ífferent tines i:r the
developnent of the deficiency.

After 24 days on the d.eficient diet the rcD anÍmars
did not differ from the .AIN anÍmals on any category of behavíour

r'1.ì:ir:;ì:"'.:':. : _

i,_:.: ...-

i-ìt-.EjE-f,ffi-ffi.r'7-
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and the PCM anímals showed less d.Ífference jn actívity wheel

running. Howeverr when plaeed. ín a novel sj-tuation at this
time, behaviour differences anong nutritional groups agajJr.

bêcams clearly delineated.. .å, greater d.egree of frestlessness
. .....:..'.:'.:.
'-' in the PCM rats could be inferred. from the greater amount of :.::::,::¡

vertical- behaviour and crossing of squares per secon¿ showïr

by theu than by the other two groups. Oc the other handr. the
'''.;

:r ÏCD animals, who spent more time than the other groups in ,,,,;,,,:

:: horizontal behaviours could be d.escribed. as showing a sign of :,.,,.,,,
'-:. ... :rfatigue, I sinee the category j¡rcludes behavíours i:c. which the 
':

anínaI remains on all fours¡ close to the floorr.a4d not ne-
cessarily movíng. Finally, the .AÐN animals spent more time

i grooming in the open field than the other two groups. Shettle-
I worth (lglil suggested that the tendency to groom in an unfa-
i niliar setting is an indieation of a rel-arced aninal. From the

I grooni-ng behaviour of the adequately nouri-shed rats th-ey

, The ehanges in behavÍour for¡nd. during nutritional- de- :..:...:,.,
'.1 .,.:':-::.-:

Privation jn this experiment are sinilar to those observed by ,,':.......'
: .:: : :t, Bol-les (1967), Frankova and. Barrnes (lgeg) and Shettleworth (1gl j). 1,,,, 

,,

patterns after nÍne days of i¡rsufficient d.iet. Hwig ,ry aninals
generally more active, they slept less but rested nore .and ;;;,¡,t,",,"

groomed less than sated. animals. The PCM group in ttris study
groomed less arrd both d.eficient groups were nore active thap the ad-

' eqÌrately fed group. Shettleworth (lgZil for¡rd. that hi.rngry anirnals in
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a famifiar envirqnment showed. an increase in frequency of

walking and rearÍag, and a decrease in the frequency of groon-

ing. As with the PCM alni-nals of this stuily, Fankova and Ba¡nes

(fg6g) reported that fenal-e rats that were protein-restricted

during preweaning and calorie restricted during postweaning

groomed. less, crosseil nore squares, artd engaged in more stand.-

j:lg up reaetions than control ani-nals, lhey also observeil that

malnol¡rished females were ¡nore active than males and differ-
ences between the malnourisheiL and the well-nouríshed females

tended to be less evidento

Analyses of behavj.our durÍng nutritional recovery

indicated no effects of nutritional treatnent on behaviour i-:n

the fa.niliar environment except on a few specific days. f t is
possíble as Denenberg (f g6g ) nas poÍnted out and Zjrnrnerman and.

Zimrneman (Ig72) have reported that the handling involveit i¡.
Iearyi:ig out the experÍ-ne,nta1 proced.ure in this study provid.ed.

additional stimulation which may have lessened the effects of

the nutrltional treatnent on behaviour. For exanPler the

experimental proceilures may have influenced vertical behaviour

and frequency of behaviour changes. A six-day cycle of in-
creased activity was observed 1n which activity l-evel peaked

on each day followi:rg assessment of blood hemoglobin.

, Oi the other hard., it is also possible that there

are no long-tem effects on these behaviours with sueh mild

and short-durati,oe deficiencíes. Other research supports thÍs
view. ,Xdgerton et.a1. (L972) reported that differences i'ln'
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capacity for activity d.isappeared between nonnal and. anemic
a¡ri-nars after seven days of diet repletion. Bolles (Lg61)
arso for¡rd a rapid. return to no:mal behaviour dístribution
patterns w'ith the provisÍon of an ad.equate d.iet.

