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Abstract 

Discriminant analysis is applied to the anatomical 

and behavioral data obtained on 18 unoperated control 

rats and 99 rats with lesions in and about the septal 

forebrain area. The analysis indicates that specific 

and, to some extent, disparate sub-areas of the septal 

region are in~olved in mediating the facilitated two­

way avoidance performance and increased emotionality 

?Ccompanying large spetal lesions. 
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Introduction 

~he present experiment was concerned with the 

i dentific~tio 11 of t he a reas of the septal r egion whose 

destruction is resronsible for the behavioral symptons 

fre quently reported to accompany mass ive septal lesions. 

One of the earliest and most consistent findings has been 

the production of the rage syndrome (Brady and Nauta, 

1953; 1955). Another consistent behavioral change has 

been that of facilita ted two-way avoidance performance 

(King , 1978; Schwartzbaum, Green, Beatty, and Thompson, 

1967). The one effect, however, does not necessarily 

involve the other. Unilateral lesions have been shown 

to produce facilitated avoidance performance that is 

equivalent to that produced by bilateral les ions but 

to reduce emotionality (Green and Schwartzbaum, 1968). 

Most studies of the septal region have focused on 

the behaviora l analyses, and have treated the anatomical 

bases of such results in an incidental way. However, one 

systematic behavioral-anatomical study does exist. 

Harrison and Lyon (1957) attempted to identify the 

structures involved in the rage syndrome. They found 

no consistent rel a tion between behavioral changes and 

either small or larger and more inclusive lesions, and 

sugees t ed that the rage syndrome was, in fact, attributable 

to incidental damage of noY1septa l structures. Their 

conclusions, however, were based on an analysis of 
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individual, exceptional c~ses, rather than on a 

statistical &nalysis of the data . The fault to be found 

with this analytical technique is that it involves the 

assumption tha t, within the experimental group, all 

the behaviora l variability should be explained by lesion 

size and placement. In view of the behavioral variability 

fre quently encountered within groups of normal rats, 

such an assumption seems implausible. It appears that 

the technique of discriminant analysis (Cooley and 

Lohnes, 1962) is a suitable alternative to the analytical 

methods employed by others concerned with the septal 

forebrain nuclei in the rat. The particular application 

of discriminant analysis made in the present experiment 

is~sufficiently novel as to require some comment and 

justification. 

First, the usual neuropsychometric practice was 

reversed, in tha t behavioral measures were used to define 

the groups into which the subjects were to be classified, 

while the weighted sums of brain damage assessments 

entered into variance calcula tions. ~his reflected 

t he current study's concern with the identification 

of structures responsible for particular behavioral 

changes, r a ther than with the development of behavioral 

tests, which are diagnostic of specific brain damage. 

Second, ±n the stistical assessments of the 

discriminant analyses, the discrimination achieved 
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was compnr ed t o t he l evel of di s crimination obtained 

us ing le s ion size as the di s crimina tor . The mass of 

da t a impl i ca tinB , at l ea s t indirectly, the septa l nuclei 

in the production of the r aee s yndrome and in the 

faci l itation of avoidance performance ma de a random 

r eference level ina ppro priate • . 

Third, the incorpora tion into the discriminant 

analyses of subjects with damage peripheral to the 

septum and of subjects with no brain damage avoided 

the error of overexplaining the behavioral variance 

within the sept ally le s ioned group . 

Fourth, the a ssessment of brain damage within 

topogr aphically, rather than anatomically, defined 

regions technically facilit a ted the analyses. This 

procedure, of course, fa i led to utilize morphological 

da ta that must eventually be incorporated into any 

neuropsychological analysis of the septal region. 

Fi nally , the development of behavioral categories 

posed a serious problem. Behavior theory provided 

no firm basis for the partitioning of the subjects 

into discrete -groups. ? or t his reason, the categories 

that ~•ere used in the final analyses were t hose that 

y ielded coeffici ents tha t were relatively insensitive 

to the random incorpora t ion or deletion of subjects, 

and stable in the sense that slight shifts in the 

behavioral categories did not seriously disturb the 
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relative weights assi gned to various regions of the 

brain. 

Technical and substantive questions concerning the 

procedures may be rai sed. However, the present experi­

ment was undertaken with the assumption that the techniques 

employed would yield the best available evidence 

bearing on the question of the anatomical specificity 

of the behavioral effects attributed to large septal 

lesions. The author's hypothesis was that the evidence 

would clearly implicate the septal nuclei in such 

behavioral disturbances. 
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Method 

Subjects. The subjects were 117 male, Long Evans 

rats approxima tely 90 days old at the beginning of the 

experiment. Ninety-nine were experimental subjects and 

18 acted a s unoper ated controls. 

Surgica l procedures . The experimental subjects 

received lesions varying in locus and extent. An attempt 

was made to produc e lesions which were anteriorally, 

centrally, and posteriorly placed as well as lesions that 

involved massive damage, cortical damage, and electrode 

insertion only . SurBery was performed under deep ether 

anesthesia. The lesions were produced electrolytically 

by pa s sing an anodal current through a 0.01-inch 

stainless steel electro de insulated except for 0.5 mm. 

of its tip. 

Ratings and r esistance to handling. Eight to 

10 days after surgery a ll experimental subjects were 

rated for resistance to handling. Each unoperated contol 

was ra t ed just prior to avoidance training. The method 

used was similar to that de s cribed by Thomas, Moore, 

and Hunt (1959). The subject was assigned a score of 

zero if he showed a normal response (little or no 

avoidance or struggling) and a score of four if he showed 

a very extreme response (biting, squealing, and s t ruggling). 

Intermediate numbers were g iven for less extreme reactions. 

The r a tings were made by two independent observers. 
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Avoidance avparatus . The two shuttle-boxes used 

were similar to those employed by Vanderwolf (1964) . 

Ea ch had t wo compartments , six (width) by 12 x 12 inches 

separa ted by a 8Uilotine door. One compartment was 

white and the other black. The floor consisted of a 

shock gri d . The shock level was .4 ma. of 60 cycle 

alternat i ng current del i vered to the grid bars. Mirrors 

placed below the shock grid allowed observation of the 

subject s. 

Avoidance procedure. All subjects were run in the 

shuttle avoidance task on the same day that they were 

r ated f or emotionality. The avoidance task was similar 

to that employed by Krieckhaus, Simmons, Thomas and 

Kenyon (1964). The door separating the compartments 

was opened simultaneously with switching off a light 

(CS) in the compartment containing the subject and 

switching on a light in the opposite compartment. 

Continuous footshock ( US) was administered 5 seconds 

after CS onset until the subject crossed t o the opposite 

side of the apparatus. After an intertrial interval 

of one minute, the lights were reversed, the door raised 

and the subject had to cros s back to the original side. 

Each subj ect received 50 trials in a single session. 
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Anat omica l nrocedures . Fol lowing the experiment, 

t he subjects were sacrificed under deep ether anesthesia 

by percardial perfusion with physiological sal i ne followed 

by per f us~on with 10% formalin in physiological saline. 

The brains were sectioned at 30 micra and every third 

section stained with cresyl violet acetate. The sections 

were projected onto standard drawings of the brain. 

Thes e drawings were photographs of 30 micra sections of 

an undamaged brain upon which a grid had been imposed 

(see Figure 1 and 2) 1 • The grid was aligned such that 

on each standard section, vertical zero (0) was in line 

with the dorsal surface of the cortex and lateral four 

(4) with the midline. In transferring the brain sections 

of the subjects onto the standard drawings, the subject's 

section showing the genu of the corpus callosum was 

projected onto standard section 82, while the subject's 

section showing the middle of the crossing of_ the anterior 

commissure was projected onto standard section 136. Brain 

damage was encoded such that if any tissue within a 

square was damaged, the square was assigned a value of 

one; otherwise, a value of zero was assigned. Damage 

was summed across the squares within the 16 areas (Al-

D4) as shown in Table 1. 
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Data analysis. ~h e measures used for each subject 

include: 

Emotionality: Ra ting on resistance to handling 

averaged over two ob servers. 

Avoidan ce : Number of conditioned avoidance responses 

(CARs) in 50 tria ls. 

Total Lesion size: Brain damage scores summed 

o~er 16 brain areas (see Anatomical procedures). 

The reliabilities cited in the results are rank­

order correlation co~fficients computed for emotionality 

between the ratings assigned by each observer; and for 

avoidance, between the number of CARs on odd and on even 

trials. 

Discriminant analyses between high and low performance 

groups were completed for the behavioral class ifications 

indicated in Table I-C. The reliabilities cited in the 

results are rank-order correlation coefficients between 

the discriminant coefficients computed for two randomly 

selected subgroups of the 117 subjects. 2 The stabilities 

cited are rank-order correlation coefficients between 

the discriminant coefficients of the analyses for adjacent 

criteria. The standard for the acceptance and subsequent 

interpretation of any discriminant analysis was that it 

achieved significant (p < .05) relative to randomness 

reliability and stability. 

Finally, to asse s s the statistical ad~quacy of the 

discriminant functions, rank-order correlations between 
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the discriminant scores of individual subjects and· the 

subject's performance on the corresponding behavioral 

scale were compared to the rank-order correlations between 

total brain damage and the behavioral measures. Since 

the discriminant functions were computed to be classifi­

cation devicies, this procedure involved the imposition 

of a stricter and more conservative standard than 

would one involving point-biserial correlation coefficients. 

While the significance level used throughout the 

analyses was 0.05, the cited p-values are the minimum 

values achieved using t he procedures and tabulations 

of Bruning and Kintz (1968) and of Siegel (1956). 
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Results 

The individual data are listed in ~able II. Each 

subjects's avoidance score , emotionality score, damage 

per area of the brain, and total brain damage are shown. 

Fre :uency distributions of the avoidance scores, of the 

emotionality scores, and of the total brain damage 

scores are shown in Fi gure 3. 

The reliability of the avoidance scores was 0.69 

(p < .01). 

The reliability of the emotionality scores was 0.96 

(p ~: o). There was also high absolute agreement between 

the observers on their ratings of the subjects' resistance 

to handling; i.e., there was complete agreement on the 

ratings of 100 of the 117 subjects, disagreement by one 

scale point on the ratings of 15 subjects and by two 

points on two subjects. 

The rel iabilities and stabilities of the discriminant 

functions are shown in Table III . Considering these 

figures for avoidance performance, there was no compelling 

reason for choosing among the various criteria. On the 

basis of the reliabil i ties, 22 and 31 were the only 

acceptable cri teria explored. Since 31 accomplished the 

most equal split of the population, the discriminant 

function using this criterion was chosen for further 

analysis. However, a later review of the computations 

indicated that the choice of 31 over 22 made no substantial 

difference in the outcome of the subsequent analysis. In 
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the case of emotionality r a tings , 3 was the only acceptable 

criterion. 

Table IV shows pertinent discriminant functions 

for avoidance performance and emotionality. 

Attending only to the gross and consistent results 

of the discriminant analyses, a simplified version of 

the results obtained here is shown in Figure 4. Those 

areas whose destruction increased the probability that 

a subject would be classified in the high performance 

group ~re designated as facilitatory, while those areas 

whose destruction decreases this probability are designated 

as inhibitory. Areas contributing in no consistent way 

to the discrimination are designated a s neutral. 

The facilitating areas involved in the avoidance 

conditioning effect were Cl, A2, D2, B3, and D4 (cortex, 

hippocampal rudiment, the accumbens nucleus, bed nucleus 

of the anterior commissure, the lateral Rnd medial septal 

nuclei, and the nucleus of the diagonal band of Broca). 

The inhibitory areas included Dl, B2, C2, A3, and B4 

(cortex, the lateral septal nucleus and the accumbens 

nucleus). 

The fa cilit atory areas for emotionality included 

Bl, D2 , B3, C3, and C~ (cortex, the accumbens nucle~s, 

the hippocampal rudiment, the bed nucleus of the anterior 

commissure, the lateral septal nucleus, the medial septal 
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nucleus, and the nucleus of the diagonal band of Broca. 

The only consistently inhibiting area was C2 (mainly 

cortex a nd a small dorsal portion of the lateral septal 

nucleus). 

The re s ults of the discriminant analyses using 

only the brain damage scores for the facilitatory arid 

inhibitory areas shown in Figure 4, yielded the func~ions 

shown in Ta ble V. 

Since the computations of the discriminant functions 

involve~ the manipulation of the brain damage scores to 

obtain an optimal classification procedure, it should 

not be s uprising that such a result was achieved. 

Table VI shows t he results ~fa more stringent test. 

The discriminant scores and the total brain damage scores 

were compared by computing their rank-order correlations 

with the individual subjects' performance on the behavioral 

test; i.e., the test scores were ~reated as ranking, 

rather than classifica tion devices. For avoidance 

performance, the discriminant scores' correlation was 

significantly hi8her than that of the total brain damage. 

For emotionality, there was no significant difference 

between the correlations obtained using total brain 

damage and those obtained using the discriminant scores. 
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Discussion 

The discriminant analyses provide a statistical 

basis for ascribing the facilitated avoidance performance 

and emotionality to septal damage. 

The most elementary explanation focuses upon lesion 

size within the septal area and ignores the findibgs 

concerning specific facilitatory and inhibitory areas. 

Considering first the avoidance conditioning data, one 

can conclude that: the probability that a subject will 

be included in the high performance group is an inverted 

U-shaped function of the amount of septal damage; i.e., 

this probability increas es with increasing lesion size 

up to a point, and then declines with further increases 

in lesion size. Considering the emotionality data, 

the results i ndica te that: the probability that the 

subject will be included in the high performance group 

is a monotonic non-decreasing function of the amount 

of sental damage; i.e., the probability increases with 

increa sin~ lesion size up to a point, bur further 

increases in s ize neither increase nor decrease this 

probability. 

Conclusions beyond these, if based only on the data 

of this experiment, could not be regarded as sound, 

since the analyses reflect not only the nature of septal­

behavior relationships but also the distribution of the 

brain damage used to assess such relationships. However, 
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the r esult s of other experiments , together with the 

results obtained here, permit an interpretation in terms 

of the specific loci of the inhibitory and facilitatory 

areas . 

First, the results obtained here are in close 

agr eement with those reported by Kaada, Rasmussen, and 

Kveim (1962) , in their study of passive avoidance 

behavior fol lowing lesions of the septum and other areas. 

~he les ions that these investigators found to be e f fective 

in di srupting passive avoidance behavior generally involved 

those areas that were found to be f acilitatory in the . 

present study. Van Hoeson, MacDougall, and Mitchell 

(1969) also found facilitatory areas for improved two-way 

avoidance performance which are consistent with those 

found here. Many of the anterior lesions that Kaada et al. 

(1962) found to be ineffective in disrupting pas sive 

avoidance behavior intruded primarily upon areas designated 

here as ei~her neutral or inhibitory. Thus, t he results 

obtained here provide additional evidence for the existence 

of a functionally important neural system arising in the 

fronto mesial cortex and continuing ventromedially into 

the hypothalamus and brain stem (Kaada et al., 1962). 

Considering the anatomical specificity of the 

hyperemotionality associated with large septal lesions, 

one finds two sources of additional evidence. First, 

Kelly (1969) us ed essentia lly the same procedure as was 
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employed here, but worked with a different set of 

topogr aphically defined subareas in and around the septal 

ree ion. Seconq, the au t hor reanalized the published data 

of Harrison and Lyon (1954), completing a discriminant 

analysis of their estimates of damage to anatomically 

defined areas in and near the s eptal region. The three 

sets of re sults a gree in implicating a central core of 

septa l structures in the production of hyperemotionality . 

1hey disagree in t heir findings concerning the existence 

of inhibitory areas . In the present study, only one 

inhibitory area was found; this infringed upon midline 

cortex, the corpus callosum, and the dorsal portion of 

the lateral septal nucleus. Kelly's and Harrison and 

Lyon's data yielded inhibitory areas g enerally ringing 

the septum in much the same manner as was observed here 

in the analysis of the avoidance conditioning data. At 

the present time, the consistencies and inconsistencies 

of the evidence suggest that the hyperemotionality may 

result from mass ive destruction of the central core of 

the septal region and may be only tangentially related 

to disturbance of avoidance conditioning accompanying 

septal lesions. 

Since only 18 subjects in the present study sustained 

unilateral damage, no f irm conclusions can be made 

regarding t he necessity for bilateral de s truction in 

producing the behavioral effects of septal damage. 
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However, the available evidence provides no reason to 

disagree with Green and Schwartzbaum (1963) who found 

that unilateral lesions facilitated avoidance performance 

but reduced emotionality. 

The results of the present experiment do not allow 

for extended conjectures concerning the functional organi­

zation of the areas found to be involved in the production 

of hyperemotionality and f acilitated avoidance performance. 

Such speculations must wait upon a more thoroµgh under­

standing of the behavioral nature of the symptoms of 

septal damage. 

However, reasonable questions do arise in connection 

with the conclusions offered here. The most important 

of these relate to the problem of moving f rom probabilistic 

to neurological statements. It has been found that 

destruction to various a reas sum to yield statements 

concerning the probability of observing a symptom of 

septal damage. It is a matter for further experimentation 

to determine whether the intensity of the symptoms will 

also show such an additive effect. A similar, but more 

specific quesion .can be raised concerning the inhibitory 

areas: Wi l l the destruction of such areas yield decrements 

in performance independent of the destruction of facili­

tatory areas, or is their effect only reactive with 

destruction of t he facilitatory areas? 

The answers to these ~uestions and the validation 

of the statistical procedures adopted here depends upon 
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further anatomica l studies of the septal region employing 

A divers e set of lesions, more restricted in size and 

unrestricted a s to continuity . The present sutdy has 

made its most substantial contribution to an understanding 

of septal function by: 

1. Clear~y implica ting the destruction of septal 

structures in production of the facili ta ted avoidance 

performance and hyperernotionality accompanying massive 

lesions in the general area of the septu~. 

2. Providing an initial topographic definition 

of areas involved in these behavioral effects. 

3. Advancing a technique that may be of general 

utility in the study of brain-behavior relationsips. 
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Footnotes 

1. The brain diagrams in Figures 1, 2, and 4 

were t aken from De Groot (1959) and from Moore (1958). 

2 . For purposes of i nternal reliability of criterion 

scores, the subjects were randomly divided into two. 

groups. U test run on these groups yielded f values 

of 0.314 and 0.598 (p> .05) for avoidance and emotionality 

respectively. 
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Table I-A 

Summing to yield values of 16 variables: 

Vertical 
limits , 

grid line 
Variable numbers 

Al 0-2) 
A2 2- 4) 
A3 4-6) 
A4 6-8) 

Bl 0-2) 
E2 2- 4) 
:!33 4-6) 
B4 6-8) 

Cl 0-2) 
C2 2-4~ 
C3 4-6 
C4 6-8) 

Dl 0-2) 
D2 2-4) 
D3 4-6~ 
D4 6-8 

Lateral 
limits 

grid line 
numbers 

2-6 

2-6 

2-6 

Anterior­
posterior 
limits, 
section 
numbers 

46-73 
(10 sections) 

76-103 
(10 sections) 

106-133 
(10 sections) 

136-163 
(10 sections) 
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Table I-B 

Structures included in brain areas Al to D4 

Brain 
Area Ace BAC BHC BSM BST LS MS NDB NSF Hip NTS Cor 

Al X 

Bl X 

Cl X 

Dl X 

A2 

B2 

C2 

D2 

A3 

B3 

C3 

D3 

A4 

B4 

C4 

D4 

X 

X 

X 

X 

X 

X 

X 

X X 

X X 

X 

X 

X X X 

X X 

X 

X 

X 

23 
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Table I-C. Discriminant analysis procedure. 

For emotionality and &voidance measure, the criteria 

f or defining the high performance group in successive 

discriminant analyses appear as column headings. The 

populations on which the analyses were performed appear 

as row headings . The entries of the table are the 

number of subjects in the high performance group. 

