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Experiment 1 included a study o f the followi ng 
b ehav i ors i n normal a nd i n septal - damaged rats : drinkin g ; 
hyperemot i ona li ty ( rated wi th a new sc a le) ; escape from 
electric shock; movement inhibiti on (MI) shaping and per 
f o rmance ; j ump avoidance conditioning with no handli ng and 
a 15 sec . CS - US in terva l (JA-15); and weight ga i n . 

Exp eriment 2 i ncluded jun1p avoidance condit ioni ng 
with a 5 sec. CS -US interva l (JA- 5) and MI (without shapi ng ) 
tested in counterbalanced order . Seven groups received 
either sham, unilateral septal , bilate ::'al septal , preoptic , 
sep tal - preoptic , caudate -septal , and frontal cortex - s~pta l 
lesi ons . 

Expe riment 3 i nc l uded JA-5 with below - the - grid 
l i ghti ng tested i n septal damaged and control ra ts . 

Septal lesi ons disrupted d irec ted movements made 
during exploration , escape , MI and JA. This disrup tion 
c orrelated with hyperemotiona li ty when t e sted after prior 
h andling but not when tes ted befo r e handling and not with 
weight gain . A new h yperemotionality s c ale was developed 
whi ch c orr e lated with Brady and Naut 8 ' s (1953) scale but 
wa s more reliable , espec ially f or the l ~ s s emotiona l ~ats 
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MI i mpaired JA performance . These effects were mitigated 
by addi ng preoptic damage to the septal damage . 

Bel o r- the-grid ligh~ ing had no det e c table effec t 
on the JA- 5 i mp s irment caused by septal damage . 

Generaliza t i ons about beha vior after septa~ da~age 
were di s cuss ed · .. ·-:..th emphasis on a g e n e r a1 iz;e d f ragme :. t Bt. i_c"J :n 
of volu:l ta r:r re s p onses i nto i sol a t e d, corrm onent a cts . 
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CHAPTER l 

HISTORY 

Introduction 

The septal nuclei are situated centrally in the 

limbic system between the lateral ventricles and at the junc

tion of the rhinencephalon and the diencephalon. They are 

bounded dorsally by the corpus callosum and ventrally by the 

anterior commissure. With diffuse interconnections with 

other parts of the rhinencephalon and with the diencephalon 

(see the sections on anatomy and autonomic functions below) 

they would seem to play a central role in interrel8ting the 

functions of these two sections of the brain. Although theo

ries of the behavioral functions of the septal nuclei of the 

brain have existed for many decades (e.g. see Smith, l895a, b; 

Papez, 1937) empirical studies with only a few exceptions 

(e.g. Ransom, 1895) are a development of only the last 20 

years. Since the early 19)0 1 s, however, the somewhat sur

prising combination of effects of septal damage has generated 

considerable interest and a number of effects have been es

tablished. In addition at least two attempts at general 

theories have been made (Me Cleary, 1966; Thomas, Hostetter 
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and Barker, 1968) and one general review was done several 

years ago {Andy and Stephan, 1964). Nevertheless, there is 

still no widespread agreement on the general functions of 

these nuclei. 
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Althcrugh the present review is concerned primarily 

' with the b¢havioral syndrome of septal dysfunction, that 

portion of~the review will be prefaced by reviews of the 

nuclear sttucture, the anatomical connections and the auto-

nomic and somatic functions of the septal area. The distinc-

tion betwe'Yn autonomic and somatic functions on the one hand 

and behavi6ral functions on the other is based on a narrower 

than usual1definition of behavior. Rather than including 

11 anything that an animal does or experiences 11 (which taken 

literally if!Ould include such processes as cell division), 

only processes that are not of the most automatic sort are 

included ip the term behavioral functions (e.g. glandular 
I 

responses,'heart rate, respiration, and simple, isolated 

reflexes a~e not described as behavior). 

IT'he behavioral functions will be described in two 

sections: one on spontaneously occurring behaviors (i.e. 

behaviors that appear in all normal members of at least the 

species being considered) and one on learned behaviors. 

Following the description of the behavioral effects of septal 

dysfunction, the present study will be outlined. 
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Nucle ar Structure of the Septal Area 

The septal nuclei are situated between the lateral 

v entri cles and b e l ow (ventral to) the corpus ca llosum i n the 

a nterior portion of the brain . Volumetric stud i es reveal a 

d efi nit e i ncreas e in absolute s iz e (and i n relative s i ze 

comp ared with t h e b ra i n stem ) with an i ncrea se in phylogen e t i c 

leve l fro m the lowest i nsec tivores to the higher prima tes 

(Stephan and Andy , 1962) . In man and i n some other ani ma ls 

wi th large c e rebral cortices ( e . g . the- bear and the monkey) , 

t he a rea appears c ontin uous with an e l ongated thin vertical 

strip of neural t i ssue . In man this st r i p is termed the sep 

tum pelluci dum . As Andy and St ephan (1968 ) have pointed out , 

the major port io n of the septa l area in man li es ventra l t o 

thi s strip and there f ore , the sept um pelluc i d um should not be 

co nfus ed with the septa l area . Early stud i es of the nuclear 

structure of the septal area of rats distinguished at l east 

three areas i n what a re now considered the septal nu c lei 

(Johnston, 1 913 ; Gurdjian, 1 925 ; Kappers, 1 920 ). These in 

cluded a nucleus parolfactorius latera lis ( Johnston 1 s termi 

nology ; Gurdjian co ns ide re d thi s synonymous with the latera l 

s eptal nucleus of Kappers; i t i s s ynonymous wi th the nucleus 

accumb ens of KC:inig and Kl i ppel , 1963) , a nucleus parolfac

t or i us med i alis (medial septal nucle us according t o Gurdjian 

and nuc l e us of t he diagonal band of Broca acc ord ing to KC:inig 

and Klippe l), and a third area terme d the hipp ocampal pri

mordium (includi r:::;-~he medial, la tera l and fi mbrial nucle i 
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of K8nig and Klipp e l) . As Gurdjian (1925 ) pointed out there 

was still debate as to whe t her all the se were properly 

t ermed nseptal " s tructures . Apparent l y there have been no 

re cent studi es devoted to the nuclear structure of the sep

t a l area i n rats . However , St ephan and Andy have done such 

studie s in the i nsectivore, Soric i dae (1959), the galago 

(1961), the ca t (Andy and Stephan , 1964), the monkey (l964b ), 

and the human (Andy and Stephan , 1 968) . The results were 

similar except that the ce l ls were somewhat more differenti 

at ed i n the ani mals that were higher on the phylogenetic 

scale (l964b). Thus, i t would seem to be most appropriate 

t o b ase the d e scription of t h e septal nuclei on the very 

detaile d a na lys es of Stephan and Andy even though they have 

no t per se analyzed the septal area of the most common ly 

u sed animal i n the analysis of b ehaviora l functions (the rat). 

Stephan and Andy differentiate four major groups of 

s epta l nuclei : (l) dorsal, ( 2 ) ve nt ral, (3 ) media l and (4) 

caudal. The f irst two were further differentiated into four 

parts a nd two pa r t s respectively. The third (the med i al 

group) consisted of t wo nucle i: n . septalis med i alis, which 

was s i tuated both dorsal and lateral to the second , the nu 

cleus of the diagonal b and of Broca . The f ourth cons i sted 

of fou r nuclei : n . septalis fim.brialis , n . septalis tri

angul ar i s , and the be d nuclei of the anterior commissur e 

and the stria t erminalis. 
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Anatomical Co nnect ions of the Septa l Nuclei 

Concerni ng the a natomical connections of the 

septal nucl e i of the rat , an excellent study and review has 

b e en provided by Raisrnan (1966) . The present summary is 

bas e d .on that rev iew. I n general , all the connections of 

the septal area (with the exception of some afferents f rom 

the midbrain) are with structures in the dien~ephalon and 

the older portion of the telencepha lon. The principal telen-
. 

cephalic i nput to the septal area is from the hippocampus 

via the fornix and i ncludes projections to all parts of the 

septal area except the bed nucleus of the stria terminalis . 

Thi s projection is part of a relatively comp licated system 

of reciprocal interconnections (see Raisman , 1966 , for de -

tails). Telencephalic afferents also project from the 

pyriform cortex to the diago na l band nucleus and fr om the 

amygdala via the stria termi nalis to the bed nucleus of the 

stria terminalis . Subcortical afferents have been analyzed 

by both Guillery (1957) and Raisman (1966 ). These arise in 

both the hypothalamus and the midbrain and ascend via the 

medial forebrain bundl e . Damage to the hypothalamic por-

tio n results in degenerat ion in both the medial and latera l 

s eptal nuclei while midbrai n damage results in de ge neration 

only of the me d i al nucleus . Telencephalic effere nts from 

the septal nuclei are primarily invo lved in the reciprocal 

sep to-hi.ppoc a mp a 1 sys tern . The y arise in the me dia 1 s ep ta 1 

and diag onal band nuclei and a s cend to the hippocampus 



probably via the fimbria. Diencephalic ef'f'erents, which 

f'orm a large part of' septal outflow, have two components. 

The dorsal component arises probably f'rom the septofimbrial 

nucleus and projects primarily to the medial habenular 

nucleus. The ventral component arises in the medial and 

lateral septal nuclei and projects to the medial forebrain 

bundle from which it diverges to the lateral preoptic area, 

the lateral hypothalamus, and the anterior amygdala. Al

though the intrinsic connections have not been worked out 

in detail an important relay from the lateral to the medial 

portions of' the septal area is known. Considering the non

septal as well as the septal connections of the structures 

mentioned above, Raisman concludes that the septal area "is 

an important cell mass located at the junction of the fibre 

systems linking the rhinencephalic parts of the cerebral 

hemispheres and the diencephalon." (p. 344) 

Autonomic and Somatic Functions of the Septal Nuclei 

6 

Ban (1966) has described a septo-preoptico-hypo

thalamic system which mediates autonomic responses. The 

septal area along ;,Tith the lateral and periventricular hypo

thalamus and preoptic area (e.g. the areas involved in the 

ventral component of the diencephalic ef'ferents from the 

septal area described by Raisman, 1966) comprise the para

sympathetic com.ponent Hhereas the periventricula.r stratum of 

the hypothalamus and preoptic area comprise tbe sympathetic 
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component. When stimulated~~ the parasympathetic portion 

produces a fall in blood pressure and heart rate, inhibitioCJ 

of ovulation (also lesions produced premature parturition in 

the last stage of pregnancy), an increase in renal volume, 

bladder contraction, respiratory inhibition with a shift 

toward expiration, a decrease in gaseous metabolism, penile 

erection (Mac Lean, 1958; Mac Lean, Ploog and Robinson, 

1960), ovulation (in rabbits; Harterius, 1937), snBezing and 

sniffing, (Hess, 1957) and sleep. Stimulation of ths sympa

thetic portion produces opposite effects (a rise in blood 

pressure, ovulation, premature parturition--in the last 

stage of pregnancy--milk ejection, a decrease in renBl 

volume, bladder relaxation, respiratory acceleration along 

with a shift toward inspiration, an increase in gaseous me-

tabolism, and sham attack behavior). 

Regarding somatic functions septal stimulation 

causes a decrease in the frequency of spontaneous movements 

during light, chloralose anesthesia (see Kaada, 1960). Some 

points also inhibit cortically induced limb movemsnts and 

reflexive knee jerks (Hodes, Peacock and Heath, 1951). On 

the other hand Peacock and Hodes (1951) actually found a 

greater number of points in the septal area that facilitate 

cortically induced movements than of those that inhibit them. 

*some of these responses have also been described 
by Covian (1967), Gloor (1954), Hess (1957), Kaada (1960), 
Kabat (1936), Kabat, Magoun and Ranson (1935, 1936), Malmo 
(1961, 1963), Mukawa and Andy (1962), Ranson, Kabat and 
Mago11n (1935), and Torii and Km,rar:J.ura (1960). 
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In addition, Hess (1957) found stimulus specific tongue and 

mouth movements and Hopkins (1967) found shaking (resembling 

the response produced by wetting the fur) with septal stimu

lati on (also observed by Bland, Wishart, Alt~an a nd Vanderwo l f , 

personal communication, 1970 ). 

Behavi oral Functions of the Septal Nuclei 

Spontaneously Occurr · ng Behaviors 

Spontaneously occurring b ehaviors that have been 

studied in r e lation to septa l area functions i nc l ude freezin g, 

sleep, thermoregulation, grooming, sexua l behavior , drinking, 

.fe ed i ng , maternal behavior, nest building, hoarding, social 

investigatory behavior , aggress ive behavior and exploratory 

b ehavior . These behaviors are distinguishe d .from learned 

b ehaviors such a s bar pres sing, running .from a light (a s a 

c onditioned stimulus ) , etc . that do not norma lly occur in 

all members o.f a spec i es . 

Freezing and Lying . Findings concern i ng .freezing 

a nd lying (resti ng ) b e haviors following septal damage vary 

depending on the stimulus c onditions under which the behavior 

was obs erved . In an open .field Corman , Meyer , and Meyer 

(1967 ) .found that animals with septal lesions show a much 

l onger latency to move away .fron the cent er of an open field 

than control Ss . Septal damaged rats also li e motionless as 

much as control rats in a .four - arm+ maze (Dirlan, 1969) . 

In addition E·.mnel , Bemporad and Fle sche r (1966) .found that 
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animals with septal lesions tend to sit passively in a door 

way and wait for an opponent to app r oach from the othe r 

d i recti o n when the two rats are compet i ng to use the door 

t o gain access to food . 

Sleep . Findings concerning the role of the septa l 

area i n sleep are conflict i ng . Electrical stimulat i on of 

Ban ' s (1966) parasympathetic system produces sleep . Chol i n 

ergi c (carbachol ) stimulat i on of the septal area produces 

s leep according to Hernandez - Peon and ~havez - Ibarra (1963 ) 

and " definitely" does not produce it acc ord i ng to Mac Phail 

and Miller (1968) . I n addition , electri cal stimulation in 

man reliably awake ned a patient with narcolep sy (Heath, 1963 ) 

and septal damage in the rat makes them mo r e susceptible to 

t he effects of barbitur ates (Helle r, Ha r bey, Hunt and Roth, 

1 960 ; Hunt , 1957) . Perhaps thes e discrepent res ults can be 

expl a ined by the proximity of the septal area to the p r eoptic 

area . There se ems to be gene ral agreement that preopt i c 

s timulation produces sleep (Hernandez- Peon and Chavez - Ibarra, 

1963 ; Hess , 1944 ; Roberts, Bergquist and Robinson, 1 969 ; 

Roberts and Robinson, 1969 ; Ste rma n and Clem0nte, l962a, 

l962b ; Cleme nte a n d Sterman, 1967) and preoptic l esions block 

i t (Me Ginty a n d Sterman, 1968) . T'nere fore, the positive 

effects of stimulation of the sep tal a rea on sleep could 

h a v e be en due to spre ad of excit a ti o n to the preop tic area . 

The r moregul at ion . The r e seems to be some evi d enc e 

i ndic at ing t hat t he ep t a l nucl e i are somewhat i nv olv ed i n 



the regulation of temperature. Septal lesions may cause 

transient effects on the ability to maintain body tempera

ture in the cold either' s_;;.ontaneously or by behavioral 

means (lever pressing; Carlisle, 1969) but changes in heat 

loss in the cold following septal lesions were not found 
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by others (Heller et al., 1960; Stuart, Kawamura, Hemingway 

and Price, 1962). Also septal stimulation was found to in

duce shivering (Ake~t and Kesselring, 1951; Andersson, 1957; 

Hemingway, 1963) and the septal area does contain cells that 

are mildly thermosensitive (Eisenman and Jackson, 1967). 

Grooming. Dirlam (1969) found that septal :::>ats 

groom more than ~ontrol rats after exploring a novsl maze. 

This behavior appeared within about 10 minutes after the 

first exposure to a small, enclosed but well-lit portion cf 

a four-arm plus (+) maze. In addition Hess (1957) report~d 

self-licking from septal stimulation in cats. Since th!s 

is the same effect as with lesicns, the stimulation may hsve 

disrupted normal functioning. 

Sexual Behavior. A relatio!:l between electrical 

stimulation of the S· 7;-)tal area 2nd sexual beht:nior has been 

noted in man (Heath, 1963), in the monkey (r·iac ~ean and 

Ploog, 1962) and in the rabbit (~ia:c·'::::-riGs, 1937). However, 

septal lesions appear to have no effect on this behaviOl' at 

least in the rat (Goodman, Bunnell, Dewsbury and Boland, 

1969; Heimer and Larsson, 1966/67). Some authors (Goodman 

et al., 1969) suggest that this may indicate a dis:c>uptive 

effect of septal stimulation such as that found by Goldstein 
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(1966) and by Kasper (1964, 1965), but if this were the 

case, septal damage should lead to excessive sexual be

havior like stimulation does. That possibility has not been 

noted. At least the findings involving septal-area destruc

tion ~trongly suggest that it does not play a crucial role 

in the control or sexual behavior. 

Drinking Behavior. Cholinergic stimulation of the 

sel?tal area produces increases in drinking (Fisher and Coury, 

1964; Grossman, 1964; Greene, 1968) and cholinergic blocking 

agents depress it (Grossman, 1964). However, findings in

volving drinking in animals with septal dysfunction are mixed. 

Some authors report increases (Beatty and Schwarzbaum, 1967; 

Besch and Van Dyne, 1969; Carey, 1967b, 1969; Donovick and 

Burright, 1968; Donovick, Burright and Gittelson, 1968; 

Harvey and Hunt, 1965; Harvey, Lints, Jacobson and Hunt, 

1965; Lubar, Boyce and Schaefer, 1968; Pizzi and Lorens, 

1967; Singh and Meyer, 1968; Wishart, 1970) while others 

report no change (Dirlam, 1969; Kaada, Rasmt1ssen and Kviem, 

1962; Kasper, 1965; Stevenson, 1967; Wishart, 1970). Ap

parently animals with septal damage drink more than normal 

in response to saccharine (Beatty and Schwarzbaum, 1967, 

1968a), press levers faster for sucrose reward (Beatty and 

Schwarzbaum, 1968b; BucklBnd and Schwarzbaum., 1970; Pubols, 

1966) and run faster and more directly for sucrose (Clody 

and Carlton, 1969). In addition, they drink less water than 

control Ss when it is adulterated with quinine (Beatty and 
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Schwarzbaum , 1967) . Possibly , the di cordant results can be 

explain e d in part by da ily andjor r eg ional d i f f erence i n 

the tast e qualit i es of water . Howe ve r , Wi shart (1 970 ) f ound 

inc reased drinking in some septa l rats and not i n others when 

all Ss were te sted at the same time a nd pl a ce . Another 

possibility is that l es i on varia t i on mi ght be responsible 

f or the eff ec t s . However different experimente rs have found 

different loci to be eff e cti ve . The r e fore , if the la tter 

exp la nat i on i s correct the relation mus t b e c ompl ic ated 

(e . g . increased d r i nking is f ound on l y if one part of the 

s epta l or surrounding areas i s damaged and another is not) . 

F eeding Behavior . An imal s (b o th rats and ca ts ) 

with septal damage seem to eat more t han c ontrol s (Simmons 

and Thomas , 1 961 ; Singh and Meyer , 1968) . They also s eem 

to b e more finicky (S ingh and Meyer , 1 968) and to lose a 

slight b ut reliable a mount of weight (Beatty and Schwarzbaum, 

1 967 ; Clody and Ca r l son , 1 969 ). These f i ndings suggest that 

animals with sep t a l-area damage te nd to have less effici ent 

f ood absorption than norma l an i ma:s or have greater fo od re 

quirements . In addition e l ectr ic a l st i mulation has been 

f ound to depress f eeding i n monkeys (Rubenstein a nd De l gado, 

1963 ) and i n cats (Fonberg and Delgado , 1 961). On the othe r 

hand termination of st:.mulation results in " rebound" fe eding 

(Bland et al . , 1970) and adrenergic stimulation elic i ts 

feeding i n satiated rats (Booth, 196 7 ; Coury , 1 967 ). 
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Maternal Behavior. Maternal behavior in ani~als 

with se:r:.tal dan:age has been studied in mice (Carlson and 

Thomas, 1968) and in rats (Slotnick, 1967). Although Slotni_ck 

found no major disruption of this behavior, his lesions were 

restricted to the posterior portion of the septal area. 