After 24 days of nutritional recovery the camy-over
effect was evi-d.ent ontry for the rate of crossi¡g squares i¡r
the oBen fiel-d. . rt could. be arguect that the open fÍerd no
lônger herd a nover effect. However, since the rate of square
crossing vras consistent with the effect of novelty reported by
Denenberg (rgøe ) lt wou1d. seem that the open fíeld eonti¡rued.
to provide a,novel:stimulus. The rats that crossed a great
number of squares on the first day of open fteld exposure
Denenberg deseribed. as show:ing low emotionality f' the novel-
situation whereas rats crossing nany squares on the second. day
as exhibiting high enotionality. He aLso reported. that gener-
ally rats cross more squares on the first than the second. day..
The fact that the Day effect was not present in phase å. but
vras present Ín phase B, nay ind.icate a hamperi.ng of no:mal
behavioural responses to a novel sÍtuation with poor nutrj-tion.

rt shour-d. be pointed out that though behaviour
ehanges were associated i¡r part to nahmation¡ in this study
no attempt was made to assess differences ín trends nor to
partial out statistically the age factor from. the nain effect
of nutritional treatnent. rt is recognized that behavioural
changes that occur w'ith naturation nay have Broduced. varlabi.-
lity Ín the data that could. have masked differences.between
nutritional treatment groups.
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The results d.o d.emonstrate that the observational
techníque is sensitive enough to discrjmjnate changes i:e
behavíour. with the adaptation of shettleworthrs (rgli)
behaviour categorles data were obtained. whích ind.icated. subtl_e

d.ifferences i¡r behaviour associated w:lth diet. However,

difficulties were encor¡ntered with analyçis of such d.etailed
data. To ma.ke the data more nanageable the 2g behaviours

were Iogica11y grouped into four categories. consequently,
for the sake of narageability, detail vras sacrÍficed. This
raises the questior of whether these behaviour categories
present the sane tlre of wealrnesses attributed. earlj-er to
psychological constructs. vertiear and grooming categories
appeared to contain honogeneous behavi.ours, but the categories
of hori-zontal and rnai¡tenance behaviours may have cortaÍned
near'iagful subcategories. flhe horizontal categor¡r, i¡c1uded
all behaviour j-n which the animalr s body remains parallel to
the grornd. whlch includ.ed very passive behaviour such as

walkingr âs well as very active behaviours such as dartÍ-:ng,

hopping ancl n¡nning. The additional breakdown of hori zon1oal

behavioursa1ongapassivetoactivecontínuÌrmmaymakethe
category more useful. Similarly¡ the naintenance behaviour
category nay be more nearÍngflrlly used. if it were divided
along an active-passi-ve dj-nension. An alternative to logical
grouping of the 28 behaviours is factor analysi_s.

Although the observational shrdy of behaviour changes

.in relation to nutrítÍonal treatment has proven fruitful Ín

72
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terr¡s of d.ata, the detailed results are diffieult to explai¡
without a theoretical f,ramework. For exanple, group differ-
ences in vertical behaviour appearecl cojncid.ent wi.th signifi-
cant group differences in IIb and BW but not consistently.
lower Bl{ of the ?CM animals and. lower IIb of the' ICD anÍnals

both coincícled with a higher mean frequency of vertical behav-

iour in the two groups. With further r¡ean Hb level d.rops the

nean frequency of vertical behaviour also dropped, even though

it was sti1l at a 1evel higher than that of the ASd group.

similarly, with continued significantly lighter BW of the pcM

group the mean frequency of vertical behavíour remained higher.
If the specific behaviours were investigated within the context"
of an approprÍate theoretical franework as, for exanpler selyers
stress mode1, the progress of behaviour changes during a d.evel-

opíng defieiency could. be hypothesized beforehand. and. then

tested..