For example, using an emotionality rating· 0£ 3.0 as a 

criterion, o f the 117 subjects in the study, 44 achieved 

scores > 3 .0; of the 58 subjects in Random Subgroup I, 

20 achieved scores> 3.0; and of the _59 subjects in 

> Random Subgroup II, 24 achieved scores . - 3. 0. 
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Table I-C 

Discriminant Analysis Procedure 

High Performance Group Defined As 

Emotionality Avoidance 

Populat ions 1.0 2.0 3.0 4.0 20 22 25 _·31 34 37 

Al l Subj ects 82 66 4-4- 34 88 83 74 58 41 26 
N = 117 

Random 
Subgroup I 40 33 20 16 41 41 37 29 18 12 
'N" = '58 · 

Random 
Subgroup II 42 33 24 18 42 42 37 29 ; 23 14 

N = 59 
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1-j 
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RAT AV OI D HANDL --------------------------BR AIN AREAS--------------------------- T OT AL 
NU M SCO RE SCORE Al Bl Cl Dl AZ 82 CZ 02 A3 B3 C3 D3 A4 O 1t · C 1t D4 

1 30 4. 0 0 18 1 5 0 0 15 27 8 3 69 44 0 0 22 5 0 2 2 6 
2 32 3.0 0 0 13 0 0 5 3 6 10 0 3 32 11 0 0 8 0 11 8 
3 41 4.0 0 2 35 1 0 0 1 37 9 0 21 44 13 0 2 3 I) 177 
4 23 o.o 2 20 0 0 29 33 0 0 20 44 0 0 0 2 0 0 l 5 ') 
5 38 2.5 0 6 15 0 0 20 24 0 0 33 27 2 0 2 0 0 129 
6 27 4.0 0 15 0 0 1 26 3 0 4 57 6 0 0 1 0 0 1 13 
7 36 2.5 2 53 5 0 0 25 4 0 2 51 12 0 0 0 0 () 154 
8 31 3.0 0 23 6 0 0 9 51 55 0 28 75 88 0 1 0 2 33'3 
9 41 o.o 0 18 0 0 2 32 l 0 0 7 4 16 0 0 5 0 I) 140 

10 32 1. 5 0 ~ 26 0 0 1 1 9 0 0 9 66 13 0 0 1 3 4 0 151 
11 3 9 3.0 0 0 0 13 0 0 16 4 1 0 0 11 33 0 0 0 0 11 4 
12 32 4. 0 8 2 l 0 0 2 36 35 3 2 63 82 4 0 9 13 0 2 7 8 
13 39 2.5 17 8 0 0 27 10 0 0 13 44 0 0 0 0 O· () 11 9 
14 27 o.o 28 7 0 0 16 9 0 0 7 39 0 0 0 0 0 0 106 
15 5 0.5 0 4 l't 0 0 1 3 23 3 0 17 21 8 0 0 l 0 104 
16 34 4. 0 5 35 2 0 7 3 0 2 0 6 12 63 3 8 12 1 20 3 0 0 2 b l 
17 32 4.0 24 6 0 0 9 1 0 0 0 10 65 4 0 0 4 0 0 132 
18 35 4.0 0 27 15 0 0 7 17 0 0 27 32 0 0 1 0 0 12 6 
20 37 4.0 0 16 10 0 0 6 25 2 0 0 35 36 25 0 19 22 2 2 16 
21 39 1.0 0 24 0 0 1 21 14 0 3 53 10 0 0 1 0 0 127 
22 37 l. 5 0 20 23 0 0 1 25 l 0 0 33 8 0 0 4 1 116 
23 31 1.0 0 30 2 0 0 13 12 1 0 2 1t 41 3 0 2 0 0 1 28 
24 36 4.0 8 61 10 0 5 22 29 6 27 70 41 4 1 6 0 0 290 
25 21 2.0 34 8 0 0 17 0 0 0 51 19 0 0 0 2 0 0 1 31 
26 38 1.0 0 0 22 l 0 0 15 12 0 1 17 14 0 0 0 0 82 
27 47 4.0 0 9 66 11 0 4 65 34 2 64 72 58 0 12 18 1 2 427 
28 26 o.o 0 34 2 0 0 31 0 0 7 58 0 0 0 2 0 0 134 
29 33 3.0 0 6 33 · 1 0 ·o 12 l 0 8 30 7 0 0 4 0 102 
30 41 o.o 0 10 55 6 0 0 42 19 0 2 31 22 0 0 6 5 19 8 
31 39 2.0 9 8 0 0 21 27 1 0 1 8 69 2 0 2 0 0 0 157 
32 41 2.5 0 0 21 0 0 0 25 8 0 4 30 17 0 0 l 0 1(•6 

I\) 
33. 34 l. 0 6 21 0 0 l 2 2 0 0 12 47 12 0 l l l 2 0 135 (J\ 
34 41 o.o 0 15 0 0 3 14 0 0 11 62 5 0 0 3 0 I) 113 
35 30 1. 5 0 11 45 0 0 1 8 0 0 14 13 0 0 0 0 0 92 
36 4 '• 4.0 14 51 29 0 0 20 15 0 0 28 34 0 0 7 6 0 2 04 
37 9 4.0 17 42 3 0 3 2 5 0 0 5 50 4 0 0 0 0 0 149 
38 33 4.0 0 0 20 0 0 3 26 7 0 12 37 9 0 0 9 C 123 
39 35 4.0 12 15 0 0 12 32 15 0 10 76 38 0 0 14 0 0 224 
40 41 1.0 28 15 0 0 5 8 0 0 2 32 0 0 0 0 0 0 90 
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C 
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RAT AVOID HANDL --------------------------BRAIN AREAS----- ---------------------- TQTAL 
NUM SCOR E SCORE Al Ul Cl 01 AZ £32 C2 02 A3 B3 C3 D3 /\4 B 4 C4 04 

41 12 1 . 5 · o 34 2 0 0 l't 21 0 0 19 17 0 0 0 0 0 1( 7 
42 16 4.0 3 . 43 4 0 8 37 1 3 0 25 71 45 0 0 3 4 0 2 56 
43 47 o.o 16 l 0 0 6 3 0 0 6 50 0 0 0 0 0 0 82 
44 34 4.0 0 0 25 0 0 0 31 8 0 12 36 2 0 0 2 0 11 6 
45 28 o. o 6 28 0 0 6 16 18 8 32 80 23 4 0 2 0 0 2 23 
46 43 4.0 11 3 6 0 0 6 28 0 0 3 47 2 0 0 0 0 0 1 3 3 
47 20 2.0 0 8 6 0 0 21 1 8 0 0 9 24 0 0 0 0 0 86 
48 35 3.5 0 42 10 0 0 28 30 6 0 19 48 13 0 0 2 2 2 00 
49 3 8 2.5 10 0 0 0 6 7 0 0 5 27 0 0 0 0 0 0 55 
50 23 2 . 0 0 0 15 0 0 0 27 1 1 0 4 31 19 0 0 0 0 1 0 7 
51 14 4.0 0 22 0 0 2 26 1 8 5 8 51 29 1 0 3 1 0 166 
52 · 30 o. o l 35 0 0 4 13 0 0 4 40 0 0 0 1 0 0 9 8 
53 4 o.o 0 0 O· 15 0 0 8 16 0 0 9 15 0 0 0 0 63 
55 34 4 . 0 23 0 0 0 26 2 0 0 10 13 0 0 0 0 0 0 74 
56 2 l 2 . 5 0 9 18 0 0 29 2 8 0 0 1 11 8 0 0 0 0 0 1() 0 
57 43 4 . 0 11 42 12 0 10 49 30 10 9 -54 29 5 0 0 0 0 261 
58 37 4 . 0 2 28 0 0 5 25 0 0 3 36 0 0 0 0 0 0 99 
59 43 2 . 0 0 8 21 0 0 1 .23 20 0 8 2a 4 0 1 0 0 11 4 
60 42 3 . 0 10 57 2 0 4 55 6 0 1 72 33 0 0 0 1 0 241 
6 1 24 o. o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
62 15 o. o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
63 14 o.o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6 4 9 o. o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
65 36 o. o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6 6 37 2 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
6 7 34 l . 0 4 2 0 0 l 1 4 0 0 15 15 0 0 0 0 0 0 51 
68 1 1 o. o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
69 33 o. 0 0 0 0 . . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
70 27 o. o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7 1 32 1. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
7 2 9 o.o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I\) 

8.0 24 2 . 0 49 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 49 --,J 

81 36 1 . 5 7 0 0 0 32 16 0 0 2 0 0 0 0 0 0 0 57 
82 16 o. o 9 11 0 0 3 l 0 0 3 18 0 0 0 0 0 0 45 
83 27 o. o 59 11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 7 0 
84 15 4 . 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 7 
85 10 4 . 0 28 0 0 0 l 0 0 0 12 0 0 0 0 0 0 0 41 
86 33 o. o 3 16 0 0 l 3 24 2 l 48 20 0 0 0 0 0 11 8 
8 7 29 2 . 0 23 6 0 0 0 4 0 0 0 28 0 0 0 0 0 0 6 1 
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RAT AVOID HANDL --------------------------GRA I N AREA S--------------------------- T OT AL 
NUM SC ORE SCORE Al Bl Cl 01 A2 B2 C2 02 /\3 B3 C3 03 A4 54 C4 04 

88 3 o.o 0 . o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
89 30 0 . 5 27 12 0 0 0 l 0 0 0 0 0 0 0 0 0 0 4 0 
90 29 o.o 72 6 0 0 13 2 0 0 0 0 0 0 0 0 0 0 93 
91 29 o.o 20 14 0 0 5 31 2 0 4 54 4 0 0 7 0 0 l 41 
92 24 1.0 62 0 0 0 28 4 0 0 37 16 0 0 0 0 0 0 147 
93 20 1 . 0 51 25 C 0 8 4 0 0 0 0 0 0 0 0 0 0 8-3 
94 9 4 . 0 53 25 0 0 17 1 0 0 0 0 0 0 0 0 0 0 0 10 5 
95 33 o.o 18 12 0 0 5 23 0 0 2 27 0 0 0 0 0 0 87 
96 22 4.0 19 12 0 0 13 0 0 0 2 0 0 0 0 0 0 0 46 
97 6 o.o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
98 17 2 . 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
99 9 2.5 57 63 3 0 0 0 0 0 0 0 0 0 0 0 0 0 12 3 

1 00 21 3 . 0 22 0 0 0 4 8 0 0 0 46 6 0 0 0 0 0 0 122 
l 0 l 22 o.o 26 18 0 0 15 9 2 0 37 51 1 5 0 2 5 0 0 18 Cl 
102 30 2 . 0 0 3 22 0 0 2 23 13 0 11 27 14 0 0 0 0 11 5 
103 24 o . o 4 56 23 1 l 20 13 0 0 0 0 0 0 0 0 0 1 18 
104 10 4.0 20 l 0 0 10 2 0 0 37 23 0 0 0 0 0 0 93 
105 36 3 . 0 0 0 0 0 0 0 19 31 0 46 32 48 0 0 0 0 176 
1 06 10 4 . 0 0 9 0 0 7 2 18 0 13 61 45 2 0 2 4 0 1 63 
107 1 7 4 . 0 0 8 48 23 0 4 45 61 0 4 38 47 0 0 0 0 27 8 
1 08 19 4 . 0 6 65 25 0 0 0 0 0 0 0 0 0 0 0 0 0 96 
109 33 4 . 0 12 24 0 0 0 16 31 6 0 47 52 14 0 8 4 0 214 
11 0 31 4 . 0 0 20 23 30 0 0 23 49 2 49 42 64 0 0 0 0 3C2 
111 35 o.o 0 22 32 0 0 10 43 20 0 19 37 1,0 0 0 0 0 193 
11 2 24 4. 0 34 1 4 0 0 9 1 1 0 0 13 38 3 0 0 0 0 0 122 
11 3 19 2 . 5 25 56 7 0 0 0 0 0 0 . 0 0 0 0 0 0 0 88 
114 8 l . 5 0 18 36 7 0 17 56 33 0 19 49 27 0 0 0 0 262 
1 15 12 4 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 6 10 .2 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
11 7 3 o.o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
1 18 25 2 . 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ru 
11 9 32 2 . 0 25 7 0 0 20 9 1 5 20 6 0 66 18 0 1 l 1 8 6 0 2 75 0) 

1 21 38 o . 5 0 0 21 0 0 0 16 25 0 0 15 16 0 0 0 0 93 
122 34 4 . 0 0 2 7 0 0 · o 13 4 0 0 60 15 0 0 0 0 0 11 9 
123 28 3 . 0 0 0 1 5 0 0 9 31 0 0 11 44 0 0 0 0 10 1 
124 33 3.0 0 5 lC 0 0 0 25 l 0 3 49 17 0 0 5 0 1 1 5 
125 16 2 . 0 0 0 13 l 0 0 24 6 0 0 30 6 0 0 0 0 8 ') 
126 32 o.o 0 39 12 0 0 24 21 2 0 21 30 6 0 0 0 0 155 
127 39 l . 0 0 0 9 8 0 0 11 17 0 0 14 21 0 . Q 0 0 80 
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Table III . Reliabil ities and stabilities of the 

discriminant functions for avoidance and emotionality. 

Reliability= rank-order correlation between the discriminant 

coeff icieDtS computed for two r andom subgroups of the 

total population of subje cts . Upper s tability= rank-

order correlation between the discriminant coefficients 

using criterion specified above the column ·and those 

computed using the next higher criterion. Lower stability= 

correlation computed using the specified cri~erion and 

the next lower criterion. NS= correlation did not 

differ signficantly from zero (p >.05) • = computations 

could not be completed because of inadequate sample sizes. 
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Reliability 

Rank-order 

p 

Stability 

Table III-A 

Avoidance 

>20 

correlation • 

Upper Rank-order 
correlation .90 

p ·.01 

Lower Rank-order 
correlation * 

p 

22 

.66 

.01 

.88 

.01 

.90 

.01 

30 

Criteria 

25 31 34 37 

• 31 .66 .19 • 
NS .01 NS 

.87 .66 .91 • 

. 01 .01 .01 

.61 .87 .64 .91 

.01 .01 .01 .01 
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Reliabi l ity 

Rank-order 

p 

Stability 

Table III-B 

Emotionality 

?! 1 

correlation .22 

NS 

Upper Rank-order 
correlat ion .07 

p • 01 

Lower Rank-order 
correlation • 
p 

31 

2 3 4 

-:07 .65 .52 

NS .01 .05 

.54 .88 • 

.05 .01 

.70 .54 .88 

.01 .05 .01 
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Table IV-A 

Normalized discriminant coefficients for 

avoidance behavior 

Criteria 

> 25 > 31 .> 34 

Area Gp I Gp II Combined Assigned 
Value 

Al 0. 14 -3. 81 -0.70 -1.99 -2.85 

Bl -1.71.. 3.17 -0.92 -0.21 0.19 

Cl 4.29 0. 96 1.06 1.43 3.98 + 

Dl -11.08 - 3 .19 -5-59 -4.90 -11.93 

A2 3-43 9 . 24 5.01 6.65 9.31 + 

B2 -1.33 -1.37 -1.92 -1.59 -0.35 

C2 -3. 84 -3. 7]. -0.89 -2.75 -2.95 

D2 2. 37 3.70 0. 96 1.61 10.66 + 

'A3 -8.30 -4.17 -7.44 -7.28 -7.67 

B3 4.66 2. 86 ·2. 35 3.00 3.57 + 

:C3 1.56 1. 96 1.86 3.53 0.04 + 

D3 1. 82 -0.02 0.35 0.15 -5-95 

A4 32. 01 29.21 55.93 44.64 1.49 

34 -2.80 -13.17 -2.37 -8.71 -7.21 
. 
' 

C4 4.06 16.45 0.82 8.06 7.91 

D4 -16.60 -3.02 11.85 -3-51 23.92 
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Table IV-B 

Norma lized dis er i mine.n t coefficients for 

emotiona l ity ratings 

Criteria 

?2. 0 >3.0 > 4.0 

Area Gp I Gp II Combined Assigned 
Value 

Al 1.67 G. 66 -0 . 03 _o. 24 1.06 

Bl 1.25 1.49 0 . 24 1.64 1.48 + 

Cl 0.69 -1.57 1. 68 -0.08 0 . 83 

Dl - 2 .L~0 - 0 . 82 - 0 .88 2.57 11.55 

A2 2 . 80 -0.51 5 . 09 4.43 2 .30 

B2 -0.61 1.02 -0.45 -0.30 -2.32 

C2 -5.16 -4. 58 -3. 29 -7-30 -3.18 

D2 2.57 3 . 46 1.51 1+. 77 4.10 + 

A3 1.27 1.74 -2.72 0.47 -0.64 

B3 0,44 0.65 0.69 0.67 2.12 + 

C3 8. 20 4.16 2.50 7.86 4.36 + 

D3 1 . 50 -0. 35 1.39 -0.18 -6.33 

A4 14 . 96 -25.63 -31.68 -36.11 -40.85 

B4 -11 .55 - 8 .11 -3.35 6.13 1.74 

C4 15.67 27.61 6.59 14.87 11.86 + 

D4 -29. 25 -17.64 -37-92 -12.36 -5.26 
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'J'ab l e V 

Nor ma l i zed dis cr i mi nant co efficients for avoidance and 

emo tiona l ity employi ng s elected areas of brain damage 

Avoidance Emotionality 

Area > 31 Combined Gps. Area >3.0 Combined 

A2 11.18 Bl 4.85 

A3 -12.44 B3 o. 7r. 

B2 -3.46 C2 -26.31 

B3 7.01 C3 25.68 

B4 -11.59 C4 27.84 

Cl 3 .10 D2 14.61 

C2 -,5.16 

C3 7 . 62 

C4 16 . 61 

Dl -14.95 

D2 6.87 

Gps. 
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Table VI 

Significance tests of discriminant fun ctions for 

avoidance and emotionality . Rank-order correlations 

are shown for z values and total ·brain damage scores 

compared with the criteria of 31 or ·greater avoidances 

and 3 .0 or greater emotionality r ating. The correla t ions 

associated wi th all variables as well as the selected 

variables (see Figure 4.1 and 4.2) are also shown. 

Avoidances: 31 or greater 

All variables Selected variables 

Combined Gp I Gp II Combined Gp I Gp II 

z values .54 .59 .57 .52 .58 .55 

brain damage .34 .44 .26 .34 .44- .26 

probability 
(1-tailed) 

.005 .01 .0005 .005 .01 .0005 

Handling: 3.0 or greater 

All variables Selected variables 

Combined Gp I Gp II Combined Gp I Gp II 

z values .52 .54 .56 .46 .48 .48 

brain damage .40 .38 .45 .40 .38 .45 

probability 
(1-tailed) 

.025 .025 .05 .05 .05 .05 
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Figure 1. The ~rid for encoding brain damage is 

illustrated on selected coronal sections through the 

s epta~ region of the standard rat brain . The vertical 

grid is shown on the left margin; the lateral grid is 

·shown along the bottom of each section. The resulting 

80 square grid was imposed on 40 sections (every third 

section from Section number 46 to 163). Five sections 

(Section numbers 46, 76, 106, 136, and 163) are shown. 

Abbreviations -used: Ac, anterior cornmissure or its 

an t erior extension; Ace, nucleus accumbens; BAC, bed 

hucleus of anterior cornrnissure; BHC, bed nucleus of 

hippocampal commissure; BSM, bed nucleus of stria 

medullaris; EST, bed nucleus of stria terrninalis; CC, 

corpus callosum; FX, fornix; HC, hippocampal commissure; 

Hip, hippocarnpus or nucleus septohippocampalis; IG, 

induseum griseurn; LOT, lateral olfactory tract; LS, 

lateral septal nucleus, MS, medial septal nucleus; NDG, 

nucleus of t he diagonal band of Broca; NFS, nucleus 

septofimbrialis; NTS, nucleus triangularis septi; OC, 

optic chiasma; OT, olfactory tubercule; PO, preoptic area; 

Pyr, pyriform cortex; RhF, fhinal fissure; SM, stria 

terminalis; TH, thalamus; V, ventricle. 
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AREA C SECl-lON 106 

Ace V IG BAC 

JO 

LS MS NOB LOT 

Figure 1.3 
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AREA D SECTION 136 

ST NTS NSF HC Fx 

,-0 
I 
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Fieure 1.4 
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AREA D · SECTION 163 

AC Fim IG BHC 

10 
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Figure 1.5 
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FiEure 2. A parasagittal section showing brain areas Al 

to D4 . Abbreviations used: DBB, diagonal band of Broca; 

MPA , medial paraolfactory area; (see also Figure 1). 
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Figure 3. The fre ~uency distributions for the 

beha vioral indica tors as well a s for lesion size are 

illustrated. 
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Figure 3. 1. Fr equency di s t ribution of number of CARS 

made in 50 trials . 
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Figure 3 . 2. Frequency distribution of emcitionality ratings. 
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Fi gure 3.3. Frequency distribution of lesion size 

i.e. amount of tota l brain damage (see Table II). 
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Figure 4. Facilitating and inhibiting areas 

involved in avoidance conditioning and emotionality. 
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AVOIDANCE 
Figure 4 .1 . Facilitating and inhibiting areas involved 

in avoidance conditioning (Bee Table IV-A). 
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cc 

D 

riC 

EMOTIONALITY 
Figure 4.2. Facilitating and inhibiting areas involved 

in emotiona lity (see Table IV-B). 
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Append ix A 

THE MORPHOLOGY AND EVOVTT ION OF THE SEPTAL YOREBRAIN AREA 

Abstract 

The formation of t he septum and its 

evolutionary development is presented. The 

evolution is traced through amphibians, 

reptiles, birds; and mammals. Alternative 

theories of the development of the septum 

pellucidum in mammals is discussed. The 

main portion of the paper is taken from 

Ariens Kappers, Huber, and Crosby (1960). 

Formation of the Septum: 

Peripheral influences lead to the formation of 

paired, telencephalic vesicles which become olfactory 

blubs. The manner in which the lateral walls of the 

telencenhalon are formed behind these olfactory stalds 

is different in different vertebrates. Usuatly, in this 

lateral wall, t wo portions can be differentiated. In 

their earliest form they are .cont·inuous . with each other 

and show only topographic differentiation. The upper 

part becomes designated as the pars laterodorsalis and 

the lo wer portion as the pars lateroventralis or striatum. 

In nearly a l l animals, from the pars lateroventralis or 

striatum, the parts medioventralis or septum arises 

through a medial growth. These c an be seen in Figure 1. 

In the few animals in which the brain remains in this 
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form , there is a l a r ge unpaired ventricle with steep 

l Gteral walls a nd a small septum. Differentiation from 

this form may .tak e pla ce in either of two directions. The 

more usual one is indica t ed in Diagrams A, B, and C. Another 

developmental type i s i llustrat ed in D, E , and F . 

A 

B 

C 

med.dors.palL 
l I 

septum 

m«!.dors.pall. 
' 

$CptUm 

lat.don.pall. 
" 

epiatriatum 
I 

D 

---~ r----:...,;_ta:_:_t.d~on.~ E 
I • -~-· 

septum 

F 

epistriawm ". 

lat.dors.palL' 

Frn. 533. A schematic representation of the different develop­
mental types of forebrain in vertebrates. · 

A, Petromyzon; B, Amphibia; C, Reptilia.; D, Holocephali; 
. E_, Holostei; F, Tele_ostei. 

Figure A-1 

In lower vertebrates, the secondary olfactory fibres 

supply pr actically all of the invagina ~ed portions of the 

telenceDhalon . However , with the gradual growth of the 

nonolfactory fi bre bundles from diencephalic centers 

and the increas ed invagina tion of the wall, progressively 

less a nd less of the hemisphere r egions come directly under 
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the influence of these olfoctor y f ibres. Throughout the 

vertebrate series the latera l olfactory fibres supr, ly the 

l a t era l olfa ctory nrea , which gradually differentiate in 

hi5her f orms into paleopallial a nd archistriatal regions. 

The media l olfa ctory fibres supply the medial 

olfa c t ory area, which differentia tes into the various 

septa l areas and the tuberculum olfactorium, and the 

dorsal olfactory area, which is the forerunner for the 

archipallium and hippocampus. 

It is evident, then,that the olfactory areas of 

the telencephalon are not purely olfactory but are also 

correlat ion centers. 

In Am phibians : 

In the telencephalic arrangement of amphibains, the 

region usually termed the septum lies caudal to the 

nucleus olfactorius anterior pars medialis, and ventro­

medial to the sulcus limitans hippcampi and sulcus 

septopallialis and the interyening cell-free band. This 

term, i.e. "septum" was a pplied by Edinger (1888) and 

Gaupp (1894) and is still used by most present day 

compara t ive neurologists. Johnson (1914) however, (in 

r eptiles) used the designation of parolfactory area for 

the cephalic end of this reg i on . Ariens Kappers, Huber, 

and Crosby, (1960) sugeest that this name has not received. 

genera l acceptanc e even thou~h it is recognized that 

t he area i n question is neither s eptal in character nor 

homologous with the septum pellucidum of higher forms. 
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To di ffe r entiate this frontal portion of the region 

from the cauda l portion , which is comparable with the 

septal areas of hivher f orms , it is designated the pre-

commi s sural portion of the septum. This precommissural 

~ortion is homolos ous in general with the precommissural 

nuclei of teleosts , a nd is a deriva tive phylogentically 

of the medial olfa ctory area of lower f orms. The part that 

extends back over the foramen for a short distance is what 

Ariens Ka ppers and Theunissen (1908) call the pars fibrialis 

septi and wha t Herrick (1910) calls the supraforaminal part. 