Carlson and Thomas (1968), however, found a very marked dis-

ruption of this behsvior in the mouse. An interesting point 

of their study is that although mice with septal damage 

average 10 times as many retr~eval responses, they took more 

thsn 20 times as long to effectively retrieve the first pup 

and most of them never retrieved the pups in the 15 min. 

test (it took control Ss about l min.). Carlson and Thomas 

estimate that it took mice with septal da::_8ge 15 times as 

many responses to retrieve each pup ss it took control mice. 

In addition 11 although ir1C1ividual species-typ:Lcal corcponent 

acts of maternal behavior were observed, these ~s did not 

put many responses together in a proper seqr:_ence as did Ss 

in other groups. fl (p. 73:5 '; . Carls on and Thomas suggest that 

a loss of respcnse inhibition explains these findings. Hew-

ever, sucn a loss could be the effect rather than the cause 

of the disrupti::>n. 'I'he brai:c damaged mice could have the 

same drive as normal mice to retrieve pups but since their 

behavior has bee ome frsgr;::.ented or disintegrate r:. the proba-

bility that they will produce an effective sequence of be-

haviors ( 
.Ll .l t" -""" '' one ~nac sa lS~les ~ne drive) is very markedly re-

duced. Consequently, thAy must produce many more res~onses 
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i n order to be effective . In any case i t i s evident that 

s eptal damage markedly increases the f requency of appearance 

of' the component acts i nvo l ved i n pup retr i eva l b ut j ust a s 

marke dly decreases the i r e f fect i veness . 

Nes t building . Carlson and Thomas a l so stud i ed 

nest building i n mice with septa l damage . No specifi c time 

wa s al l otted or behavioral observat i ons taken . However , t he 

effec t iven e ss of septa l damaged mi ce was markedly r educed . 

Most an i mals wi t h c i ngulate , neocort i ca l, t h alamic or no 

damage had shredded 25 pieces of twine and p l aced i t a ll i n 

a cup to form a we 1 1 - shaped nest v-I i thin a f'i ve - day prepartum 

peri od . Septa l damaged mice had only s h redded some tw i ne 

and only placed some of that i n a nest . That septa l damaged 

hamsters a l so do not make nests was obs e~ve d by Matalka (1967 ) . 

I n this l ight it i s interesting that humans with tumors of 

the septum pelluc i dum are also unab l e to keep house (Zeman 

a nd Ki ng, 1958 ) . 

Hoarding . Both Matalka (1967 ) and Sodetz and 

Bunnel _ (1 970) have noted that hamsters with septal - area 

damage do not hoard , but only moderate (Wishart , Brohman 

and Mogenson, 1 969) or no (Vanderwolf , 1966) effects on 

h oarding in laboratory rats were found . For both hoarding 

and nest building, however, it would be valuab le to have 

obs ervat ion s on the actual deta ils of behavior suc h as those 

Carlson and Thomas urovide d on maternal behavior . 
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Social Investigatory Behavior. Social investiga

tory behavior--initiating contact with another animal--is 

seen more orten in animals with septal damage than in con

trol animals (Sodetz and Bunnell, 1969; Sodetz and Smith, 

1966). The surprising finding with regard to this behavior 

is that although it might be considered inappropriate ror 

submissive animals (and normal submissive animals show a 

very low frequency or this behavior), submissive hamsters 

with septal damage show as exaggerated an amount of this 

behavior as do dominant hamsters with septal damage. In 

ract Bunnell and Smith (1966) have noted that septal-damaged, 

wild cotton rats persist in this approach behavior toward 

aggressive opponents to the point of being killed. 

Social Aggressive Behavior. Two sorts of social 

aggressive behavior have been observed following septal 

damage: spontaneous social aggression and shock-induced 

social aggression. 

Spontaneous social aggression rollowing damage to 

the septal area has been observed in the hooded rat (Bunnell, 

et al., 1966) the cotton rat (Bunnell and Smith, 1966), the 

hamster (Sodetz and Burwell, 1970) and in humans (Zeman and 

King, 1958). All these studies show disruption of some type. 

The mildest disruption appeared in the rat. These animals 

were tested in a situation which required them to compete 

from different sides, for which should pass through a doorway 

only large enough for one (the Robin Hood-Little John problem). 
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Af ter septal da ma g e , rat s showed more wi ns than before . How 

eve r , this was accomplished in a peculi ar manner . I nstead 

of approaching the d oo r wa y , the rat woul d sit jus t behind i t 

and wait for the opponent to approach . When i t did some 

ra ts with septa l dama g e would nslash ou t n with their teeth 

bared while others w~uld f re eze a nd re fus e to move until 

the opponent fi nally b acked out . 

In hamsters , septal damage h ad an effect that was 

i ntermediat e betwe e n the effect on labora tory rats and the 

effect on wild ra t s (Sodetz and Bunnell , 1 97 0 ) . Septal 

damaged hamsters showed an i ncreased amount of aggressiv e n e s s 

fol lowing the operation but woul d be c ome submissive i n the 

f ace of a dominant opponent . Nevertheless , these submissive 

animals woul d persistently app r oa c h even the domi nant oppo 

nents , so t h at regardless of whether the animals we re s ub 

missive, cages with septal da mage d h amsters showe d mo re 

fi ghting than those wi th norma l hamsters . 

In wild cotto n rats the normal defense against a 

dominant opponent is not su bmis s ion, but fl i ght (Bunn e ll and 

Smith , 1 966 ) . Howe ver , septal dama ged cotton r a ts atta c k 

more f r e que ntly than c ontrol animals ev e n if they had just 

previously be en inj u r e d . If a n opp onent ran awa y after an 

a ttack by a s ept a l d amag e d cot t on r a t the latte r would switch 

t o some irre l e v an t beha v i or . Howe v e r , if the opp on e nt f ou gh t 

back and ev e n i njure d the b ra in d ama ge d ra t , the lat te r 

wo ul d r un f ra n t i ca lly a r ound an d a r ound t h e c age and oft en 
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stop onl y a few inches from the opponent . If the opponent 

di d not renew the attack , the brain damaged rat would do so , 

ev en if it h ad just been injured . Such behavior at times 

l ed t o the death or a septal damaged rat . In addition , 

Bunnell and Smith note that un like norma l wild rats the 

b rain damaged animals would bre ak orr the aggression after 

a ttacking and they were never observed to bite an opponent . 

I n humans , Zeman and Ki ng (1958 ) n oted that septa l 

tumors result ed i n viole nt a nger and threats which were at 

times f o l lowed by prolonged disor i en tation . They were made 

in the presence or both submissive (children, wives ) a nd 

dominant (husbands ) persons . 

I n c onclus i on, there are str iking species d if

f erenDes i n the effects or septal damage on aggress i veness . 

In general all the species tested attack , o r at l east i n 

v estigate , opp onents more fr eq uently . Als o , the wilder the 

s pec i es , the e ss effect i ve the aggress ion is (i . e . t he more 

li kely it i s that the brain dama ged anima l will be harmed) . 

However , the genera l i ne ffectiv eness of laboratory animal s 

i n fighting is well known ( e . g . See Barne tt, 1963) . Perhaps , 

a ggressive b ehav i or i s disrupt e d i n a ll species but the dis 

rupti on is noticeable only ~eri th an opponent Hhich provides a 

strong stimulus for aggress i on . Such a notion i s supp or t e d 

by the rae t that a 1 though animals Hi th ventroni.edia 1 hypo 

thalamic ( Vl'-lH) , olfactory bulb (OF ) or septal damag e all 



at tack a provoking object (i. e . a pencil moved toward the 

animal ) more than control rats both those with VMH and OB 

le sions also kill mice more than control rats but those 

with s~ptal damage do not (Ma lik, 1970) . 

Septa l damage l eads to an increas e i n the amrrunt 

of fighti ng following f ootshock (Ahmand and Harvey , 1968 ; 

Blancha rd and Blanchard , 1968 ; We t zel, Conn or and Levine, 

1967). Social hrrus ing eliminates this effe ct as i t does 

hyperemo tional ity (to be discuss e d in the next sect i on ) 

but i ncreased shock- induced aggression i s independent of 

c hanges in emotionality . 
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Hyperemotionality . Hyp eremot ionality or h yper - ir

ritability refe rs to such behaviors as an exaggerated re 

sp ons e t o a p uf f of air or loud noise , unprovoked or pro 

v oked a t ta c k of an i nanimate object (e. g . a st i ck o r pencil) , 

and g rea t r es i stance to capture or handling in a normally 

tame varie ty of animals . Several early studies (Fulton and 

Ingram, 1929; Ransom , 1895 ; Sp i egel , Miller and Oppenheimer, 

1940; Wheatley, 19~-4 ) suggested the involvemen t of the septal 

area in such b ehavi ors , but these studies di d not us e stan

dardized l es ion s or behavioral testing procedu~es and the 

crucial i nvolvement of the septal area remained relat i vely 

ob scure. However, since the origina]_ controlled study of 

Brady and Nauta (1953 ) in which dama ge was confined to the 

s eptal are a and systematic observations in standard situa 

tion s we re used , the phen omen on has b een subjec te d to a 



19 

l arge number of studi es . I t is greater in hood ed rats than 

i n albino (Wi star ) rats (King , 1959 ) and i t i s produced 

with either irritative or non -i rritative les i ons (Reyno l ds , 

1964 ) . I t gradually disappears with norma l housing (Heller , 

Harvey and Jvloore , 1962 ; Segg i e, 1968 ; Singh , 1969 ; Wetzel 

et a l . , 1967 ) and this decl i ne i s f ac ili tated by handling 

(Brady and Nauta , 1953 , 1955 ; Seggie , 1968 ) ' paired hous i ng 

(Brady and Nauta , 1953 , 1955) or shak i ng (Seggie , 1968 ) . 

Amygdaloid damage has been f ound to prevent i t by some au -

thors (King and 1'-Ieyer , 1958 ; Schwarzbaum and Gay, 1966 ) 

but not by others (Kle i ner, Meyer, and Meyer , 196 7 ) . On 

the other hand ne ocortical les i ons ( l ocated almost anywhere 

b ut fairly s i zable) prevent the usual abatement (Cla r k , 

Meyer , Meyer and Yutzey , 1967 ; Yutzey , Meyer and Meyer , 1964 ; 

Yutzey, Meyer and Meyer , 1967 ) and c ortical spreading de 

pression c a~se s i t to reappear after abatement ( Cytawa and 

Teitelbaum, 1967) . 

Hyperemotionality appears to be an effect of tumors 

i n the area of the septum pellucidu::n of h·J.mans ( Zeman and 

Ki ng , 1958) and it is probably an effect of lesions i n the 

r abbit (Gre en and Ardui n i , 1954 , reported heightened fear

fuln ess aft er septal lesions) but it does not appear to any 

great ex te nt after septal lesions i n rhesus monkeys (Votaw , 

1960), squirrel monkeys (Buddington , King and Roberts, 1967 ), 

cats (Bond, Randt, Bidder and Rowlani, 1957 ; Heath, 1954 ; 

Noore, 1964 ; ~vheatley, 1944; but Spiegel, 1'-'Iiller and Oppenhe i mer , 



1940 , did report a sham rage type reaction after septal 

lesions in cats), guinea pigs (Nauta, reported i n So:ietz 

et al ., 1967 ), cotton rats (Bunn ell, reported i n Sodet~ 
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et al ., 1967) or hamsters (Sodetz et al ., 1967 ). In addi 

ti on it does not appear in rats with unilateral septal damsge 

(Green and Schwarzbaum, 1968 ) and medial septal damage pro 

duces placidity (Clody and Carlton, 1969) . In f act, after 

a study of the neural structures i nvolved in hyperemotion 

ality Turne r (1970 ) concluded that its appearance was not 

assoc i at ed with septal area damage per se, but rather it 

was associated with damage to t he stria ter·:ninalis . Further 

more , although many authors have looked fo~ relations b etween 

hyperemotionality and other behavioral effects of septal 

dama ge , to my knowledge no one has reported such a relation 

i n the literature. This fact lends some plausibility to 

Turner ' s conclus~on, especially sin3e it i s difficult to 

confine brain le s ions to a precis ely defined anato~ical 

l ocus . Nevertheless , more evidence is neede d to subs ta nti

ate Turner's conclus ion . In addition, more precise measure

ments of emotionality and rurther studies of its relation to 

other behav i crs would be helpful . 

Exploratory Behavior and Activity . De tailed obser 

vations of the sequential pattern of exploratory b ehav i or in 

septal dama ged animals have not been made . However , much is 

kn own about the overall level of activity and the frequ e ncy 

of specific acts . In a 20 mi nute test i n an enclosed ( no 
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pair of walls were more than 6 inches apart), brightly lit 

maze, septal damaged rats rear less and groom more than 

normal rats (Dirlam, 1969). In shorter tests (5 minutes) 

in an open field they also rear less than normal animals 

but in this situation they sniff more (Novak and Pihl, 

1969). Also, in an open field septal damaged rats show a 

longer latency to begin exploration, spend less time in the 

center after they begin exploring, investigate a novel ob-

ject less than controls (Corman et al., 1967) and show less 

overall activity (Corman et al., 1967; Gotsick, 1969; 

Sc hwarzbaum and Gay, 1966) as do septal dam9.ge:l hamsters 

(Sodetz and Bunnell, 1970). On the other hand Donovick 

and Wakeman (1969) report enhanced open-field activity in 

either bright or dim light following septal damage. In 

support of the findings sho~w-ing a decrease in activity due 

to septal damage, such rats show less activity in running 

wheels whether tested over a fraction of a day (Kenyon, 

1962; Douglas and Raphelson, l966b) or over several days 

(Dirlam, 1969) and they shaH less activity when tested by a 

device which is sensitive to the changes produced in an 

electromagnetic field by movements of the animals (Pihl and 

Greenberg, 1969). Clody and Carlson (1969) also found that 

septal damaged rats were less active, but on the other hand 

they Here faster to climb out of an enclosure. Thsse rats 

also are more active during short tests in photocell cages 

(Douglas and Raphelson, 1968) and ' . as ac-clve in photocc-_:11 
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cages as normal animals when tes ted for severa l days (Dirlam, 

1969 ) . In additi on Ni elson , Ic Iver and BosHell , (1965 ) and 

Schwarzbaum , Green , Beatty and Thompson (1 967 ) found tha t 

s eptal damaged rats explore more than cont r ol rats in a dim, 

encl osed apparatus . 

Beginni ng attempts to de t ermine the re lation be 

twe en the e ff ects of septal lesions on the r esponses to novel 

ty and on vario us o ther behaviors have be en rr-ade recently . 

In that study it 1,1as fo ur,d tha t reari_ng during_ 2 , 20 - minu t e 

tests of explora t ory b ehav i or was significant l y pos i t iv e l y 

corre lated with the total amount of wheel running in a con 

tinuou3 2 week t es t and b oth were s i gn ific ant ly negat ively 

co rre l ated with groomi ng during the exploration te s t (Di rlam , 

1969 ) . Thi s suggests t hs t changes in these three behaviors 

with brai n damage may all be due to one common cause . 

Give n the rather mi xed effects of septal lesions 

on exploratory behavio r , it appears that some new approaches 

are neede . One poss ibi_l~t y wo ul d be t o do an analys i s of 

the sequential pattern of the actua l details of behavior 

(such as that done by Hopkins, 1 969 , on groomi ng in the rat) 

to determi ne ~rhether the ac ti vi ty of septa 1 da·maged animals 

app e ars rr-ors Jtereo'::ypec. than that of control an i ma l s . In 

addition, some att empt to determine the effectiveness of 

exploratory b ehav i oi shou~d be made (e. g . latent le arn ing 

t ests sr times to find hidden escapes , food or water) . 

Finally , much more work on the relation b etwe en the effects 
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of septal damage on exploratory behavior and those on other 

behaviors is needed. 

Learned Behaviors 

There are a large number of studies on the effects 

of septal damage on various learning tasks. Since the natu

ral patterns of behavior serving consummatory goals (e.g. 

eating or drinking) differ considerably from those serving 

escape or avoidance of pain (see Bolles, 1969; Breland and 

Breland, 1966), behavior serving these different goals will 

be considered separately. A further distinction will be 

made between the motor requireme::-;ts of the tasks--vJhether 

they require locomotor or manipulative responses (bar press

ing or other responses requiring primarily the use of the 

forepmtJS) . 

Learning with Consummatory Goals: Locomotor 

Responses. The first experimental findings on the effects 

of septal lesions on the learning of locomotor responses for 

consummatcc-y goals were those 01~ Thomas, Hoore, Harvey and 

Hunt (1959). According to their findings rs':;s with septal 

damage make more er:c,ors in learning a complex (Lashley III) 

maze but also run faster than control rats. In addition 

Carey (1968b) found an almost complete retention loss of 

a preoperatively learned, four-choice T maze. In later 

studies (Barker, 1965; also see Thomas et al., 1968), Thomas 

and his collea;ues found that septsl dsmaged rsts would not 

alternate their running speeds in a straight alley as normal 
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rat s do when r e i nforcement is withheld on alternate t r i a ls. 

Also , unlike normal rats t hat alternate arms of a maze when 

al l choic es are re inforced , rats with septa l damage do not 

alternat e (Da lland , 197 0; Winocur and Mi ll s , 1969). How 

ever , this effect appears to be a persevera tion of st i muli 

r ather than of responses because if the starting poi nt is 

reversed (i n a + maze simi l ar to that used by Tolman , Ri tchie 

and Kalish , 1946) septal - damaged rats will perseverate stimu

li ( arms of the maze) rather than responses (direction of 

turn ; Da lland, 1970 ) . The perseveration of stimuli may be 

due to a n exaggera t e d avers ioD t oHard light that was note d 

i n animals with septa l l es i oDs (Ellen a Dd Bates, 1970 ; 

Schwarzbaum , e t a l., 1967 ). Although Dalla n d (1970 ) u sed 

a maze with black and whit e arms he did not menti on which 

was cho s en by hi s animals with septal damage . In addition 

t o defici ts i n spontaneous a lterna t ion it has a l so b eeD 

demons trated that s ep tal d amage results in a n inability to 

l earn a spatial alternation (Schwarzbaum and Donovick, 1968 ). 

However i n agreement with the origiDal fi ndings of Thomas 

et a l . (1959 ) septal damaged rats perf orm responses f aster 

than norma l ra ts i n the a l ternatioD task . On the other 

h and , the i Dcrease i n errors and f aster running speeds Here 

no t found in a recent t est using the Hebb - Willi ams maze 

(A in, Lubar, Moon and Kulig, 1969) . Hmvever, their les ioDs 

appeared to be somewhat smaller thaD those of Thomas et a l. 

(1959 ) and no hyperemotioDal ity was found . 
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On several other l ocomotor tasks there s eems to 

b e no effect of s epta l damage on origina l learning , but 

defici ts i n the reversal of this learning hav e fr equent ly 

b een f ound (Donovick and Sch;,rarzbaum, 1966, 1968 ; Gittelson 

a nd Danovic k , 1968 ; Hamilton , Kelsey and Grossma n , 1970; 

Kasper , 1965 ; Schwarzbaum and Donovick, 1965 ) . The one 

excep tion tha t h as be en noted is that there is no defi c i t 

in the reversa l of a response requiring the rat t o shuttle 

b etween compartments and press one of two ba rs (S chwarzbaum 

and Do nov ick , 1968 ). Even i n this c ase there was no ef 

f ect of the lesions in only one task , a brightness di s cr i mi 

na tion, while there was a deleterious effect o n a position 

dis crimination . The fo rmer prob l em required an average of 

150 or more trials for the cont ro l rats to l earn or to r e 

verse , whil e the latter required only lb to learn and 68 to 

r evers e . Although s epta l damage appears to have no e ffe c t 

on the original learning of these simp l er tasks , if thA 

operations are performed after l e arning i s c omp l e t e they 

mildly i mpair retention (Kleiner, Meyer and Meye r, 1967) . 