ST]MMART

ùrrÍng the d.evelopment of nutrítional- d.eficíenc¡¡

the rats reeeiving the protein-calorie deficient diet
engaged. Í¡r more ve:rtical behaviour, more behavj-our changes,

more activity wheel rwrning and' less grooming behaviour than

the other groups. Those rats receiving the i-ron-copper

def,Ícient diet sÍmilarly showed frequent behaviour changj¡g

and more vertieal behaviour but only during the first half of
the deprivation period. In the second ha1f of the perÍod the
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frequency of behaviour ehanges and of vertieal behaviours

reduced. to a level- similar to that exhibited by the ad.equately

nourished group. the ad.equately nourished. group showed more

grooming behaviour than either of the other two groups. rn
the novel situation of an open field. the protej¡r-eal-oríe mal-

nourished engaged ín vertical behaviour nore frequently than

the other .groups. The iron-copper deficient engaged jn hori-
zonta:- behaviour most frequently and the adequately nourished.

showed the nost grooni:rg behaviours.

During the period of nutritional recovery the lack of
signÍficant differences between groups of rats prevÍ_ously nal-
nourished, except on specific days Ín the home cage ar:.d. for
the ratesof square crossing in the open fie1d, suggested long-
tern behavioural effects were not associateä with the nutri-
tional nanípulations of this study.
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Footnotel

The read.er nay wish to exercise caution Í-n attributing
significance to the nr¡merous t-tests reported in this seetion
and. in Appendix B and. c. various authors (Harrís, lgls;
scheffe, 1959) have pointed. out, the use of murtiple trs
may irccrease the char.ges of a rype r error occurring, i.€.¡
ind:i.cating significant group differences where, ín fact,
none exist. on the other hand., caroer and swanson (1gll) have

reported that multiple t-tests seem to produce i¡rferences
whíeh are as robust as more conmonly f,avored nultiple
compari.sons, such as the Tukey test. Thus, althor¡gh the
validity of s.ome multipre eomparisons reported. i:n this
thesis coulit be doubted., it is likery that the general
pattern of comparisonsr and the bulk of comparisons perforried.

are substantive.

camerr s.:.and. srvanson, M. an evaluation of ten pairwisenultiple comparíson procedures by Monte carto method.s.Journãl or tñe ¡me{iean_Ë!e!rE!_i""r ¿"so"i"tio", Tglt:

HarrÍs, F. A Prjmer of Mult_i_variate statistics. New york:
Acad

scheffer^H: .^.Th" Analysis of._yarign_a-q- New york¡ John wiley
and. S 5.
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,. Pryr?ty-_o- Studentrs t tests of (a) Henoglobin and.(¡ ) no¿y- rüeight for Arl-pairs or ¡iritri-tionãr rreatment
Groups on Each Day of lesting in phase A and. phase B

Phase A Phase B
'treatment

lqy Group PCM ^ATN2I ICD
PCM

27 ICD
PC¡,1

77 TCD
PCM79 rcÐ
?CM

45 TCD
PCryi

0.20

6.72xx

5.14x*.

J.5,29**

16.15*rÉ

0.05
0.21
2.85*
1.?B
4.79*x
1.Bg
9.o7xx
7.+gxif

10.98xx
7.97xx

PCM
ICD
PCM
ïcD
PCM
rcÐ
PCM

5.57x

0.03

1 .94

1.19
r.42
2.59
0.06
0.07
o.45
2.95*

57

63

69

Treatrreãã

ltreight

Phase A Phase B
'1.¡reatment

D¿y Group PCI{ ÆN_4^h

'Ireatment
De.J_ Group PgM JT.¡JI\

2I ICÐ
PCM

27 . rcD
PCIl37 rcÐ
PCM19 rcÐ
PCM45 rCÐ
PCM

0.54

10.29***

2{.19xxx

2{.a1xxx

20 .99**x

o.57
0,09
1.91
1.4rìÉ-
o.67

11.29x*x
0.71

14.31***
0.70

J.5.95+*

51 lCD
PCM

57 rCÐ
PCM

67 ICD
PCM69 rcD
PCM

'l .54xx

4'32*x

2.L5

2.I2

r.05
4.57x*
Q.47
2.92x
l-.00
2.44
0,44
2.!4

* !,..05** ¿1'01rf** g ç.00I

;



APPXN}IX C

MEAI\T S, Ë-Vå,ITIES, S IGÐ,T IFICANCE ],EVE],S, 3ND

ANAIYSIS OF VARTANCE SI]}fl\T¡,RIES FOR BEHÀVIOURS

WTTH SIGNIFICA}IT AT\TAIYSIS OF VARIANcE F.RATTOS

TASIE

T2
T1
14
T5

1
2
7

4

PAGE
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Nunber of Squares Crossêd......... o.... o.. lI4