I n both tailed and tailless amphibians, the pre­

commis sura l septal area usua lly includes two major nuclear 

masses . The nucleus lateralis septi lies close to the 

ependyma of the ventr i cle between that and the nucleus 

mediali s septi . Soderberg (1922) s uggests that the lateral 

septa l nucleus is derived embryologically in the frog f rom 

the ventricular cell layers. Dorsally it extends to the 

level of the sulcus limitans hippocampiand ventrally· it 

is bounded by the ven t r a l part of the nucleus olfactorius 

anterior and, b ehind the level of this latter cell mass, 

by the ventromedial prolongation of the stratum, the nucleus 

accumbens. The caudal end of the lateral septal nucleus 

diappears in front of the interventricular foramen. · 

The medial septal nucleus, which is the larger of 

the two septol nuclei, begins in Amblystoma (Herrick, 

1927) at about the same plane as the lateral septal 
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nucleus . However, it extends further caudalward than does 

the lateral septa l nucleus. Part of the medial septal 

nucl eus occpuie s a pos i tion dorsal to the lateral ventricle, 

a s t his s pace extends down to a small branch which extends 

caudalward over the foramen with the pars fimbrialis of the 

septum. The ventral part of the medial septal nucleus 

becomes directly continuous with the bed nucleus of the 

decussating medial forebrain bundle. 

The olfactory tracts arise from the neuraxes of mitral 

(and certain transitional) cells of the blfactory bulb. 

Thes e tracts have been subdivided in various ways in 

amphibians. The only tract that is of interest to the 

paper is that of the medial olfactory tract. This tract 

carries some fibres to the- septal region for distribution. 

The tractus olfacto-corticalis septi, on the medial 

wall of the hemisrhere (see Figure 2) plays an important 

role in furthering the differentiation of the archipallium 

or primordium hippocampi. In frogs this tract is partly 

medullated and well developed. It arises in the pre­

commissural septal area, possible adjoining re~ions, 

and in the nucleus olfactorius anterior, and a~cends to 

the primordium hippocampi or archipallium and the primordial 

dorsal pallium, where it terminates. Its fibres, which are 

scattered t hroueh the septal area, assemble as its dorsal 

, ortion is reached and pass along the sulcus septo­

corticalis. It is not certain whether contralateral as 

well as homolate~al septal fibres are present in the frog. 
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Area prec:. eepti __ _.,.·· 

Nu.1". aep&i 

Med. !orebr. bundle 

FIG. 566. Cross section through the precommiBSural regi~n ~f the telenc.~phal,?n of Ran~ m!1p;icnR. 
Arca prec .. ,epli, area prccommissuralis septi; Epistr. , arch1str1a~um of ~•c~s Kapper!!, cp1st~mt11m of 

Rot hig and Kuhlcnbcck, probably amygd~loi~ n~cleus of Hcr!1ck; Fibr.h~pp.rzt., fibrnc h1ppocam­
palis cxtcmac; Fiss .enMrh., fissura endorhmahs (mtemal supcrtor part.); Fiss.scpl .pall., fissu:a ll('plo­
pallialis of Aricns Kappcrs; L.F.B., lateral forebrain bundle; N.opt., opt•~ nerve; J:'"·U:'·srpl!, n11r~r1111 
latcralis septi; Nu.med.Hepti, nucleus medialis septi; Paleopall., paleopalhum; P~m.h1p., pr_amordmm 
hippocampi; Tr.olf.wrl.sepli, tractus olfacto-corticalis septi with &0me fibers to medial forchnun bundle. 

Figure A-2 

Cortico-septal fibres from the primordial hippocarnpus 

through the media l cortico-hippocampus (archicortex) 

to the medial septa l nucleus are present and Ariens 

Kappers et al. (1960 ) suggest that such fibres are probably 

represented in other amphibains. The caudal part of the 

septal area is connected, in many amphibians at least, 

with the primordial hippocampus through the medial cortico-

olfactory t r a ct. Another tertiary connection associated 

with the septal areas i s the diagonal band of Broca. This 

connects the septal region with the amygdaloid complex and, 

in some amphibians at least , with the primoridal · pi·riform 

area. 
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From the developing hipnocampal area in amphibians, 

fi bres pas s caudalward in order to enter the stria medul­

l ari s . These fibres are joined, through the latter part 

of their course, by fibres from the septal areas, from 

t he bed nucl eus of the hippocampal commissure, and from 

the ventrocauda l part of the striatal region. Such fibres 

constitute a tractus s eptb-habenularis. 

The medial forebrain bundle is the major connection 

between the ventrolateral quadrant of the hemisphere and 

t he h~pothalamic regions. It is believed to carry both 

ascending and descending fibres. The ascending fibres 

carry visera l and possible gustatory impulses from the 

hypothalamic areas forward to the olfactory center of 

t he medial hemisphere wall, thus providing for olfacto­

viscera l correlations. The descending fibres serve as 

a dischar~e pa th for the ventromedial portion of the 

hemisphere and bring to the hypothalamus olfactory 

impulses from lower centers. The anterior portion of 

the medial f orebrain bundle is associated with the 

nucleus olfactorius anterior and the septal nuclei; the 

more caudal por tion can be tra ced to the primordium 

hippocarnpi and also the primordium pallii dorsalis. 

It would appear t hat the olfactory areas of the 

telencephalon, even in fishes, are not purely olfactory 

but are also correla tion centers. The connections of 

t he telencephalic olfac t ory areas with the epithalamus 
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are a s old as those with t he hypothalamus and the ven tra l 

thalamus . In lo wer f orms , such as cylostomes, these arise 

largely from the archipallial regions, but some of them 

come f rom the paleopallia l a reas and from the preoptic 

a nd s eptal rer ions . The maj ority of them terminat e 

in the rir,ht hab enular nucleus . 

In arn phibians, the customary tracts to the habenula 

are from the archipa lliurn, the paleopallial areas, the 

developing archistriatum; the septal and preoptic nuclei 

and the tuberculum olfac -oriurn . The connections with 

the hypothalamus and the ventral thalamus are through 

a primitive fornix system from the archipallial regions 

of the cortex , and by way of the medial forebrain bundle 

from the septal regions and the tuberculum olfactorium. 

~he Figures 3, 4, 5, and 6 showing the septa l area 

of the Monopterus albus are good examples of this area 

i n the submammalian telencephalon. 
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bulbus orraclorius 

l\21'VUS opricus 

Fro. 554. A wax reconstruction of the forebrain of Mon_op~ albua. Median view. pan° da Horal. 

Figure A-3 
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tr.olf. thel.p.dor5_ 

epislriatum 

ventr. lat 

venlr. med. 

tr. hypoph.oli!med. 
,/.,,,·"r-.:."•-'-...,":c...-~""' comm.air. internud. 
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FIG. 556. A cross section at the level- of the anterior commissure through the forebrain 
of Monopterus al bus. van de:r Horst. 

comm.olf.internucl., commissura olfactoria internuclearis; ling.lat .epistr., lateral tongue of 
the epistriatum; n.opticus, nervus opti.cus; rcc.praeopt. , recessus preopticus; sulc.lim.tel., 
sulcus limitans telencephali ; sulc.yps., sulcus ypsiliformis; tr.hypo-;,h.olf.med., tractus hypo­
pheosus olfactorius medialis; tr.olf.med.p.lat., tractus olfactorius medialis pars lateralis; 
tr.olf.thal .p.dors., tractus olfacto-thalamicus pars dorsalis ; tr :olf.thal.p.ventr., tractus olfacto­
thalamicus pars ventralis; tr.str.thal., tractus. strio-thalamicus; ventr.lat., ventriculus lat&­
ralis; ventr.med.; ventriculus medialis. 

Figure A-4 
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episrriatum 

Fw. 557. A cross section of the foreorain of Monopterus albus in front o(the 
level of the an_terior commissure. van der Horst. · 

,- sulc.lim.tel., sulcus limitans telencephali; sulc.yps.p.ant., sulcus ypsiliformis pars 
anterior; tr.olf.lat., tractus olfactorius lateralis; tr.olf.med.p;dors., tractus- olfactorius 
medialis pars dorsalis; · tr'.olf.med.p.lat., tractu~ olfactorius medialis pars laterali~; 
tr.olf.med.p.med.,_ tractus olfactorius medialis pa.rs medialis·; ventr.med., ventriculus 
medialis. 

Figure A-5 
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FIG. 558. A cross section of the forebrain of Monopteru.s albUB behind the level of 

the anterior commissure. van der Horst. 
epistriatum ling.post. , posterior tongue of I the epistriatum; n .opt., nervus opticus; · 

nucl.praeopt.p.m., nucleus preopticus pars medialis ; nucl.praeopt.p.p., nucleus preopticUB 
pars posterior; rec.praeopt., recessUB preopticus ; 8Ulc.lim.tel., sulcus limitans telen­
cephali ; 8Ulc.ypsi.p.post ., sulcus ypailiformis pars posterior; tr.hypoth.ol,f.med., tractus 
hypothalamo-olfactorius medialis; tr.olf.med.p.lat., tractus olfactorius medialis pars 
lateralis ; tr.olf.thal.p.dors., tractus olfacto-thalamicus pars dorsalis; tr.ol,f.thal.p.venb'., 
tractus olfacto-thalamicus pars ventralis; tr.str.thal., ,tractus·strio-thalamicua; tr.~ 
tractus taeniae. 

Figure A-6 
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In Repti l es : 

The tel encephalon of repitles is divided into basal 

and pall i a l areas . The basal areas include (1) the 

usual tertiary olfa ctory areas of the ventromedial wall-~ 

the nucleus olfactorius anterior, the septal or para­

olfactory a rea with the associated nucleus of the 

diagonal band of Broca, the comrnissural nuclei, and the 

tuberculurn olfa ctorium; (2) the nucleus basalis (or 

nucleus olfact orius l ateralis) and the amydgaloid complex 

of the .latera l wa l l; and (3) the striatal areas. 

The cephalic end of the septal area begins at 

approximately the s ame level as the beginning of the 

tuberculurn olfactorium but is dorsal to this area. 

Dorsal to the nucleus accumbens is the paraterminal 

body of South (1901), and Goldby (1934) , the paraolfactory 

area of Johnston (1915) and Crosby (1917), or the 

precommissural portion of the septum (Herrick, . 1910; 

Hines, 1923 , Ca irney, 1926; and others). It must be 

remembered, however, that by whichever name this area 

is designated, it is homologous in a general way with 

the paraolfa ctory areas and not with the septum pellucidum 

of higher forms. 
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Sulc. lim. 
Nu.l:i.t. 

pt.i. 

Nu. med.· 
cepti. 

Su~.lat. 

Archiatr. 

Zona 
limitana 
interatr. 

Frn. 572. A cross section through the forebrain of a lizard, Lacerta 
agilis. (Based on figure by de Lange, labeled by Ariens Kappers.) 

Archistr., archistriatum; Cort.dors .Amm.pyr., dorsal cortex (A mmon's 
pyramidal cells); Curtex lat., lateral cortex; Fascia dent., fascia den ta ta·; -
Nu.lat.septi, nucleus latcralis septi; Nu.med.septi, nucleus medialis 
septi; Palaeostr., paleostriatum ; Sulc.lim.,-sulcus limitaris; S-µperpos.lat., 
superpositio Jateralis; Zon2 limitans interstr., zona limitans interstriata. 

•• I ' 

Figure A-7 
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H.p.dm. 

N .h.septalis 

N .septalis lat. 
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N.septalis med 

D.B. 

N.acc. 

FIG. 578. Transverse section through the hemisphere of Alligator mississip­
piensis. Toluidin~blue preparation. Crosby. 

A., alveus; C., differentiated cortex (see text); D.B., diagonal band of Broca;• 
Dl.A ., dorsolateral ·area; Fib.tang., fibrae tangentales; G.C., general cortex; 
H.p.d., hippocampus, pars dorsalis; H.p.dm., bippocampus, pars dorsomedialis; 
Jnterm.l.A., in termediolateral area {probably mesostriatum of Edinger); L.P., 
lobus piriform1s; N.acc., nucleus accumbens; N.d.b., nucleus of diagonal baqd 
of Broca; N .h.septalis, nucleus hippocampo-septalis; N.septalis lat., nucleus 
septalis lateralis; N.seplalis med., nucleus septalis medialis; N.tr.olf.lat., nucleus 
of tractus olfactorius lateralis; • Prim.G.C., primordial general cortex; S.lim. 
hipp., sulcus limitans hippocampi; Vl.A.(dors.part), ventrolateral area (dor­
sal part); Vl.A,(dors.part)(s.c.), ventrolateral area (dorsal part) (small-celled 
oortion). 

Figure A-8 
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This precommissural portion of the septum makes 

its appearance dorsal to the nucleus olfactorius and 

the nucleus ac cumbens, and ventral to the hippocampal 

rep, ion . At these frontal levels it consis t s of scattered 

cells, which soon f orm a somewhat discrete nuclear 

group . Followed cauda l ward, it gradual ly becomes divided 

into a media l and a l ateral portion, separated by the 

pa ssage of fibre bundles. The cell~ of the lateral 

portion become more clearly packed and form the nucleus 

lateralis septi; those of the medial portion fall chiefly 

within the nucleus rnedia lis septi, although a small dorsal 

portion o f the media l area is characterized by a group 

of small cel ls, the nucleus septo-hippocampalis. 

Caudally the nucleus rnedialis septi goes over without 

sharp demarcation into the bed nuclei of the commiss ures. 

Short fibre bundles rela te the basal olfactory 

centers of the medial wall with the overlying cortical 

areas . When the precommissural regions of the septum begin 

to a ppear, many of the bundles s wing medialward near the 

ventral border of the hippocampal cortex and separate 

the hippocampus from the primordium hippocampi and the 

cephalic end of the septal region. Some bundles swing 

directly ventralward into the underlyine; septal region. 

Some penetrate the precommi s s ural septal region and 

separ a te i t i nto medial and lateral portions. Many of 

them are in relation ·· ith t hese nuclei, arising in part 

from their c ells. This svstem of fibres constitutes 
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t he parolfacto-cortica l or septo-cortical and cortico­

s ep tal systems of fibres. Work on various reptiles has 

indica t ed t ha t, in general, bundles arising from the 

l ateral s e pt a l nucl eus pas s to the hippocampal cortex 

while tho se connecting the hippocampal cortex with the 

medi a l septal a rea are l a r gely efferent with respect to 

t he cortica l centers. Cortico-septal bundles swinging 

down fro m the dorsomedial hemisphere wall in~o the pre­

commissura l septal regions become intermingled with the· 

medial forebrain bundle. Whether they join it or whether 

they are ent irely in relation with the precommissural 

s ept a l region is a t present uncertain. Cortico-septal 

bundles are the more lateral bundles of the area. Septo­

cortica l fib r es j oined directly by medial forebrain fibres 

rea ch the dorsomedial hemisphere areas. 

In reptiles the connections laid down in anlagen 

in lower forms are better developed and more directly 

comparable to thoseof mammals. The archipallial region 

or archicortex is connected with the lower diencephalic 

centers by means of a scending fibres from the hypothalamus 

through the medial forebrain bundle s , either with or 

without a synapse in the system. 
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FIG. 583. A transverse section through th.e forebrain of Alligator 
mississippiensis ~ short distanc~ anterior . to the hippocampa] commis­
sure. Crosby. · 

A., alveus; D.B., diagonal band of Broca; Dl.A., dorsolateral area; 
Fib.tang., ti.brae tangentale~; G.C., general cortex; H.p.d., hippocam­
pus, pars dorsalis; H.p.dm., hippocampus, pars dorsomedialis; L.F.B., 
lateral fore brain bundle; L.P., lo bus pirifofmis; 1lf .F.B. +F.L., medial 
fore brain bundle + fornix longus; N .acc., nucleus accumbens; N .d.b., 
nucleus of diagonal band of Broca; N.septalis lat., nucleus septalis 
lateralis; N.septalis med.; nucleus septalis medialis; N.tr.olf.lat., nu­
cleus of tractus olfactorius lateralis; Tr.olf.'laL, tractus olfactorius 
lateralis; Tr.cort.hab.lat.ant. +vent.olf.proj.tr., tract us cortico-habenu­
laris lateralis anterior .+ ventral olfactory projection tract. 

Figure A..-9 
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In Birds : 

68 

~ith the de crea se in i mportance of the olfactory 

component s in many bi rds , the septal area is considerably 

reduced a nd i s rl i f fic ult to analyse. It makes its a ppear-

ance a s s cattered cel ls a long t he medial ventricular 

wa ll. These gradually increas e in amount and ultimately 

f orm a well-developed nuclear ma s s. This nuclear mass 

is not sharply distinguishable at these levels from the 

nucleus accumbens laterally and is directly continuous 

ventromedially with the nucleus of the diagonal band 

of Broca. This nucleus of the diagonal band is infiltrated 

with layer cells which extend along the medial side and 

into relation wi t h the septo-mesencephalic tract. It is 

comparable with the nucleus of the same name described 

for reptiles. Gradually , in the septal area in the sparrow, 

the medial and lateral septal nuclei become visible. The 

medial septal nucleus is comparable with the nucleus of the 

same name in the humming bird. It is a more or less round 

or oval cell mass in the sparrow, which continues caudalward 

dorsal to t he bed nucleus of the commissures. Near the 

caudal end of the anterior cornmissure the medial septal 

nucleus becomes continuous with the bed nucleus of the 

pallaial comffi issure. The lateral septal nucleus becomes 

larger as it is followed caudalward, but decreases as the 

diencephalic levels are approached, and disappears near 

t he l evel of the interventricular foramen. Medial and 
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FIG. 594. A and B. A, trnnsvNse se1•tion through cephalic end of forebrain of sparrow. Toluidin 
hlue prepnrnt ion; B,. t rnnsverse sect ion t>f for<'hrnin of sparrow through the level of the optic c_hiasma 
Toluiclin-hJ.ue preparation. l/11bcr and Crnsby. · . 

"· n rliflerentillted portion of hyprrstriatum ::i.ccessorium; a.sept., area septalis; · ch .op., <: hiasm. 
optil'um; d.l.,<.a ., dorsolat<'ral surface area (corticoid); · ektoslr., ectost riatum; f .11rohyperstr ., fissur: 
nPn~y J')<'rs t riat il'n; f.n ro pa/ros/r., fi ssura nrop::i.lcostriatica; gr.n., group a of Rothig; hip., hippocampu 
pa rs rncdinlis ; hy, hippo<"nmpus pnrs dorsalis; hypers/r.acc., hypcrstriatum accessorium ; hypcrslr.dor:s 
hy p<' r8t rint11m dorsnle ; hywr,<lr .rr11l .dor.<.1·r11I ., hyprrstriatum vcntrale dorsoventrale; hyprrslr.t-cr1/ .1•en 
rr 11t ., hypcrstria tum ventral<' vcn t rov!'ntrale; i11tcrc.c.l. supr., intercalated cells of lamina frontali 
MuprPm:i; l.f.b., lnt<'rai forPhrain hundl<'; l.h!lprrslr.(tr.fr .oc.), lamina hyperstriatica (tract us frontc 
<H'<"ipitalis); l .. mrd.dors., lamina mcd11ll11 ris clorsnlis; l., ·rnl, , la tend ventricle; lat.1•cnt .prrivent., laterc 
VPnt ral pcriventri r ular gray; 111rrl.clors.perii·r11t ., mediodors::i.l pl'rivcntricular gray ; 11.accum.p.posl 
n, wl<'us nrcu.mh!'ns pa rs posterior; n.lurii ., nucleus basalis; 11 1 area of fusion of the intercalated cell 
of lamina frontalis Ht1pr<'ma with nucleus intcrr.alutus hyJ>erstrin ti ; 11.d.b.Br., nucleus of the diagons 
hand nf I3rocn; 11.i11trrcnl.hyprrs/r., nucleus intercalntus hypcrstrinti; n.lat.ant., nucleus lat eralis an 
tcrior; n.1w1u11orcll .i11/s., nucl!'us mn)l:nocellulnris interstitinlia ; n.preopt.lat., nucleus prcopticus lat e 
raJj11 ; n.prcopl.111 rri ., nul'ieus preoptirus medinlis; n .sept.lat., nucleus scptalis latcrnlis ~ n.upt .mcd 
n11,· leus sept nlis medinlis; 11.tr.fr.archi.,tr., nucleus trnctus fronto-archistriatici et ncostriatici 
1,rostr.fr ., ncost rint um front ole ; neo.,tr .i11tcrmcd., ncostriatum intcrmediale; p, primordium hippo 
campi of· Johnston; • P"lco,,tr .n11(l., pnleostriatum augmentatum; paleoslr.prim., P,lllcostri~tum pri 
mit ivum; 11 . sickle-shaped area in hypcrst r iat um ventrale; &lr.ceU.int., stratum cellulare mte~um 
tr.fr .arch ., tractus fronto-archistriaticus et neostriaticus; 11'.atpl.mu., tractua aepto-meaencephalicua 
z, area x (see text). · 

Figure A-10 
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l atera l septRl nucl ei are be t t er developed in the dove 

nnd the duck than in the ~arrakeet and the sparrow . In 

the kiwi , the medial a nd l ateral s eptal nuclei are comparable 

to those described for Sphenodon (reptiles). Broadmann ' s 

(1909) classifi cation of cortex regards the septum 

(pelluci dum ) and the area piriformis Rose as cortical in birds. 

In birds there are a series of connections between 

the septal areas and other basal regions of the medial 

telencephalic wall and the overlying hippocampus. These 

may be termed the tractus septo-corticalis and the tractus 

cortico-septalis. They are homologous in relations and 

connections with t he similarily designated tracts in 

reptiles, but are smaller. From the septal region, 

bundles j oini n8 the lat eral forebrain tract and accompanying 

it to the preoptic and hypothalamic regions are reminiscent 

o f similar fascicules in the reptiles to which the name 

of medial forebrain bundle is applied. 

The tractus septo-mesencephalicus or cortico-septo­

mesencephalicus connects the □edial hemisphere wall with 

the ventrola teral hemis phere wall, with the diencephalic 

regions, and per haps with the mesencephalic regions. 

The bundle in spite of its usual name of septo-mesen­

cephalic tra ct, arises partly from the accessory hyper­

strjatal regions and the associat ed regions in the 

cephalic end of the dorsal hemisphere wall and perhaps 

might better be c a lled the tractus cortico- septo-
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me sencephalicus . The bundles swing ventralward and 

somewhat c~uda lward and run toward the ventro medial 

surfa ce of the brain . ~hey a r e j oined by fibres from 

other areas and pass , as a relatively compact fibre 

moss , throu~h the septal area where they are undoubtedly 

joinen by fibre bundle s . The tract takes up a position 

medial to the medial forebrain bundle in such a way that 

the latter system lies in the angle made by the lateral 

septo-mesencephal ic tract. In this region the ramus basalis 

frontalis of Walle~E~.E.6 is r, iven off and it passes to the 

basal lat eral wa ll of the hemisphere. It is homologous 

with the diae onal band of reptiles which forms a connection 

between the hippocampal rer, ion and the amygdaloid complex. 