A r e c en t finding about which there is still s ome 

confus i on is thst septa l damage r esults in a n enhance d ten 

dency to avo i d op en places ( somet i mes called " thigmotaxis ") . 

Gree n and Lev inthal (1967) ~ote d t hat a ll rats would ta ke a 

long route toward a goa l t hat i nvolved staying near a wall 

r ather than a shorter one which i nvolved entering the c e~ ter 

of a fi eld . However , normal rats quickly l earn to t ake the 
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shorter path while septal damaged rats st ick to the longer 

one . T~is findi ng was confirmed in a study us i ng the Dashi e ll 

maze (Ellen and Bate , 1969 ) . On the othe r hand , Clody and 

Carls on (1969) fo urcd that septa l-damaged r at s would take a 

direct route a cros s the c enter of an open field ( i n order 

to drink sucros e) more often than norma l r ats would . 

In conclus ion, septa l lesions appear to have 

littl e or no effect on the o r i g i na l learning of loc omotor 

re sponses , but they do affect the reversa l of such l earning . 

Howe ve r , more informati on on the ability of septal damaged 

a nimals to l earn ot h e r sorts of l ocomo t or tasks such as the 

de l ayed response (Hunt e r, 1 917), umweg (To l man a nd Honzik , 

1930) and reasoning problems (Maier , 1 929 , 1932 ) would b e 

h elpful . In addit i on at tempts s h ould b e made to pick tasks 

that are "natural " for normal a n i mals -- e . g . teaching a cow 

to run for fo od (Bre la nd and Breland , 1966) or a ra t to 

r ear in order to avoid shock (Bolles, 1 969 ) are not "natural " 

t as ~s . 

Man~yulatory Resuons-3s . Rats v.r i th septal damage 

ba r - press more than control rats when there i s no reinforce 

ment (Schwarzbaum, Kel lic utt , Sp i eth and Thompson , 1964 ) a s 

well as when fo od ~ r s ucrose solut i ons are used as a rein 

forcer (Beatty and Schwarzbaum, 1968; Buckland and Schvrarzbaum, 

1970 ; Ehrlich, 1 963 ; Ellen and Powe_l , 1962 ; El len Wilson 

and Powell , 1964; Holdstock and Edelson , 1969 ; Kenyon, 1962 ; 

Sch~rmrzbaurr~ a:Jd Gay, 1966) . They also shot,v greater resistance 
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to extinction (Butters and Rosvold, 1968a, b; Carey, 1967a) 

but only if the septal damage is made before training. If 

the damage is made after training resistance to extinction is 

less (Carey, 1967a), which probably indicates that there is 

some retention loss as Kleiner et al. (1967) found. 

As mentioned above rats with septal damage have 

no difficulties with the original learning of brightness 

or position discriminations. This holds true for the 

learning of a position discrimination in the WGTA by cats 

with septal lesions (Zucker and Nc Cleary, 1964) and for 

learning to discriminate how much the rtrall holding a lever 

is tilted (Holdstock and Edelson, 1969). But the rats men

tioned above did have difficulty with reversal. Similarly, 

cats with septal damage have difficulty reversing 8 position 

discrimination (Zucker and Me Cleary, 1964). 

One of the most striking effects of septal d2::1a;e 

on learned rr~anipulative res:c)onses is the effect on DRL per

formance. Both learning to produce the loH rates of re

sponding and retaining them when they were preoperatively 

learned is disrupted by septal area damage (Agnew and Neyer, 

1969; Burkett and Bunnell, 1966; Caplan and Stamm, 1967; 

Carey, 1967b, c, 1968; Ellen and Butters, 1969; Mac Dougall, 

Van Hoessen and Mitchell, 1969a, 1969b). The deficit cannot 

be simply a disruption of time estir8.ation because animals 

Hith septal damage "scallop" normally on a FI schedule 

(Beatty and Sch~·Jal--.zbaunl, 1968). Also it i.s apparently not 
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d ue t::> inc reased motivation , which increases the number of 

respons es per reinforc ement (i . e . decre ases the efficiency) 

of normal rats , because rats with septal damage perform 

worse than normal rats with even 72 haurs of water depri

vation . Caplan and Stmnm (1967), h01.-vever, have made con 

s i derable progress i n elucidating the d i sability by showing 

bow the bra in damaged animals can be taught to perform the 

l ow rates of responding . If training is begun with short 

(4 sec . ) delays which are increased by 2 sec . each time ~he 

animals b egin performing at criterion level (reinforcement 

t o response ratio of 50fo) , the n sep ta l - dama ged rats perform 

a s well as control rats . I t would be int erest i ng t o ~now 

i f other learning deficits (such as those on the Lashley III 

maze ) could b e cv ercome by the use of grad ua l training . 

Escape or Avoidance Learning: Locomotor Responses . 

There ar e tb...ro~e kinds of avoidance learning that involve 

locomotor responses . One involves having the animal move 

away from an unsafe place to a safe or~e ; the second inv o lve s 

punishing the a~ imal for spontaneous lo comotion (moveme nt 

i nhibition trai n i ng ); and the third i n-volves training ani 

mals to make a loc omotor respo nse and then puni shing it for 

making the response (passive avoi -snce) . These three kinds 

of avoidance will be considered separat e ly. 

Septal dama ge re sults i n a marked impairment in 

the ability t~ learn to move from an unsafe o lace to a safe 

one Hhen the tT.w locatioDs main-':;ain a co~stant posi t io_1 
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i n space . This i s true :for t asks requiring running of rats 

(Kenyon , 1962 ; Kenyon and Krieckhaus , 1965 , Me New and 

Thompson , 1966 ; Vanderwo1:f, 1964, 1 967 ) or of hamsters 

(Babb i ni and Davis , 1967 ) and o:f those requi ring j umping 

oi' cats (Hamilton , 1969 ; Hamilton and Grossman, 1969) . 

Att empts hav e b een made to explain away these defects as be i ng 

caused by an aversion on t h e part o:f septal damaged a ni ma ls 

to the h andl ing that takes p l ace in the safe part of the 

apparatus (Zucker , 1 965 ; Me Cleary , 1966 ) . In :fact Zucke r 

(1965) using a shuttle box , each end o:f which rotated 180° 

afte r each trial , :found an i mprovement i n l earning :followi ng 

s eptal area damage . He co ns i dered that this appara tus was 

the same as other one - way appa ratus exc ept that no h andl i ng 

was require d . However, Kr ieckhaus (1 965 ) has argued that 

the cats in this s i tuation were probably taking t h e ir cues 

:from i ns ide Zucker 1 s apparatus and that in effect this made 

it more simi lar to a shuttle box ( see next section). A 

method o:f returning s ep tal damaged anima l s to the start box tha t 

i s not av e rsive to them would h e l p resolve this conflict . 

Cons i der i ng movement i nhibition training , Blanchard 

and Fial (1968 ) :found n~ e i' i'ect ·oi' septal le sions on the 

amount of crouchi ng or on the number of pass i ve avoidance 

errors in a runway with an Btl square island i n the center . 

On the other hand, septal lesions do retard learning to stay 

on a safe perch (Novak and Pihl , 1969 ; Winocur and Mills, 

1 969 ) . The perches used :for the l s~ter tests were smaller 



than the 8 " square and therefore, the negative findings of' 

Blanchard and Fial may be due to the large safe area used 

i n t he i r study . 
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Mowrer (_ 960) and Bolles (1970) have pointed out 

t hat t he shuttle box procedure of tra i ning l ocomotor avo i d 

a nce responses requi res ani rr..als to retu rn to a p la ce where 

t hey we re prev i ously shocked and therefore , i s l ike l y to 

produce the same kind of i nhib i tion that pass i ve avo i dance 

t r ain i ng produces . Thi s argument may exp l a i n why it takes 

r oughly 10 t i mes as many tr i a l s for norma l animals to learn 

t he locomotor response i n a shuttle box as it tskes them to 

l earn the s&me response i n a one - way ( running - to - safety ) 

apparatus ( e . g . see Bol l es , 1970 ) . I t was an early and 

of ten repeated finding that septal dysfunction facilitates 

l earning the shuttle - box avoidance response (Buddington 

e t a l., 1967 ; Donov i ck, 1968 ; Fox , Ki mble , and Lickey , 1964 ; 

Green , Beatty and Schwarzbaur1, 1967 ; Gre en a :c1 d Schwarzbaum, 

1968 ; Hamilton, Me Cleary and Grossman, 1968 ; Hami lton , 

1969 ; Kenyon , 1962 ; Kenyon a :c1d Krieckhaus, 1965 ; King , 1958 ; 

Krieckhaus, Sim.mons , Thomas and Kenyon, 1964 ; La Vacque , 

1966 ; Lown, Hayes and Schaub, 1969; Matalka, 196b ; Me Clea r y, 

1961 ; Neyer, Johnson and Vaughan, 1970 ; Novak and Pihl, 1969 ; 

SchHarzbaum , et al . , 1967 ; Trafton, 1967 ; Van Hoessen , 

Mac Dougall and Mitchsl l, 1969) . The effect i s found in 

the squirrel monkey (Buddi ngton et al . , 1967), guinea pig 

(LoHn et al . , 1969 ) and hamster (Mata lka, 1968) as well as 
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in cats and rats and it persists vrhon septal lesions are 

combined with total neodecorticaton vrhich normally severely 

impairs leaning (Meyer et al., 1970). It is often accompanied 

by a greater amount of intertrial responding (Donovick, 1968; 

Green et al., 1967), but this is not necessary since middle 

septal lesions (i.e. at the middle of the septal area along 

the anterior-posterior dimension) produce the facilitation 

of learning without greater intertrial responding (Donovick, 

1968). In addition the amount of performance improvement is 

significantly correlated with the disruption of the CER (a 

measure of freezing) but this correlation explains only 11% 

of the variation (Trafton, 1967). It is also a~com:panied by 

greater resistance to extinction (Hamilton et al., 1968; 

La Vacque, 1966). That improvement in the perforti'ance of 

this problem is an indication of dysfunction is strongly 

suggested by the findings of Novak and Pihl (1969) which 

si:-1-ow that large doses of amphetamine (3 or 9 mgjkg) which 

can lead to complete disorganization of behavior, improve 

performance on this task in animals vrithout brain damage. 

That both the lesi::m effect and poor performance of normal 

animals is due to the punishment of effective responses is 

strongly suggested by the fact that both septal damaged and 

normal rats learn to shuttle for food in less than t·Henty 

trials (Sch\,iarzbaum and Donovick, 1966) but it takes several 

times as many trials for them to learn to shuttle urder 

shock inducement. It is interesting in this context that 
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it takes approximately as long for septal damaged animals to 

learn the shuttle avoidance as it takes them to learn the 

one-way active avoidance, even though they are better than 

normal animals on the former and worse on the latter. This 

suggests that the shock for returning to the previously safe 

compartment has little effect on these animals. 

The conclusion that punishing learned locomotor 

responses has little effect on animals with septal damage 

is supported by tests in situations other than the shuttle 

box. Whether the original response was food motivated (Fried, 

1969; Ursin, Linck and Me Cleary, 1969; Van Hoessen. et al. 

1969; Wishart and Mogenson, 1970), water motivated (Fox et 

al., 1964; Hamilton et al., 1970; Me Cleary, Jones and Ursin, 

1964; Middaugh and Lubar, 1970) or shock motivated (Me New 

and Thompson, 1966), animals with septal dysfunction are 

more persistent in making the response after receiving shock 

for making it than normal animals are. However, if the ap

proach response is water motivated and they receive quinine 

for making the response, they are less persistent than normal 

animals (Gittelson, Donovick and Burright, 1969). This last 

finding suggests that septal damaged animals can be flexible 

only when both the reward and the punishment are part of the 

same closely related system (i.e. the drinking system--water 

revrard and taste punishv:1ent are related but vJater reward and 

foot-shock are not). 
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Manipulatory Responses. Findings concerning the 

acquisition of the CER, which involves manipulatory-response 

suppression are somewnat mixed. Brady and Nauta (1953) 

found no effect of septal damage but Trafton (1967) found 

an impairment. Harvey, Jacobson and Hunt (1961) and Tracy 

and Harrison (1956) found retention deficits and the former 

authors noted that if the animals were tested at least 16 

weeks after the operation, there was also a learning deficit. 

In addition either contingent (Brady and Conrad, 1960) or 

non-contingent (Goldstein, 1966) septal stimulation retards 

acquisition of the CER (suggesting a disruptive effect of 

the stimulation on normal septal functioning), 

Morgan and Mitchell (1969) have found that septal 

damaged animals learn to press a bar in order to postpone 

shock faster than normal animals do. The brain damaged 

rats also press less frequently than normal rats and there

fore, are much more efficient. However, it took normal and 

septal damaged rats four 4-hJur sessions to reach an optimal 

rate of respondir:~· and Bolles (1969) has argued that this 

response is not really effective from the animals point of 

view because it does not permit escape from the situation. 

In addition Bolles found that normal animals could learn 

the bar-press avoidance response only by fi~st freezing on 

the bar. Thus, it would be helpful to know ~he latency to 

freeze near the bar of septal damaged and control rats. 
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Conclusio~s fer Ayoidance Learning. In the 

learning of a~oidance responses septal damaged animals 

appear to be impaired on easy tasks and actually better 

than normals on difficult tasks (easy and difficult are 

defined in terms of the amount of time required for normal 

animals to learn the task). However, according to Bolles 

(1969, p. 35) "For an avoidance response to be rapidly 

learned in a given situation the response must be an effec-

tive SSDR fSpecies specific defense reactio_!27 in that situ

ation. 11 By 11 effective 11 Bolles means functionally effective--

i.e. actually making flight possible. But the difficult 

avoidance situations described above dq not make flight 

possible. Therefore, it appears that septal damaged rats 

are better than normal rats at learning functionally in-

effective responBes and at the same time they are much poor-

er at learning functionally effective ones. In future stu-

dies i~ would probably aid our understanding if more attention 

were paid to the actual details of behavior in the learning 

situation. 

General Summary and Conclusions of the Beha-;rioral 

Syndron~~- of ~:;;ta 1 Damage. 

The mechanisms for the production of freezing, 

thermoregulation sleeping and sexual behavior are only 

rdldly if at all disrupted by septal damage. Also the 

main effect on grooming, feeding and drinking appears to 
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be only an enhanced probability or occurrence or some com

ponents or these behaviors. In animals with genetic disrup

tion or aggressive behavior (laboratory rats), there is an 

increased rrequency or some components or the behaviors 

while in animals in which errective aggressive responses 

have survival value (wild rats) there is a severe disrup

tion combined with an increase of some component acts. 

Maternal behavior, nest building and possibly hoarding 

are almost totally blocked by septal lesions but again some 

components or at least maternal behavior increase in rre

quency. Findings concerning exploratory behavior seem to 

depend very much on stimulus conditions but much work is 

needed berore these errects are thoroughly understood. 

Septal damage has little errect on the original learning 

or tasks which use consummatory rew-ards, but it does ar

rect the reversal or this learning. However, little is 

known or the errects or septal damage on lea.r-ning ljJhich 

requires complex processin3 such as umHeg, delayed responses 

and reasoning tasks. Septal damage does result in marked 

dericits in learning to produce low rates of bar pressing 

unless gradual training methods are used. Regarding avoid

ance responses, septal damage appears to disrupt the learn

ing or errective responses (those that make species specific 

defense responses, SSDR, possible), but improves the ability 

to learn inerfective responses ~.e. bar pressing, a t&sk 
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which does not permit SSDR). However, this conclusion is 

still being questionBd because of the effects of intertrial 

handling on septal damaged rats. Finally, although attempts 

have been made to generalize about the syndrome of septal 

dysfunction (e.g. Me Cleary, 1961, 1966; Thomas et al., 

1968), there is no widespread agreement. 

In general, where there is most disagreement about 

results and interpretations, detailed observations of be

havior 2nd iuterpretation in terms of the response effec

tiveness or value to the survival of the animal have not 

been made. In addition, studies that show inter:eelations 

between the effects of a number of measures and several 

tasks in the examination of each animal would be . .:;_uite .help

ful in c~eciding not only which generalization would be ap

propriate but al::;'2 whc::ther a single generalization about the 

syndrome of septal dysfu~ction should be sought. 

The Present _2tudy 

The present study examines the effects of dauage 

to the septal andjor surrounding areas on a variety of be

haviors. The behaviors include drinking, hyperemotionality, 

exploratory behavior, escape behavior, 9assive avoidance be

havior, learning and performance of movement inhibition, and 

jump avoidance behavior. Drinking H&s measured daily for 

approxims t;e ly one month. Hypere:-·::; 1~ ic rs li ty was rated several 



37 

times by four ra~ers using both a new and a previously used 

rating scale. Components of exploration in an open field 

were sampled and recorded every 12 sec. for 5 or 3 min. 

tests on 4 different days. Escape to a safe, 36 in.2 is

land in the middle of an open field with an electrified 

grid floor was tested by continuous shocking on alternate 

6 sec. periods for 20 min. Passive avoidance was measured 

by the latency to descend from 36 in. 2 and 6i in. 2 islands 

in the center of the open field. The criterion latency was 

60 sec. Movement inhibition was trained by shaping §_s to 

escape first to the large island a!ld then to the small is

land in the center of the open field, and it was tested by 

placing ~s on the grid with the small island in the center 

and leaving them there for 60 min. on two different days. 

Jump avoidance was tested in a 1 cu. ft. box with a safe 

shelf around the top and a grid floor. A 15 sec. shock 

latency was used in one experiment and a 5 sec. latency in 

another. Later experiments tested for order effects involv

ing the tests of jump avoidance learning and movement inhi

bition, and for the effects of additional brain damage to 

areas surrounding the septal area, which included the pre

optic area, the caudate nucleus and the medial frontal 

cortex. For this study the safe island was at the periphery 

of the field and no shaping was used. A final experiment 

tested the effect of below-the-grid rather than overhead 

lighting on jump avoidance learning of septal damaged rats. 



CHAPTER 2 

EXPERIMENT 1 

Method 

Subjects 

The Ss were 32 male albino rats (Sprague Dawley) 

from Woodlyn Farms weighing 265-325 g. (mean = 285 g.) at 

the time of the operations. All Ss were housed singly in 

constant light at room temperature. All Ss were weighed 

immediately before the operation and again immediately be

fore they were sacrificed. The time span between these 

dates ranged from 106-117 da. Because of this variability, 

measures of weight gain over this period were stated in 

terms of gain per day. 

Surgery and Histology 

Nembutal anesthesia was used. Electrodes were 

0.010 in. diameter insulated nichrome wire with bare tips 

of 1.0-2.0 m.m. They v-rere positioned in the medial portion 

of the septal area by means of a Krieg stereotaxic instru

ment, with the electrodes entering 1.5 ram. anterior to 

38 



39 

bregma and 1.5 WJll. lateral to the midline, and lowered to 

5.5 mm. ventral to the dura at an angle of 14° in order to 

avoid puncture of the superior sagittal sinus. Electrolytic 

lesions were made by psssing 3 ma. DC for 20 sec. through 

the electrodes. In order to prevent excessive pitting of 

the electrodes, they were replaced after being used during 

electrolysis for a total of approximately 1.5 min. Thermo

coagulation lesions were made by heating the electrodes by 

means of a Grass radio-frequency (2 megacycles) lesion maker. 

The current was adjusted to a value slightly less than suffi

cient to cause the audible ''pop" or steam bubble that can be 

generated by heating the electrode tip (e.g. see Hoebel, 

1965) and for a total of 7 sec. Sham operations were pro

duced i:1 control animals by the same method as the normal 

operation except that no current was used. Originally, 

there were 12 rats in each 01~ the 2 lesion groups and 8 

rats in the control group. Howevsr, 1 rat with a sham 

operation and 1 with a heat induced lesion died d:J.ring the 

experiment and histological study showed that 1 rat with an 

electrolytic lesion had unusually little damage and l rat 

with a heat-induced lesion had extensive damage in the dien

cephalon. This left 11 animals in the DC lesi.on gro1_c_p, 10 

animals in the RF' group and 7 animals in the control group. 

At the end of the experiment, all an~mals were 

sacrificed, perfused T.-rith nol'r:lal saline and J.O% i'ormalin, 

and their brains were extracte~ for later sectioning. 