5
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7
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!

l:.¡:.:-j"::

l.â3LE Ia

Mean Frequencies and standard Deviations of vertical
, Qehayiour (based on !-sec. observational r¡nits ) for(a] Ng_t1ition, . (¡ ) payr arrd (c ) AutritÍon x Day ín tfre

Fanil-1ar &rvironment during Nutritional Deprivation

(a) ilutrition
ICÐ PCM

SD

5.7L 7 .L9 9,I7 8.91 2.gO 5.48

(¡ ) nay
Day (c) wutrition x Day

AII\T

M SD

S}M

MSD

2+

27

70

37

36

39

42

45

o.45

r,27

r0.76

6.09

.,9.15

10.05

8.00

10.45

2.29

2.9'l

2.72

6.9'l

7 .42

g.B3

g.g0

10.45

0

0.82

1.I8
'1 .6+

10.00

7.82

5.55

9.45

0

2.7r

7.92

I .59

9.46

7.85

4.95

9.21

1.18 3.92

r.55 7 .OL

o .82 2.71

9.64 5.97

12.92 6.59

16.19 7.82

t5 .55 9.75

15.27 7 .66

0.19 0.60

1.45 7 .79

o.27 O.65

1.00 1.00

4.64 4.82

6.09 7 .gr
2.91 5.54

6.6+ g.91
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T.ûBIE Tb

stud.entr s t-values for vertiear- Behaviour for(a) trtutritioã', Nutrition " l"y-""'¿-(tj-p"v l" the
d ur inäiitlii' HåiïËiitï"t i o,,

(a) Groups Conpared
Day ICD vs. PCM ICD vs. .AD'.I PCM vs. AXSI

24

27

50

33

76

19

42

45

Mean
over
Days

o.47

o.2g

0.14

o.7g

1.12

7.32**

5.g?xxx

2.1l-x

5.?8***

0.07

o.25

o.36

2.67x

2.L1*

0.69

1.05

l.L2

2.39x

o.25

0.o4

o.22

5.+1xx

1.25xx

4.00**rÊ

5.01***

3.43xx

6,17***

24
Il.Se
27

27
VS¡
to

70 17
VS. VS o53' 36

36
VS¡
79

59
VS.
42

42
VS.
45

t-values o.52 o.75 7.40xxr.95 o.56 1.J0 L.77* p (.05*o P (.olx** p ç.001
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T.å3I¡E 2a

Mean Frequencies and. standard Deviations of MajntenanceBehaviour (based on.5-see. observational .*it"i ¡;;-
_ (a) Da{ and (¡) nutrition x Day in theFanilla¡ Ðrviro¡rment duri¡rg NutritÍoäar Deprivation

:-::t-:t:-,..-.
:::::.l'---._.'

(¡) ttutrÍtion x Ðay

(a ) Day
Day M SD

ICD - 
PCM

^ANN

Mlvl. SD SD g sp

24 27.97

27 23 .L5

70 24.73

37 12.82

76 12.88

,9 9.00

42 t5 '67
45 8.21

L3.25

L5.29

l4.7L

10.46

10.87

1o.25

14.20

]-r.71

27.55

20.36

25.O9

14.19

r7.64

10.45

13.82

13.45

16.67

15.11

L5.92

11.t7

r7.22

10.99

l.5.o2

L5,87

30.55 lo.gg 29 .92 1r.57
21.92 16.98 2.1 .rg 14 ,37

18,09 15.15 31.0O 10.84
g .oo ,l .68 :-:6.2.1 g 

"7g
10.55 10.04 10.45 B"0g

11 .82 !2.2L 4.77 6.I7
22.64 l-2.96 10,55 12.97

6,82 7 .64 4.76 7 .ZB
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U

T.A3IE 2 b

Studentrs t-values for Maintenance Behaviour for
_ (a) wütrition x Day and. (¡ ) Day i:n the

Fam i 1 i ar _Evi.r ong en t gurigji.gu trlt i oñal & p,riga,t i gg 'i:r:.