The major mass of the septo-mesencephalic tract then 

swings dorsalward as the dorsal ramus, in a position 
/ --

lateral to the lateral forebrain bundle and dorsal to the 

optic tract~ The t hird division of the septo-mesencephalic 

tract is the ramus baslais caudalis. This runs caudalward 

i n close relation t o the ventral peduncle of the lateral 

forebrain bundle and lateral to the tractus infundibuli. 

It a ppears to terminate in the hypothalamic regions and 

it is probably a part of the forni~ longus. 

The tra ctus cortico-habenularis and the tra ctus 

septo-habenularis ar e part of the stria medullaris of birds 

as a lso occurs in reptiles. These two tracts come from 
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the dorsalmedial wall (in small part), from the septal 

areas and the region of the bed nuclei of the commissures 

respectively to the stria medullaris. Another part of 

the stria medullaris in birds, as i n reptiles, is the 

tractus archistriatico-habenularis et precommissuralis. 

This comes from the amygdaloid nucleus passing directly 

rnedia lward, dorsal to the stria terminalis, and then 

distributing i n part to the septal region and, in smaller 

part, to the stria medullaris. 

The hippocampus proper in birds varies with the degree 

of differentiation of the olfactory system of the bird. 

The l a teral f orebrain bundle shows a marked increase 

in differentiation and the cortico-septo-mesencephalic 

s ystem is l arge. The stria medullar~s is, however, much 

reduced. 

In Mammals: 

Ariens Ka ppers, Huber and Crosby (1960) suggest that 

the septal reEions, as the name, is applied at present, 

does not have reference, f or the most part, to the septum 

pellucidum, but includes the basal gray from the region 

of the anterior commissure and i ts bed nuclei forward 

to the caudal end of the nucleus olfactorius anterior, 

between the overlying hippocampal areas and the under­

ly ing tuberculum olfactoriurn and nucleus accumbens . This 

region includes the gyrus subcallosal and the area parol­

factoria as applied to human anatomy, and it has been 
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termed the precommissural a rea by Elliot Smith (1896 , 

1897, 1899, and 1902). In marsupials, it has been c a lled 

t he fas ciculus annularis anterior. It is fre quently s poken 

of as the pr ecommissural portion of the s eptum, with the 

unders t anding that t he word "septum" carries no significance 

excepting a s the name of a r eeion. 

In eeneral , in mammals the medial and lateral septal 

nuclei occupy the major portions of the area in front of 

the commissure. Their relations are essentially those 

des cribed for the similarily named nuclei in reptiles. 

~he medial nucleus is believed to send fibres f rom the 

medial fore brain bundle. The lateral nucleus is efferent 

with respect to the hippocampal cortex and, in part, 

to t he hemis phere, for it receives cortico-septal fibres, 

and it contributes fibres to the medial forebrain bundle 

and to the septo-tubercular tract. 

As the level of the commissures is approached, the 

medial septal nucl eus becomes more or less continuous 

with a bundle of sca ttered cells and fibres which swing 

ventralward and lateralward toward the lateral wall of 

the hemis phere. This is the nucleus of the diagonal 

band of Broca and its associated tract. In addition 

to these generally recognized nuclei of the septal region, 

certa i n small er nuclear masses have been described. In 

the opossum Loo (1931) recognized a nucleus septalis 

dorsalis , dorsal and medial to the caudal part of the 
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medial s epta l nuc l eus , wh ich contributes a bundle of 

fi bres to the trnctus para commisura lis. 
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Along t he course of the fibres of the hippocampal 

comrnissure and bounding it, are cells which form a bed 

nucleus of the hippo campal comrnis sure. These constitute 

the nucleus sept a lis trianeularis of Loo (1931) for 

marsupials, the triangular nucleus of Ramon y Cajal 

( 1911) for the mous e, and the bed nucleus of the hippo­

campa l commissure of Gurdjian (1927) for the rat. Hines 

(1923) has described these in the developing telencephalon 

of man . 

As the lateral septal nucleus is continued caudal­

ward above the level of t he commissures it is termed 

either the nucleus of the septum or, sometimes, the 

nucleus septo-fibrialis (Loo, 1931). This cell mass 

receives fibres from the finbria (tractus cortico­

septalis). It gives rise to a septo-habenula~ tract, 

together with the bed nuclei of the commissures. This 

post commissural part of the septum undergoes certain 

marked chanees in passing from marsupials to higher 

mammals and man. These changes are associa t ed with the 

a ppearance and rapid increase in size of the corpus 

callosum in pas sing to higher mammals. This growth 

of the corpus callosum result s in a drawing out forward 

and a thinnine out of the septum, and the formation, 

finally, of a septum pellucidum. The septa of the two 
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sides may be f ully fused t ogether or a smaller space 

may be left between them . This interseptal space is 

desi r,na ted the ventriculus of cavum septi pellucidi. 
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Various theories are current wi th regard to the 

presence of a cavum septi pe llucidi in various mammals 

end its possible rela t ions to the intracerebral or grea t 

horizontal fissure. While it is often termed the fifth 

ventricle, it is not ependymal lined and in normal 

brains has no connection ontogentically or phylogentically 

with the brain ventricular system. Elliot Smith (1896) 

regarded it as f ormed early in the higher microsoma t ic 

anim~ls as a small space or recess, which is in connection 

with the great horizonta l fissure and which is bounded 

a bove by the corpus callosum, laterally by the laminae 

of the sept a, and behind and below by the fornix columns. 

Two factors that Elliot Smith (1896) termed as causative 

in the formation of the cavum septi pellucidi are (1) 

the progressive and rela t ively rapid increase phylo­

genetically of the corpus callosum (2) the decrease of 

the comrnissura l bed in certa in higher mammals such as 

man , with a dimin~tion of the relative importance of the 

olfactory impulses. He also thought that the stretching 

of the t hickened mass of the lamina terminali$ by the 

extending arch of the dorsal commissure produces the 

septum pellucidum. 
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Ot hers have r eear ded the decrease in the hippo­

campa l co rrnr1 i ssure, which a llows the lateral pull of the 

l a ter~l elements of the f ornix to be exerted upon the 

se tum pellucidum during ontogeny as an important f a ctor 

in the development of the cavum septi pellucidi. 

Maclaren Thompson (1932) and others have condluded 

that the septum is solid and the cavum is absent in 

marsupials , monotremes, and in mol es. It appears to 

be absent also in certain edenta tes, although it is 

present in the sloth. It is usually present in ungulates, 

such as the sheep, calf , bull and horse. There is some 

disagreement regarding the presence of a cavum in the 

rabbit and the dog. The cavum has been described in 

~arious primates and is gener&lly recognize~ in man. 

~aclaren Thompson also concluded that the cavum is 

open in certain mammals such as the cat and closed in 

others, including the chimpanzee and man. He presented 

a "kiphyletic theory" of the evolutionary development of 

the cavum. He believed that the open cavum of forms 

such a 3 the cat developed phylogentically from the 

"primitive mammalian sol id septum"; that from the same 

primitive septum, by way of the solid septum of insect­

ivores, developed phylogentically the "primitive Primate 

open cavum 11 and that later this became the closed septum 

of hicher primates. While there appears to be rather 

genera l a greement that in man the cavum septi pellucidi 
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is closed, there is still a difference of opinion as 

to whether it developed as a close space (Hochstetter, 

1919) or become closed se condari ly by the erowth of the 

rostrum of. the corpus cal losum (Goldstein, 1903 and others). 

Hochsteter states that the cavum arose by interstital 

cleavage within the laina terrninalis. 

~he septal area may be regarded, then, as (1) 

a basal center concerned in the correlation of olfactory 

impulses with ascending visceral or hypothalamic impulses 

and their discharge to the hippocampus and to the 

habenual, and (2) as an important way station between 

overlying hippocampal regions and the preoptic and 

hypothalamic areas. 
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Figure A-11 
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Footnote 

1. The diagrams employed in this appendix were 

reproduced from Ariens Kappers , Huber, and Crosby, (1936) 

with permission of the publisher. 
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Appendix B 

BEHAVI ORAL STUDI ES OF THE SEPTAL AREA 

Historically, little study was directed toward the 

role of the limbic system in emotional behavior until 

t he early 192O's. Herrick's (1933) suggestion tha t 

r hinencepha lic structures were involved in behavioral 

ma t t er s wa s further substantiated by Papez (1937) and 

Kluver and Bucy (1939). While Papez was concerned with 

a neural substrate for "emotion", KlUver and Bucy emphasized 

the behavioral modifica tions which resulted from lesions 

of vRrious rhinencephalic structures. 

Interes t in the behavioral role played by the limbic 

system expanded greatly in the 195O's. It soon became 

obvious that this area was concerned with more complex 

f unctions than only olfaction (Pribram and Krueer, 19,54-). 

One area tha t ha s received much a ttention is the septal 

ar ea which is "rostra l and anterior to the anterior 

commissure and within the near margin of the corpus 

ca l l osum" ( Powell, 1963). Of particualr interest to 

t his paper are t he e f fects produced by lesions of this 

ar ea in the r a t. P.esearch has produced many findings 

which may be summarized as follows: 

a. the sept a l syndrome: 

(1) t he transfor ma t ion of docile laboratory r ats 

i nto vicious a nima ls tha t readily attack objects br ought 

i nto their envirbnment and vigorously resist atte~pts 
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to handle them ( Brady and Nauta, 1953, and 1955); 

(2) sustained states of hyperemotionality with 

simultaneously prepared spetal-neocoDtical le s ions (Clark, 

Meyer , Meyer, a nd Yutzey, 1967; Yutzey, 1967; Yutzey, 

Meyer , and Meyer , 1964); 

(3) increas ed aBgres siveness (Bunnell, Bemporad, 

and Flesher , 1966), shock induced fighting behavior 

( Wetzel, Conner, and Levine, 1967) and social dominance 

behavior (Bunnell ~t al., 1966); 

b. metabolic chanr es: 

(1) increased water cons umption following septal 

l es ions (Donovick and Burright, 1968; Harvey and Hunt, 

1965; Harvey, Lints, Jacobsen, and Hunt, 1965; Pizzi 

and Lorens, 1967; Singh and Meyer, 1968) which is 

independent of a response inhibition mechanism (Car~y, 

1967 b); 

(2) increased s odium chloride intake (Lubar, Boyce, 

and 3chaeffer, 1968; Vilar, Gentil~ and Covian, 1967); 

(3) enhanced reactivity to quinine and saccharine 

solutions ( Beatty and Schwart zbaum, 1967); 

(4) finicky behavior when und~r food and water 

deprivat ion (Singh and Meyer, 1963); 

(5) increased licking for a sucrose solution which 

is independent of deprivation conditions and sucrose 

concentrations (Beatty and Schwartzbaum, 1968) ; 

(6) increased food intake (Reynolds, 1961; Singh 

a nd Meyer, 1968) and aphagia depending upon the anatomical 
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locus of the les ion (Reynolds, 1961); 

(7) a decrease in activity level (Clody and Carlton, 

1969; Douglas and Raphelson, 1966 b~ · Garber, 1966; 

Kenyon, 1962; Neilson, Mciver, and Boswell, 1965); 

c. chemical changes: 

(1) depression of hyperirritability and activity 

following septal lesions by the use of various drugs 

(Horovitz, Furgiuele, Brannick, Burke, and Craver, 

1963; Prich and Norton, 1965; and Raitt, Nelson, and 

Tye, 1963); 

(2) increased sleeping time with injections of 

thiopental sodium or barbital (Heller, Harvey, Hunt, 

and Roth, 1960); 

(3) greater sensitivity to the behavioral effects 

of meprobama t e; alcohol, and mephenesin (Hunt, 1957); 

d. perseverative behavior: 

(1) decreas ed spontaneous .alternation behavior 

(Douglas and Raphelson, 1966 a) and decreased alternation 

in a T-maze (Simmons, 1965); 

(2) deficit in position reversal (Thomspon and 

Langer, 1963) and impaired reversal on a spatial 

discrimination taks (Schwartzbaum and Donovick, 1968); 

(3) i mpaired performance on delayed reinforcement 

schedules ( Burkett and Bunnell, 1966; Carey, 1967 c7; : 

Ellen, Wilson, and Powell, 1964; and Simmons, 1965) which 

may be dependent upon training method employed or the 

specifi·c delay interval required for reinforcement 
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( Capl an and Stamm , 1967); 

(4) a genera l inability to suppress pre f erred responses 

( Wino cur and Mi lls, 1969) and over-responding to a positive 

reinforcement (Ellen and Powell, 1962; Pubols, 1966; 

and Schwartzbaum, Kelli cutt, Spieth, and Thompson, 1964); 

(5) abolition of lever pressing to escape an aversive 

noise stimulus but no interference with acquisition or 

retention of lever pressing for food reward until the same 

noise is used as a discrimination stimulus (Tracy and 

Harrison, 1956); 

(6) deficiency in the acquisition of a conditioned 

suppression of activity (Trafton, 1967); 

e. active and pas s ive avoidance behavior; 

(1) rapid acquisition of a two-way avoidance response 

(Garber, 1966; King, 1958; Schwartzbaum, Green, Beatty, 

and Thompson, 1967; Trafton, 1967; Vanderwolf, 1964) which 

independent of the septal syndrome (Kenyon, 1962, Krieck­

haus, Simmons, Thomas, and Kenyon, 1964); associated with 

increased intertrial activity (Green, Beatty and Schwartz­

baum, 1967)-; and which may be reporduced with small 

(Kenyon, 1962) or unilateral lesions (Green and Schwartz­

baum, 1968; Kenyon and Krieckhaus, 1965 a); 

(2) i mpaired one-way avoidance (Kenyon, 1962, Kenyon 

and Krieckhaus, 1965 b) and decrements in passive 

avoidance behavior following septal lesions Harvey et al., 

1965; Kaada, Rasmussen, Wulff, and Kveim, 1962; Neilson, 

Mciver, and Boswell, 1965; McNew and Thompson, 1966; 
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and Schwartzbaum and Spieth, 1964); 

f . amygdaloid les ions block the hyperreactivity to 

stimulation and reverse the depression in open-field 

octivity but do not counteract septal impairment in response 

inhibition expr essed in F . I . performance ( Schwartzbaum and 

Gay, 1966); 

g . enhanced reactivity to photic stimuli by bilateral 

( Green, Beatty , and Schwartzbaum, 1967) and unilateral 

lesions ( Green and Schwartzbaum, 1968); 

h. increas ed resistance to response extinction (Carey, 

1967 a; Clody and Carlton, 1969; Van Hoesen, MacDougall, 

and Mitchell, 1969; La Vaque, 1966) but poor retention of 

a pre-operatively acquired response (Carey, 1967 a; Harvey 

et al., 1965); 

i. increased exploratory behavior (Neilson et al., 

1965; Thomas et al., 1959); 

j. contradictory findgs ; 

(1) impaired retention of a C.E . R. in septal rats 

( Brady and Nauta , 1953 ) versus no impairment of C.E.R. 

in septal rats (Lyon and Harrison, 1959); 

(2) i mpairment of D.R.L. performance (Wilson et al., 

1964; Simmons, 1965) versus no i mpairment of D.R.L. 

performance ( Harvey and Hunt, 1965); 

(3) increased water consumpt ion in septal rats 

(Harvey and Hunt, 196~; Harvey et a l., 1956) versus no 

increas e in water consumption (Kaada et al., 1962); 

(4) the presence of rage behavior (Brady and 
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Nauta , 1953 ; 1955 ) vers us l a ck of r aee behavior (Har r i s on 

and Lyon , 1957) ; 

(5) i ncreas ed f ood i nt ake (Sineh and Meyer, 1968 ) 

versus f ood i ntake which i s only transiently affected 

( Pizzi and Lorens , 1967); 

(6) i mpaired reversal on a spatial discrimination 

task ( Schwartzbaum and Donovick, 1968 ) versus no i mpairment 

of performan ce on reversals of a spatial discrimination 

with unila tera l l es ions (Green and Schwartzbaum, 1968); 

(7) facilit a ted t wo-way avoidance performance 

(King , 1958 ; 0 chwartzbaum, Green, Bea tty and Thompson, 

1967) versus i nterf eren ce with an active avoidance 

r es pons e (McNew and Thompson, 1966) and no difference 

f rom cont rol rats in a cquisition of a two-way avoidance 

r esnons e (La Va que, 1966). Garber and Simmons (1968) 

have shown s imultaneous l y i mpaired and facilitated C.A.R. 

performance in sept a l r a ts using a two-way s huttle-box 

in which ea ch side wa s associated with different shock 

l eve ls . 

These f indings, which are not entirely consistent 

have been expl ained by a number of t heories, among which 

ar e (1) hyperemotiona l i t y , (2) hyperactivity, (3) altered 

rea ct ivity t o the moti va tional aspects of stimuli, and 

(4) l ack of inhibitor y motor control i.e. perseveration 

of a res ponse . There is no one theory that explains all 

of the findings a s sociated with septal lesions. 



Schnurr 89 

Re fe r ences 

Eeatty , ~ . ~ . and Dchwartzbau~ , J. S . Enhanced r eactivity 

to quinine anCT saccharine solutions following septal 

lesions in the r a t . Psychon . Sc., 1967, 8, 483-

484 . 

Beatty, W. W., and Schwartzbaum, J. S. Consummatory 

behavior for sucrose following septal lesions in 

the rat. J. Comp. Physiol. Psychol., 1968, 65, 

93-102. 

Brady, lT. V. , and Nau ta, i•.' . -:-:J. H. Subcortical mechanisms 

in emotional behavior: affective changes following 

septal f orebr ain lesions in the albino rat. J. Comp. 

Physiol . Psychol., 1953, 56, 339-346. 

Brady, J. V., and Nauta, W. J. H. Subcortical mechanisms 

in emotional behavior: the duration of affective 

changes following septal and habenular lesions 

in the albino r at . J. Comp. Physiol. Psychob., 

1955, 48, 412-420. 

Bunnell, B. N., Bemporad, J. R., and Flesher, C. K. 

Septal f orebrain lesions and social dominance 

behavior in the hooded rat. Psychon. Sc., 1966, 

6, 207-208. 

Burkett, E. E., and Bunnell, B. N. Septal lesions and 

the retention of DRL performance in the r a t. 

J . Comp. Physiol. Pscyhol., 1966, 62, 468-471. 



Schnurr 90 

Ca rey , R. J . A r etention loss following s eptal a blations 

in the rat . Psychon . Sc., 1967a, 7, 307-308. ~-----
Car ey , R. J . I ndependenc e of effec t s of septal abla tions 

on wat er intake and response inhibition. Psychon. 

Sc., 1967b , 3- 4 . 

Capl an, J . and St am , J . DRL ac quisition in r a t s with 

septql les ions. Psychon. Sc., 1967, 8, 5-6. 

Clark, S. M., Meyer, P. M., Meyer, D.R., and Yutzey, D. A. 

Emotionality changes following septal and neocortical 

ablations i n the albino r a t. Psychon~ Sc., 1967, 

8, 125-126 . 

Clody, D. E., and Carlton, P. I. Behavioral effects 

of les ions of t he medial septum of rats . J. Cornn. 

Physiol. Psycho l ., 1969, 67, 344-351. 

Donovick, P. J. and Burright, R. G. Water consumption 

of rats with septal lesions following two days 

of water depriva tion. Physiol. Behav., 1968, 3, 

285-288. 

Douglas, R. J. and Raphelson, A. C. Spontaneous a lternation 

ans sept~l les ions . J. Comp. Physiol. Psychol., 

1966a, 62, 320~322. 

Douglas, R. L. and Raphelson, A. C. Septal lesions and 

activity. J. Comp. Physiol. Psychol., 1966b, 62, 

465-467. 



Schnurr 91 

Ellen, P. and Powell, E . W. Effects of septal lesions 

of behavior generGted by positive reinforcement. 

Exp. Neural ., 1962, 6, 1-11. 

Ellen, P., Wilsqn, E. W., and Powell, E.W. Septal 

inhibition and timing behavior in the rat. 

Exp. Neura l., 1964, 10, 120-132. 

Garber, E. E. Septal lesions in rats decrease activity 

and facilitate two-way avoidance perofmrnace. 

Unpublished master's thesis, Cornell University, 

1966. 

Garber, E. E., Ellen, E., and Simmons, H. J. Facilitation 

of 2-way avoidance performance by septal lesions . 

~omp. Phvsiol. Psychol., 196$, 66, 559-562. 

Green, R. H., Beatty, W. W., and Schwartzbaum, J. S. 

Comparative effects of septo-hippocampal and 

caudate lesions on avoidance behavior in . rats. 

J. Comp. Physiol. Psychol., 1967, 64, 444-452. 

Green, R. H., and Schwartzbaum, J. S . Effects of unilateral 

septal lesions on avoidance behavior, discrimin-

ation reversal, and hippocampal EEG. J. Comp. 

Physiol. Psychol., 1968, 65, 388-396. 

Harrison, J. M., and Lyon, M. The role of the septal 

nuclei and components of the ; fornix · '. in ' ·the· behavior 

of the rat. J. Comp. Neur., 1957, 108. 121-138:. 



Schnurr 92 

Harvey, J. A., and Hunt, H.F . Effect of septal lesions 

on thirst in the rat as indicated by water consumption 

and oper ant responding for water reward . J. Comp . 

Phys iol. Psychol., 1965, 59 , 49-56. 

Harvey , J. A., Lints, C. E., Jacobson, L. E . , and Hunt, H.F . 

Effects of les ions in the septal area on conditioned 

f ear and discriminated ins trumental punj~hment in 

the albino rat. J . Comp. Physiol. Psychol., 1965, 

59, 37-48. 

Heller, A., Harvey, J. A., Hunt, H.F., and Roth, L. J. 

Effect of les ions in the septal forebrain of the 

rat on sleeping time under barbiturate. Science, 

1960, 131, 663-663. 

Herrick, C. J. The functions of the olfactory parts 

of the cerebral cortex. Proc . Nat. Acad , Sci, U.S., 

1933, 19, 7-14. In McCleary, 1966. 

Horovitz, A. P ., Furgiuele, A. R., Brannick, L. J., Burke, 

J. C., and Craver, B. N. A new chemical structure 

with specific depres sant effects on th_e amygdala and 

on the hyperirritability of the "septal rat". 

Nature, 1963, 200, 369- 370. 

Hunt, H.F. Some effects of meprobamate on conditioned 

fear and emotional behavior. Ann . N. Y. Acad. Sci., 

1957, 67, 712 ,- 722. 