Sections from all operated animals and 2 control animals 

were taken at 15,;Y and stained Hi th haematoxylin and eosin 
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for histological examination. \fuen extent-of-damage measures 

were used, these Here done by ranking the extent of damage 

in different animals on the basis of apparent differences. 

Those Hith small or non-obvious differences Here given tied 

ranks. 

Water Consumption 

Water consumption Has measured daily from the 

time of the operation until 36-40 da. afterHards. Tap Hater 

was used and measurements Here taken by Heighing the bottles 

at the same time every day. Water and bottles Here changed 

Heekly at the time of Heighing. 

Emotionality Rating 

Emotionality ratings ~rrere done 14, 16 and 29-33 

da. after the surgical operation. Two rating scales Here 

used. One Has identical to that designed by Brady and 

Nauta (1953) and the other scale Has similar except that 

behavior indicative of es~h value on the scale Has speci

fied, and in acidition to the situations described by Brady 

and Nauta, the reaction of the animals to a puff of air Has 

observed. The behavior which defined each scale value Has 

based on descriptions of em~tional behavior of rats. Thus, 

there Here four situations: a puff of air Has directed at 

S Hhen the cage Has still closed; a pencil was presented 

one in. from S's snout; S was proclc.2-d '"Jith the pencil; and 



S was captured and handled. For each of these situations, 

2 points were given for vigorous attack with biting or for 

vigorous, jumping escape, 1 point was given for either 

threat behavior (rearing with forelimbs extended and mouth 

open without falling back against a wall for the 15 sec. 

duration of the situation) or running escape (all four legs 

move at least once in quick succession), and 0 points were 

given for any other behavior including freezing, submissive 

threat (rearing Hith forelimbs extended, back against a 

wall and thus, adopting a poor posture for defense) or slow 

withdrawal. In addition 1 point was added to the score for 

each situation if the animal vocalized. Finally, 1 point 

was added to the total score of an animal for showing each 

of the following responses at any time during the test: 

urination, defecation and piloerection. There was a minimum 

score of 0 and a maximum score of 15 on the test. Two raters 

each using 1 of the 2 scales rated emotional behavior on day 

14 and this was repeated by 2 different raters on da. ~. Ap

proximately 2 weeks later all 4 raters simultaneously rated 

the Ss using the same scale they previously used. All 4 

raters were experienced in handling animals, but had not 

previousJy used these scales. 

Exploratory Behavior 

Behavior of each s in the open field was observed 

for 5 min. on the 15th and 16th da. after the operation and 

for 3 min. on the 24th and 38th da. after the operation. 
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The open field was identical to that usad by Broadhurst 

(1961) except that a small enclosure was placed near the 
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wall (see Fig. 1). The field was a round wooden enclosure 

32 in. in diameter with 12 in. high walls. The floor was 

light colored linoleum and the walls were white except 

those of the enDlosure which were natural wood. The field 

was marked off into 19 areas of equal size (approximately 

42 sq. in.) and 2 of these areas were divided by the en

closure. The areas were assigned a number from 0 to 6 ac

cording to their distance from the enclosure and from the 

wall (see Fig. 1). The only light was provided by an ordi

nary desk lamp vd th a 60 W bulb and was placed opposite the 

enclosure (which, therefore, was only indirectly lighted) 

approximately 6 in. from the wall and 18 in. above the field. 

The observer sat behind the enclosure and was divided from 

the field by a one-way screen. Sound was kept to a minimum 

except for a time marker which clicked every 12 sec. 

During each test period, the S was Dlaced in the 

center of the field. The area number was recorded whenever 

the S moved all four legs from 1 of the 21 areas to another. 

Behavior (walking, turning, rearing, chewing, grooming, 

sniffing, lying or freezing) which was in progress at each 

click of the 12 sec. time marker and the total number of 

fecal boluses during the test were recorded. The latency 

to movr:;, to reach the vJall after moving and to reach the 

enclosure after finding the wall, the time spent in the 
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enclosure, the frequency of entering the enclosure, the 

number of tir1es leaving the wall, the total distance tra

versed, the frequency of different behaviors, and the 

change of behavior during and between tests were determined 

from these observations. 

Escape Training 

The escape training was conducted in the 6ovement 

inhibition apparatus which was a square open field 24 in. x 

24 in. x 18 in. high with a grid floor and a 6 in. square 

wooden island in the center. Escape from the grid to the 

island proved to be a difficult response to establish in 

this apparatus. Other research has established that the 

responBe will usually occur spontaneously if the grid is 

narrow (Teitelbaum and Milner, 1963) or if the island is 

placed adjacent to the wall (Experiment II of this report). 

Nevertheless, in the open field with the island in the 

center, the first attempt to "train" the animals by making 

escape from shock contingent upon climbing onto the island 

was unsuccessful Pxcept in a few cases. Therefore, this at

tempt (which will be called "escare testing") was follov-red 

by passive avoidance tests and shaping of the escape response 

(the term "escape training" v-rill subsequently be re:3erved 

for the shaping of the escape response). 

For the escape test the Ss cvere placed on the grid 

and allov-red 15 min. exploration before testing. During the 

test, scrambled, 1 ma. electric shock (from a 28 VDC nower 
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supply) was applied through the grid continuously f'or 6 out 

of' every 12 sec. This part of' the procedure was terminated 

af'ter 20 min. or af'ter the S had remained on the island 

continuously f'or 60 sec. (of the 28 ~s only 8 including 4 
control Ss had learned to f'ind the island within the 20 

min. period). The number and latency of escape responses 

and f'reezing responses were recorded as well as the number 

showing threat responses and the number of Ss reaching the 

island. 

After the original escape testing all ~s (whether 

or not they had previously been on the island) were given 

passive avoidance training. For this, the animals were 

placed on the large island with the grid electrified so 

that they were shocked immediately if' they descended from 

the island. Once they lef't the island, they were alloT:Jed 

30 sec. to return to it before the trial was terminated. 

If the animals remained on the island f'or 60 sec., training 

was terminated. The number of' trials to the criterion of' 

60 sec. for each S was recorded. 

After the passive avoidance response was established, 

escape training was begun. For this the animal was placed 

on the electrif'ied grid and allowed 30 sec. to find the is-

land. If the island had not been reached during this period, 

shaping was begun (i.e. successive aDDroximations toward the 
~ .J. 

island were reHarded by temporary termination of the shock). 

Shaping ~.'23 ccJticued until the animal climbed on the islaud 
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and remained there f'or 60 sec. This procedure was repeated 

until the animal had f'ound the island VJith the 30 sec. period 

of' continuous shock (i.e. VJithout shaping) on f'ive succes

sive trials. 

Af'ter the animals had learned to escape to the 

large island, the passive avoidance and escape training 

were repeated VJith the small (2.5 in. x 2.5 in. square) 

island. The number of' trials ,,,Ji th shaping and the mean 

escape latency on the last criterion trials were recorded. 

Movement Inhibition Test 

The day af'ter the f'inal escape training and again 

2-3 wks. later, the ~s were given 1-hr. tests of' movement 

inhibition. This was done by placing the ~s on a grid elec

trified with 1 ma. scrambled shock. The 2~ in. island in 

the center of' the f'ield VJas mounted on a micro switch 1tJhich 

advanced an electromagnetic (Mercury) counter VJhen changing 

f'rom a down to an up position and activated a Rustrak re

corder when it changed position. The time required to get 

on the island and th~ frequency of' descending f'rom the is

land during each of' the two, one-hour tests were recorded. 

Active Avoidance ~ea~ning 

One to tVJo vJeeks af'ter the second movement inhi

bition test (11-12 VJks. af'ter the operaticn), the Ss were 

trained on a sin~le active avoidance learning problem. The 

apparatus Hhich 1tTas similar to that describ'3d by VandervJolf' 

(1969) was a 12 x 12 x 12 in. plyvJood box VJith a grid f'loor 



and a 2-~ in. wide shelf surrounding the box , ~ i n . below 

the upper edge . A small ca~rying box measuring 6 x 6 x 

4~ i n . housed the rats during the intertrial interva l of 

JO sec . Animals with septal lesions are h i ghly res i stant 

to handl i ng especially in av oidance s ituations , a factor 

whi ch mi ght affect scores on behav i oral tests . A method 
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was dev i sed for handling such ani rr:als wi thout d i sturbance . 

When animals jumped to the shelf the carrying box was p l aced 

in f ront of them . If the ani mal d i d not enter the box 

spontaneously it was tapped on the back lightly wi th the 

lid. After the an i ma ls entered the box , the lid was placed 

on it for the duration of the trial . 

Aft er allowi ng 15 min . explorat i on , the Ss were 

put on the grid and left for 15 sec . If they had not 

jumped from the grid to the ledge in this per i od, they 

were given 2 rna . shocks of shot duration every 2 - ~ sec . 

u ntil they escaped . The l atency of the response was re

c orded and traini ng \-Jas terminated when the S h ad avo i ded 

t he shock on 9 out of 10 trials. 

Statistical Methods 

Fo r a large number of the ana l yses in this exp e::" i 

ment , the Mann - ltlhitney U was used . In the case of a large 

number of tied s cores, the correction suggested by Siegel 

(195 6 ) was used . In cases where it \-TBs likely for a dif 

ference to be in either direc ti on (as in comparisons between 

the two brain - damagEd groups) significance levels vrere based 



48 

on a two-tailed test; other1-Jise (as in comparisons between 

brain-damaged and control Ss) one-tailed tests were used. 

The interrelations between behaviors were analyzed 

by means of rank-order correlation coefficients (Spearman's, 

corrected for ties) which detect variability about positively 

or negatively sloped lines regardless of curvature (except 

for lines with multiple andjor U shaped curves). These were 

computed by an IBr1 1130 computer. Only 16 behavioral 7ari-

ables were used in this analysis sine~ in the others there 

was too little variability for the correlations to be mean-

ingful, or not a~l the ~s in some group(s) were measured, 

or there was no significant relation to any of the other 

measures (only two variables were rejected for this last 

reason; they were boluses in the open field and weight 

gain). This left 120 correlation coefficients for each of 

the three groups. 

The remaining correlations were analyzed primarily 

by inspection. The traditional methods of handling large 

numbers of correlations were inapproproiate because the Ns 

were too small for factor analysis and cluster analysis 

produces varying results depending on minor variations i~ 

• the criteria used. ?he reasoning behind the particular in-

spections made is as follows. The main point cf concern in 

examining the correlations is Khether given measures of be-

havior m_easure the same thing in different groups of animals. 

For example inactivity cou~l b0 due to either freozin~ or 
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relaxation . If it were due to both, the correlat ion between 

a pure measure of freezing and i nact ivity would not be per 

fect . One i ndicati on of whether t he b ehaviors underlying a 

measure are the same in both groups is to observe whether 

the measure is correlated with other measures i n the same 

way in both groups . This was done by inspect i on but a s a 

purely descriptive index of the similarity , the rank order 

correlat i on of the two patterns of correlations was computed. 

If the patterns of correlations are s1milar , then it is very 

likely that they are measuring the same factor in both groups . 

For example, if inactiv it y in one group of rats is highly 

positively correlated with three other measures , highly 

negatively correlated with six measures and only moderately 

corre l ated with five measures and if the same relations are 

true f or a second group of rats, it is very unlikely that 

the behavio r being measured is not very similar i n some im

porta nt respec t (in addition the rho betwe e n these two pat 

tern s of correlations will be very high) . On the othe r hand 

if the correlations of inactivity with other behav iors are 

different in the two groups (if the correlation of the cor 

relations is low) , there are two main poss ibilities . The 

rueasu e could be measuring different things in the two groups 

or it could be an inadequate measure (not precise enough t o 

distinguish accurately between animals) in one or both of 

the groups . However, a measure that has several very high 

c orrelations with oth~r ~easures on the same animals, clea r ly 



must be able to distinguish accurately between animals. 

Therefore, a measure that correlates highly with other 

measures in different ways in different groups must be 

measuring different things. Of course these different 

"things" can either be different behaviors or different 

causes or both, but that is a problem for further experi

mental analysis. 
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In summary, the method used to analyze the corre

lations was first to look for measures that correlated in 

different ways in different groups (e.g. there was a 0 or a 

-correlation between the correlations of the two groups). 

Secondly, the correlations were examined for measures that 

showed highly similar patterns in the three groups. Finally, 

the remaining correlations were discussed in terms of those 

with different or similar patterns for the three groups. 

Results 

Water Consumption 

Table l shows the mean and standard deviations of 

water consumption for _§s -vJi th radio-frequency· (RF), direct-

current (DC) or sham operations of the septal area. There 

was no detectable effect of the operations on water con

sumption. Data for the firs"C week after the operation ~tJere 

used in the analysis because during the second or third week 

of measurem.ent a gl~adual increase iD water coDsumption 



Table l. Mean ·Hater> consumption during 
first week after operation (cc.). 

RF DC SHAM 

Mean 196 204 201 

Standard 
Deviation 41 44 30 

N 10 11 7 

followed several days later by a gradual decrease to the 

original baseline was observed in every animal except for 

one with a sham operation. Possibly, this was caused by a 
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mild illnes~3. There was no noticeable relation between the 

location or size of the lesion and the amount or time of 

onset of this change. 

Emotionality Ratings 

Table 2 shows the means and standard deviations 

of the emotionality ratings using the scale developed in 

this study. Table 3 shows ~he unweighted means analysis of 

variance and post-'::loc comparisons for the data presented in 

Table 2. The results of these analyses sho~.Ar that the ani-

mals with RF lesi:Jns w_,~-'=' more emotional as defined by the 

scale than those with DC lesions (p (.05). The animals with 

sham operations ·Here less emotional than these with either 

RF (p<.OOl) or DC (p <._..05) lesions. Animals in all three 

groups ·Hers less e::notional durir1g the second measurement 



Table 2. Emoti:::'1ality ratiDgs usillg scale 
developed ill this study. 

Test l Test 2 Test 3 3 tests 
Group c ombi !led 

M SD JVI SD M SD N SD 

DC 5.7 2.7 2.1 1.5 4.2 2.5 4.0 1.6 

RF 7.4 2.3 6.3 2.5 7.2 2.6 7.0 1.8 

SHAJ1 3.3 2.1 1.6 1.3 2.3 1.2 2.4 l.J 

--
N - mean, SD - starJdard deviation 

Table 3a. Allalysis of variarJce of emotiorJality 
ratiDgs. 

SOURCE DF NS F p' 

Be tweeD Ss 
Group 2 28.3 3.41 .05 
Sw.g. 26 8.3 

Wi thi ll Ss 
Tests 2 164 23.7 .001 
Group X 4 l. 67 0.24 NS 

Tests 52 
Tests X 6.90 

S1PJ. g. 

--·-----

52 
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Table Jb. Post-hoc c omp a ~·isons . 

GFWUP TEST SU1'1 I COMPARISONS 

DC 1 63 1 1 1 1 
2 23 1 1 -1 1 
3 46 1 1 -1 -1 

RF 1 81 -1 1 1 1 
2 69 -1 1 -1 1 
3 79 -1 1 -1 -1 

SHAM 1 23 -1 -1 1 1 
2 11 -1 -1 -1 1 
3 17 -1 -1 -1 -1 

p I I .05 .05 .001 .001 NS .05 

than during the first (p 4.001) or the third (p = .05) tests. 

In other words, two days after the first measurement there 

was a sharp decline in the emotionality of all three groups 

of animals but two weeks later the emotionality had nearly 

returned to its previous intensity (there was DO significant 

difference between the 1st and Jrd test). Although the 

ratings using the present scale were quite highly correlsted 

( .90) with t''c':Jse usillg the Brady and Nauta (B-N) emotic,'.lality 

scale, the latter scale was less reliable than the scale de-

veloped in this study. The ratings made by d~fferent raters 

based on the B-N scale differed by more than 20% of th2 mean 

scale value 69% of the tiue ~-Jhile those based en the present 

scale did so only 10% of the time (x.2 = 20.9, p <. .001). 

These differe~ces were evenly distributed over the three 

groupa and therefore, they must reflect a disagreeme~t over 



what is meant by a non-emot::_onal reaction (a base-line re-

action) t:.::: specific situations of the B-N scale. The cor-

relations between the pairs of ratings for each scale are 

presented in Table 4. The disagreements betweeD the ratings 

Table 4. Correlations between ratings on 
third tests. 

SCALE DC RF SHAJVI ALL Ss -
-

B-N .85 .95 .77 .95 

New scale .95 .95 .95 .96 

-- -

based on the B-N scale wers positively r8lated to the vari-

ation within the groups. :-Iowever, the correlations were 

uniformly very high when the new scale was used. Since 

the control Ss show the least variation, the :ifferences 

between the emotionality of "normal" rats are not as reli-

ably detected with the B-N scale. This also reflects the 

difficulty mentioned above of determining the baseline re-

action when using the B-N scalE:. 

Open Field Behavior 

The analysis of behavior in the open field is 

presented in Table 5a and Table 5b. Both the tables and 

the figure show medians and interquartile ranges for most 

of the measures. 



Table 5a. Frequency of open-field behaviors (4-day totals). 

Group Measure Explo- Groom-
:c'ation ing 

I i 
RF I MD I 41_ 1~ 2 

I IQR I 4-15 1-3 
I I ! 
I I 

I 
! 

DC I MD 17 7 
l IQR I 6-23 3-9 I I ! I I 
I 

J l l I 31~. 7 Sh . HD • 
l IQR 

I 
27-40 I 3-9 l I 

Comparisons 

RF X DC ! TJ I I 24 
I p I NS I < 0 0 5 . 
I ~ I 

Inacti-
vity 

671_ 
2 

63-71 

56 
49-67 

39 
39-44 

22 
< .05 

j 
I 
I 

Defee a-
tion 

(fecal 
bo1i) 

8 
7-12 

8 
4-10 

4 
1-11 

NS 

Squares Leaving 
tra- wall 
versed 

17 0 
12-25 I 0 

29 1 0 
14-55 I 0-1 

/6o~f5o I 5 
3-9 

NS NS 

FJ:i, X Sh 
I u 1 I 11 I - -_0___ - - - - - --~-;-- 1 5 ~ 

I 
! 
I 

I 

Entering 
COt:JIJart-
ment 

3 
1-4 

6 
4-7 

11 
7-15 

21 
<.05 

1 
l...OOl I p <. 001 ! < . 01 I <. 001 NS <... 01 I ~. 005 

-----; I ., I -~·--t-1--
DC X Sh I u . 4 I . 2~ I 10 8~ 11~ I p <· 001 lJS i <.. 001 I NS <. • 01 (.. 005 < • 01 

HD - medlan, - lnterqm1rtlle - Mann-W for ties), 
p - probability 

\n. 
\n. 



Table 5b. Open-field latencies (in number of 12 sec. intervals) 

Group Mea- Movement latency 
1 sure 

IDay l Day 2.Day 3 Day 4 I . i I I -r L R}' l MD 
j i:4 j 2~5 j 0~2 I o!4 I IQR 

DC MD I 2 ! 0 ! 0 I 0 
I IQ.R 11-4 ~· 0-l 0-2 I 

Sh ! r.m 1 o o o o I 
~ 

1 o-1 o o o ! 