Ðay

(a) Groups Compared.

ICÐ vs. PgM ICD vs. AIN PCll vs. AIbJ

24

27

10

73

t6

19

42

45

0.14

1.02

2.47x

1.59

0 "02

r.76

2.7l-*

Q.47

r.74

o.2g

L.t5
1.1_g

1.56

o.26

L.69

1.27

1.20

r.70

T.I'
0.40

1.57

1.J0

Q.63

L.7 4

(¡ ) Days

24.,,
VSo
27

27
VS.
50

50. 73 16'
VST VS ' VS.
17 16 79

79 42
VS. VS O

42 45

t-vaJues 1.61- O.57 7.g5x,lO.OZ !.Zg 2.ZI 2.47

* p(.05
rÉ* p<.01

xx* p<.001
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t

IABIE la

Ivlean Frequencies and. standard. Deviatíons of Behavlourchanges_for (a) uutriti.on, (!) oav, *d-(ã) ñ"t"iïi; x Dayi¡ the Fanitiar &rvironnent 
-dúri¡eþ'luu{ri_tioiãi 

D;p;#"tion

(a) uutrition
ïcD PCM ånN

MS.DusDlisD
'l .gr -l .25 10.09 7.gL-- 6re

(b ) Ðpy

Day tq Sn (c ), Nutrit:-on x Ðay 
I24 2.gg 5.64 L..lt 4.-lB 7.gL 7.27 3.0o 4.go

27 +.64 ',l .05 2.55 4.!6 4.64 ?.gl_ 6.77 g.44

50 ,2.9'l 4.29 5.00 5.1g l_.g2 2.4o z.og 4.4r
77 I2.r5 7 ,32 15.36 6.4L 15.45 6.78 6.1g 8.2I
76 r1 .73 6 .L4. lo .55 6 .27 17 .gz 5 .36 g .61 6 . jo i:,.Ir,:,,

F. qâ 
^ 

:'.''l':j:l

79 l'1.24 6,56 11.0 7.42 I+.73 4.80 B.0O j.go 
;1..,,...,,..,

42 7,94 6.16 6.A2 j.Zj 10.09 6.jZ 6.gL 6.65 :;':"

45 11.12 7.54 10.2? 7.67 16.27 5.1L 6.g2 6..1!
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TASIE rb

studentts t-val-ues of Frequency of Behavíour chanEesfol (a) wutrïtion x Bayr_ Nu{ritÍón, ""a (u)-n"v-i""^irr"
Fanillar Þrvironment duri¡rg Nutritionai ú"pri"Jtió"

Ðay

(a) Groups Compared

fCD vs. PCM fCD vs. .AÐ$ PCM vs. A.ÐN

2+

27

70

77

16

19

42

45

Mean
over
Da/s

0.95

0.82

L.24

0.07

1.29

r.46

1.29

2.1+x

0.50

1.65

1.14

5.6gxx

o.16

1.17

0.04

r.75

1.62

o.75

0.92

0.1-1

7.62xx

r.67

2.67x

L.24

7.6gxx

2.OAx 1.66x#-x

(b ) Days

24
VS¡
27

27
VSr
70

70 77
VSo VSo
75 36

36
VS¡
19

19 42
VS ¡ .\rS.

42 45
t-values 1.'0 l.r5 6.1;,7I!*0.69 0.06 2.25x 2.!6x

* P (.05** p<.01*** p<.001
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T.ABIE 4a

Mean Nurnber and Standard. Ðeviations of ':' :,1...