Kaada, B. R. , Rasmussen, E. vJ. , and Kveim, 0. Impai red 

acquisition of passive avoidance behavior by 



Schnurr 93 

subcall osal, septal , hypothalamic , and insular lesions 

in r ats . J . Comp. Physiol . Psvchol., 1962, 55, 

661-670 . 

Kenyon , J. The e ffe cts of septal lesions upon motivated 

behavior in the rat . Unpublished doctoral 

dissertation, McGill University, 1962. 

Kenyon, J. and Kri eckhaus, E. E . Enhanced avoidance 

behavior following septal le s ions in the rat as 

a function of lesion s ize and s pontaneous activity . 

J . Comp . Physiol. Psy cbol ., 1965, 59, 466-468. (a~• 

Kenyon, J. and Krie ckhaus, E. E . Decrements in one-way 

avoidance learning followine septal lesions in 

rats. Psycbn. Sc. t 1965, 39-40. (b) 

King , F . A. Effects of septal and amygdaloid lesions 

on emotional behavior and conditioned avoidance 

responses in the rat . J. Nerv . Ment. Dis., 1958, 

126, 57-63. 

Kluver, H., and Bucy, P. C. Preliminary analysis of 

functions of the temporal lobes in monkeys. Arch. 

Neurol. Psychiat ., Chicago 42, 979~1000. In 

McCleary, 1966. 

Krieckhaus , E. E., Si mmons , H. J . , Thoma s, G. J., and 

Kenyon, J. Septal lesions enhance shock avoidance 

behavior in the rat. Experimental Neurology, 

1964 , 9, 107-113. 



Schnurr 94 

Lubar, J . F ., Boyce, B. A., and Schaefer, C. F. 

Etiology of polydipsia and polyuria in rats with 

septal lesions. Physiol. Behav., 1968, 3, 289-292. 

Lyon, M., and Harrison, J. M. The effects of certain 

neural lesions in the r at on the reaction to a 

noxious stimulus. II. Septal nuclei and fornix 

components. !L_g~~E· Neurol., 1959, 111, 115-i32. 

McCleary, R. A. Response-modulating functions of the 

limbic sy~tem: Initiation and suppression. In 

Stellar, E., and Sprague, J.M. (Eds.) Progress in 

Physiological Psycholo~, Vol. 1. New York: 

Academic Press, 1966, 209-272. 

McNew, J. J., and Thompson, R. Role of the limbic system 

in active and passive avoidance conditioning in 

the r a t. J. Comp. -Physiol. Psychol., 1966, 61, 

173-180. 

Neilson, H. C., Mciver, A. H. and Boswell, R. S. 

Effect of septal lesions on Qearning, emotionality, 

activity, and exploratory behavior in rats. Exp. 

Neurol., 1965, 11, 147-157-

Papez, J. W. A proposed mechanism of emotion. A.M.A. 

Arch. Neurol. Psychiat., 1937, 38, 725-743. In 

McCleary, 1966. 

Pirch, J. H., and Norton, S . Beta-phenylisoproply­

hydrazine (JB~516) on septal hyperirritability and 

brain amine levels in the rat. 



C'chnurr 95 

~~y_£hopharrna col6gia , 1965, 8 , 181-190. 

Pizzi, v. J . a nd Lorens , S . A. Effe cts of lesions in 

the arnydgalo- hippocampo-septal system on food and 

water intak e in the rat . Psychon . Sc ., 1967, 7, 

187-183 . 

Powell, E. W. Septal efferents revealed by ·aconal 

degeneration in the rat. Experimental Neurology, 

1963, 8 , 406-422 . 

Pribram , K. H., and Krue;er, L. Functions of the "olfactory 

brain". Ann. N.Y. Acad . Sci., 1954,. 58, 109-138. 

In McCleary, 1966 . 

Pubol s , L. M. Changes in food- motivated behavior of 

rats as a function of septal and amydgaloid lesions. 

Expl . Neural. 1966 , 15; 240~245. 

Raitt, J. R., Nelson, J. W., and Tye, A. Effects of 

chloroproma zine on septal hyperactivity in the rat. 

Brit . J . Pharmacol. and Chemother., 1963, 17, ~73-

478 . 

Reynolds, D. V. A preliminary study of changes in food 

consumption fol~owing lesions in the septum and 

tegmentum in the albino rat. Unpublished doctoral 

dissertation, Stanford University, 1961. 

Schwartzbaum, J. S ., and Donovick, P. J. Discrimination 

reversal and spatial alternation associated with 

s eptal and caudate dysfunction in rats. J. Comp. 

Physiol . Psychol ., 1968, 65, 83-92. 



Schnurr 96 

Schwar tzbaum , J. fi ., and Gay, P. E. Interacting behavioral 

effects of septal and amygdaloid lesions in the rat. 

J . Comp . Physiol. Psycho!., 1966, 61, 59-65. 

Schwartzbaum, J. S., Green, R. H., Beatty, W. w., and 

Thompson , J. G. Acquisition of avoidance behavior 
• 

following septa l lesions in the rat. J. Comp. 

Ph~siol. Psychol., 1967, 63, 95-104. 
l:..--

Schwartzbaum, J. S., Kellicutt, M. H., Spieth, T. M., 

and Thompson, J. S. Effects of septal les ions 

in rats on response inhibition associated with 

food-reinforced behavior. J. Comp. Physiol. 

Psychol., 1964, 58, 217-224. 

Schwartzbaum, J. S., and Spieth, T. M. Analysis of the 

response-inhibition concept of septal functions in 

"passive-avoidance" behavior. Psychon. Sc., 1964, 

1, 145-146. 

Simmons, H. J. Septal lesions in rats impair DRL-5 

performance and decrease alternation in a T-maze. 

Unpublished doctoral dissertation, University of 

Illinois, 1965. 

Singh, D. and Meyer, D. R. Eating and drinking by 

rats with lesions of the septum and the ventromedial 

hypothalamus. J. Comp. Physiol. Psychol., 1968, 

65, 163-166. 



Schnurr 97 

Thomas , G. J., Moore , R. Y., Harvey , J. A., and Hunt , 

H. F . Relations be t we en the septa l region of the 

forebrain a nd maze learning of the rat. J. Comp. 

~hysiol . Psychol., 1959, 52, 527-532. 

Thompson, R. and Langer, S . K. Defecits in position 

reversal learning following lesions of the limbic 

system. J. Comp. Physiol. Psychol., 1963, 56, 

987-995. 

Tracy, w. H., and Harrison, J.M. Aversive behavior 

following lesions of the septal region of the fore­

,, brain in the rat. Amer. J. Psychol., 1956, 69, 443-

447. 

Trafton, C. L. Effects of lesions in the septal area and 

cingulate cortical areas on conitioned suppression 

of activity and avoidance behavior in rats. 

J. Comp . · Physiol. Psychol., 1967, 63, 191-197. 

Vanderwold, C.H. Effect of combined medial thalamic 

and septal les ions on active.-avoidance behavior. 

J. Comp. Physiol. Psvchol., 1964, 58, 31-37 ■ 

La Vaque, T. J. Conditioned avoidance response presever­

ation in septal rats during massed extinction. 

Psychon. Sc., 1966, 5, 409-410. 

Vilar, A. N., Gentil, C. G., and Covian, M. R. Alterations _· 

in sodium chloride and water intake after septal 

les ions in the r a t. Physiol. Behav., 1967, 2, 167-170. 



Schnurr 98 

Wetzel , A. B., Conner , R. L., and Levine, S . Shock­

induced f i ghting in septal-lesioned rat s . Psych£~· 

Sc. 1967 , 9, 133- 134. 

Winocur , G. , and Mills, J . A. Hippocampus and septum 

in res ponse inhibition. J . Comp . Physiol . Psycho l ., 

1969, 67, 352-357 . 

Yutzey, D . . A., Meyer, P . M., and Meyer, D.R. Emotionality · 

changes following septal and neocortical ablation 

in rats . J. Comp. Physiol. Psychol., 1964, 58, 

463-465. 



Schnurr 

Appendix C 

PROCEDURAL DETAILS 

99 

Subj~cts. All subjects were housed in individual 

cages with free access to food and water at all times. 

Sur gica l procedures. Surgery was performed under 

deep ether anesthesia. By means of earpins, which 

usually broke the subjects' eardrums, and by means of 

a tooth clamp, the subjects heads were positioned in 

a sterotaxic instrument so that the skull in the region 

of bregma and lambda were at the same vertical co­

ordinates. After making a midline scalpel incision and 

exposing the skull, scalpel blades were used to make two 

bilaterally symetric holes in the skull 0.5 mm. lateral 

to the midline. The co-ordinates used for the various 

lesion placements were: anterior: 1.8 mm. and 2.0 

mm. anterior to bregma; central: 0.8 mm. anterior to 

bregma; and pasterior: Q.0 anterior to bregma. The 

electrode was inserted to a deuth of 5.5 mm. below the 

surface of the skull at each anterior and central septal 

placement and to a depth of 5.0 mm. for the posterior 

septal placements. The depth used for cortical lesions 

was 2.0 mm.; for intended corpus callosum lesions, 4.0 

mm.; and for lesions ventral to the septum, 6.0 mm •• 

The les ions were produced by discharging a 100-u.f. 

capacitor through the electrode, (positive pole to the 

electrode, negative to the ear bars). The extent of 
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the lesion was controlled by char ging the capacitor 

to 90 , 120 , and 240 volts. After both lesions had been 

produced , the incision wa s closed with wound clips. Each 

experimental subject was weiGhed immediately following 

the operation and aga in before being sacrificed to ensure 

that the operation had not physically harmed the animal. 

Of the 102 animal s which were operated, two died following 

surgery and one had a grossly misplaced lesion thus 

warranting its omission from the experimental groups. 

Avoidance training. Each subject was allowed to 

explore the shuttle-box with the door open and the shock 

off , for approximately one to two minutes. He was then 

pushed (if necessary) into the safe (with light on) 

compartment and given two practice trials with shock 

before the 50 recorded trials were given. The boxes 

(A and B) and the starting compartments (white and black) 

were counterbalanced. Two experimenters ran the subjects 

in an assigned manner such that no one experimenter 

ran all of the subjects in any one group. 
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Appendix D 

DETAILS OF DATA 

lOl 

Computor programmes used . The correlation programme 

used was : BMD02D Correlation with Transgeneration -

Revised May 10, 1968 ; Heal th Sciences Computing 

Facility , UCLA . The programme used for discriminant 

analyses was: Discriminant Analysis - Two nroups -

Version of June 9, 1966 ; Health Sciences Computing 

facility, UCLA. 

Reanalysis of Harrison and Lyon's (1957) data. 

The data from Harrison and Lyon's Tables 2, 3, and 5 

were used in the reanalysis. The damage shown was 

summed bilaterally and the obtained score was employed 

to derive discriminant coeffi cients. The median 

behavioral s core of 30 or greater was used to split the 

animals into t wo groups . For purposes of reliability 

(consistency) discriminant analyses were also run with 

splits at 38 or greater and 21 or greater (i.e. five 

subjects a bove and below the median). The results of 

these analyses are shown in Table D-4. 

Raw data . The raw avoidance latencies, emotionality 

ratings and amo Llnt of brain damage are represented in 

Table D-1, D-2, ind D-3 respectively. 



RAT # CARD# TABLE D-1 AV OI OANC [ LATENCIES ":fl 
() 
::,-

01 01 7. 11 6.13 5.72 6.0 8 5.87 1.51A 6.42 6 .2 9 6.83 1. 64A ~ 
C: 

01 0 2 1. 4 7A 8.95 6.03 1.37 A 6.03 6.06 5. 95 5 .7 8 1.24A 5. e5 1-j 

01 03 3.47A 5-7 8 2.55 A 4.20A 1.64A 1.53A 1.2 5A 1.54 A 4.llA 5 . F. 5 1-j 

01 04 1.57 A 1.37 A 1. 62 A 1.52A 5.95 1. 29A 1.53 A 1. 90A 2.36 A 4.7CA 
01 05 5 .92 2.22A 1.58 A 2.54A 1.52 A 1.37A 2. 89A 3.lJA 6.05 1. 6 1A 
02 01 3.62A 6.32 5.69 4.72A 5.82 1.96 A 5.5 5 3.37A 5.80 7. 18 
02 02 1-72 A 4.83A 6.60 4.61A 6.10 5.19 6.5 6 6.56 6.93 l .4SA 
02 03 10. 5 1 2.3 5A 6 .60 4.12A 5.50 5.47 5.35 1. 63A 1. 66A 1 .26A 
02 0 4 6.74 6.93 4.32 A 2 .07A 2.23 A s.23 5.09 5. 7 2 5.66 5.7C 
02 05 3.93A 3.20A 3 .26 A 1. 92A 5.45 5.35 5. 46 4.9 2A 6.94 4. 66A 
03 01 5-67 5. 49 2.47 A 5.57 5.60 2.60A 5.39 1. 85A 4.95A 3. 25A 
03 02 3. 67A 5.83 1.56 A 2.42 A 4.78A 3.0lA 3.71 A 4.80 A 4.57A 5. 57 
0 3 03 2.00 A 3.66A 3.63A 1.62 /\ 5.73 l-13A 1.67 A 1.43A 2.35A 0. 96A 
03 04 4. 89A 0.94A 3.67A 0 .89A 1.14 A 1.54A 2.46A 1.29A 2.0l A 1. 09A 
03 05 1.26A 5.31 1.16A 0. 89A 1.lO A 1.36A 2.76A 3.49A 2.74 A 4.SeA 
04 01 6.29 6.00 1.82 A 5.90 5.87 1.83A 5.94 5.60 5.50 3. 2eA 
04 02 3 .7 5A 5. 86 5.34A 3.93A 5.81 5.81 1.76 A 5 .9 0 5.57 3 . 83A 
04 03 5.86 5.78 3 .29 A 2-6 9A 5.88 5.60 3.16A 5.61 5.88 5.63 
04 04 2.7 8A 5.97 2.02A 5.99 2.27 A 5 . 89 1.98A 5.64 2.55 A 5.5S 
04 05 1.86A 3.49 A 4.52A 5.60 4.09A 4.05A 5.57 5.63 1. 86A 2.17A 
05 01 6.03 5.91 5.34 6.90 2.42A 6-98 1. 89A 5. 16 6.05 6.3 3 
05 02 1.49 A 2.47A 3.53A 2.02A l.80A 2.58A 1. 8 3A 3.57 A 6.51 2.0 5A 
05 03 2.12A 2.27A 1.6 8A 5.71 1.48A 1.96 A 1. 89A 1. 88A 1.41A 4. € 1 A 
05 04 1.72A 1.89A 1.82A 1.68A 1.53A 5.70 1.33 A 2.08 A 1.28A 2.S4A 
05 05 1.67A 4.02A 2.62 A 6.56 1.36A 3.85A 1.86A 2.8 5A l. 65A 1.97A 
06 01 7.0 3 5.98 2.37A 5.55 3.40A 6. 18 5.76 6 . 02 3.08A 3. 85A 
06 02 6-43 6.23 1.96A 5.68 2.39A 1.69A 2.45A 5.80 4.05A 5.4S 
06 03 6.00 2.39A 5.88 5.87 2.90A 6.72 3.0lA 5.88 4.81A 2.4 4A I---' 

06 04 5.92 5.82 5.29 5.88 2.32A 2.08A 5.90 6 .52 1.95A 4.0 5A 0 
f\) 

06 05 2.2 6A 4.0lA 2.30A 6-04 2.02A 2.39A 2.45A 3.78A 2.87A 2.97 A 
07 01 6.05 6.10 7.32 6.63 2.53A 2.92A 2.91A 1.9 3A 8 .74 6. 1(: 

07 02 7.32 5.54 4.54A 4.49A 5.90 1.75A 1. 91 A 1.6 5A 1. 88A 2.16A 
07 03 1.63A 1.61A 5.61 6.00 l .69 A 1.69A 1.90A 1.67 A 6 .02 1.71 A 
07 04 1.65A 1.61A 1.93A 1.81A 2.48A 2.97A 1. 31A 1.4 5A 1. 36A 1. SCA 



RAT # CARD II TAB LE D-1 AVC I C.ANCE LAT EN CI ES Cont 1d :n 
0 
::J' 

07 0 5 1.25A 1. 30A 1. 42 /\ 1. 3 7A 6 . 03 1.36A 6. 84 1. 3 8 A 1.1 8A 1. 9 8A ~ 
C 0 8 01 5.54 5. 85 5. 9 5 1.0 5 5.82 2.09A 5. 69 2. 11 /\ 5 . 5 2 t: . t:7 1-i 

0 8 02 2- 87 A 5.67 5.86 3. 38 A 4.78A 3.97A 1. 9 3 A 3. 4 8A 3. 09A 5. 2 2 1-i 

0 8 03 5.66 5.62 2.57 A 5.45 3.43A 1.89A 3.4 4A 4. 52A 5.6 0 2.7 2A 
0 8 04 2.0 5A 5.6 9 1.43 A 5.7 0 1. 8 2A 1.87A 1. 99/\ 4 . 67 A 5 . 6 3 2. 22A 
0 8 05 1.96A 2.19 A 4.12A 1. 88 A 5.71 2.55A 4. 3 1A 1. 8 8A 1.93A 1 .S4A 
09 01 44-40 15 .3 3 2.12A 10.16 5 .78 8 . 59 5.2 4 1. 61A 6 . 8 4 4.1 5A 
09 02 3.lOA 2.62 A 2.15 A 3. 8 0A 1.62 A 6~12 1.55 A 2. 79A 1 • 1t 5A 1. 54A 
09 03 1.65A 1.65 A 5.65 2.6 8A 1.60A 3.59A 1.5 5A 1.5 2A 1.25 A 1. 63A 
0 9 04 1. 17 A 1.26 A 1.23 A 1.12A l .09A 1.28A 1.31 A 1. 0 9A l. 2 SA 1. 3 3A 
09 05 1.74 A 1.19 A 1.38A 1.33 A 1.41A 1.21A 1.14 A 1.1 9A 1. l l A l.C7 A 
10 01 5. 8 7 5.6 8 5.78 3.22 A 4.42 A 3.63A 5.69 5. 83 5.70 3. 43A 
10 02 2.38 A 5.3 5 ~ .42 A 5.75 5.46 1.95A 2.2 8A 5 . 60 2.4 0A 5. 88 
10 03 · 2. 4 5A 5.6 5 3.27A 1.47A 5.88 5.45 2.4 8 A 5.2 6 2.70A 2.32 A 
10 04 1.90A 1.64A 5.43 1.6 6 A 4.0 5A 1.82A 4.24 A 1. 91A 5.45 3.2(: A 
10 05 3 . 90A 5.53 1.68A 4.91A 2.33A 2.00A 4. 56A 1.5 8A 1. 8 9A 3.31A 
11 01 3.31A 6.04 5.60 6.32 4 . 97A 6.02 2.39A 2.0 5A 3.92A 5. 8 1 
ll 02 3.04A 5. 6 8 5-63 1.74 A 1.99A 1.60A 3.04A 3. 68A 1. 8 7 A 2.14 A 
11 03 1.77A 1.53 A 1.99 A 1.54 A 1.88A 1.49A 4.91A 3.0 3A 1. 8 2A 2.67A 
11 04 5.38 2.53A 1.66A 1.24A 1.90A 2.50A 1.59A 1.22A 1.40A 1.21A 
11 05 1.54A 1.16A 5.57 1. 4 7 A 5.53 l.llA 2.38A l.lOA 6.55 1. l lA 
12 01 1.58A 5.88 5.79 5.76 5.88 6.47 4.51A 8.29 2.13A 3.34A 
12 02 5.99 7.12 5.70 5.83 5.73 1.31A 5.83 5.4J 3.27A 3.25A 
12 03 2.36A 1.20A 1.38A 2.70A 1.62A 1.95A 1.41A 4.lOA 3.99A 5.87 
12 04 4.33A 1.12A 5.82 l.llA 2.93A 2.25A 5.93 l. 72A 5.66 1.36A 
12 05 5.89 2.36A 4 . 42A 4.07A 1.17A 1.15A 1.69A l.OlA 2.18A l.CCA 
13 01 6.29 6.18 4.79A 6.48 5 .22 5.79 6.80 5.05A 5.18 2.04A 
13 02 6.00 2.70A 1.92A 2.35A 1.85A 1. 73A 2.58A 5.17 1.56A 1.74A I-' 

13 03 1.52A 2.00A 1.39A 1. 46A 1.51A 1.50A 1.74A 1.64 A 1.24A 1.41A 0 
\.N 

13 04 5 . 57 1.42A l-17A 4.70A 1.62A 4.59A 1.27A 3.71 A 1.56A 3. 7 eA 
13 05 1.36A 4.71A 3.llA 3.86A 1.61A 4.21A 1.36A 4.8 6 A 1.24A 5.42 
14 01 5.86 5 . 86 6 .02 7.45 3 . 59A 8.75 7.55 7.55 5.80 7.49 
14 02 4.64A 5.75 1.85A 6.21 2 . 82A 5.71 1.34A 5.82 1.26A 5.64 
14 03 1.24A 2.90A 1.19A 5.86 5 .35 5.75 1.48A 4.59A 1.44A 2. Cl':A 



RAT # CARD II TAB LE D-1 AV OI O.A NCE LATE NCIES Cont 1d 
'j') 
() 