Comparisons 

RB'xDc,·g- - -~ NS -~ <~~~~ <~g5-~ NS 

~ I I i J l l RF:xSH ,. U 8;2 0 l02 172 
P <. oo5 <· ooo5 <. oo5l <. 01 

DCxSH l U ,. 7f, I 21 I I; 21 
I p - . <· 0_()5,_~· 01 .L NS <. 05 

Latency to f'lnd wall ~atency to enter com- Aver-
after first movement partment after finding age 

wall 

Day 1 Day 2 Day 3"Day 41Day 1 Day 2 

. I 
2 I l I 1 l b 2 

0-4 0-6 0-l 0-4 2-Max 0-18 

l 1 o o l 6 3 
0-3 0-1 0 0-l 4-13 l-6 

I 
1 1 o o o 1 2 Lo 

0-l 0 0 . 0 Ll-4 .. Q-1_ 

NS 
zs-~ T 2-o 

<.05 ,<..01 l\TS NS NS 

time 
in 

~ . 
;com-
!part-

Day 3 Day 4iment 
per 

I entry 
10 lVIax 13 

3-Max 3-Max 5-14 

1 3~ 8 
1-6 i l-9 7-14 

I 

1 1 o 4 
0-l 0 3-7 -- ----- _f_ -- -- --

NS 
21~ 

<..05 NS 

12 I 10~ I 7 
(.05 <.0051<·005 

1 7.1_ I ll 
L <.-_()5 ~· NS • NS 

10~ I 13 I 9~ I 10~ I 3~ I l~ ~ 
£.oo5 <.o5 <.01 1<.05 

1
/-.00l!'~.o6 

I 

l 

1 

l 1 l 21 78 112 20 I 32 I 20 
~· 02 _<.. 0_1_ ~_<. 01 j_~. 06 J <. OO~J ~. 06 

Hd- Median, IQR- inter-quartile r·ange, U- Mann-Whitney U corrected for ties 
(reported only where P ~· 06), p - proba bi 1 i ty 

. 'J: 

\Jl.. 
0'-
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The control group shmved more exploratory behavior 

than either of the experimental groups. The time sarnples 

showed more walking, rearing and turning ("exploration" in 

the table) in the control group (p ~.001) and this group 

traversed a greater distance than the brain-damaged groups 

(p < .01). The brain-damaged groups sholf.red more inactivity 

(p <.001) and a longer latency of movement especially on 

the first two days (p <. 01). But even after they began to 

explore, the brain damaged rats took longer to approach the 

wall and the compartment. The usual pattern was first to 

approach the 'wall and then to enter the enclosure. On the 

first test-day both brain-damaged groups spent a longer 

time between moving and reaching the wall (p < .05) but by 

the second day the DC group performed more like the control 

group (though :::nly one animal found the wall in < 12 sec. on 

all three lasr, days while all 7 of the control animals did, 

p = .0002), while the RF group still averaged a longer time 

to approach th~ wall (p <.005 on the last three days). After 

reaching the wall, the control animals were also faster to 

find the enclosure on all four days (p values varied but 

p ~ .06 on all days :::"'or comparisons betHeen the control and 

both experimental groups) . E'len though the brain damaged 

animals lf.Tere slolf.rer to reach the irJall and the compartment, 

they were slower to leave the wall after reaching it (p ~.005) 

and they remairJed in the compartment for a longer time after 

entering it than the control animals (p =.06). 
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Another interesting feature of the exploratory 

behavior of the control and brain-damaged rats is that the 

former went in and out of the compartment much mo1•e fre

quently than the latter (p < . 001 for the RF group and p <.. 01 

for the DC group). 

There were also some differences in exploration 

between the two experimental groups. The RF group showed 

a longer latency than the DC group to reach the wall on the 

second and third days (p < .05, p < .01 respectively). They 

also shor,,jed a greater latency to enter the compartment on 

the fourth day (p <.05). Finally they went in and out of 

the compartment even less .frequently than the animals with 

DC damage. In conclusion rats with septal damage show a 

greater amount of initial immobility before exploring and 

walk about less frequently and travel a shorter dists~ce 

with each continuous move than the animals with DC damage. 

The brain damaged animals showed more sitting and 

sniffing, and lying than control rats did (p <..001). They 

also showed a greater latency to move. Both the DC and 

sham groups sho1,ved more grooming than th'~ Rf group (p <. 05 

and p < .01, respectively). There was no difference in the 

number of feca 1 ~oli of the three g~·::Jups. 

Escape PerfOI't'~snce 

During the 20 min. cf escape testing behavioral 

observations were made on all but two animals from the DC 

grou.p. 
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crouching, threatening and climbing on the island. The 

threat responses were either the threat or the submissive 

threat response described in the section on emotionality 

rating above. The results are shown in Table 6. There 

were no significant dif'f'erences between the two groups with 

brain damage. However, the combined experimental groups 

made an average of' f'our times as many escape responses 

(running or jtJmping) as the control group during the 20 

min. test. This was true f'or the total number of' escape 

responses made by animals that did not f'ind the island 

(p <.,.005) and f'or the number of escape responses in the 

first two min. made by all animals (p <. 001), but f'or those 

that did learn only the DC group made significantly more 

responses than the control animals (p =.06; there was only 

one animal ciith RF damage that learned so comparisons of' 

this subgroup with control rats are not very meaningful. 

However, this single rat made more escape responses than all 

but one of' the four control animals that learned). 

The brain damaged rats also made fewer freezing 

responses than the control rats (p ~.02) and they showed a 

longer latency to make freezing responses (p < .01). It 

might be assum::d that rurming or jumping W8uld facilitate 

finding the island while freezing would interfere with it. 

Nevertheless, control rats (~vhich f'roze more and ran or jumped 

less) were somewhat more likely to find the island than brain 
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Table 6. Behavior during the escape test. 

Escape responses .b'reezing responses 

Group 
Frequen- 1 Frequen-I Measure cy dur- Frequency Latency cy dur- I Latency 

ing test in first 2 mfn. (in 12 ing test (no. of 
I ( Ss witt sec. (Ss wit~ 12 sec. No. of' Ss 

test .>lt Ss that inter- >IS min. inter- finding-
' min. All §..s l escaped vals) of test) vals) island 
I 

RF I Md 101 31~ 25 0 I 29 12 
IQR S7-151 2~.-37 0 13-L~7 9-16 

N I 9 10 1 10 I 9 10 I 1 of 10 

DC I Md 1 125 I 93 43 I 0 

I 29 10 
IQR ' 63-146 2S-44 24-54 ' 0 23-73 S-19 

N I 7 9 3 9 7 9 1 3 of 11 

I Sh Md 27~ 16 ld 0 5~ l 7 tJ;;? 

' IQR 22-65 11-23 8-35 0 45-S4 6-9 I N 4 I 7 4 i 7 4 6 I 4 of 7 
I e 

Comparisons 

RFxDC I u I p NS NS NS NS NS NS NS 

I I I 
RF:x:Sh u 0 9~ I 2 6~ I p 4.01 < .02 ' NS NS < . 01 <.01 =.06 

! 

I ' 

DCxSh u 2 4 1 9 
p <. 05 <. 01 =.06 NS NS < .05 NS 

(RF+DC) u 2 131. 7 15~ 
j 

- 2 

X Sh l p <_ • 005 1 <. 001 . NS NS <. .02 <. 01 =.OS 
71 ~ -, " - U - Mann-W J.l tne ' ~QR q gv, y 

j1 - f'''obability. 

0"-
0 
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damaged rats (p = .08; when only the RF group is considered, 

p = . 06) . 

Results on passive avoidance and esca~a training 

are shown in Table 7. The brain damaged rats needed a greater 

numbe~o of trials with shaping (e.g. trials on which the ani-

mals took more than 30 sec. to find an island and was then 

shaped) be:::'o:ee learning (de::.~ined as 5 successive trials with 

a latency less than 30 sec.) to find t~e island than did 

control rats (p < .005). There was cons~derable variability 

behreen a::~imals ~:rhich was influenced by the prior escape 

test during which a fer,,r animals learne i spontaneously to 

find the island. However, if only those animals which did 

' 
not learn to find the island during the prior escape test 

are considered, the ones with brain damage stil~ required 

more trials than control animals (n ~.02 for ~oth brain 

damaged grc·-~:;>s combined). In addition to requiring more 

trials to reach criterion, the brain dama~ed rats were 

slower to escape on the criterion trials (p <.005). How-

ever, there ~res no difference in the number of trials re-

qui. red to learn to freeze when put on either the large 

(6 in.) or the small (2~ ir.) island. 

Movement Inhibition Test 

On the two one-hour tests of move~e~t inhibi~ion, 

the brain damaged rats were only slightly infe~icr to the 

control rats (see Table 8). Both groups ~rrere slightly in-

ferior on the ~irs~ test (p ~ .05); on the sec~~d test the 



Table 7. Passive avoidance and escape training. 

Group !Mea- No. shaping trials to Mean escape latency Trials to criterion on 
1 sure criterion of escape (sec.) on criterion passive avoidance 

training trials 
6 ln. 20- ln. To ~~·.r 1 6 ln. 2~ ln. 'rota 1: 0 ln. 22 ln. Total 

island island island: island: all 10 island island 

I last 3 last 3 trials . 
I i trials trials 

I 
I 

I I 
9~ RF 

I 
Md 7 0 9 8~ 11~ 10 l 1 2 

IQR I 4-7 0-8 7-10 6-11 6-18 9-13 0-3 0-3 I 1-5 
I 

DC Md 2 2 9 11 9 10 1 1 2 
IQR 1-9 0-4 3-18 6-14 i 3-11 7-13 1-2 1-2 1-4 

Sh JVI0 1 I 1 3 2' 3 5 o 1 4 
I __;I:QR ~ 0-2 -~1-2 -~-2-_j__, __ 2-~6 ~L~2-6 ___ lt-6 ___ o-3 _ -~o-4 _!_l_-6 

Compsrison 

RFxDCI ~ I I I 
NS NS I NS NS I NS NS NS NS NS 

! I 7 RFxSh u 7 6 8~ 1 
p <..005 NS <.005 <. 01 I (,005 (.0005 NS NS NS 

DCzSh u 19 9~ 16 7 

(RF+DCj 

p NS NS 1 <.05 (.01 <.05 <. 005 NS NS NS 

u 29~ I 25 . 18 23 8 
X Sh 'I p <.. 01 NS i < . 005 ! <.. 005 I <. OOG_ <. ooo5 1 NS NS NS 

Md - median, I~ - interquartile range, U - Mann-Whitney U corrected for ties, 
p - probability 

0'
f\) 



Table 8. Movement inhibition performance. 

' 

Group Heasure 

RF Md 

IQR 

DC Md 
IQR 

Sh ~-ld 

IQR 

Comparisons 

RF X DC 
RF X Sh 
DC X Sh 
(RF+DC) X Sh 

Day l 

3 

1=7 

4 
3-6 

l 
l-2 

NS 
l9.5,p=.06 
l5,p<.05 

34.5 ,p<. 05 

-

Day 2 

3.5 

2-6 

l 
0-l 

l 
0-4 

23,p<.05 
l8.5,p<.05 

NS 
NS 

Total 

7.5 

4-17 

4 
3-12 

4 
2-5 

NS 
l9,p=.05 

NS 
NS 

Md - median, IQR - inter::]_uartile range, 
:p - proba bi li ty (based on Ma nn-vihi tney U) 

63 

Rf group •,-ras inferior to both the DC and the control g:c•oups 

(p ~.05) but there was no significant difference between 

the last two groups. 

Jump Avoidance Ccnditioning 

As Table 9 shows, septal damaged rats make more 

errors in learning to avoid shock by jumping (p <. 0005) 

and the mean latency they eventually reach on the ten cri-

terion trials is also longer (p < . 001). In addition they 

are somewhat less consistent (e.g. they make more errors 

after the firs t avoid an c e res pons e , p < . 0 5 ) t u t t ~ 0 y do c: o t 
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Table 9 . Jump avoidance performanc e . 

Gr oup Measure Errors Latency on Errors after Trial 1 
cr i terion first avoid - escape 
t r i als ance latency 

(in sec .) 

RF Md 5 .5 4 . 5 .5 1 8 
IQR 1 - 15 3-6 0-1 9-3 6 

DC Md 5 5 1 57 
I Q.._R 4 -12 4 - 7 0 -3 12-104 

Sh Md 1 2 0 43 
I QR 0 -2 2 - 3 0 16 - 61 

Compar is ons 

RF X DC NS NS NS NS 
RF X Sh 9 . 5 , p<.. Ol 10 . 5 , p <. Ol 17.5 , p -::-<. 05 NS 
DC X Sh 0.5,p(.000 6 , p <. 005 17 . 5 , p -:~ <. 05 NS 

(RF+DC ) X Sh 10,p< . 0005 16 . 5 , p< . ooi 3 5 ' p -::-( . 0 5 NS 

Md - median, IQR - i nterquarti l e range , p - probabili ty 
(b ased on Mann - Whitney U) 

differ s i gnificant ly in the laten~y to escape on the f i rs t 

tri al . There was also no mean i ngful differe nc e i n the la -

t ency t o escape on later trials (the only difference was 

in the number of esc2pes requiring more th2n 2 sec . , but 

since the cont ro l rats made so f ew escapes, this i s not a 

meaningful difference) . 

Weight Gain 

Control rats ga i ned about 1 . 8 g . per day c ompare d 

Hith a gain of 1. 4 g . in the operated rats (p <: .05) . The 

variation i s shown in Tabl e 10. 



Table 10. Weight gain per day. 

Group 

RF 

DC 

Sh 

Ivieas ure 

Md 
IQR 

Md 
IQ,R 

Md 
IQR 

Comparisons 

RF X DC 
RF X Sh 
DC X Sh 

(RF+DC) X Sh 

Gain 
(in gm. ) 

1.5 
1.4-1.7 

1.4 
l.J-1.8 

1.8 
1.6-2.3 

NS 
16,p~.05 
2l,p=.06 
37,p(.05 

Md - median, IQ_R. - interquarti le range, 
~ - probability (based on Mann-Whitney U) 

Interrelations Between Behaviors 

The correlatia~ between specific behaviors for 
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each of the three groups are listed in Table 11. Consider-

ing the patterns of intercorrelations of one measure with 

all the others, the measures with the most dissimilar pat-

terns in the two brain damaged groups "'rere the hro measures 

of movement inhibition (Mil and MI2). As a descriptive 

indication of this similarity, the rhos between the two 

groups (correlating t'cle correlatious) were -.18 and -.26 

respectively. T~is difference was most strikiDg in the 



Table 11 . Correlations b e tw e en 16 different measures for 
cont r o l , RF , and DC groups (correlati ons multi 
plied by 100) . 

Abbreviations 

El 

E2 

G 

EX 

DIS 

I N 

OFQ 

OFL 

SH6 

SH2 . 5 

ESL6 

ESL2 .5 

Mil 

MI 2 

JAE 

JAL 

Measur e 

Emotionality ra tings - -Day 14 
Emotionality ratings--Day 16 

Grooming during exploration test 

Walking , turn i ng , and rearing during ex 
ploration 

Distance traveled during exploration 

I nactivity ( sniffing, lying and freezing ) 
duri ng exploration 

Frequency of enteri ng compar t ment during 
exploration 

Latency to reach compa rtment dur~ing ex 
ploration 

Escape shaping trials --large i s land 

Escape shaping trials--s ma ll i sla nd 

Escape latency- - l arge island 

Escape latency- - small is l and 

Movement inhibition errors - -Day 1 

Movement i nhibition errors --Da y 2 

Jump avoidance errors (trials with shock ) 

Latency of JA response on criterion trials 
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MVL Movement l atency during exploration (RF and 
DC groups only) 



Sh Group 

lG2 
G 

-J,:·x 
DIS 
IN 
OFQ, 
OFL 

-81-io 
SH2.5 
K3L6 
ESL2.5 

-Fn:1 
MI2 
JAE 
JAL 

Table 11. (Contd.) 

'1 E2 EX D 
6 

-23 
; 36 22 
I -Oj_ -23 -3 
I -36 15 -41 71 

01 31 16 -96 -75 
-48 -46 -53 79 71 -82 

21 -16 -16 37 68 IJ 13 23 -7 -3 -59 -25 35 -08 
4 68 48 09 14 
3 50 -36 -07 44 I 21 3s 11 1 -69~ 

22 -52 63 1 -02 23 
-82 -18 -20 I -07 18 -Ql 
-29 63 -34 -25 16 34 

-81 -37 
-27 -32 25 

78 52 -74 13 

Cl' 
-.J 



RF Group 

E2 
G 
EX 
DIS 
IN 
OFQ 
OFL 

- 8115 
SH2 . 5 
ESL6 
ESL2 . 5 
IVII 
MI2 
JAE 
JAL 
NV£ 

60 
- ~.0 

10 

- 72 

- 39 - 28 
06 12 

- 08 07 

Table 11. (Contd . ) 

0' 
CD 



Table 11. (Contd.) 

l)C Group 
I, 

E2 i 

G I 16 -86 

-~~s j =i~ -~~ -~~ 1 32 

OFQ I -20 -40 lt) 28 97 -59 
IN . -10 55 -32 I -70 -56 

OFL 05 09 ::·:·. -60 -27 55 -30 . 
-::nib I -o2 or~ 12 -Jo -34 13 -22 -15 .--------+--------