Â.ctivity Wheel Rotations for (a) ttutrition x Ðay
and. (b ) Day during Nutritional. Ðeprivation

(a) Nutrition x Day

I

(¡ ) tay rcÐ PCM ADN

DayMSDMgÐMSÐMSD
1 27 58'.42 38.10 65.82 43 ¿87 43.55 77 .O5 67 .91 32.57
1:, 77 rL5 .97 65 .86 86 , 91 6L.79 r57 .76 51 .88 LO1 .64 65 .O2

59 gg.3'g 52.01 ?8.18 77 .+t l.27 .Og 61.10 92.gt 46.25

,,, 45 LO1 .48 47 .64 gg.l8 7B .57 lO2.27 53 .79 10g.00 55 .-l2
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TABtr 4 b

.,r,.:,

Stud.entts t-values of åetivity Whee1 Rotationsfor (ã) luutrition x nay äna (t) úy
during Nutritlonal DeprivatÍon

(a) Groups Compared

Day ICÐ vs. pCM fCÐ vs. .ÂIb[ pCM vs. AI$I

27 5.08** O.Zg

31 4 r99**ìÉ 1.lB
79 3.46** 1.O4

45 0.22 0.69

r.72x

J.80*x

2.42x

0.48

(¡ ) Ðays

27 71 79
vso vs. vso73 19 45

t-values 7 .10tlt 2.o4x 0.50

* P <.05** p <.01*** p(.001



99

TABTE 5

Mean Frequencies and Stand.ard. Ðeviations of
Maj¡rtenance Behaviour (based. on !-sec. observational

writs) for Nutrition x Day il the Novel- Situation' during Nutritional Ðeprivation
Nutrition x Day

ICD

Day SD SÐ SÐ

ANDI

MMu

44

45

0.18

]- 00

0.40

r.26

1.09 1.rg

o .76 0.50

0,18 0.60

o.64 O.92

TABIE 5b

Studentrs t-values of Mai¡rtêrrance Behaviour
for Nutriïlon x Day in the Novel Situation

, duríng Nutritional DeprivatÍon

Groups Compared

Ðay ICD vs. PCM ICD vs. .AIilI PCM vs. AÏS¡

44

45

2.59*

L.67

0.o0

0.96

2.39x

o.72
* p<.05
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TAstE 6

Surnnary of AÌ{OVA of latency Scores
in a Novel Situation' ilurÍtg Nutritional Deprivation

Source df SS MS

Sub jects 10 41478.81 +L+7 .88

Nutrition (lu ) 2 4254.0 zIzT .Oo 0.48

-Ë'

ErrorO

Day (D)

NxD
Error*

Total

20 88726.0 4436.30

1 24940.75 249+0.75 19198xxx

2 
'990.56 

Lgg5.28

10 17450.25 1248.74 1,60

65 200840.38

*!...,.05
**p<.01

xxxp<.001
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TABIE 7

Srmmary of .AITTOVA for Vertieal Behaviourin the Fa¡rilíar Ðrvironment
during Nutritional Recovery

SOurce df SS MS F

Sub jects 2 477 .7j 47 .7+

NutrÍtion 10 78.76 Lg.7g O.Z7O

Error- 20 L436.j7 7l-.87ë"

Days 7 1059 .51 L¡;I.56 Z.g+x

Nutritiqo x Days 14 585,00 +L..lg O.Bl

Þror_ 2lO LOBOL .72 |.l-.q5,o
Total 261; lL4}L.jz

*P<.05
**E<.01

***g'.ool-
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Mean
Vertical
units )

TABTD 7a

Frequencies an.d. Standard Deviations of
^Behaviour _(based on 5-see. observatiõnaf
Shorur Each__Day in the Fa¡riiir" Srtuãiiãnourtng Nutritional Recovery

Ðav
Day

48

51

54

57

60

67

66

69

4.o9

5.57

4.94

9.6f.

4."13

7.94

4.6r

I .61_

6.92

6.7 2

6.2L

7.50

6.O7

7.+5

6.O4

9.98

TASLE 7¡

Studentrs t-values for Vertical Behaviourconpating Says in the ¡amiuar Þrvironment
d.u¡Íng Nutritlonal Reeovery

48
VS.
51

54
VS.
57

61
VS.
66

66
VS.
69

51
VS.
54

VS. VSr
60 61

t-values 0.70 o .22 2.64x 2.7 5xxa.u, !.g2 2.zgx
* p<.05** p<.01
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TABIE 8

sr:nmary of Á1[0vA for the Frequency of Behavj,our changes
in the Faniliar &nvironment
during Nutritional Recovery

Source

Sub jects

Nutrition

df ss MS E.