!:Y 

14 04 5.69 2.33A 1.20 A 2.49A l- 47A 2.21A 6. 05 5 .7 2 2.75 A 6 . 55 ::s 
~ 

14 05 1.3 6A 1. 99A 1. 08A 1. 84A 1.39A 5.92 1. 60A 1. 87A 5 .64 2.2SA "i 

15 01 11.96 5.39 6.35 7.37 5.91 6.51 5.9 6 12.31 5.26 5.91 "i 

15 02 6.48 6.20 14. 88 6.14 5.93 6.20 6.3 0 6.0 0 5 . 9 6 6 . 1 8 
15 03 6.41 6.21 1.82A 6 .07 4.95A 6 .32 5. 34 6 .2 6 5 . 49 6 .1 8 
15 04 5.72 4.62A 2.95A 6.07 5.90 6. 16 5.94 5 . 82 5.78 s • e c; 
15 05 5.93 6.07 4.28A 5.94 5.88 6~38 6.39 5 . 96 5.86 6.CO 
16 01 3.06A 6.16 7. 11 5.57 5.62 5.71 3.39A 6 .4 0 6 .46 3.56A 
16 02 6.23 4.61 A 5.08 2.62 A 3 . 06A 4. 60A 5. 67 4.62 A 6.05 1. 63A 
16 03 5.64 3.40 A 4.06A 5.38 3.82 A 5.20 1.70 A 3.lOA 4.0 8A 1.6 8A 
16 04 1. 88A 4.4 5A 6 .22 2.47A 2.65A 3.17A l. 9 3A 1. 69A 4 .4 6A 2.0 8A 
16 0 5 3.02A 2.00A 2.92A l.9 RA 2.76A 4.83A 1. 80A l. 98A 3.42A 5 . 49 
17 01 6.31 6.31 6.31 6.60 6.54 7. 50 6.53 6.7 9 6.21 6.9C 
17 02 6.12 7.18 6.15 2.0lA 2.01/\ 5. 16 6.0 5 2.<'}0A 2.63A 6.32 
17 03 2.20 A 1.5 8A 2.95A 1.46A 2.33A 1.37A 5.05 A 3.24A 1. 65A 1. 57A 
17 04 1.44A 1. 66A 1.1 8A 1. 26A 1.46 A 1.21A 1.5 3A 1 . 68A 2.92A 5. 8 1 
17 OS 1.23A 1.2 8A 5.0BA 2. 94A 1.64 A 1.43A 1.44A 1.6 2A 1.34A s.sc 
1 8 01 5.61 5.75 10. 82 5.27 5.48 2.45A 1. 89A 1.4 2A 5.65 5.29 
1 8 02 1.23A 5.46 1.43 A 5.15 1.3 8A 2.0lA 5.1 5 1.50 A 1. 68A 1. 4 5A 
18 03 3.55A 1.71A - l.34A 1.33A 1.28A 1.28A 5.07 1.76 A 1.93A 3.18A 
18 04 5.53 1.17A 1.46A 1.60A 1.60A 1.08A 1.06A 1.02 A 1.54A 5.53 
18 05 5.40 4.3 8A 5.92 1. 36 A 1.93 A 1.89A 1.44A 1.39 A 1.12A 1. 39A 
20 01 5.81 5.81 5.64 5.67 4.12A 1.41A 2.101\ 2.47 A 5.lOA 5.66 
20 02 2.54A 5.84 6.75 5 .11 A 3.65A 6.05 1. 59A 1 .94A 2.35A 1.37A 
20 03 1.85A 1.54A 1.37A 1.70A 2.94A 6.20 4.12A 1.15A 1. 3 5A 2.61A 
20 04 5.23A 2.01 A 3.77A 1 .39 A 1.28A 6.72 1.34A 1.57 A 1.16 A 5.6c; 
20 05 2.21A 5.73 1.70A 1.35A 2.28A 5.64 1.27 A 1.37A 1.46A 1.39A 
21 01 2.36 A 2.18A 5.61 5.65 6.40 5.24 1.45A 3 . 19A 5.42 2.72A I-' 

0 
21 02 3.23A 2.07A 1.68A 5.83 2.22A 5.46 1. 89A 2.02 A 2.31 A 2.42A .p-

21 03 5.35 1.49A 1.28A 2.53 A 1.53A 2.llA 1.34A 1.7 8A 1.52 A 2.54A 
21 04 1.48A 2.16A 2.0BA 1.47A 1.24A 1.58A 2.7 8A 2.33A 5 .31 2.COA 
21 05 1.43 A 2.66A 1.19A 1.62A 5.49 1.62A 4.97A 5 . 56 3.62A 4.73A 
22 01 5.36 11.30 16.56 5.0 8 11-63 4.15A 1.70A 6 . 36 5.92 7.62 
22 02 6.00 2.35A 4.20A 2.73A 10.00 1.76A 5.06A 3 .14 1\ 3.05A 2.23 A 



RAT# CARD 11 TABLE D-1 AV OIDANCE LAT ENC I ES Cont ' d ·.n 
0 
~ 

22 0 3 3. 23A 2.75A 6.33 6.9 8 5.27 2.66A 2.77 A 3.50A 3. 15A 2.4cA ::i 

22 04 2.49 A 1.83A 3.61A 2.0 8A 2.89A 3.03A 4. 54A 3.29A 2 . 60A 4 .7 SA C 
t-"j 

22 05 2.63A 3.45A 2.68A 2.28A 2.65A 2.42A 3.2 6A 3.72A 3 .0 2A 3.C6A t-"j 

23 01 5.35 2.12 A 6.00 5.97 8 .21 3.49A 5.5 3 5 .7 0 5.93 1.62 A 
23 02 4.41A 1.40A 1.60 A 6.0? 5.80 6. 0 1 1. 62A 3.27A 5.65 5.86 
23 03 3.27/\ 1.49 A 6.33 1.7 8A 5 . 80 1.95A 2.00 A 5.47 5 .7 4 3.831\ 
23 04 3.14A 2.09A 5.81 1.66 A 1.79 A 1.98A 3.78A l.97 A 1.94A 1. 97A 
23 05 2.lOA 1.76A 7.60 1. 82 A 2.00A 2.09A 1. 84A 6.0 8 2.9 8A 1.69A 
24 01 6.52 2. 84A 7. 84 6.27 2.27 A 6.49 1.9 8A 1.53A 6.52 2.1 6A 
24 02 5.78 6.09 5.83 2.12 A 3.02A 2.00A 3.7 5A 2.ll A 6.36 3.45A 
24 03 2.60A 1. 93A 5.94 2.97A 6.08 2.lOA 4.04A 2.61A 6 .12 1. 89A 
24 04 1.60A 2.27A 4.82A 3.74A 2.47A 2.14A 3.08A 2.76A 7.89 3. 4 3A 
24 05 2. 93A 2.35A 2.06A 2.2 8A 1.71A 1.75A 2. 60A 1.7 8A 5.80 1.74A 
25 01 6.41 6. 11 6.32 5.65 6 .14 7.08 6.62 6 .0 0 5.38 6.04 
25 02 6.14 6.15 6.22 6.29 6.46 5.90 6.01 1. 93 A 3 . 08A 3.0 8A 
25 03 6.06 6.07 6.07 2.34 A 5.43 3.76A 6.00 3. 7 6A 2. 60A 2. 2SA 
25 04 5.94 3.46 A 1. 8 5A 6.31 5.93 2.24A 3.92 A 1.83A 5 . 87 4 . 2SA 
25 05 3.87A 3.67A 2.21A 5.32 5.90 5.18 1.86A 2.65A 5.00A 2.35A 
26 01 5.94 7.18 6.09 5.86 3.80 A 6.00 5.93 2.96 A 1. 4 7 A 1.7 2A 
26 02 3.98A 5.16A 1.36A 6.00 1.44A 2.99A 4.77A 5.67 1.37A 2.97A 
26 03 1. 39A 4.79A 1. 42 A l•71A 1.72A 1.82A 5.97 5.82 1.49 A 5 . 81 
26 04 1.36 A 3.89A 1.56A 1. 6 2A 1.32A 1.55A 2.07 A 6.05 3.79A 4.68A 
26 05 1.17A 2.22A 1.48A 1.67A 1.52A 3.91A 1.73A 3.13A 1.92A 2.0 5A 
27 01 2.70A 2. llA 4.56A 5.90 1.41A 4.65A 2-55A 3.42A 2. 05A 5.22 
27 02 3.18A 2.36A 2.88A 2.93A 1.93 A 1.49A 1.81A 1.54 A 5.33 1.47 A 
27 03 2.07A 2.12A 1.94A 1. 26A 1.48A 2.89A 1.99 A 1.50A 1.84A 1.42A 
27 04 1.72A 1.96A 2.36A 2.19A 1.61A 2.08A 1.46A 1.44A 1.40A l. 8SA 
27 05 1.75A 2.63A 2.06 A 1.78A 1.42A 1.50A 2-32A 3.45A 1.73A 1. 42A t-' 

28 01 6.41 2.lOA 6. 24 : 5.73 5.76 3.32A 5.74 5.33 5.45 5.33 0 
\Jl 

28 02 5.48 5.31 5.51 2.97A 5.68 5.54 5.44 l. 70 A 5.58 3.164 
28 03 5.56 1.91A 5.62 2.05A 4 • .22A 5.41 4.69A 5.57 2.61A 5 . 56 
2 8 04 2.30 A. 2.47A 2. BOA 5. 1t9 5.35 2.00A 2-7 8A 2.1 2A 5.42 2 . 2 5A 
28 05 1.72A 1. 48/\ 1.85A 2.56A 1. 7 5 A 5.65 1. 8 2A 3 .6 0A 4.lO A 3 . 3SA 
29 01 5.97 5.97 5.92 5.92 5.80 5.80 5.07 5.07 5.96 5. 86 



RAT I/ CARD # TAB LE D-1 AVOI [}/\NCE LAT ENC [ ES Cont 1d -n 
() 
p-

29 02 1.43 A 5.71 1. 45A 5.72 5.051\ 1.50 A 2. 53A 5.69 1. 49A 2.42 A ::s 
c:: 

29 03 1.44 A 3.20A ·5. 93 5 .75 1.54 A 2.05 A 3.1 8A 5 . 71 1.50A 2.37A t-j 

29 04 1.43A 1. 8 1A 2.32A 1. 62A 2.87A 2.02A 2.31 A 1. 82A l. 5 3/\ 1 .83A t-j 

29 05 l. 34A 1.5 8A 2.46A 1.97 A 1.19A 1.73A 1.4 4A 2.0 01\ 2.g 8A 5.86 
30 01 6.93 5.70 5.78 4.21 A 2.81A 4 .3 5A 2. 08A 2.2 0A 1.97A 2.05A 
30 02 1. 77 A 5.13A 6.10 5.62 1.38A 1.73 A 1.6 8A 2.39A 1.64A 1.44A 
30 03 1.65 A 1.34A 2. 52A 2.68A 5.66 1.67A 2.3 9A 2 . 88A 2.07A 1.30 A 
30 04 1. 2 5A 1.2 9A 1. 96A 1.36A 1. 81A l. 71A 2. 89A 2.32A 2.66/\ 5.62 
30 05 1.56A 5.89 1.4 8A 5 . 85 1.48A 1.32A 1.42 A 1.24 A 1.31 A 1.44A 
31 01 5.78 5.77 5.74 5.85 2. 5 3A 5.36 2. 92A 5.79 2.36A 5.54 
31 02 5.60 2.2 8A 2.27 A 2.43A 3.35A 5.80 2.31A 3.49A 2 .77 A 4.19A 
31 03 2.08A 2.87A 1. 94A 3. 14A 2.09A 4.83A 1. 45A 2.5 4A 2.04A l.9CA 
31 04 1.8 5A 2.43A 5.64 3.59 A 3.29A 6.0 8 1. 49A 2.lO A 2. 4 6 .A 1.93A 
31 05 3.00 A 1. 38A 2.25A 1.24A 1.43A 1.80A 1. 80A 1. 6 7 A 5.65 ·\ 2.7 8A 
32 01 5 . 94 5.3 8 4.7 8A 1.33 A 1.29 A 2.54A 5. 53 1.21 A 2.59 A 2.13A 
32 02 3.36A 1.94A 5.87 1.24A 1.7 8A 4.48A 5.0 0 .f\ 1.4 0~, 5 .51 5.52 
32 03 1.83A 5.30 1.47A 1.60A 1. 5 1A 3.23A 1.35 A 3.37 A 1.94A 1. 82A 
32 04 1.09A 2.24A l-79 A 1.26 A 1.72 A 1.25A 2. 57A 1. lOA 2.65 A 1.2 8A 
32 05 2.42 A 1.17A 1.43A 5.56 1.74A 0.91A 1.21 .l\ 3.0 BA 1. 82A 5.30 
33 01 6.00 6.00 6.09 5.86 3.85A 3.08A 14.17 5.95 5 -61 5.55 
33 02 1.30A 5.71 5.77 1.56A 1. 23A 3.llA 5. 86 1.49A 4.51A 5.62 
33 03 1.25 /\ 6.71 1.55A l. 69A 3.95A 1.82A 5.71 5.93 3 .03A 2.04 A 
33 04 2.71A 1.94A 3.49A l. 27 A 1.66A 2.64A 3.6 8A 1.6 6A 1.52A 2 .C6A 
33 05 5.61 1.59A 2.16A 1.52A 2.51A 1.80A 2.32A 1.5 5A 1.62A l.~3 A 
34 01 6.95 7.02 6.38 2.43A 3.66A 5.34 2.59 A 2.2 0A 5.41 7.52 
34 02 5.51 3.52A 3.44/\ 1.77A 3 . 83A 1.57A 5.67 1.76A 4 . 56A 1. 36A 
34 03 5.28 2.53A 3.57A 1.26A 3.80A 1.39A 3.47A 1.24A 2. 88A 1.14 A 
34 04 l. 87A 1.66A 2.70A 1.97A l. 95A 2.68A 2.91A 1 . 63A 1.45 A 1. 62A 1--' 

0 34 05 2.35A 1.46A 2.56A 1.33A 1. 73A 1.55A 1. 62A 1 . 09A 1. 9 4A 1. 20A (J'I 

35 01 6.05 4.70A a .51 6 . 03 2.48A 5.74 5.9 0 7.16 3.19A 6 . 16 
35 02 2.101\ l. 98A 5·. 98 2.00A 2. 1 OA 1.88A 5.94 1. 36A 3 .3 4A 1. 69A 
35 03 5.66 1.21A 1.64A 1.75A 1.37A 5.77 1.35 A 1.4 0A 1. 97A 5.66 
35 04 5.29 5.66 1.33A 5.64 l.2'tA 3.04A 5.75 3.89A 4 .l <JA 5.79 
35 05 1.52A 5.99 3.09A 6.05 1.58A 1.85A 5.74 2. 89A 2.89A 4.C2 A 



RAT # CI\ RD II TAB LE D-1 AVOID ANCE L/\T EN CIES Cont ' d r-

() 

::r 
36 01 4. 88A 3.321\ 5.65 5.41 5.36 4.05/\ 3. 66A 4.83A 5.29 3.C CA ~ 

C 
36 02 2.21A 3.78 /\ 3.05/\ 1.60A 3.76/1 4.1 8.A 5.3 5 1.87A 1. <J 5A l.ll A f-1 
36 03 3.30A 1.30A 1.31A 4.04/\ 2.34A 3.67A 2. 63A 2. 83A 1.21A 1.65/\ Ii 

36 04 1.40A 3.92A l.llA 1.49A 5.54 1.16A 3.29/\ l. 4 2A 1.72 A 2.27A 
36 05 3-12 A 2.14A 0. 85A 3.16A 3.-64A 1.26 A 3. 02A 1. 60A 2.61 A 2.17 A 
37 01 6.57 6.06 6.29 6.02 6.29 5.94 8 . 03 6.04 6.00 6.Cc; 
37 02 5.77 6.0 8 5.95 5.97 6.02 5. 82 5.92 5.83 3.60A 5.93 
37 03 3.8 8A 5_g1 l.9gA 5.88 6°0 8 2. 95A 5. 85 2.9 6A 6.05 5.77 
37 04 3.61 A 6. 0 7 5.83 3.43A 5.82 3.27A 6. 09 5 .2 7 5.80 5.7C 
37 05 5 . 81 5. 89 5.85 5.70 5.go 2.8 5A 5.7 8 5 . 7g 5.80 6.56 
3 8 01 6.60 1.61A 5.64 5.8g 2.07A 5.73 5.79 3.52A 5.68 2.80A 
3 8 02 5.49 3.65A 5.51 1.98A 5.48 2.62A 5.67 5.4 8 5.57 2. 36A 
38 03 4.47A 5-65 5.48 3.90A 5.72 1.9 8A 3. 63A 3 . 62A 3.20 A 2.35 A 
38 04 2.90/\ 3.02A 5.83 4.49A 5.03A 3.23 A 5. 12.t\ 3.17A 3.25A 3.37 A 
3fl 05 3.93A 5.60 l. 74.t\ 4.51A 3.05A 2.g 5A 2.0 BA 3 .70A 4.77/\ 4.70 A 
39 01 6.53 6.41 6.22 5.88 7.24 2.57A 6.00 2. 63A 5.93 1.42 A 
39 02 5. 8 7 5.88 2.67A 5.85 4.68A 5.63 5. 88 5. 93 3.93 A 1.9 4A 
39 03 7.00 3.21A 2.27A 1. 94A 2. l 9A 2.8 9A 2.50A 2. 60A 1.68A 1.74 A 
39 04 1.66A 5.90 2.27A 1.93A 1.88A 5.13A 1 . 98A 1.5 9A 2.llA 1.55A 
39 05 1.72 A 1.69A 1.8 9A 1.62A 1.63A 4.46A 4.60A 1.54A 1.65A 3.68A 
40 01 6-68 5-81 5.22 5.66 2.57A 4.72A 5.47 5.66 3.89A 5.53 
40 02 4.13 A 2.43A 2.05A 3.93A 2.80A 3.74A 3.7 8A 1.90A 2.48A 3.44 A 
40 03 2.43A 1.58A 1.93A 1.69A 2.25A 1.85A 2.24A 2.0lA 2.13A 2.17A 
40 04 1.90A 2.39A 1.48A 4 -06 A 1.54A 3.8 8 A 6.31 3.40A 1.57A 5.66 
40 05 l-90A 1. 77A 1.67A 2.81A 1.63A 3.27A 1.25A 1.92A 1.29A 1.68A 
41 01 7.35 8.56 8.91 24.19 21.30 15.98 23.51 13.90 25.02 15.62 
41 02 8.97 5.86 6.16 6.07 6.16 6.17 6.06 3.02A 5.98 5.98 
41 03 5.98 5.90 6.08 3. 13A 6.24 6.05 6.01 4.6 8A 5.95 3.57A I--' 

41 04 s.ao 6-09 6.19 3.44A 5.88 5.95 2.36A 7.04 5.83 6.9C 0 
--..J 

41 05 4.72A 6.78 3.90A 5.94 4.51A 4.llA 6.29 2.34A 5.83 3.<J2A 
42 01 5.87 5.67 5.75 5.68 5.90 5.68 5.61 11.02 6.78 2.54 A 
42 02 5.80 5.53 5.57 5.80 5. 71 1.51A 5.76 7.34 3.89A 5.48 
42 03 5-58 5.53 4.89A 6.53 5.62 3.36/\ 1.30A 7.12 5.46 1.87A 
42 04 5.60 7.03 5.60 5.82 5.62 6.47 5.50 2.50A 5.94 4.67A 



RAT If CARD # TABLE D-1 AVO I DANCt: LATENCI ES Cont 1d (/) 
0 
::r 

42 0 5 2.26A 5.76 3 . 9 0A 3 .21A 2.lO A 5 . 6 7 5.32 2.7 5A 1.93A 4 . '14 A ~ 
;;:: 

43 01 5 . 8 1 3. 84 A 3. 8 1A 3.44 A 2.41A 3.5 6A 4 . 7 6A 3. 33 A 1.58A 1.54 A 1-j 

,, 3 0?. 1. 62 A 1.99A l. 5 3 A 5.89 1.1 9A 5.53 2.41A 1.3 8A 1. 3 8 A 1.93 A 1-j 

43 03 l. l 01\ 1.89A l-43A 4.25A 1.6 lA 1.35 A 0. 9 2A l. 4 3A 1. 44A l.2CA 
43 04 1.63A 3 . 29 A 1.43A 1.36A l.OO A 1. 4 8A 1.20 A l.ll A l.?.3 A 1.4 8A 
43 05 l. 15A 1.36A 1.44A 1.41A 1.20 A l.OO A 0.8 5A 1.7?.A 1.14A 1. 33 A 
44 01 5.33 6.03 6.12 6 . 41 5.73 5.76 1 .96 A 5.5 6 0.95A 5. 4 5 
44 02 0.84 /\ 5.59 6.3 4 5 . 59 5.72 5.60 3.63A 5.71 1. 05A l. 5 8A 
44 03 1.lO A 5.30 0. 76A 5.48 l. 06 A 1.31 A l.Ol A 1.4 8A 1.68A 2.6 8A 
44 - 04 0.75A 0.97A 3.16A 0.9')A 0.87A 0.7 9/\ 1.62/\ 3.4 5A 1.48A 1.65A 
44 05 1.53A 0.95A 0.86A 1.16A 0.73 A 1. 15 A 1. 60 A l.OlA 0.73 A 1.25A 
45 01 5.25 5.25 7.58 6-0 8 7.37 6.36 5.82 6. 80 2.57A 6.49 
45 02 5 . 89 6.09 5.92 5.89 5 .9 3 5.78 3.28A 5.97 2.38A 2.53A 
45 03 1. 63A 4.74A 1.47A 1.62A 1.62 A 2.0 8 A 1.76A 2.36A 5.09A 2.97A 
45 04 6.53 1.66A 2.60A 1.55A 1.61 A 5.93 2.26A 3.07A 5.79 2.66 A 
45 05 6.11 0.97A 1. 48A 1. 65 A 1.43A 1. 64A 5. 8 1 5.69 3.04A l. 5 4/\ 
46 01 4.26 A 5.50 4. 25A 7 .66 4.67A 2 .1 9A 5.69 3.54A 2.39A 2.67A 
46 02 1.42A 5.44 1.36A 4.16A 3.59 A 1.45A 1. 18A 4 •,22A 1.77A 1.70A 
46 03 1.52A 3. 3 5A 3.64A 3.64A 3.67A 4.33A 1.46A 3 .6 2A 5.29A 1.09A 
46 04 5.68 3 .4 3/\ 2.82A 1. 39 A 2.99A 1. 38A 3.09A 5.57 3.85A 3.65A 
46 0 5 5.92 1.4 2A 1.35A 4.92A 2.29A 3.13A 2.72 A 1. 54A 2.39A 2.C7A 
47 01 6.33 6.25 6.30 7. 93 8.66 8 .13 5.91 6-13 6.40 6.10 
47 02 4.79A 5 . 90 5.87 5.72 - 3.75 A 5.97 3 .09 A 3.50A 5.76 5 .6 4 
47 03 5.70 3.29A 3.26 A 5.71 1.94 A 5.62 2. 66A 1. 59A 3.44A 4.43A 1--' 
47· · 04 6. 19 5.82 8.04 5.82 3.60A 5 .67 7. 24 5.75 3.lOA 4.04A 0 

CP 
47 05 8 .62 8.62 2.89A 4.09A 3.69A 4.29A 3.54A 5 .7 5 3.54A 5 .7 9 
48 01 3.68A 1.2 3A 5.55 5.42 5.49 2.73 A 6. 10 2.36A 5.78 1.7 6A 
48 02 1.84 A 2.76 A 5.50 2.54A 5.39 1. 48/\ 5.49 2.1 8A 5.39 2.63A 
48 03 5.33 1.85A 5.32 5 .19 A 3.31A 5.37 5.25 1.7 5A 1.87/\ 1.4 8A 
4 8 04 1.66A 2.12A 1.62 A 4.34A 3.6 8A 5.3 5 2.0 6A 1. 57A 1.7 8A 2.34A 
48 05 5.21 2.23A 1.92 A 2.07A l. 59A 3.58A 1.1 6A 2.07 A 1.52A 2.18A 
49 01 5.99 7.23 2.06A 6. 13 4.16 A 7.35 6.22 1. 68A 6.47 4.S8A 
4 9 02 5.79 1. 98A 3.90A 1. 62A 3. 14 .A 1. 83A 2.17 A 2.61A 2.66A 2.4CA 
49 03 2.24/\ 2.12A 2.93A l. 9 1+ A l. 6 7 A 1.51A 1.59 A 1. 60A 1.62A 1.71 A 