sH2.5 1 -22 _,o 07 24 21 -48 33 -47 
ESL6 -48 -. 2 12 -16 -38 12 -33 48 

~~~?~L2.5 I -23 32 1)7! -36 01 07 04 66 ~ 
Ml -l9 lJ -10 i -42 -65 56 -66 -11 I 
MI2 -47 47 -66 I 41 -44 17 -45 -17 
JAE -30 40 -44 l OJ -73 39 -72 21 
J'A L I - 6 5 -54 53 I -0 3 3 0 - 2 9 4 2 15 ' - . ' - . 

-HVL J -23 41 -11 I -61-J. -65 ?S -58 63 ° l' --,r, 50 I 4 l 6"' l"' SE 01 
-08 

-24 
I 

~ 
'-.{) 
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relations betHeen IU and the number of errors on the jump

avoidance task (JA). For the RF group the correlations 

were approximately -.70 and for the DC group they were ap

proximately .70 (both correlations a~e significant at close 

to the .01 level). This means that in the RF group the faster 

a rat learned JA, the more errors it made on ~~u. In the DC 

group the :'<7. s ter a rat learned the JA, the less errors it 

made on MI. 

The measures ~-Ti th the most similar correlatiocs 

in the two b~·sin damaged groups were inactivity (IN) and 

movement latency on the second, third and fourth test days 

(MVL) in the open field. As a descriptive indication of 

this similarity, if the two MI measures are excluded, the 

rhos were .88 and .86, respectively (including the MI tests 

they were .67 and .61 respectively. Thus, the MI tests 

were related to the other tests in a way that was different 

in the RF g::·oup £'::-'om what it ~-Ja s in the DC group, while IN 

and MVL \-Jere related to the: other measures in similar ways 

in both groups. 

When comparing tt.,e:se patterns to those of the con

trol a~imals ~here was little similarity between the inter

relations of the MI tests of ei thsr brain damae;-c~d group and 

those of control animals. There were also only low positive 

relstions between the IN p;::.ttern of the brain dar::aged groups 

and that of the control group (rho . JL~ for t:::-.:;; RF group and 

. L~l for t(c_,:; DC grou~J; excluding the ?n tests the rhoc: are 



. Jl and . 35 , resp ec t i vely ). There was no variat i on i n MVI, 

of' t he control grcmp , so i t was meaningless to correlate 
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i t wi th the other measures . Somewhat surpr i s i ngly , however , 

the pattern of' cor re lat i ons f'or the I N and MVL t e sts of the 

b ra i n damaged groups were both highly related to the pattern 

of' c orre lations f'or t he n umber of s h ap i ng t r ia ls needed t o 

e scape to the l arge i siand (SH6 ) needed i n t he con t ro l grou p . 

In f' ac t when Mil a nd MI2 are exc l uded , the pattern of' cor 

relations of' SH6 i n t he control group i s correlated . 9 0 and 

. 85 wi th the pattern of' corre l at i ons of' MVL i n the DC and RF 

groups , respectively . Thus , I N and MVL duri ng explorat i on 

i n t he brain damaged groups are more s i milar to SH6 i n t h e 

co n t rol group than they are to IN and MVL du ring exploration 

i n t he contro l group . In addit i on the SH6 pattern i s d i s 

simi lar i n all three groups . 

Obs ervations of' actual b ehav i or suggest an i nter 

pre t ation of' the s i mi larity between SH6 i n the control group 

an d MVL i n the operated groups . Since t h ere i s piloerect i on 

a nd dia rrhea during the i n i t i al i mmobile peri od bef'ore ex 

plorati on in the operated groups , MVL measures f' re e z i ng . 

Co ntrol ani mals did not show thi s pattern of' beh avior during 

exp l orat i on but d i d when shock was present . Further evi

d ence that open - f'ie ld i mmobility in septa l damaged and SH6 

i n normal rats activate s i milar processes i s that backwards 

c ircling appe ared as the f irst movement i n the open f' i eld 

i n several operated animals (circling was the f' i rst movement 
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recorded in 3 rats from the DC group and 4 from the RF group ) 

but was not observed in the normal animals except when foot -

shock was present . Both freez i ng and backwards c i rcl i ng 

suggest a defective ability to make directed or voluntary 

l ocomotor movements . Thus , the subsequent descri pt i on of 

r esults wi ll be based on the i nterpretation that SH6 i n 

c ontrol rats and MVL in septal damaged rats are measures of 

a n i nab i l i ty to make d i rec t ed l ocomotor movements . 

The i nab ility to make directed l ocomotor movements 

was assoc iated with the second test of emotional i ty (E2 ), 

the fi ve measures of explorat ory behavior and JA . The cor -

relat i ons with E2 i n the brain damaged groups accounted for 

only about 20% of the variance and were not qui te s i gnifi-

c ant . However , wi th both brain damaged groups combined to 

produce a larger sample the correlation was . 64 (account i ng 

f or about 40% of the variance and significant with p < . 002) . 

I n addition considering that the scale was not based on equal 

u n i ts ,* such a correlation strongly suggests a definite re -

l at i onship . The inability to make directed locomotor move -

ments was correlated negatively with MI i n the RF group and 

positively with I'U in the DC group . In the brain damaged 

groups the pattern of relations of MI were rather s i milar 

* There i s no reason to suspect that vocalization 
three different times during the test is an indication of 
exactly the same am.ount of emotionality as jump ing to a puff 
of air--to achieve even an indication of equa_ity of unit s 
a much larger N would be needed . 
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on both da ys but the tw o patterns were quite different in 

the control gro up . On the f i rst day MI 1,vas hi ghly pos i tiv e ly 

correlated wi th the l a tencies to escape t o the small i sland 

du r i ng criterion trials (ESL2~) and latency of the jump re 

sponse during criterion tri a l s of j ump avoidance conditioning 

( JA CL ) a nd on the second day MI was highly negatively related 

t o ESL2~ and JACL . On ne ither day did MI show a high corre

lation with SH6 (the measure of the ability to make directed 

movements) . 

The first test of emoti onal i ty (El ) s howed o nly 

moderate relations vd tC"l the othe r variables except i n the 

RF group where it was negati v ely related to grooming dur i ng 

exp loratio n (GR) and pos i t ively related to MI . The amount 

of GR was closely rel a ted (but ne gat i ve ly) to E2 i n both 

brai n damaged groups (rho= - . 78 and -. 86 i n the RF and DC 

g roups , r es ect i vely ) . Al s o ESL was closely related to the 

time to find the c omoartment during explorat i on (OFL) i n 

b o th groups ~vi th bra i n damage . 

Summa ry of Be h avioral Results 

There was no detectable difference i n water con 

sump tion . The emoti ona l i ty o!: the rats v-ri th RF lesions was 

rated hi gh3 r t ha n t hat of rats with DC lesions which i n turn 

was rated highe r than that of the c ontrol rats . The emotion 

ality results were bas e d OD a n eT.'If scale that was c o::.-re lated 

with but more r e -=.. iabl e thaD t h e one (by Br a dy aDd Naut a , 

1953 ) c ommoD ly u sed . I:-1 t~e opeD fi e ld rat s with s ep t a l 

• 
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damage show a greater amount of initial freezing and walk 

ab out more slowly and less f requent l y after they beg i n ex 

plori ng . I n addition rats with RF l esions are more s er i ous 

ly affected on these measures than those with DC l es i ons . 

They also show less grooming than rats with DC l esi ons but 

the r e was no detec t able difference b etween the grooming of 

the DC group and that of the control group . 

Even though bra in damaged rats made escape r e 

sp onses at more than twice the rate of control rats during 

an escape test , a somewhat greater percen.tage of control 

r ats l earned spontaneously to escape t o the i sland . I n ad 

diti on dur i ng subsequent escape t rain i ng (which was pre 

ce ded by passive avo idance training i n which there were no 

detectable d i fferences between groups i n the number of 

trai ning tri als needed before an animal climbed and fro ze 

on an i sland fo r 60 sec .), the septal damaged ani ma l s needed 

more t rials to learn to escape to the i sland than d i d the 

cont rol rats . Furthermore , even after this extra training 

the septal da maged rats made more errors during two one-hour 

te sts of movement i nhibition (staying on the i sland ) than d i d 

c ontrol rats . The brain damaged rats were much worse than 

the control rats at learning to avoid shock by jumping to a 

platform . F i na_ly there was a moderate but sign i f ica nt 

def ici t in the amount of we i ght gained per day i n the brain 

damaged groups . 
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I n an analysis of the i nterre l ations between 16 

of the measures for each of the three groups i t was found 

t ha t t he most dissimi lar patterns of i nterreleti ons i nvolved 

t he movement i nhibit i on test . I n t he RF group it was h i ghly 

n ega tive l y re l ated to j ump a vo i dance errors while i n the DC 

grou p the t wo measures were pos i t i ve l y corre l a t ed . Movemen t 

l a- t ency on t he last three days of exploratory test i ng in 

t h e two brain d amaged groups and t h e number of shap i ng tr i a l s 

needed to l earn to escape from shock ~o a safe i s l and in an 

open f i e l d i n the control group showed similar p a tterns of 

r e l a ti on to other t e sts . Based on behavioral observat i ons 

as we l l as the pat t ern of correlations , it was concluded 

t ha t t hese measures wi th s i milar patterns were measures of 

t he abi l ity to make d i rected locomotor movements . This a 

bilit y was rat h er h i ghly associated wi th more than half of 

t he measures analyzed i n t he three groups . Even though 

emot i onali ty afte r prior handl i ng was only moderately re

la t ed to the ab ility to make directed locomotor movements 

thi s find i ng i s notable b e cause there have not been previous 

reports of c o r relatio ns between h y-p ers motionality . In ad 

dit i on there were very h i gh correlations between emot i on 

al ity and gr o oL=._ng i n the b::o a i n damaged groups . 

Histologica l Study with Behevior Correlates 

All animals i n the DC group had bilatera l damage 

to b oth the medial a ~ d lat e ral septal nuclei and to both the 

anterior a ~d post e rior portions of the sep tum, except one 
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an i ma l which had only unilateral damage to the lateral nu 

clei . All an i mals in t his group also sh01r1ed some expansion 

of the lateral ventricles at and posterior to the level of 

the hippocampa l commiss ure (hydrocephalus) . The anima l wi th 

u nilatera l damage to the lateral nucleus received a rela 

tively high emoti onality rat ing especially on the first 

t est , but also mad e few errors on MI , many e:x· lo atory 

r esponses in the open fi eld, and had low latencies to move , 

t o find the wall , a nd t o fi n d the compartment i n the open 

fi eld . Its performance on other measures was ab out average 

f or the group . Only one animal had damage i n the med i al 

portion of the ant e rior caudate nucleus and this was uni 

l ateral . Its behavior was not noticeably different f rom 

o ther members of t h e DC group . Four animals received some 

damage to the preoptic area although this damage was uni 

lateral i n two of the se and confined to the most anterior 

portions i n a t hi rd . The remaining animal had da aage to 

the preoptic area on both sids s of the midline . This ani

mal showed the bes t JA performance of the DC group and was 

tied with tl:-~ree o t hers for the lowe st MVL of that group . 

There wa bilateral damage to the medial, late ral , 

anterior and p osteri or port i ons of the s eptal area in all 

anima ls in the RF group . All had expanded l at e-:-'a l ventri 

cles at and posterior to the l e vel of the hippocampal com

mi s sure ~ nd some dama ge to the anterior part of the caudate 

nucleus, although this daMage wa s unilateral in four anina ls, 



conf ined to the dorsomedial portion bilaterally in two 

others and confined to the med i al portions bilaterally in 

the remaining ~our . In addition one of these animals with 

b ilatera l damage had damage to the med i al f ro ntal cortex 
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just anterior to the genu of t h e c o r pus callosum . Thi s 

a n i mal showed the least exploratory behavior and the worst 

performance on JA of the group . However , the overall co r 

r e l at i on of caudat e damage \.AJith JA was only . 08 an d with ?U 

i t was only . 18 . One effect that mi ght be expected to re 

sult ~rom damage to the caudate nucleus or i nternal capsule 

fibres is the backwards c i rcling found during exploration . 

However, since thi 8 was present in nearly as la r ge a per 

ce ntage of the DC group as of the RF group , it ca p ::---:)t b e 

ac counted for by such damage . Seve n of the animals (ex 

cluding the one with fro n tal cort i cal damage and two othe rs ) 

had dama ge i n the preoptic area. Thi s damage wa s bilateral 

a nd f aL"' ly ext e n s iv s f though not symr.~etrical ) i n s i x ca s e s . 

t hough it wa s confined t o the do r sal portion i n two of these. 

The seventh had c arnage t o the anter i or portion only . There 

wa s a rank - orde r correlation (Spearman 1 s, corrected for 

ti e s) of - . 76 (p <. . 01 - -i t h a -: wo - tai~ed test) bEh:ree n t r1e 

ex t e r1 t of preop ti c dama g e a n d JA errors . In addition pre 

opti c d a mage wa s corre l a t ed - .45 wi th MVL ( the t _ree animals 

wi t h : u t preoptic dama ge had t he greatest Mv'Ls in the group 

but ~he th~e e with d a mage confined to the dorsal or ante r ior 



portions ha d lower MVLs than those with more extens i ve 

damage) , an d +.52 with Mil and MI2 combin e d . 
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In c onc lus ion , bot h groups showed total damage to 

t he septa l ar ea ~n near l y all Ss . However, the re was c on 

siderably more damage out s ide of the septal area in the RF 

group. This extra - septa l damag e involved the ante r ior 

c audate nucleus , t he preoptic area and i n one S the medial 

f ron t al co rtex. Relations between the hi stological and be 

havioral evidence suggests that the differences between the 

RF and DC groups were due to the preoptic damage in the RF 

group . In particula r the more p reop tic damage i n combina 

ti on with septal damage an animal ha d , the fewer errors it 

made on JA and the more errors it made on HI . 



C F-1-'\ P TER 3 

EXPERIJVIENT 2 

Experiment 1 f ound a surprising high negati-ve cor -

relation between the amount of preopt ic area , brain damage 

added to septal area damage and errors duri ng jump avoidance 

conditi on i ng , but there was a small positive corre lation be -

tween additi onal preopt ic damage and errors on a mo vement 

i nhibiti on task . The present exper i ment was designed to 

provide an i ndependent replication of the se effec ts as well 

as to include controls for exper i men te r and order eff ects 

and for vari ability in brai n damage . Thus, even thou~h no 

correlat ion b e~ween c audate or cort ic al damage an d the be-

haviors meas·ured was fo·u_n.d_ i n. the l ast st u.d:r _, groups w:_ th 

damage ::..n ei t her one of tho se sre as without p reopt ic damage 

we r e inc luded i n this study . 

JVIet hod 

Subjec t s 

The Ss were 93-::- male albi no (Sprague-Dmvley ) ra ts 

-- ----- ---------
-:~· The actu al number •,vas consi -:_:; rably l ar t= er before 

the Ns 't-Jere reduced by dea ths (up to 60% i:n one group ) a:nd 
lesio:n va riab~ lit y . 
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from Woodlyn Farms, Ontario , 1-v-e ighing 250 - J50g . a t the time 

of the operationB . Testing was done betwee n 10 and 20 da . 

after the operations . 

Surgery and Histological Study 

Surgical procedures were s imilar to thos e used i n 

Experiment l except fo r e l ectrode placements and for the use 

of electrolysis i n all cases (with 2 ma . DC for 15 s ec . ) . 

The coordinates for the septal lesi ons we re the same as 

those i n the previous experimen t except that the electrode 

wa s lowered from 2 . 5 mrn . anterior to bregma and at aD aDg l e 

of 7° to the coro nal plane (a s we ll as at an angle of 14° 

to the sagitt a l plane ) . This resulted i n the same tip pos i-

tion as i n the previous experiment . Preopt ic l esions were 

made by the use of the same coordinates as the septal l e 

sions except that the elec trodes were lowered an additional 

3 mm. The change i n coo rd i nates for t he sep tal lesions was 

made so that comb ined preoptic - s ep tal lesions could b e made 

with only one drill hole and dura puncture on each s i de of 

t he midline . The s ep t a l -frontal c or tical lesions were made 

b y adding a l esion 2 mm . ant : ~ior to the septal lesion and 

t he caudate - septal le s ions were rn..ade by adding a lesion l mm . 

l ateral and 2~ mm . dorsal to each side of the septal lesion . 

Hi s tological procedures were the same as the pre

vious expe~iment except t hat the tissue was st a ine d with 

thionin. 
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Movement Inhibition Test 

The mover::.e nt inhibiti on (MI) apparatus was the same 

as that used i n the previous experiment except that the small 

(2~ in . ) i sland was placed adjacent to the cen t er of one 

wall. Under these condit ions the r1a j ority of the brain 

damaged animals could lear ~ to escape to the isla nd within 

1 hr . without being shaped by the experi menter . Therefore , 

testing in thi s ap 9 aratus was the same as in the prev i ous 

experiment exc e~ t that no escape testing or t r aining was 

us e d . 

Activ e Avoidenc e Learning 

The method us ed for jump avoidance (JA) condi

tion i ng was the same as in the previous experi ment except 

that the animals were allowe d only 5 sec . to avoid the 

shock . In some an "mals JA preceded MI and in others r.n 

preceded JA . In both case s JA was preceded by 15 min . 

exp lorat i on of the JA appar&-..;_:3 but MI was not p::-·e ceded by 

exploration . Table 12 presents the number of animal s per 

group and the order of testing . 

Sta tistical Me thods 

The pri nc ipal results were analyzed by computing 

the % time off the island i n the MI tes ts and the number of 

JA errors divided by JO (which is the same as the % of JA 

errors if it i s as sume_ that al l trials after reaching the 

criter i on of 9 out of 10 errorless trials ~ould have bee n 

erro r l ess if t este d t o JO trials) . The fol lowing groups 



Table 12 . Groups , Ns and testing order . 

Group N Group 

Cl 10 U2 
C2 6 PS2 
P l 1 0 CDS2 
P2 6 CDSl 
S l 10 
S2 10 
PS l 9 
PS2 14 

C - sham operated control s 
P - preop t ic damage 
S - septa l damage 
F - fronta l c ortical damage 
CD - caudate nucleus damage 
U - unilateral septal damage 
1 - JA presented first 
2 - J A presented second 

N 

4 
6 
4 
4 

combined letters - damage i n both 
structures i ndicated 

were excluded from this analysis either bec a.:<.s e b o th orders 

were not tested or because the Ns were small: FS2, CDS2 , 

CDSl , and US2 . These groups were c ompared with the others 

by means of the Mann-Whitney U. The analysis was also done 

with the scores :_or,ral iz ed by means of the arcsi ne trans-

formation . The latter analysis gave the same probability 

l evels as the former i n_ icating that the analysis of vari -

ance is rotrust with resp ect to the particular deviations 

from normality fo und in this study . As a second check, 

paired comparisons were based on the Mann - Whitney U and 

the probability l e v els determined from that test were also 

reported . 



Results 

Movement I nhi bition and Jump Avoi dance Performance 

Table 13 and Fig . 2 present the means of the J A 

and MI scores used for the principal analys i s . Table 14 

presents the analysis of varia nce based on these means . 

The analysis of variance revea led la rge (p <. . 001) g roup X 

test and orde~ X t e st i nteract i ons and a moderate tri u le 

i nt eract ion (P= . 06) . As i n the prev i ous experim.t:>nt , S2 

showed poorer JA performance than PS2 (p <.. 005) , and both 

qp erated groups were worse than C2 (p <. .0005) . I n a ddition 

both of the septal damaged groups Here worse than P2 (p<.0005) . 

The difference b etween the groups with s epta l damage (PS 2 and 

S2) was apparent l y due to the detr i mental effect (p ~ . 05) of 

prior experience with MI on the JA performance of septal 

damaged animals . Thi s order effect was not present in the 

P or C groups and was 0bli terated by adding preoptic damage 

t o the septal damage . Although prior expe :c-ie nce with ~li 

hi nde re d or did no t affect JA performance , prior experience 

with JA improved MI performance i n a ll three brain damaged 