10 967.20 96.72

2 203.96 l-O1.gB 2.25

Eruor. 20 906.20 4i.1I
Days 7 l-508.48 2L5.5O 4.66xxx

Nutrition x Ðays 14 586.58 27.6L 0.60

Errlor' zJ.O 9708.32 46.27

Total 263 11677.75

*p..05
xxf<.01

***!<.001

i' '_.: '.: : '.--
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!TABIE Bb

Mean Frequerncies an.d. Stand.ard Devj-ations of
Behaviour Changes Each Day in the Faniliar

Ðlvironment during Nutritional Recovery

Dav ffi
48 7 .'lg 8.20

51 7.48 7.29

54 7 .82 4.87

57 17.85 6.55

60 g.15 6.88

67 .l-2.91- 6.81

66 7 .79 7.20

69 B .52 6.90

T.A3IE b

Stud.entrs t-values for lviean Frequencies of
Behaviour Chañ-ges Conpari:eg Ðays i¡ t¡.e Faniliar" Environment durÍng Nutritiqnal- Reeorrery

Ðays
48 51 54 57 60 67 66
VS¡ VSo VS. VS. VSo VS. VSo
51 5+ 57 60 67 66 69

t-values 0.18 0.20 3 .62x¡3 .42*x2.86* 3 .07xx}.++
* ,P t.o5

** p <.01*** p<.001
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TAstE g

Sunmary of .AIIOVA of Activity Wheel Rotations
durÍng Nutritional Recovery

So.urce

Sub jects

Nutrition
Error*

Days

Nutrition x Ðay

Error¡

Total t

SF

58747.20

2885L.46

]-7769+.OO

74294.49

13070.30

l-o99r2.L3

382569.59

MS

5874.72

14425.71

6884.?O

tr43r.50
2178.38

L22I.25

.df
10

2

20

7

6

90

l7].

E,

2.IO

9.36xxx

1.78

*p<.O5
xx!<.01

***p<.001



Day

Day M SÐ

5L rL5.64 5' .86

57 L26.64 44.17

67 r44.2r 49.64

69 ]-57 .67 59.73

Ðays

51 57 63
VS. VS. VS.
57 63 69

t-values l.2g 2.O5x 1.57
* p<.05

106
v

T.å3tE gb

Mean Numb er and. Stand.ard. Ðeviations of.A.ctivity Wtreel Rotations for EachDay during Nutrítional_ Recovery--

t

stud.entts t-values of .â.ctivity rfheel Rotations
.. ComparÍnf Days during Nutriiional R covery
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TABIE 10

Mean Frequencies and Stand.ard. Deviations of
Hori-zontal Behaviour (based on 5-see. observationalu4its) for Nutrition x Day in a Faniliar

Elvirorment during Nutritional Recovery

rcD PCM

DayMSÐUSDMSD
48 l-5.55 11-41 7.75 6.18

4.00 5.64

2.gI 2.gg

8.27 4.09 10.91 8.64

5.55 7 .26 4.77 4.10

9.36 7 .54 6.64 7 .76

5 "55 .6.64 9.55 l_o.29

4.45 4.20 4.55 4.66

ANN

51

54

57

60

67

66

69

6.5' 7 .55

4.00 3.97

4.64 7 .79

2.55 5 .'.l0

5.64 8.55

6.64 4.47

5.77 7 .7r

6.82 6.10

7.gL 5.49

7.64 L0.07
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T.A3IE 10b

Studentts t-values of Horlzontal Behaviour
fol Nutrition x Day in a

Faniliar &rvironment d.uring Nutritional Recovery

Groups Conpared

Day fCD vs. PCM ICD vs. -AnN pCM vs. AD{

48

51,

5+

57

60

67

66

6gr

4.00*"r* 3.69xx 0.51-

0.96

0.7'l

0.89

0.29

o.g2

1.55

o.o7

r.55

Q,55

o.55

0.06

0.96

o.55

l.0g

0.49

0.92

r.45

o.54

0.06

1 .91

1.05

xx P('o:L**.f P<.001
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T^A3IJE 1]-

Mean Frequencies and Stand.ard. DevÍations ofGrooning Behavlour (based on !-sec. observationalt¡nits ) for Nutritiolt x Day in the Fanil-iar
Dnvironment during Nutritional Recovery