RAT If. CARO# TA.BIB D-1 AVOID ANC E LATENCIES . Cont 1d r.J) 
0 
::r-

49 04 2.27A 5 . 98 3.76A 1. 54 l\ 2. 20 .i\ 1.7 8A 3.82A 3.59A 1.95A 1. 6 8A :::s 
C 

49 05 2.23 A 2.18A 1.84A 2.02A 1.73A 1.62A 5.7 9 6.11 5.92 5.82 1-i 
50 01 6.22 5.75 5.43 5.67 5.40 2. 85A 4.5 8A 5.53 5.83 5.42 1-i 

50 02 5.85 5.64 5.63 2.28A 4.5 8A 3.24A 6.0 8 5.62 5.60 5.6S 
50 03 5.45 2.58A 2. 80A 2.50A 2.74 A 2.23A 5.63 1.87 A 3.09A 5.53 
50 04 4.43A 1.91A 5.48 6.08 2.92 A 5.72 2.37 A 5.97 5.48 1.9 8A 
50 05 2.86A 3.39A 5.62 3.06A 5.05 A 5.63 4.8 8A 4.99A 5 .• 82 5.8 4 
51 01 30.93 27.76 17.56 6.62 6.05 6.00 8.94 6.47 6.25 6.3 5 
51 02 5.89 5.90 6.43 6.57 6.00 5.90 6.01 5.75 1.33A 5.98 
51 03 1.98 /4. 5.89 4.93A 6.13 1.44A 1.52 A 1.32A 1.70A 4.57A 1.97 A 
51 04 6 .·68 6.45 1. 8 7A 6.37 6.19 5.85 2.lO A 1. 87A 5.57 5.74 
51 05 5.84 5. 87 5.88 5.67 6.74 1. 88A 3. 99A 5.80 6.07 5.7 9 
52 01 5 .7 3 5.47 5.77 5.99 1.77A 7.37 8.73 5.75 2.83A 5.77 
52 02 1. 37A 5.55 5.72 6.16 3.23/\ 4.00A 5. 83 5.81 4.00A 2.08 A 
52 03 3.35A 4.02A 5.51 5.54 5.75 3.51A 5.42 4. 7 5A 5.39 6.13 
52 04 1.57/\ 1.48A 3.97A 2.lOA 1.51 A 1.86A 3. 62A 2. 85A 5.63 2.94A 
52 05 3.48A 2.46A 1.61A 1.75A 1.50A 1.61A 1.41A 2.45A 4. 1 7A 2.65 A 
53 01 7.30 11. 01 5.86 6.8 8 6.42 5.7 8 5.98 5.96 5.72 6.9 5 
53 02 5.48 5.73 3.19A 6.02 5.61 7.03 5.97 3 . 68A 7.66 7.4 8 
53 03 5.60 6.19 5.67 6.33 5.73 5.56 5.49 6.56 5.50 5.93 
53 04 6.02 6.85 5.49 7.04 6.58 3.61A 5.81 5.48 5.55 5.60 
53 05 5.99 5.86 6.65 5.62 3.31A 5.55 5.92 5.95 6.17 5-48 
55 01 6.38 6.38 5.56 2.76A 5·. 87 5.64 5. 97 5.11 5.79 5.66 
55 02 5.95 4.04A 3. 54 A 5.48 1.62A 5.67 4.33A 3.85A 4.74A 3.65A 
55 03 1.83A 1.55A 1.76A 4.83A 1.70A 1.32A 1.55A 1.31A 1. 13A 3.31A 
55 04 4.18A 2.71A 5.70 1.26A 3.22A 1.52A 1.77A 5.52 5.29 5.92 
55 05 1.97A 1.75A 2.62A 1.69A 4.lOA 3.00A 1.68A 2.02A 4. 1 7A 3.3CA 
56 01 6.74 6.58 6.43 7.43 5.93 2.18A 1.22 6.04 5.67 6.25 I-' 

0 
56 02 6.13 6.52 2. 89A 6.02 1.6 7 A 8 .15 5.78 5.7 6 5. 16 A 5.77 \0 
56 03 5.67 5.94 3.79A 5.76 2.51 A 5.86 6.02 5.69 2.59 A 5.80 
56 04 5.69 5.79 2.66A 5.58 5.75 1.27A 1.41 A 1. 32/1. 1.82A 5.68 
56 05 5.95 1. 38A 3.21A 2. 26-A· 2.82A 2.17A 2.60A 1. 70A 1.59 A 1.41 A 
57 01 5.57 1.31A 3.60A 1.67A 5.74 2.70A 5.72 2.59A 1. 7 8A 1. 69A 
57 02 5.60 1.50A 4.00A 1.72A 1.31A 1.44A 3.40A 2.12A 3.45A 2.68A 



RAT 1/ CAR D II TABLE D-1 AVOIDA NCE LATENCIES Cont 1d "../) 
(') 

::r 
57 03 5.20/\ 3.48 A 1.18A l. 36 A 3.96/1 1.93A 2.28A 5.38 3.51A 2.35A ::, 

C 
57 04 2.49 A 1.44A 1.50A 2. 0 1-t A 4 . 73/1. 1.33A 1. 69A 1. 35 A 5.45 3.85A ~ 

57 05 2.75A 1.4 5A 0.83A 1. 09 A l .06A 3.0lA 1.30 A 5.47 3.28A 3.22A t-j 

58 01 2.49 A 5.67 3.60A 6.49 7.05 1.75A 4. 17 A 3.75 A 3 .22 A 5.55 
58 02 5.64 5.26 2.31 A 4.65A 5 . 36 5.36 2.92A 3.4 4A 5.28 5.5 5 
58 03 2.52 A 2.27 A 1.97A 1.42 A 3.96A 2.53A 3.25A 1. 76A 5.40 5.32 
58 04 3.55A 2.67A 4.'+lA l. 25 A 2.62A 1.80A 1. 73A 2.3 8A 2.50A 1. 85A 
58 05 1.35A 4.32A 2.14 A 1. 94A 2.85A 1.24A 2. 15A 1. 3 7 A 2.94A 5.33 
59 01 6.54 3.39A 3.28 A 5.43 1.57A 2.0lA 5.80 l.92A 3.22A 4.<;C A 
59 02 5.44 6.03 2.17A 2.80A 2.32A 3.39A 2.69A 2.92A 4.26A 4.66 A 
59 03 3.17A 5.42 2.24A 3. 06 A 2.17A 5.44 2.61A 3. 8 1A 2.87A 3. 8 3A 
59 04 2.30 A 3.67A 1.90A 1.39A 1.26A 1.12A 1.29A 3.23A 1.07A 1.44 A 
59 05 1.49A 3.llA 1.20A 1.46A 1.83A 1.30A 1.43A 1.58A 1.35A 1. 2 7 A 
60 01 5.71 6.0 4 5.73 1. 48A 5.97 1.43A 5.72 1.05A 2.66A 2.79A 
60 02 6.43 1.50A 1.50A l .63A 1.47A 1.09A 3.82A 1. 52A 1.40A 1.40A 
60 03 6.79 l.2 0A 1.41A 1.59A 1.05A 1.82A 1.36A 1.22A 1.26A I.CSA 
60 0 4 1.21 A 4.51A 5.58 2. lOA 2.83A 2.66A 1. 88A l. 2 lA 1.04A 1.19 A 
60 05 2.25A 1.55A 1.21A 2.89A 1.95A 2.19A 1.26A 1.95A 1. 6 lA 1.71A 
61 01 1.21 6.71 7.43 6.72 l0.45 6.36 6.38 6.04 5.96 6.40 
61 02 6-44 5.93 6.38 5.84 3.18A 5.94 6.17 2.62A 6.14 5.sc; 
61 03 6.22 6. 11 3.95A 5.95 2.18A 1.87A 1.85A 2.0lA 6.11 2. 2 3A 
61 04 1. 63A 5.96 2.38A 1.70A 2.14A l-72A 2.09A 1.95A 2.21A 1.92A 
61 05 1.76A l. 71A 2.04A 3.86A 6.21 2.09A 1.70A 5.93 6.37 2.05A 
62 01 6-74 6.26 6.13 6.20 8.16 6.66 7.29 6.32 6.57 5.89 
62 02 6.13 5.85 5.80 2.06A 5.54 8.47 5.80 3.15A 2.53A 1.92A 
62 03 5.81 2.14A 2.89A 2.25A 2.75A 5 . 81 5-75 5.57 5.60 2.67A 
62 04 2.17A 5.70 3.19A 2 .16A 5.93 5.56 3.83A 2.35A 7.03 6.02 
62 05 3.17 A 5.68 6.24 6.46 6.01 5.62 5.39 5.82 5 .6 6 5.57 I--' 

I--' 
63 01 5.86 5. 86 6.46 5.89 7.18 6.38 7.48 6.91 7.30 5.82 0 
63 02 5.87 6.61 5.98 3.68A 6.35 5.80 5.79 5.89 4 . 04A 5.89 
63 03 6.06 6.30 6.36 5.89 2.52A 5.68 5.78 5.77 5 .7 8 5.87 
63 04 6.20 5.97 3.60A 5.81 2.07A 5.68 2.87A 6. 10 l. 60A 5.82 
63 05 2 . 08A 5.63 1. 44A 5.57 l. 9 5 A 2.02A 5.73 1.55A l.65/\ 1.57A 
64 01 8.35 8.35 6.04 9.88 6.95 1.02 7.68 7.6 8 6.91 34.35 



RAT # CARD II TABLE D-1 AVOI DA/\C E LATENCIES Cont I d 'J) 
0 
;3' 

64 02 6.38 7.6 5 7. 65 6.9 3 6 . 00 7 . 40 7. 57 6 . 36 2.54A 6.68 ~ 
C 

6 11 03 6.05 6.79 7.63 6.33 2.2 5A 5 . 54 5.6 8 5.54 5 .57 5.71 'i 
64 04 5.52 5.65 2. 30A 5.63 5.41 5.57 1. 9 9A 5. 48 2.94A 5.60 1-j 

64 05 1.40A 5.40 1.64 A 5 .4 6 8.37 5. 32 2. 92A 5 . 38 2. 13 A 5.45 
65 01 6 .01 6.01 1.73 A 6.07 6. 70 4 .4 4A 5 . 59 5 . 42 6 . 83 6.23 
65 02 1.7 1A 6.15 5 . 25 5.78 1.7 3A 5.61 1. 56A 2.0lA 2.04A 2.02A 
65 03 1.2 6A 1. 85A 1.60A 1. 50 A 1.48A 1.67A 3.32 A 1. 67A 1 . 2 7A 3. 2 eA 
65 04 1.7 2A 1.85 A 1. 4 0A 1. 89 A 1.3 5A 5.34 1.21 A 1. 39A 1.17A 1.4 2A 
6 5 0 5 lol4A 1.3 8A 1.20 A 1 . 15A 1.16 A 1.36A 1.17 A 1.l 6A 5. 3 8 1. 3 3A 
66 01 6.0 8 6. 07 5.90 6.01 3 .3 2A 6. 16 5. 82 2. 08A 5.82 5.7 8 
66 02 3.51 A 2. 55A 5 . 80 3.12A 3 . 48 A 1. 99A 2.2 2A 1. 60A 3. 49A 5.94 
6 6 03 5.9 8 2.0 81\ 1. 37A 3 . 20A 1. 58A 1.43 A 1.73 A 1. 69A 1.65A 1.4 8A 
66 04 2.04A 1. 62A 1. 52A 1.55A 2.8 8A 1.55A 1. 48A 1.62A 1 .56A 1. 53A 
66 05 1. 65A 5. 83 1. 99A 2.21A 5 .05 A 3.30A 5. 57 1. 54A 2.30A 1. 5 7A 
67 0 1 3.37A 5.94 5- 85 2 .11 A 6 .5 4 5.45 2. 88A 5.52 3.02A 5.75 
6 7 02 2. 57 A 2 . 94A 5 .7 2 3.68A 5 . 50 4.89A 2. 0 4A 1. 95A 2 . 56A 5 .7 2 
67 03 1. 87A 2.76A 5.63 4.63A 4.82A 1.60A 2.43 A 2.0 6A 5 .7 0 1. 60A 
67 04 2.84A 1.53A 5.78 1. 6 7 A 5.62 3.63A 3. 64A 4 .7 6A 2.14 A 2.85A 
67 05 5.7 5 5.73 1. 9 2 A 5.49 1. 83A 4.0lA 1.6 5A 1.7 8A 1.57A 2.21A 
6 8 01 6.07 5.82 8.54 8.74 6.49 12.39 6.08 13.11 5.95 7.0 8 
68 02 6.29 6.05 3.23A 5 .95 5.86 6.75 7.33 6.21 3 .14A 5.81 
6 8 03 5 .81 5.75 5. 95 6.29 5.77 5.78 5.0 9A 4.51 A 5.73 6.27 
6 8 o,, 5.79 2.69 A 5.75 5.77 5.82 5.97 4. 69A 5.7 5 3.48 A 1. 53A 
68 05 5.76 1.25A 5.16 A 5.67 5.68 5.72 2.2 5A 5.73 5.73 5.96 
69 01 5.90 5.99 6 . 92 5.60 6.96 S.69 2.31 A 6.65 4.61A 4.7 8A 
69 02 5.52 5.60 5.67 5.51 5.65 1.48A 3.41 A 3.71 A 1. 9 8A 1. 40A 
69 03 .. 1.68A 1. 59A · ·2.22 A 1.30A '3. 23 A 1. 83A 1.23A 3.19A 3 .0 5A 1. 4 lA 
69 04 1.24 A 5.50 5.55 5.36 3.17A 1.17A 4.29A 1. 56A 1. 45A I. 4 lA I-' 

I-' 
69 05 3.00A 2.59A 5.57 1. 46A 1.92 A 1.50A 1. 30A 1.6 8A 1.36A 5.53 I-' 

70 01 6.34 5.89 7.75 6 .06 5.75 5.94 4.51 A 3. 82A 5 .24 6.02 
70 02 3.85A 6.90 5.63 3.34A 5.96 5.94 5.73 2.73A 3.74A 2-47 A 
7 0 03 3.93A 3 .50 A 5 . 62 6.26 3.02 A 5.79 1.96 A 5. 91 5 .57 3.3 6A 
70 04 1. 7 0/\ 6.08 5 . 94 4. 80A 5.25 1.94A 5.80 6 . 53 3.78A 4.eeA 
70 05 1.67A 3. 94/1. 2.43A 1.63A 2.49~ 3.85A 2.4 5A 2.4 8A 4.59A 2.62A 



RAT ti CARD II TABLE D-1 AV OIDANCE LAT ENCIES Cont 'd U) 
() 

~ 

71 01 6.20 6.57 5. 88 6.60 8.58 5. 84 6. 16 6 . 46 2.72A 6.35 ::s 
C 

71 02 2.30 A 5 . 43 5. 86 l. 76A 4.57A 1.60 A 1. 87A 5. 85 5 .06 1.62A ~ 

71 03 1.95A 1.79A 1.65A 5.86 1.66A 4.65A 1.6 3A 2. 04A 5. 38 2. 85A ~ 

71 04 6.28 2.29A 1.65A 6.01 2.551\ 5.97 2.12 A 3.21A 4.39A 2.53A 
7 1 05 1.56A 1. 8 1A 1.76 A 1.53A 1.60A 1.35 A 1.281\ 1.7 5A 1.42A 1.SlA 
72 01 7.17 5.96 6.03 6.01 6.00 6.01 8.09 4. 89A 6.00 6.73 
72 02 5.87 5.97 7.33 5.09 6.01 5.87 6.31 8.12 3.95A 6 .C C 
72 03 9.69 4.71A 6.05 6.37 13.30 5.30 6.02 6.15 6.63 4 .27 A 
72 04 6.13 6.27 6.0 8 6.05 5.42 6.24 6.93 2. 25A 4.73A 7.4 2 
72 05 5.98 6.55 2.35A 5.07 5.94 5.95 2. 62A 7.77 6 ;02 3.31A 
80 01 7.35 8.49 6.43 6.43 6.48 6.96 7. ':>7 6.78 6.57 6.85 
80 02 6.20 6.41 1.49A 5.91 2.05A 5.03 A 6.7 4 5.89 2. 90A 5 .C SA 
80 03 5.95 2.38A 7.27 5.87 5.99 4.89A 5.9 5 4. 89A 6.04 1.3 9A 
80 04 1.79A 6 .1 5 3.04A 2.7LtA 1.48A 5.98 5. 83 4.7 3A 2. 93A 5 .8 0 
80 05 1.66A 1.60/\ 3.47A 6.10 2.61A 1.90 A 3.80A 1. 94A 1.55 A 4.CCA 
81 01 6.13 6.42 5.95 6.83 5.52 1.44A 5.9 9 2.93 A 6.04 1.5 5A 
81 02 6.36 6.21 2.331\ 1.57A 5.75 2.08A 5.90 1. 92A 1.84A 3.02A 
81 03 5.53 3.49A 6.11 4.32A 4.05A 2.42A 1.63 A 2. 31A 3.66A 4.04A 
81 04 4.71A 5.94 2.llA 2.19A 1.47A 1.38A 1.75/\ 1.79 A 1. 86A 2.69A 
81 05 2.29A 2.13A 1.37/\ 1. 64A 1.45A 1. 51 A 3.09/\ 2.40A 2.84A 2.C3A 
82 01 6.45 11. 21 7.03 7-50 7.55 3.37A 8.89 6.79 6.29 6.C2 
82 02 6.68 4.llA 6.27 6.41 6.25 6.18 6.16 6.29 5.97 5.90 
82 03 6.41 2.04A 6.15 6.16 4.49A 5.82 4.70A 3.40A 6.08 2.2 9A 
82 04 5.71 3.15A 5.74 3.66A 5.93 3.33A 5.83 5.06A 5. 84 6.06 
82 05 5.85 5.85 1.64A 5.85 6.66 5.93 2.23A 4.40 A 4.33A 3.41 A 
83 01 6.08 6-71 2.44A 1. 95 A 6.04 5.80 6.22 6.05 2. 1 7A 3 .0 5A 
83 02 7.07 5.91 6.00 6.70 5.41A 3.06A 6.29 7.29 6.10 6.02 
83 03 5.93 6.06 1.43A 5.96 5.86 5.81 6.11 1. 82A 2.47A 3.C5 A I-' 

83 04 3.27A 2. 8 8A 4.0lA 5.37/i 3.05A 3.90A 1.89 A 3. 88A 1.78A 4 .3 8A I-' 
:"J 

83 05 2 . ·2 4A 6.00 5.85 2.04A 6.09 2.5 8A 2.74A 2.00A 3.49A 3.15A 
84 01 7.81 7.81 7.04 6.34 6.31 7.13 6.30 1.72A 7.51 6-30 
84 02 6.53 7.14 1. 80A 6.18 3.28A 6.57 6.05 7.1 6 6.72 6 . ec 
84 03 l. 6 7A 1.97A 6.29 1-23A 6.89 5.85 5.84 7. 86 6.97 6.90 
84 04 1.76A 5 . 8 5 5.81 7.41 6.39 6.62 1.86 A 1.29A 2.59A 5.54A 



RAT II CA RD# TABLE D-1 AVOIC/\NC E LAT EN CIES Cont'd J) 
() 

:::r 
84 05 6.23 6.00 6.40 2.74A 4.97A 6.40 1.15A 6.01 5.75 3.73 A ~ 

85 01 1.20 6.32 16.28 7.42 9.34 6.97 6.62 6.09 7.15 6.01 
C 
11 

85 02 6.80 6.32 6.12 2.71A 6.18 5.93 5.91 5.93 5.9 6 6.13 11 

85 03 5.85 2.90A 6.52 5.79 6.32 5.85 4.l6A 5.97 5.89 5.86 
85 0 4 5.90 4.'i9A 3.34/\ 9.07 5.87 5.92 6.07 2.48A 5 .67 5.88 
85 0 5 5.94 5-81 6.28 3.55A 3.52A 5.82 5.76 2.5 9A 4.49 A 6.07 
86 01 8.00 6.39 7. 4 9 6.39 6.55 6.34 l.?0A 6.10 2.36 A 6 .12 
86 02 1.68A 6.09 2.13A 2.23A 1.99A 5.82 2.13A 6.25 1.38 A 5.91 
86 0 3 1. 83A 1. 71 A 4.80A 2.02A 2.20A 1.84 2.20A 5.93 2.57A 1.49A 
86 04 l-84 A 1.51A 3.32A 1.3 8 A 6.05 5.93 1.61A 1.23A 1.84A 5.78 
86 05 1. 84A 1.84A 2.67A 1.98 A 1.46A 1.65A 2.36A 5.42A 2.99A 1.33 A 
87 01 7.03 6.05 6.10 5.89 5.90 6.03 5.77 1. 9 lA 3.87 A 5.71 
87 02 2.63A 5.71 5.lO A 5.78 5. 91 3.60A 2.40A 5.9 9 1.75A 3.83/\ 
87 03 5.ao 5.64 5.89 1.82A 2.82A 1.2 8A 5.75 1.9 8 A 2.23 A 1.23A 
87 04 2. 90A 5.64 2.26 1\ 5.38 2.36A 2.30A 6.01 5.87 5.79 l.7C A 
87 05 2.39A 5.24 A 1. 73 A 2.60A 1.87A 1.4 6A 2.30 A 3.1 5A 2.69A 1. 5 0A 
88 01 7. 15 11.6 8 6.64 6.67 7.24 21.72 6.96 7.71 7.40 1.20 
88 02 6.03 6.58 6.03 6.61 6.10 5.94 6.01 6 . 28 1.49A 6. 2', 
8 8 03 6.54 6.13 6.05 6.50 6.75 6.34 2.63 A 2.45A 5.84 6.23 
88 04 5.98 6.15 6.32 6.10 6.21 5. 9,, 6.07 6.88 6.05 5.95 
88 05 8.08 6.99 5.97 6.08 6 .o 1 6.16 5.66 6.46 7.11 6.10 
89 01 6.08 5.85 6.00 5.81 5.94 6.25 1.53A 5.80 5.79 5.72 
89 02 ,,.40A 2.58 A 5.70 1.80A 5.65 3.91A 1.77A 6.11 2.48A 3.2<;A 
89 · 03 5.86 1.25A 5.76 2.04A 5.78 4.55A 1.18A 1.37A 3.63A 5.66 
89 04 1.31 A 4.27A 1.35A 3. 16A 5.55 3.04A 5.83 1. 5 2A 1.86A 5.82 
89 05 1.58A 5.97 2.44A 1.79A 1.68A 1.62A 1.63A 4 . 06A 2.80A 1.43A 
90 01 6.34 6.17 7.24 5.85 6.92 6.10 5.89 2.67A 6-30 2.31A 
90 02 6.10 3.79A 5.67 2.65A 5.64 3.65A 5.93 5.41 A 2.51A 6.69 I-' 