groups (p -<. • 05 or less) . Test in g order had r:.uch l ess ef -

f ect on the MI perfo rmance of the controls than it d i d o~ 

the brain darr-agc-<1 .::; ro ups and it was somewhat l e:::s effec t i ve 

for the PS group than for the S or P group . The PS group 

was also the only group that scored higher (P= . OOl ) than 

control Ss on MI ~rhen both testing orde r: we re combined . 



F i g . 2 . Jumu avoidance ( J A) and movement 
i nhi bi t~ion (MI ) performance f or groups 
of animals with preoptic and septal (PS), 
septal (S), preoptic (P ) or shaM (C ) brain 
damage wi t h all significant differ e nces 
(bas ed on Mann - Whi tney U) shown . 
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Table 13 . 

Mean JA a nd MI performance . 

JA (errors X ~O) MI (% ttme off 
Group the i s 1 and ) 

JA J:i'l rst JA 0 econd JA J:i'lrst JA Second 

c 31 28 43 42 

p 26 29 8 67 

s 82 96 20 89 

PS 79 82 57 82 

See Table 12 for group des ignat ions . 

Table 14 . 

Analysi s of variance of JA and MI performance . 

SOURCE DF MS F p 

Between Ss 
Group s- (G) 3 178 76 35 .47 . 001 
Order (0) 1 15556 30 . 87 . 001 
G X 0 3 367 1 . 00 NS 
Error 67 504 

Withi n Ss 
Test 1T) 1 1131 l. 95 NS 
G X T 3 4240 7 . 32 . 001 
0 X T 1 10292 17 . 78 . 001 
G X 0 X T 3 1494 2 .58 . 06 
Error 67 579 
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Tab l e 15 presents the means and medians of JA 

and MI performance ::'o r U2 , FS2, CDS2 , an d CDS l and shows the 

comparisons of these with other gro ups t hat wer e test ed i n 

the same o r der . The unilateral septal damage Jroduc e d HI 

and JA performance that ws s very similar to that of the C 

and P group s . The FS 2 , CDS2 and CDSl groups were not de 

tectibly different from the other groups with bilateral 

septal damage (Sand PS) , except that like the S2 group , 

FS2 and CDS2 performed worse on JA than PS2 . 

In summary , :p rior MI experience is detrime ntal to 

JA performa nc e in animals with septal le s ions (group 3 ) but 

not animals ',; ith combined septal an d preoptic lesi on s (group 

PS ). In addition , lesions of the preop t ic area only ( P ) pro 

duced no det ectable effect and both group s (S snd PS) with 

septal damage were much worse than b oth t h e P group and the 

control (C) group . On t he other ha nd , MI performance was 

i mproved by prior JA experience i n all the bra in damaged 

groups but not in contro l rats . In a dditio n ;,rhen MI was 

presente d fir s t the groups with septal damage performed wors e 

than the control group . Finally , it should b e no ted t hat ex 

c ept for t he refinement of the testing proc edures and t he 

lesion accuracy , the S2, PS 2 and C2 groups were a r ep lic a 

tion of Experiment 1 . The compar i sons beb,;es~ these three 

groups _J roduced d i fferences that we re in tota l agreement 

b etween t he earlier exuer i men t and this one . 



Table 15 . 

JA and MI performance of U2 , FS2, CDSl and CDS2 
groups compared with other groups teste d i n the 
same order ( see Table 12 for group designations 
and Tabl e 13 for means not l i sted here) . P 
(based on Mann -~fuitney U) less than value given 
unless otherwise stated . 
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Group JA (Errors X 100) 
lJ) MI (% time off island) 

U2 FS2 CJJ0 2 CDSl U2 1:<
132 CDS2 CDSl 

c NS . 01 . 05 . 001 NS . 05 NS NS 

p NS . 0005 . 005 . 001 NS NS NS . 01 

s . 001 NS NS . 05 . 05 NS NS NS 

PS . 001 . 005 . 005 . 05 = . 06 NS NS NS 

U2 = . 005 = . 01 . 06 NS 

CDS2 NS NS NS NS 

Median 13 100 100 100 63 99 47 97 

Mean 20 100 100 100 63 87 49 84 

Histological Study 

All animals with septal damage (exc ept the US 

group) received nearly total damage to both the medial and 

• lateral septal nuclei at the middle and anterior l evels (at 

and anterior to the level of the anterior comrnissure ) and in 

all but 9 of these animals (3 in the S group , 4 in the PS 

group, 2 in the CS group and 2 in the FS group ), there was 

extensive d amage to the posterior septal area as well . In 

only one of the animals in the S g roup -,ras there any preoptic 
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damage an d this was ve r y slight . The only additional damage 

in the . S group ldas so:ne slight (usually unilateral) damage 

to the cingulate cortex overlying the septal area in 7 of the 

animals. In addi tio n hydrocephalus was either ve ~y s light 

or non-existent i n a ll Ss ."''- A typical septal lesion i s 

shown -in Fig . J . 

In contrast to the septal lesions the preoptic 

lesions did not show bila teral damage except in a f ew cases 

where the lesions were quite small . Very like ly bilateral 

preoptic damage acc o!.m ted for the high mortality rate (above 

50%) of anicsls with preoptic dsmage (in both the P and PS 

groups) and this acted to select the animals with unilatera l 

damage . In addition to preopt ic damage , in some ca ses the 

anterior hypothalamic nucleus was also partially damaged on 

one side of the midl i ne . An example of a preoptic les i on is 

shown i n Fig . 4 . The animals in the PS group sho>tred the 

same pattern of damage as those i n t he P and those i n the S 

groups combined . 

The CS lesions were confined to sept£1 dam8ge plus 

damage to a sma ll , dorsomed ial portion of that structure and 

t o some of the overlying cortex . The FS lesions damaged the 

medial portions of the cortex anterior to the genu of the 

corpus callosum and in most cases showed some damage to the 

med i al cingulate cortex overlying the septal area. The 

-:<- Therefore , since the findings of the fir st and 
second experiments v-rere c ompa ti b le, there 1rra s no de tee table 
effect of the hydrocephalus . 
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Fig . J . A typic al septal les i oo . 
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Fig. 4. A typical preoptic lesion. 
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unilateral septal lesions produced damage only to part of 

the lateral septal nucleus on one side of the midline. 
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CHAPTER 4 

EXPERHIEN T 3 

The third experiment was designed to test whether 

the impaired JA performance due to septal damage in rats 

could be due to an aversion to light such as that found by 

Schwarzbaum et al. (1967). The ratio;1:3le is that" since 

overhead lighting was used in the previous experiments the 

JA deficit could be due to a conflict on the part of septal 

damaged rats betlrJeen avoiding the shock and avoiding (jump

ing toward) th~ light. If this were the case, lighting the 

JA apparatus from below should improve the performance of 

these animals. 

Method 

The ~s were 13 naive albino rats similar to those 

in the second experi:r:ent. Five of these made up the control 

group and eight the experiments l group. The surgica 1 and 

histological procedures were the same as those for the ap

propriste groups in the previous experiment except that the 

tissue was stained with cresyl violet. The JA training 

technique was also the sam,:; as that used in the second 

9) 
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experimr::;nt except that test:ng Has conducted in a sound-

proof and light-proOI~ cubicle Hi th the only source of light 

placed beneath the JA apparatus. It illuminated the grid 

with approximately 7 FC. To permit comparisons with the 

previous experiment, performance was analyzed in the same 

way as in that experiment (performance = errors X 100 
30. 

Results 

Jump AvCJidancc" Performance 

The mean ;JA performance for the present experiment 

are shmm in c::>mparison with the Cl and S. groups of ex-

periment 2 in Table 16. There was no apparent difference 

between the C groups of the two experiments or between the 

S groups. But like experiment 2, in this experiment there 

was also a significant difference betv,yeen the C and S groups 

(Mann-1,1hi tney U=l, p=. 002) . 

Table 16. J\1ean JA performance of C and S 
groups of experiments 2 and 3. 

3 
2 

C:5ntrol (CJ 
Group 

30.8 
30.9 

I N I Sepbal S) 
___ Group 

6 82.4 5l~9.1 
------- -------

8 
lO 
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Histological Study 

The septal damage in this experiment was very 

similar to that found in Experiment 2. The only notable 

exception was one animal with a fairly large hemorrhage in 

the area of the septal nuclei that caused extension of one 

of the lateral ventricles posterior to the level of the 

hippocampal commissure. The performance of this S was the 

second poorest of the group (without this ~' the group mean 

JA performance would be 77.1 instead of 79.1). 



CHAPTER 5 

DISCUSSION 

In general the results indicate that in a variety 

of tasks the behavioral effectiveness of rats with septal 

damage is markedly reduced. This is true for exploratory 

behavior as well as for learning to escape or avoid shock. 

This lack of effsctiveness appeared to be due to a marked 

deficiency in the ability to make appropriately directed 

movements. Thus, during exploration rats with septal damage 

take longer than normal rats to find the wall of an open 

field even though they showed a much greater tendency to 

remain at the wall once they founj it. They also took a 

longer than normal time after approachi~3 the wall to find 

a sr::tall com.partme:-:t adjacent to the wall, even th::;ugh they 

also showed a muah greater tendency to remaiD in the com

partm.ent than normal rats. During escape learning rats with 

septal damsge ran or jumped four times as ofteD as normal 

rats, but fewer ::;f the brain damaged animals actually es

caped shock by r'J.'ming to a safe Hislandu on the grid. 

Even after the appropriate escape response was learned by 

the septal dar::taged animals, they made mo~e errors (left 

98 
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the island more frequently) than control animals in two one

hour tests of movement inhibition. Furtherrr.ore, although 

rats with septal damage escaped shock as readily as normal 

rats by jumping out of a 1-ft. deep box, they were much 

slower to learn to avoid the shock. In fact if the latency 

of the shock (CS-US interval) was reduced from 1.5 to 5 sec. 

(the latter was used in experiments 2 and 3), several septal

damaged rats were unable to ffiake any avoidance responses 

during the 30 trial test. The effect on avoidance learning 

could not be due to such post-trial effects 3S handling be

cause instead of returning the animals to the grid by hand 

they were returned by means of a small box which the septal

damaged rats entered readily. It was also not due to an 

aversion to light because lighting the apparatus from be

neath the grid did not improve the performance of the rats 

with septal damage (Experiment 3). In addition the effect 

was exaggerated by prior movement inhibition experience 

(i.e. there was negative transfer) as long as there was no 

preoptic da~sge combined with the septal damage. The control 

rats and the rats with preoptic damage also did not show the 

negative transfer. 

The results also indicate that a single generali

zation concerning the effects of septal lesions may be ap

propriate fo~ a wide variety of behavioral effects but would 

not explain all the e:'fects of these lesions. For example, 

althoug~:_ the ir'Jbili.ty to malce directed locomotor mo'Tements 
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was related to hyperemotionality after handling, explora-

tion, and escape and avoidance learning, it was not re-

lated to the amount of weight gained per day or to the 

amount of hyperemotioLality without prior handling. 

Three possible reasons for the inability to make 

directed movements will be considered. First, Me Cleary 

(1961) has suggested that septal damaged rats may not be 

able to inhibit rssponses. This generalization was pre-

viously discussed by me in some detail (Dirla~, 1967, pp. 2-9 

and 58-65). Briefly, the generalization was found to be ap-

pealing because it is consistent with the following findings: 

(l) that some nerve cells may inhibit others, (2) that stimu-

lation of some portions of the septal area inhibits some re-

flexes (Hodes et al., 1951; Kaada, 1960), and (3) that ac-

cording to Me Cleary's own well-conceived study of septal 

damage (1961), lesions may impair learning to inhibit a 

passive response and facilita~e learning to make an active 

response. On the other hand, the generalization was found 

to be inadequate because it is inconsistent with the follow-

ing findings: (1) that some active responses are incom-

patible with others (e.g. see Bindra, 1961) and therefore 

all active responses could not simultaneously be facilitated, 

and consec~'J_ently it Hould be ir-2possible to predict how the 

loss of response inhibition would affect specific behavio~s 

• • • .L .L • ( 2 ) th t .L l ' . l .L • ln glV8D SlGU8~lOns, ,a sepG8_ S~lmU BGlOn facilitates 

that some 

active behsviors are i:-Epaired by seDtal dare:ae;e (Dirlan, 
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1967; Kenyon, 1962). The present findings provide addi

tional support for the third inadequacy of the generaliza

tion that the septal area is inhibitory. Damage to an in

hibitory strt1cture would not ce expected to cause the long 

movement latencies before exploring the open field that 

were found in the septal-damaged animals of the present 

study. In addition damage to such a structure would not be 

expected to impair the ability of an animal to move to a 

safe place as septal damage did in the present study. 

In a later article by Me Cleary (1966), the gen

eralization about septal runctions was revised. According 

to the revision, the septal area inhibited only the most 

probable response in a given situation. Thus, septal dam

age would result in the faci:itation only of the most prob

able response in the situation and a less probable response, 

that was incompatible with the first, might actually be sup

pressed by septal damage. Therefore, the first inadequacy of 

the loss-of-response-inhibition generalization does not apply 

to this revision. ?urthermore, with additional evidence (see 

Me Cleary, 1966), the other inadequacies of the earlier general

ization were mitigated. However, the revision produced new 

difficulties. First, the simplicity of the earlier general

ization was lost: although the neural organization neces-

sary for a structure to inhibit active responding is clear 

( a 11 c on n e c t i on s be hJ e en s e p t a l c e ll s and a n y o the r s i n -

valved in the production of active behavior FOTJ.ld be in-

hi bit ory), t; o:c_:_;e 'izst::i_on necessary fol" a structure to 



inhibit only those cells involved in the production of 

highly probable responses is not clear. Secondly, al

though there is much evidence about septal functions that 
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is consistent with the revised generalization (see Me Cleary, 

1966), there is some evidence that is definitely inconsis

tent with it. For example, grooming by rats within the first 

20 min. of the first exposure to a four-arm, plus (+) maze is 

dei'initely not the most probable response for normal rats but 

it is the most probable response for septal-damaged rats 

(DirlPL, 1969). Furthermore, in the present study the first 

response of normal animals when placed in the center of an 

open field was to move toward the wall. An anima: that 

has lost the ability to i11hibit probable responses woulj 

not be expected to take a much longer time to make this 

response than control animals. Nevertheless, the septal

damaged rats of the present study d1.d take a much longer 

time than the control rats. 

Although it may well be that no unitary general

ization about septal dysfunction is possible, it may still 

be of value t8 search for a new conceptualization of the 

effects of septal dysfunction. It would be of definite 

advantage if a new conceptualization could (1) accou~t 

for the tendency of septal-damaged animals to perseverate 

in a num.ber of situations as well as (2) ·orovide e different 

view of the properties of septal cells then that suggested 

The rerc.aiYJder of 
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this chapter is devoted to a third generalization that ac

counts for a number of the perseverative effects that ·Here 

outlined by I,Ic Cleary (1966) without suggssting that septal 

cells are inhibitory only with respect to cells involved in 

the production of highly probable responses. This inter

pretation has not previously been offered as a generaliza

tion concerning septal dysfunction but has been used as a 

description of the effects of septal damage on one particu

lar ty-pe qf behavior. This concerns the fragmentation of 

behavior that Carlson and Thomas (1968) reported as an ef

fect of septal damage on maternal behavior. According to 

them, all the species-specific components of maternal be

havior were present in such animals but they were not put 

together in an appropriate (effective) sequence. That de

scription fits a number cf the nresent findings as well. 

After the first test of exploration the normal rats would 

go from the center of the open field to the enclosed com

partment in one smooth se~uence. But even on the fourth 

day several br2 ·~n-l~~:aaged animals first circled backwards 

from the center, then approached the wall and finally en

tered the compartnent as a third 3epsrate movement. During 

the escape test, the septal damaged rats made more escape 

responses but with less probability of escaping than the 

control rats. 

The fragmentation was even more clear in the 



escape shaping of the septal-damaged rats, maximum shock 

had to be applied fir3t for running to or freezing in the 

corners of the field, then for any peripheral location, 
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then for not putting the forelegs on the island and finally 

for not bringing the fourth leg onto the island, whereas 

in the control rats shaping was rarely needed before the 

animals could run from the corner of the grid to the center 

and climb on the island in one smooth sequence (after ex

tensive shaping of the brain damaged rats their response 

durations were still much longer than those of the control 

rats). Also, in the jump-avoidance-learning situation the 

septal damaged animals were able to approach the wall within 

the 5 sec. interval before shock and from time to time an 

animal would ju:.-1p straight in the air and land back on the 

grid before it was shocked, but it took much longer than 

the control rats for these animals to combine the approach 

to the wall with the jump to the top in one smooth sequence. 

Thus, if an integrated response is defined as the longest 

sequence of movements that s:2 ani .:::ll can make in smooth 

succession, then for every integrated response that a nor

mal rat learns, a septal-damaged rat must learn a chein of 

responses. 

One difficulty with the generalization that septal 

lesions ca~s~ responBe fragmentation is that an add~d pre

optic lesiorJ tended to improve performance on JA when ~II 

testing ~t;ss done p:;:'ior to JA testine::;--it r-1ight be questioned 
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how damage in ans part of the brain could destroy the inte

gration of a respo~se and how additional damage in another 

part could even partially put the response back together. 

However, the examinaticn cf the results of FLX:periments 1 

and 2 suggests that the preoptic damage only i:nproved per

formance in situations where the~e was negative transfer 

from previous experience and then it never improved perfor

mance beyond the level which obtained when there was no 

previous interfering experience. There were three major 

findings which support this interpretation. First, previous 

MI experience (which was mostly experience with shock in 

septal-damaged rats) made JA perforrrJ.ance ~,yorse in the 32 

group of Experiment 2 while it had no effect on the perfor

mance of the PS2 group. On the other hand when there was 

positive transfer, preoptic damage tended to interfere. 

Thus, in Experiment 1, the DC group (·,,.Jith septal damage 

only) showed shorter latencies to move, to find the wall 

after moving and to enter the corenartment after finding 

the wa~l on later days than on the first day, but the RF 

group (crihich .;::mtsined several animals with lJreoptic as ·Hell 

as septal damase) did not. In this respect, preoptic damage 

appears to have effects on ex;loratary behavior that are 

similar to those of amygdaloid lesions. Schwarzbaum and 

Gay (1966) have shm,m that vrith amygdaloid damage ther3 is 

not the typical betFeen-days decline in e:·~pla:;_~a:;ory behavior. 
