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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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