ICD PCM ADN

ÐMDay I1SÐM SD

48

5T

54

57

OV

67

66

69

3.64

11.64

9.18

17.55

l-6.92

9.55

11.64

8.2'l

5.66

l,I.24

9.89

9.93

15.80

9.2r
17.L7

11.59

6.73

8.19

19.00

6.64

5.Og

10.64

7 .27

7.18

lL.85

t7.46

10.?g

5.52

5.58

l-O.24

L0.02

10.41

17 .45

r7 .55

9,64

10.09

5.75

11.09

9.64

6,27

L5.55

14 .61

12.55

g.g4

10.94

l-2.7 2

10.64

ro.97
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IASIE t_lb

Stud.ent I s t-values for Grooming Behaviour for
Nutritiõn x Ðay i-lr a Famil-iãr &rvironnent

durlng NutritionaL Reeovery

Groups Conpared.

Day fCD vs. POyi ICD vs. -AÐN pCI{ vs. Áf,Al

48

51

54

57

60

63

66
t

69

o,65

o.72

2.O5

L.44

o.2t
0.91

0.25

2.O5

L.25

0.09

o.72

o.72

o.42

o.42

2.87xx 2.72r"

r.41

1.96

2.r6x

o.72

o.55

0.10

o.4g

0.lg

* p <.05
x*, p<.01
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TASIE 12

sunmary of AI{OVA for verti-caI Behaviour scoresin the Novel Situation
durÍng NutritÍonal Recovery

Source df SS MS

10 r345.t2 t74.51

2 42.64 2L.72 o.75
Error" 20 L2ZO.69 6I.07

Ðays 1 122.75 L22.73 6 .7 4x

Nutrition x Days 2 50 .27 25.14 !.7g
Errpr, 30 546.Ot 18.20

Total 65 3727.45

Sub jects

Nutrition

*gt 
'05**r."ol

x*xB<.001



Ll-z 
,1.

|l

i i1:::,:

TABIE ].3

Sunmary of AIIOYA for Horizontal Behaviour Scores
in the Novel Situation' duri¡rg Nutritional Recovery

Source

Sub jects

Nutrition

df SS MS

10 l-2t6.o3 l-21 .60

2 54.07 2',1 .O2 0.45

Error" 20 l-l-89.96 59.50

Days 1 l-,28.24 L28.24 7 .5Ox

Nutrition x Days 2 29.48 14"74 0.86

Error. 50 517.27 17.11
D

Total 65 7r1l.O2
*P...05

**p<.01
*xxg<.001
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rastE 14

Surmary of AÌ{OYA for latency Scores
in a Novel- Situation

during Nutritional Recovery

Source

Sub jects

NutrÍ tion
Error"

Jays

E"r3ro

TotaI

Nutrition x Day 2 1862.88 93I.4+ O.77

df SS MS

10 25166.17 23r6.6L

2 7l45 .3t :-57 2 .66 O .52

20 60754.75 5077 .7 4

1 8070 .r3 go70 .L5 6.65x

70 76208 .rg 1206.94

65 l13l,67 .r8
*p..05

ËxB< "OIxxxg<.00I
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lI

Mean Nunber and Stand.ard.
f or (a) Day and (b )Novel Situation

I.ABIE 15

Ðerriations of Total Squares CrossedNutritlon x Day per Second in a
durÍng Nutritional Recovery

(¡) tqutrition x Day
(a) Day ïcD PCM

^âDN
Day ÊgM M sD S}MSDM

68

69

+79,97

625.58

162,92

f71,41
52O.Ig

650.77

118.36

166.19

459.O9

666.56

2O2.O7

167 .L5

480.15

559.64

162,47

L7 6 .5r

TABIE {5b

Stridentf s t-values for Nunber of
per Second for Nutrition

Novel Sítuation drrring

Sguares Crossed.
x Da¡i in a
Recovery

Groups Compared
Ðay ICI vs. PCI{ ICÐ vs. AIN PCTI vs. .AlN

68 2.l_5'.

69 0.41

1.05

2.42x

l_.10

2.95x
* p <.05