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They also reported the typical within-day decline even in 

animals with amygdaloid damage. This was not found in the 

RF group of Experiment 1. However, in contrast to the lack 

of bet~een-days decline, the lack of the within-day decline 

appeared in both the DC group (with relatively little pre

optic damage) and in the RF group. Therefore, the lack of 

between-days decline appears to be a function of preoptic 

damage while the lack of within-day decline appears to be 

a function of septal damage. In this context it is interest

ing that there are extensive, direct connections between the 

amygd.a la and preoptic area via the stria termina lis (Gloor, 

1960). A second finding that supports the view that pre

optic danage affects transfer is that there was less decline 

in emotionality over tests in the RF group than in the DC 

group. A third finding is that in Experiment 2 prior JA 

training improved learning to escape to the island in the 

MI apparatus much more in the Sl group than in the PSl group. 

One difficulty is that preoptic-only lesions did not diminish 

MI-JA or JA-MI transfer compared with control lesions. How

ever, this difficulty is mitigated by the total lack of 

apparent JA-MI 0r MI-JA transfer in sham operated control 

animals. Thus, the preoptic lesions appeared to cause a 

definite deficit in transfer in several different types of 

tasks when added to septal lesions. Also, the fact that 

the preoptic-septal groups performed in a way very similar 

to that of the septa 1 group when there was no prior 



experience, suggests that the preoptic damage had little 

effect on response fragmentation per se. 
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Some other effects of septal lesions may be inter

pretable as side effects of response fragmentation as well. 

For example, the enhanced probability of some stereotyped 

component acts may be a compensation for decreased effi

ciency. Thus, if motivation to retrieve pups is the same 

as in normal animals and the effectiveness of each response 

is markedly reduced, then it would be expected that septal 

animals would produce more responses. This could account 

for the persevel"ative effects of septal lesions on maternal 

behavior (Carlson and Thomas, 1968), grooming (Dirlam, 1969), 

aggressive behavior in wild rats (Bunnell and Smith, 1966) 

and other behaviors such as those discussed by Nc Cleary 

(1966). 

That aggressive behavior is associated with re

sponse fragmentation in laboratory rats as v.rell as wild 

rats is suggested by the correlation of the second test of 

aggression with the K~ssu~es of the inability to make di

rected movements. To my knowledge there has been no other 

report of hyperemotionality correlating with other effects 

of septal lesions. It is likely that this is due to the 

facts that (1) the animals are relatively tame by the time 

later tests are made and (2) the less emotional animals 

are, the less differentiation previously used rating scales 

shOirJ. 
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Regarding maze learning and other findings in-

volving learr:::ing -vrith consum .. rnatory rewards, more attention 

to the details of the behavior is needed to test the ade-

quacy of the response-fragmentation generalization. Thus, 

it would appear that there should be greater deficits in 

learning than those reported, if the generalization is not 

to be qualified. For example, perhaps fragmentation is ap-

parent only when the anim;::, 1 is threatened or when there are 

stringent requirements for fast responses (as during active 

avoidance learning) or when there is no such requirement 

perhaps it is apparent only when the behavior sequences are 

relatively long or complex (as in umweg or "reasoning 11 

tests). 

An additional difficulty was mertioned earlier: 

in each of the behaviors described above, there is a problem 

in deciding what are component acts and what are whole acts. 

As a preliminary step the criteria used by Piaget (1952) to 

differentiate voluntary from involuntary behavior in infants 

could be used: voluntary acts are (1) not centered on the 

body, (2) novel adaptations rather than stereoty:c;ed or 

repetitive acts and (3) composed of many intervening acts 

rather than few. However, these criteria are rather ab-

stract. The work of Vanderwolf (1~64, 1969) on the hip-

pocarn::::-,al EEG and vohmtary behavior sug§;_:-:sts an alternative 

criterion and provides additional evidence on the role of 

septal area in the inte;sra-J::;ion of stereotyped compc::ment 
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acts. It is well known that septal damage prevents the ap

peara nee of rhythrnica 1 slow ac ti vi ty (RSA) in the hippoc amp a 1 

EEG (Green and Arduini, 19.54). Vanden.rol:f 1 s studies indi

cate that such activity is correlated with the initiation 

of voluntary movements such as jumping to avoid shock or 

walking during exploration. It is not correlated with com

ponents of such stereotyped behaviors as grooming and mating 

and only appears in these behaviors when postural adjustments 

are made during tne transit ion from one core:;;) onent a~; t to the 

next. Since septal damage disrupts hippocart.)al RSA it might 

be expected that those behsviors >:.·Jith which RSA is associ

ated would also be disrupted. This conclusion is consistent 

with the findings of the present study in which rats with 

septal lesions were :found to be slow to initiate walking 

during exploration and jumping during avoidance training, 

but were more normal when making groomLlg, :feeding, drinking 

or undirected escape responses (running, jumping, strugsling, 

attackinc;, freezing). It is also c;onsistent with other stu

dies of septal darr.."'sed animals w"ll.ich :found a disruption of 

integrated, e:f:fec-::;i7e sequences of stereotyped acts but :.lO 

effect on or an enhan~ement of the probability of the iso

lated ac-'=::::. 

In an experiment, which like the present study in

vo1ved the observation of a variety of behaviors in each of 

a number of brain-c1amsged ani;:nals, Glickrnan, Higgins and 

Isaacson (1970) also fo,md a co'::'relation '_,eb,Jeen the bel:.s.viors 
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c orrelated with hippocampal RSA and those affected by l imbic 

system damage . In their study , hippocampal damage in 

gerbi l s produced an i ncrease i n the f requency of those b e -

ha viors corre l ated ~vi th RSA . Whether or not thi s i ncrease 

i mp li es a d i sru:9tion of t h e behav i ors i s d i fficul t to de -

t ermi ne be c ause the behaviors were no t ana l yzed in terms of 

eff ectiveness . For examp l e , the f requency of l ocomot i on , 

re ari ng a nd snif f i ng were ana l yzed , but not t he la tency t o 

f i nd a re i nforc i ng s timul us , and the frequency of attack or 

fi ght i ng was analyzed but not whether the attack l ed t o the 

event ual fl ight or submi ss i on of e i ther t he at t acker or the 

opponent . Some f i nd i ngs, however , su ggest that these i n -

c reases may ref l ect a d i srupt i on . A major examp l e i s t hat 

although hippocampal l es i ons produced more locomot i on i n an 

op e n f i eld (a defin i te difference from the effects of septa l 

l es i ons i n the rat ) , there was very l ittle decl i ne compared 

with contro l animals i n locomotion over the 1 0 min . test 

p e ri od . Thi s l atter r e sult sugg e sts that the l ocomot i on 

was not as eff ective in the h i ppocampal - damaged gerbi l s as 

i n t he contro l s . This coCJclus i on i s b ased on an analogy be -

t ween exp l oration and consummatory behaviors such as eat i ng , 

ma ti ng , etc . I f consummatory acts are effective , then over 

' 
tirr..e they are self - terminating (e . g . over time , eating tends 

t o t erminate eating) . It i s well - known that this i s true of 

the exploration of normal animals . Since it is not true of 

ths exploration of ani l:& J.s ·,Jith hi:9pocam~8 al damage, this 
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suggests that the behavior is net effective. A latent lea::•n

ing study would be needed to test this suggestion, but at 

least it is consistent vJith the finding that hippocarr1pal 

damage results in excessive but inBffective locomotion in 

other situations (e.g. where escape from shock is dependent 

on inhibiting locomotion--Teitelbaum and Milner, 1963). 

The study by Glickman et al. illustrates sorr_e of 

the considerations that must be accounted for in analyzing 

behaviors in terms of voluntariness. Vanderwolf (1969) 

describes two major criteria: (1) 11 The type of movement 

said to be 'voluntary' can easily by controlled by any one 

of a number of different motive states. 11 and (2) 11 The se

quence of movements is r;ot fixed. 11 The concept of fragmen

tation (into fixed sequences of behaviors), discussed above, 

is primarily concerned with the second criterion. Since the 

concept of effectivenBss is concerned with the goal of the 

behavior from which the motives must be inferred, it is con

cerned with the first criterion. In short, to analyze be

havior in terms of voluntariness, the goal as well as the 

pattern of the behavior must be considered. 

In conclusion, the present findings support the 

generalization. ~hat septsl damage causes a fragmentation of 

voluntary behaviors. Thus, integrated sequences of such 

behaviors have & decreased probability of appearance but 

isolated com·Jonent-acts aJ.~e either unaffected by the damage 

or made more probable. 11he g-:::neralization does not nreclude 
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the poss i bility that such voluntary b e hav i or s could be 

learne d , but it should t a e septal d& maged a n imals longer 

than norma l anima ls b e caus e for every effective response a 

norma l ani ma l lea rned the septal dama ged animal would be 

learni ng a chain of re sponses . Finally , the response - frag

mentat i on generalization may be restricted to situations 

which normally are threateni ng or fear - inducing to the 

species b e i ng considered . 



CON CLUSIONS 

1 . An hi s t oric a l rev i ew or t he study of s epta l damage 

sugges t ed t h a t deta iled , wi thi n - sub j ects ob servat i ons or 

anima l s i n sev era l s i truat i ons a nd in terpretat i on of the s e 

ob se r vat i ons i n t erms or the e ff ec tiveness of the b e hav i or 

fo r the s urv i va l of the an i ma l s are needed f or a more c om

p l ete u nderstanding of the ef fects or septal damage . 

2 . Three exr e r i ments , repor t ed i n t h i s s t udy s howed the 

f ollowi ng e ff e c ts of sep t a l damage : 

( a) Septal l es i ons d i srupt dire c te d movements 

made dur i ng the testing of exp l orat i on , escape , movement 

i nhi b i t i on , and jump avo i da nce l earning; 

(b) The d i srupt i on of di r ected movements i s re 

lated to hyperem':) tiona li ty when i t i s measured by a newl y 

deve l oped scale , which i nd i cated t he emotional i ty of pre 

vi ous l y h andled ( tame ) ani mals more rel i ably tha n previ 

ously u s ed sca l es ; 

( c ) When added t o sep t al l es i ons , preopt i c damage 

d i srupts bo th positive and negative transfer ; 

1 13 
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(d) The di sruptioD o.f directed mover.1ents duriDg 

jump avoidance learning is not due to intertrial handling 

or to a tendency on the part o.f septal-damaged rats to 

avoid light; and 

(e) Although a wide variety o.f e.f.fects o.f septal 

damage are interrelated, some e.f.fects (like the decrease in 

weight-gain) are not related to othe~s. 

J. Interpretation o.f this and previous experiments suggests 

the .following generalization and tHo corollaries: 

(a) For a wide variety o.f the e.f.fects o.f septal 

damage, there is a .fragmentation o.f voluntary behaviors, such 

that integrated sequences o.f such behaviors have a decreased 

probability o.f appearance but isolated component-acts are 

either una.f.fected or made more probable; end 

(b) The .fragmentation o.f voluntary behaviors re

sults in both (i) the perseveration o.f isolated acts and 

(ii) the slower learDiDg o.f e.f.fective responses, because 

.for every e~~ective respoDse that a normal animal makes, 

a septal-damaged animal must make a chain o.f isolated acts. 
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APPENDIX : 

Perf ormaDce of iDdividual aDimals . 
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Table Al. 

Water consumption during f'irst week af'ter 
recovery (3 da.) from operation (cc.). 
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---·De L 
1
- Sh 

Ss Cons unm t l on Ss ConsumptLin - __ §.,_s---.--._,C,_o_n_s_u_m_!_J ..,..-,t ion 

1 243 1 280 1 161 
3 179 2 204 
4 175 4 224 

2 187 
3 217 

6 164 5 196 5 214 
7 210 6 166 6 186 
8 200 7 138 7 181 
9 llJ- 7 8 153 8 168 

10 191! 9 163 
11 175 11 123 
12 214 12 139 
13 165 



Ss -
DC l 

3 
4 
6 
7 
8 
9 

10 
11 
12 
13 

RF 1 
2 
4 
5 
6 
7 
8 
9 

11 
12 

Sh 1 
2 
3 
5 
6 
7 
8 --

Table A2. 

Emotionality ratings for 
individual animals. 

Day 1 Day 2 Day 3 

G 
6 0 

3 5 
4 2 3 
7 0 5 

10 2 7 
2 2 4 
8 2 2 
9 2 7 
4 0 0 
3 2 0 
7 2 7 

9 9 10 
5 7 4 
5 1 6 
7 7 11 
9 6 10 
8 10 8 
5 7 6 
5 5 6 

13 8 9 
9 7 5 

7 1 3 
2 0 4 
5 1 2 
2 3 2 
0 3 1 
4 3 4 
3 0 1 
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Total 

l 7 
12 

9 
12 
19 

8 
12 
18 
4 
5 

16 

28 
16 
12 
25 
25 
26 
18 
16 
30 
21 

11 
6 
8 
7 
4 

11 
3 --



Ss -

DC l 
3 
4 
6 
7 
8 
9 

10 
ll 
12 
13 

RF l 
2 
4 
5 
6 
7 
8 
9 

ll 
12 

Sh l 
2 
3 
5 
6 
7 
8 

Table AJ . 

Fre quency of ouen -field behavior of i ndividual 
a nl ma 1 s ( 4 - day t o t a 1 s ) . 

.BenavTors 
~xplo - G-rcom- lnac - Der'ec a - Squares Le av -
h->ation i r: g tivity t i on tra - i ng 

(foecal versed wa l l 
boli) 

23 0 57 2 38 l 
6 l 73 4 14 0 

16 8 55 8 55 0 
16 l l 53 6 39 l 
28 .-' 

47 5 24 0 ~ 

19 3 58 8 26 0 
6 7 67 14 13 0 

17 7 56 10 69 3 
18 14 48 3 69 3 
25 6 49 9 29 0 

J 9 68 10 14 0 

17 l 62 3 74 l 
15 2 63 12 25 0 
25 4 51 17 17 0 
13 3 64 1 28 0 
10 l 69 7 23 l 

0 0 so 15 0 0 
9 l 70 7 16 0 
4 10 66 8 12 0 
3 0 77 9 10 0 
6 2 72 8 17 0 

34 7 39 20 150 6 
40 2 38 1 136 9 
42 9 29 4 86 5 
22 14 44 11 60 3 
41 3 35 6 163 9 
27 4 49 3 15 0 
31 7 42 0 79 

I 

4 

14 7 

.r:;nte r -
in g 
com-
part -
ment 

5 
4 

13 
7 
4 
3 
2 
7 

12 
6 
3 

l 
4 
5 
4 
5 
0 
3 
3 
2 
0 

10 
18 
12 

7 
15 
5 

ll 



~s 

Day 1 

DC 1 2 
3 6 
4 4 
6 2 
7 0 
8 1 
9 2 

1 0 2 
11 2 
12 5 
13 0 

RF 1 3 
2 1 
4 1 
5 1 
6 0 
7 25 
8 3 
9 4 

11 1 
12 2 

Sh 1 1 
2 0 
3 0 
5 1 
6 0 
7 0 
8 0 

Tab l e A4 . 

Open -field la tencies (in 
1 2 sec . i nte_vals) 
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Mov ement lat ency Latency to 1lnct wall 
after first movement 

Da y 2 Day 3 Day 4 Day 1 Day 2 Day 3 Day 4 

1 0 0 1 0 0 0 
2 0 1 2 0 0 1 
2 1 2 14 1 0 1 
0 0 0 3 0 0 1 
0 0 0 1 0 0 0 
2 0 0 1 0 0 0 
2 1 4 0 0 1 1 0 
0 0 0 0 0 0 0 
0 0 0 0 2 0 0 
0 0 1 10 1 0 0 
0 6 7 0 0 1 3 

5 1 0 6 0 0 1 
3 2 4 3 0 1 0 
1 0 0 1 1 0 0 
2 0 0 2 0 1 1 
2 0 0 0 2 1 0 

25 15 15 0 0 0 0 
5 2 4 4 1 1 1 
3 3 3 0 7 1 4 
3 2 2 0 1 1 1 
3 2 2 1 6 1 6 

0 0 0 2 0 0 0 
0 0 0 1 0 0 0 
0 0 0 1 0 0 0 
0 0 0 1 0 0 0 
0 0 0 1 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

-



Table 4 (c on t 1 d ) . 

---ss Latency to en0er comp artmen0 - after finding wall* 

Day 1 Day 2 Day 3 Day 4 

DC 1 15 2 1 11 
3 5 1 1 5 
4 13 17 3 6 
6 4 6 1 2 
7 4 0 1 0 
8 13 2 Max 1 
9 5 7 Max NFW 

10 9 4 1 1 
l l 6 5 3 9 
12 3 0 1 1 
1 3 9 3 6 Max 

RF l Nax 18 Max Max 
2 2 6 10 Max 
4 1 0 1 0 
5 6 1 4 3 
6 2 2 3 2 
7 NFW NFW NFW NFW 
8 4 2 0 Max 
9 14 9 10 Ma x 

l l Max 0 Max Nax 
1 2 Max Max Max Max 

Sh 1 4 2 4 0 
2 2 1 l 0 
3 0 0 1 0 
5 6 0 1 0 
6 2 0 1 0 
7 1 0 0 0 
8 1 0 0 0 

-> :-Max - did not ent e r compa rtment on 
this t e st day ; 

NF~,J- c3id not fin d wall on this t es t 
j ay . 
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Table A5 . 

Behavio r of i ndiv id ua l animals during t h e esc ape test . 

.H;scape r osponse s !Yreezl ng responses ::is 1'lnalng 
Ss Number Numoe r ln Numbe ::.· Latency (lrl -island (X= - during t est fi rs t 2 12 s ec . S found 

min . peri ods) Tsland) 

DC 4 125 43 (29 ) 16 X in 19 min . 
6 188 43 23 19 
7 50 33 79 10 
8 ( 61 )" 54 ( 6 ) 13 X in 5 min . 
9 146 43 27 44 

10 (29) 24 ( 8 ) s X i n 4 min . 
11 71 27 54 8 
12 63 44 73 10 
13 142 28 4 10 

RF l 89 33 47 16 
2 101 17 29 7 
4 (27 ) 25 (32) 8 X i n 10 min . 
5 98 44 50 12 
6 87 23 11 21 
7 151 34 13 12 
8 78 30 42 11 
9 122 37 37 9 

11 108 24 28 15 
12 205 58 20 18 

Sh 1 40 8 45 s X in 21 min . 
2 (2 2 ) 13 (25 ) 9 X in 15 min . 
3 (35) ' 35 ( 0) -- X i n 2 min . 
5 22 11 64 10 
6 (30) 23 (18 ) 7 X i n 8 min . 
7 65 16 53 7 
8 25 21 84 6 

. 



Tab l e A6 . 

Perfo rmance of i nd i v i dual animals on escape tra i nin g 
and pass i ve a vo i dance . 

Number of shaping r1ean escape Number of~ 
tr i a l s du:::' i ng l atency (sec . ) dur i ng pass i ve 

Ss escape train i ng on la st 3 -::;r ials avoidance t es t - Large Smal l Total Large Smal All Cr_"_ Large Small Total 
. I s l. Isl. Isl . Isl. tr i a l s I s l. Isl. 

DC l 2 0 2 2 9 8 2 2 4 
2 15 4 19 10 3 8 l 0 l 
4 l 4 5 12 10 ll 0 l l 
6 9 0 9 l l 7 10 3 l 4 
7 2 76 78 6 l 5 2 2 4 
8 0 0 0 14 4 7 0 2 2 
9 l l 2 14 ll 13 2 l 3 

10 0 3 3 5 3 5 l l 2 
l l 2 8 10 6 14 13 2 4 6 
12 8 2 10 15 10 13 l 0 l 
13 18 0 18 ll 14 12 l l 2 

RF l 7 3 10 l l 17 15 4 l 5 
2 7 0 7 4 22 10 l l 2 
4 0 0 0 9 4 10 0 5 5 
5 8 0 8 l l 7 l l 3 l 4 
6 2 8 10 7 6 8 2 3 5 
7 7 64 71 22 ll 14 3 2 5 
8 10 0 10 8 18 13 0 0 0 
9 6 21 27 6 4 6 l 0 l 

l l '7 0 7 5 19 10 7 0 7 I 
12 4 0 4 9 -2 9 0 0 0 

Sh l 0 0 0 2 7 4 0 l l 
2 0 3 3 2 3 5 0 7 7 
3 0 2 2 2 2 6 0 0 0 
5 2 l 3 2 3 4 4 0 4 
6 l l 2 9 6 7 0 4 4 
7 2 l 3 6 4 6 2 l 3 
8 2 2 ~- 2 2 4 3 3 6 

'·- c r. - Cr i ter i on ( last 5 trials Here criterion trials for 
each i sland ) . 

-
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Table A7. 

Movement iehibition perfo:r•ma nc e 
of individus 1 animals. 

---~ Ss -1 Errc"'S - _ _. __ Day l r-Dsj;- 2 _ To v-sr--

DC 1 3 1 4 
3 4 1 5 
4 3 0 3 
6 4 0 4 
7 1 1 2 
8 5 7 12 
9 16 0 16 

10 3 0 3 
11 0 0 0 
12 10 5 15 
13 6 1 7 

RF 1 13 12 25 
2 3 1 4 
4 6 5 11 
5 1 3 4 
6 3 1~. 17 
7 2 0 2 
8 1 3 4 
9 0 2 2 

11 22 6 2"3 
12 7 4 ll 

Sh 1 ~- 1 5 
2 1 1 2 
3 0 4 4 
5 2 2 5 
6 1 0 1 
7 2 0 2 
8 1 5 6 

---- ·-



~s 

DC 1 
3 
4 
6 
7 
8 
9 

10 
11 
12 
13 

RF 1 
2 
4 
5 
6 
7 
8 
9 

11 
12 

Sh 1 
2 
3 
5 
6 
7 
8 

Table A8 . 

Jump avoidance performance 
of i nd i vidual ani ma ls . 

Errors Mean la - Errors 
t ency o n after f irst 
criterio n avo idanc e 
trials 
(sec) 

5 4 . 0 1 
8 4 .4 1 
4 6 . 8 0 
3 7 . 2 0 
5 3 . 3 0 

12 5 . 1 0 
13 3 . 8 9 
4 1. 3 1 
4 9 . 1 0 

20 8 . 9 9 
10 6 . 1 3 

1 5 . 9 0 
17 4 . 6 1 

1 4 . 0 0 
7 2 .4 0 
6 10 . 6 0 

18 5.8 9 
15 2 . 3 5 
5 6 . 2 1 
1 2 . 7 0 
3 3 . 7 1 

0 2 . 6 0 
1 1. 6 0 
0 1. 4 0 
1 1 . 7 0 
2 2 . 3 0 
0 2 . 8 0 
3 1. 6 0 
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lrlal 1 
escape 

l atency 
(s ec . ) 

30 
1 

210 
12 

190 
17 

1 
67 

104 
47 

103 

9 
10 
56 
09 
18 
36 

1 
96 

8 
23 

54 
61 
16 
10 

105 
42 
43 



§_s 

1 
3 
4 
6 
7 
8 
9 

10 
11 
12 
13 

Table A9 . 

Weight ga i n (i n gm . ) per day of 
i ndividual anima l s . 

DC RF' sfi 
v~elght ~s Welg ht ~s Welght 

ga in gain ga i n 

1 . 7 1 1.6 1 1. 9 
1. 1 2 1. 9 2 1.6 
1. 3 4 1 . 7 3 2 .4 
1. 4 5 1 . 3 5 1. 7 
1.3 6 1.1 6 1. 8 
1. 6 7 1. 7 7 2 . 3 
1.1 8 1.4 8 1. 3 
2 .4 9 1. 8 
1.9 11 1 .4 
1. 8 12 1 . 7 
1. 3 
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~s JA (errors 
X 100/30 ) 

Cl 1 lJ 
2 50 
3 30 
4 63 
5 47 
6 13 
7 13 
8 27 
9 13 

1 0 40 

Sl 1 80 
2 77 
3 53 
4 97 
5 87 
6 83 
7 1 00 
8 47 
9 1 00 

1 0 1 00 

Pl 1 37 
2 33 
3 30 
4 33 
5 37 
6 20 
7 23 
8 17 
9 17 

10 13 

Table Al O. 

Mean JA and MI pe r formance 
of indiv i dua l anima ls . 

1'11 tro tlme Ss JA (errors 
off i sla nd) - X 100/30 ) 

7 C2 1 33 
100 2 23 

93 3 27 
2 4 40 
5 5 17 

100 6 27 
8 

98 
8 

10 

3 S2 1 100 
30 2 100 
21 3 100 
5 4 100 

58 5 1 00 
10 6 77 
5 7 100 

52 8 100 
13 9 8 7 

2 10 93 

3 P2 1 30 
2 2 20 
2 3 23 

45 4 30 
7 5 20 
8 6 53 
2 
3 
3 
2 
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jMI ( ra t lme 
off i s la nd) 

3 
1 00 
41 
44 

7 
48 

1 00 
1 00 
100 

90 
88 

100 
98 

100 
97 
20 

82 
25 
72 
27 
97 

100 
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Tab 1 e A 10 (co r1 t 1 d ) . 

Ss JA (errors IVll (% tlme ~s JA (err ors 1'"'11 (% t lme - X 100/30) off i sland) X 100/30) off i sland) 

PS1 1 100 52 PS2 1 73 23 
2 77 50 2 100 67 
3 70 98 3 90 95 
4 83 52 4 93 80 
5 57 48 5 80 100 
6 100 92 6 67 42 
7 100 17 7 63 100 
8 40 38 8 87 97 
9 65 9 90 100 

1 0 60 100 
11 90 42 
12 60 1 00 
13 100 100 
14 97 97 
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