90 03 2.61A 2.21A 6.17 2.21A 1.96A 4.35A 2.28A 5.78 2 . 06A 2.19A I-' 
\.>l 

90 04 5.79 5-78 3.28A 2.12A 1.94A 4.13A 4.2 8A 5.93 3.83A 1.73A 
90 05 4.70A 1 .• 63A 5.73 5.76 2.49A 2.00A s·. 86 1.63A 1.83A 2.3C A 
91 01 5.85 5.84 3.29A 5.66 5.85 2-07A 5.93 l.lO A 5.97 3.09A 
91 02 5.90 1.30A 5.90 5.87 5.84 1.70A 6.07 1.72A 5.80 5.9C 
91 03 5-88 1.55A 6.01 3.79A 5.89 5.71 5.15A 4.04A 5.92 4.13A 



RAT II CA RD# TA.BLE D-1 AVOI DAN CE LAT EN CI ES Cont 1d U) 
0 
::i--

91 0 1t 5.7 5 1. 94 A 1 ■ 5 8 A 1.7 3 A 5.79 1.8 8 A 5.76 2.1 9A 1. 4 7A 5 .1 5A ::::s 
C 

91 05 1.56 A l. 45A 1. 59 A 1.98 A 1.39 A 2.45A 1.46A 1.41 A 1. 6 6A 2.14 A ti 
92 01 3.05/\ 6.2 8 5.03 6.71 6.34 4.92A 6.88 6.3 4 3.33A 7.5 0 ti 

92 02 1. 9 l A 5 .93 5. 8 3 5.79 1.83A 1.66A 5.9 8 5. 84 1.85 A 3.41 A 
92 03 1.91 A 5.9 3 5.8 3 5.79 1. 8 3 /\ 1.66A 5.9 8 5. 84 1. 8 5A 3.41 A 
92 04 3.7 5A 5 .79 5. 95 5.72 2. 6 1A 5.85 3.lOA 5. 85 5. 8 5 2.2 3A 
92 05 1.25A 6.29 4.39 A 1.5 5A 5.64 2.03A 1.70A 1.7 3A 5 .18 1.71 A 
93 01 5. 5 6 5.56 7.01 6.39 6. 19 5.9 8 5.85 5.99 5.98 2.2 4A 
93 02 5 .99 5.89 3.50 A 6 .40 6.17 6.02 1.90A 6.0 5 6. 0 6 5.3 9A 
93 03 2. 03 A 6.0 8 5. 8 4 5.75 2.18 3.42A 2.83 A 1. 98A 2.45 A l.SSA 
93 04 6.12 5.90 1.86 A 3.5 5 A 5. 8 3 3.61A 2.26A 5.9 6 5.72 1. 88A 
93 05 6.08 5.80 1.76A 3.04 A 6.07 3.81A 1.37A 6.2 8 5.71 1.76A 
94 01 7.3 8 7.3 8 6-76 6.16 5.89 6.14 5.97 6.01 3.71A 2. 8 1A 
94 02 6.04 6.33 5.82 7.43 6.04 5.96 5.90 4.8 8A 4.01 A 5.97 
94 03 5.89 6.15 5.83 2.33 A 5.94 3.21A 5.78 5.7 7 5.95 5.96 
94 04 6.05 6.07 5.89 5. 8 1 5.93 5.89 5.78 6.09 4.08 A 5.9 8 
94 05 6.32 3.43 A 5.87 5.74 3.13A 5.82 2.01A 5 . 07 5.90 5. 8 5 
95 01 7-96 6. 39 6.13 5.95 5.98 2.71A 3.73A 5. 85 2.35 A 4.C9 A 
95 02 2.50 A 6.3 8 5.90 1.39A 2.06 A 1.39A 1.92A 5.8 5 2.03 A 1.70A 
95 03 5.95 l. 58A 5.85 1.38A 1. 61 A 2.14A 2.81A 1.69 A 1.60A 5.83 
95 04 2 . 37A 1.41A 1. 61 A 1.45A 5.76 1.18A 1.76A 1.57A 5.79 1.96A 
95 05 3.19A 1.49A 5.78 A 1.36A 2.56~ 2. 11 A 1.87A 2.75A 5.98 5. CJ 8 
96 01 6.72 6.03 6.39 2.75A 6.29 1.82A 2.61A 6-12 6.20 6.20 
96 02 6.55 6.17 3.07A 6.07 5.97 5.80 6.22 6.10 2.21 A 5.57 
96 03 1. 41A 5.71 3.0lA 2.20A 2.84A 6 .9 6 2.42A 1.77A 5.99 3.27A 
96 04 5-85 5.92 5.77 2.95A 6.07 5.45 2.82A 1.98 A 3 .1 7A 3.29/\ 
96 05 5.90 1 ._ 76A 6.90 1.81A 6.02 3.39A 4.48A 3.50A 6-62 6.21 
97 01 6.89 6 . 52 6.51 4.69A 8.31 6.26 2.28A 6 . 3 8 6.33 7.28 1--' 

1--' 
97 02 6.65 6.41 6.17 1.50 6.09 7.34 2.20A 6.11 2.36A 6.24 .p 
97 03 6007 1.08 6 .1 5 6.06 6 . 56 6.78 6.53 6.1 8 6.10 5.56 
97 04 7.59 5.94 6.44 6.07 6.57 2.26A 6.02 5.6 9 6.36 5.96 
97 05 6.66 8.77 6.97 1.05A 6.61 5.81 6.31 5.8 9 6.38 6. 10 
98 01 3 . 36 A 19 . 48 6-29 10.83 4.39/\ 8 .40 8.22 9.97 6 .7 6 8.49 
98 02 8.68 8-91 6.47 2. 52A 6.47 6.75 8. 7 3 4.44 A 4 .77 A 5 . 96 



RAT II CARD# TAB LE D-1 AVOIDANC E L /\TENC I ES Cont 1d U) 
() 

~ 

98 03 9.71 6.?2 1. 8 SA 6.36 7.39 7.5 5 1. 64A 7.2 7 6.76 6.6C :::s 
C 

98 04 3.42A 5.74 6.14 6.28 8.31 2.66A 6.41 3. 8 0A 5.00A 5.77 ~ 

98 05 4.99A 7.60 1o.23 2.37A 5.91 3.66A 3.04A 3.99A 5.49 3.42A ~ 

99 01 6.00 6.20 6.80 6.50 6.25 6.05 6.10 5.8 0 1. 65A 6.05 
99 02 6.00 5.90 2.45A 6.20 5.90 6.35 5.80 6.05 5.80 6.C5 
99 03 5.90 6.00 1.901\ 5.70 6.00 6.10 6.00 5.90 5.90 s.c;c 
99 ~ 04 6. 10 6.25 5.90 5.85 5.75 5.90 5.90 6.00 1. 25A 5.95 
99 05 5.90 5.90 1. 25A 5.80 4.30A 1.85A 3.45A 5.9 0 5.85 1.40A 

100 01 6.30 5.60 6- 10 6.55 6.80 5.80 2.95A 8.10 6.10 6.SC 
10 0 02 6-00 6.35 6.65 6.80 5.70 5.75 2.00A 5.60 1.70A 4.8CA 
100 03 2.25A 6.60 5.75 5.65 5.55 1.45 A 3.95A 5.60 5.65 5.65 
10 0 04 2.90A 5.30 1.90A 5.00A 3.50A 5.lOA 3.30A 5.6 0 2. l SA 3.65A 
10 0 05 7.50 5.75 4.70A 4. 50A 5.60 5.50 1. 60A 2.00A 1.80A 3.15A 
101 01 4.20A 6.50 6.50 10.20 6.35 6.40 4.90A 4.3 5 A 6.50 5.95 
101 02 6.20 6.90 6.90 6.10 6.20 6.05 5.80 2.1 5 A 6.60 3. 60A 
101 03 5.85 5.85 6.00 6.20 5.75 2.70A 2.45A 5.00A 5.85 3.30A 
101 04 4.40A 5.90 2.15A 2.20A 3.60 A 4.45A 1t. 15A 5.80 5.75 4.45A 
10 l 05 2.ooA 6.10 6.00 2 .45 A 2.00A 6.00 3.65A 2.65A 3.00A 5.9C 
102 01 5.90 6.15 6.10 5.50 5.50 2.40A 5.60 5.55 2. 05A 5.65 
102 02 6.00 5.65 5.50 4.00A 5.50 2.65A 3.15A 5.50 5.75 2.00A 
102 03 5.50A 2.lOA 2.30A 4.5oA 5.50 2.85A 5.40 1. 95A 6.10 1.80A 
102 04 4.SOA 2.05A 2.45A 4.60A 5.75 2.50A 1. 80A 3.00A 2.30A 3.2CA 
102 05 3.25A 1.70A 1.40A 7.25 1.65A 1.40A 1.50A 1.30A 5.50 1.65A 
103 01 5. 8_0 5.lOA 5.75 6.60 6.25 5.65 6.65 6.00 4. 75A 5.75 
103 02 5.95 2.05A 3. 0 SA 5.75 2.15A 2.15A 5.75 2.70A 5 . 80 5 . 55 
103 03 6.90 5.70 8.40 6.00 5.80 2.55A 5.70 5.80 1. 45A 5.7C 
103 04 5 .65 1.80A 2.30A 1.45A 2.25A 1.55A 4.75A 6.15 1.50A 2.20A 
103 05 5.75 1.40A 1.70A 5.50 1.85A 1.55A 1.65A 1.2 5A 5.85 1.60A I-' 

I-' 
104 01 1.30A 6.20 6.40 6.25 6.50 7.05 6.10 6.80 2. 85A 6.25 \_'1 

104 02 5.95 7.85 1.55A 7.50 6.25 5 .9 5 1.25A 6.05 5.80 6.CC 
104 03 2.50A 6.20 3.05A 6.55 6.00 9.65 6.05 6.50 6.10 6.55 
104 04 6.00 6.00 5.65 6.00 5.00A 6. 20 5.90 6.00 1.40A 6.CO 
104 05 5.80 5.90 5.90 5 . 95 4.20A 5.80 4.60A 5.75 5.90 5.9C 
105 01 6-20 6.10 8.15 5.85 1.90/\ 1.00 1.75A 5.90 6.30 2.esA 



RAT /1. CARD fJ TABLE D-1 AVOIDA NCE LATENCI ES Cont'd r:J) 
0 
:::,--

10 5 02 6.40 1. 8 0A 1.65A 1.90A 1. 6 0 A 5 . 00/l 4. 0 0 A 2.5 5A 6.05 1. 5C A ::s 
C 

105 03 4. 0 0A 1.30A 2.00A 3. 85 A 1. 50 A 2 . 85A 5. 85 2.20 A 1.15 A 5.9 0 !; 

10 5 04 3.60A 2.50/\ l. 1t OA 2.60A 5.70 2.lOA 6. 'iO 1.65A 2.55A 4.75 A ~ 

105 05 4.3 5A 2.40A 1.50A 4.75A 6.00 2.75 A 2.60 A 2.90A 3.50A 1. 9C A 
106 01 2.00 A 2.35A 2.45A 1.45A 11.15 5.70 5.90 5.65 6.00 6.7 5 
106 02 5.70 6.60 1.30A 6.80 1. 8 0 A 5. 85 5.75 5.90 2.20 A 5.5 5 
106 03 6.10 6.50 7.15 5.85 5.7 5 5.7 0 1.00 5. 8 5 5.75 5.95 
106 04 6.05 7.10 10.17 5.55 ~-75 5.60 5.50 5. 80 5.75 5.6C 
106 05 5.80 6.70 6.55 4.lOA 5.65 5.55 4. 50 A 5.5 5 5.80 3.C5 A 
107 · 0 l 5.70 6.00 5.65 6.20 6 .10 2.2 5A 5.70 5.70 4.90A 6. 6 0 
107 02 2.00A 6.00 2.20A 5.6 0 4.00 .f\ 6. 65 5.00 A 5.60 5.50 5.50 
107 03 10.00 6.00 4.50 A 7.40 5-00 /\ 5.65 1.60 A 5.60 6.45 9.8C 
107 04 6.00 6.40 5.60 5.65 3.35 A 3.35.ti 4.90 A 5.70 5.50 3.C OA 
107 05 2.45A 5.45 5.60 5.75 2.0SA 5.65 5.lO A 6.6 5 4.60A 5.50 
10 8 01 5.50 5.55 5.40 5.80 5.75 5.40 5.70 5.40 2.30A 6.55 
10 8 02 5.70 5.60 1.65A 2.35A 5.50 6.00 3.00 A 2.35A 1.50A 1.65A 
10 8 03 5.75 5.75 3.lO A 6.60 5.70 5.90 1.60 A 1.70A 5.65 6.55 
108 04 6.10 1.80A 5.50 5.55 3.20 A 5.65 6.40 5.75 2.25A 5.75 
10 8 05 2.15A 1.85A 1.75A 5.60 3.15 A l.SOA 1.30A 5.75 5.55 5.55 
109 01 6.00 6.00 5.85 5.85 6.16 7.00 4.59A 3.35A 6.20 3. 3 5A 
109 02 6.10 6.00 1.35A 3.50A 5.85 5.80 6.00 5.90 5.90 l.lCA 
109 03 3.65A l.lOA 1.40A 6. 10 l.OOA 2.70A 5.90 1.40A 2.75A 2.45A 
109 04 2.95A 3.10A 2.70A 1.50A 1.00 A 1.85A l.O S A 1.15A 1.75A 4.0SA 
109 05 0.90A 1.00A 0.85A Q.9QA 3.90 A Q.85A 0.90A 1.00/\ 0. 95A 5.95 
110 01 6.45 l. 40A 3.lOA 6.00 7.50 5.75 6.15 6.00 . 6.20 6.CC 
110 02 7.60 6.30 6.20 6.25 2.80A. 1.45A 6. 10 1.65A 1.50A 5.85 
110 03 6.00 1.30A 4.30A 1. 35 A 4.75A 4.40A 3.00A 1.75A 4.70A 2.20A 
110 04 4. OOA 1.20A 2.70A 6.00 5-80 5.70 3.55A 6.00 3.20A 3.5CA I--' 

I-' 
110 05 4.70A 3.soA 3.65A 1.35A 4. lOA 1.55A 3.30A 1. 70A 3.55A l.8CA ~ 

1 1 1 01 4.90A 6.00 5.50 5.65 3.35A 5.60 3.00A 4.15A 5.65 5.70 
l 1 1 02 3.00A 1.35A 1.35A 2.05/\ 5.80 4.40A 3.60A s.so 1.80A 5.40 
111 03 1.80/1. 2.30A 5.60 5.65 1.70A 3.45A. 2.30A 1.80A 5.60 2. 8CA 
1 1 1 04 2.00A l.45A 1.45A 3.70A 3.00 A 1.60 A 1.60h 5.50 1.20A 2.25A 
111 05 1.15A 5.50 3.25A 1.40A 2.70A 1.30A 1.55A 4.20A 5.30 1.50A 



RAT # CA RD fl. TABLE D-1 AVOI DANCE LATE NC I ES Cont 1d --.n 
() 
::;-

11 2 01 8 . 50 5 . 65 7.25 3. 90/\ 7.2 5 5.65 5.69 2.25A 7.40 5.4 0 ~ 
s:: 

112 02 5.50 1.70/\ 6.25 1.2 0A 5.75 2.00A 2.70A 5.6 5 5.40 5.95 ti 
112 03 5.40 1. 85A 1. 70A 1.60A 1.45 A 1.50 A 5.65 5.45 2. 2 5A l.5C A 1-j 

112 04 2.40A 1.60A 5 .60 1.40A 5.65 5.40 5.55 3.50/1 5.10 1.2 5A 
112 05 5.60 1.70 A 5.60 1.50 A 4.85A 1. 60A 1. 55A 5.50 3.30A 5.75 
113 01 6.1 0 4.90 A 6.10 4.3 5A 6. 15 6.00 5 . 90 6.4 5 5.95 6.05 
113 02 6. 00 1. 30A 6 .50 6.00 6.0 0 5~90 6. 10 5.80 5.90 1.7 5A 
113 0 3 6.2 5 6.00 3 .15 /1. 5.90 6 .10 3.lO A 5.85 3 .2 5A 1. 85A 2.2C A 
113 04 5.75 5.75 5.60 4.lOA 1.45 A 1.35A 5.80 2.90A 3.80A 5.90 
113 05 5. lO A 5.75 5.65 2.50A 5.65 6.00 1.7 5A 5.75 1.85 A 2 ._ 1 5A 
114 01 3.4 5A 7.10 5.95 6.35 1.65 A 6-25 6.55 6.50 6.60 7.9 C 
114 02 6.70 6.40 6.30 8.65 7.4 5 6.40 7.55 6.00 6.75 6.CO 
11 4 03 9.2 5 6.25 4.85A 6.05 5.90 7.0 5 3.20A 8.05 6.70 5.90 
114 04 5.95 6.55 6.30 6.20 6.0 5 6. 10 6.10 5.00A 7.80 5.90 
1 l't 05 5.95 6.10 5.80 7.40 5.50 5. 90 2.60A 4.90A 6. 80 3. 2 5A 
115 01 o.oo 7.00 6.25 5-85 6.40 1. 80A 6.20 6.00 6.00 l.5C A 
115 02 5.90 5.75 6.00 5.90 5.75 5.85 1. 00 5.05 6.00 1.70A 
11 5 03 2. lOA 5.80 5.80 6.00 6.40 5.85 6.25 5. 90 6.0 5 6.00 
115 04 5.80 1.50A 6.40 6.25 5.90 6.00 4.15A 6.20 5.70 2.CO A 
11 5 05 6.10 4.00 A 5.95 3. 15 A 5.70 1.65A 6.00 1.45A 5.80 1.95A 
116 01 6.00 6.35 5.80 5.55 5.00 5.80 7.15 5.70 5.85 6.20 
116 02 6.95 5.75 5.50 6.10 4.70A 5.85 1.25A 5.60 8.00 5.60 
116 03 1.35A 5.90 5. 60 5.70 1. 90A 5.60 6-05 5.66 1.20A 5.ec 
116 04 5.95 6.40 5.80 5.50 5.75 6.10 3.35A 6.60 5.90 5.25 
11 6 05 5.25 4.50A 5.75 4.00A 7.50 5.40 5.85 4.40A 5.90 4.40A 
117 01 6.15 6.50 7.15 7.95 7.30 6.05 6.65 6.25 6.40 6.25 
117 02 6.30 6.20 6.10 6.20 7. 10 5.90 2.lOA 5.9 0 5.70 5.95 
117 03 6.00 1.25A 6.00 6.00 6.20 5.05 6.00 6.40 6.70 6.45 1--' 

1--' 
117 04 6.00 6.15 6.60 5.65 6.50 5 . 85 6.15 6.20 5.85 5.85 --._) 

117 05 5.75 5. 80 5.70 6.20 5.80 5.70 5.130 1.30A 6.30 5.90 
11 8 01 5.50 5. 80 5.80 5.90 6.40 5.55 3.20A 5.6 5 5.50 5.70 
11 8 02 5.4 5 4.20A 2.35A 5.85 5.50 5.80 3.00 A 1. 85A 2.50A 6.CC 
11 8 03 5-65 5.13A 1.80A 4.06A 6.00 3 .7 2A 5.14A 5 . 66 3.85A 5.60 
11 8 04 5.75 4.00A 5.75 5.55 1.95A 5.20A 3.30A 5.50 ·2. 65A 5.50 



R/\T # CAR D# TABLE D-1 AVOIO/\NC E LAT ENC I ES Cont ' d -') 

(') 

::J' 
11 8 05 4.75 A 3.80A 4.00A 5.45 2.70A 5.60 1. 45A 2.65A 2.55A 4.95 A ;:1 

,:: 
119 01 6.00 2.70A 5 .lO A 1.85A 6 .75 3.40A 5.95 4 . 00A 6-00 1. A 5A ,-j 

119 02 1. 15A 6.00 1.30A 6.25 1.15A 5.90 6.05 5.4 0 1.35A 5.75 1-i 

119 03 1.70A 4 . 84A 1.29A 3.72A 1.59A 6.14 5.93 6.00 4.90A 1. 80A 
119 04 1.90 A 2.95A 2.75A 6.20 5.85 1.25A 2.9 5A 2.50 A 5.75 1.40 A 
119 05 2.45 A 2.20A 5.70 1.70A 4.15A 2.00A 5. 80 3.60A 3.30A l.4CA 
121 01 6.00 6.15 6.10 6.80 2.25A 5.90 3.70 A 1. 80A 5.80 3.30A 
121 02 4.90A 2.30A 6.20 2.70A 2.50A 7.4 5 2.10A 3.50 A 1. 55 A 6.CO 
121 03 1.95 A 2.55 A 1.40A 1.70A 5.85 1.65A 1.40/\ 2.0 0A 1.70A 2.80A 
121 04 2.40A 5.35 5.80 1.85A 1.55A 2.35A 1.80A 2.30A 1. 8 5A 1. 65A 
121 05 4. 90A 2.45 A . 1.60 A 1.60 A 1.60A 2.00A 5.55 2.1 5A l. 90 A 1.6C A 
122 01 5.9 5 4. 95!\ 1.10 6.35 6.45 3.05A 2.60A 2.1 5A 6.00 1. 80A 
122 02 5.65 6.95 6.20 3.50A 2.lOA 1.90A 2.70A 1.8 0A 5.95 1. 45A 
122 03 4.65 A 1.70A 2.05A 1. 70A 4.90A 1.70A 6.25 1.55A 2.80 A 5.2C 
122 04 2. 2 5A 6.10 2.35A 1.90A 1.75A 1.30A 2.45A 2.70A 5.80 2.CCA 
122 05 3.20A 1.55 A 5.85 1.55A 1.20A l.SOA 6.00 1.80 A 5.85 1.50A 
123 01 3.60A 7.35 1.50A 6.10 5.25 6.00 2.00A 3.lOA 2.20 A 6.20 
123 02 2 .15A 7. 1t 5 2.75A 4.85A 2.00A 6.30 1.90A 6 -2 5 2.30 A 5.60 
123 03 2. 90A 6.10 2.90A 2.35A 1.75A 1.20 2. lOA 6.80 1.40A 6.6C 
12 3 04 1.65A 6.90 1.70A 6.15 6.00 5.85 1. 80A 6.10 1.70A 2.35A 
123 05 6.00 6.15 2.20A 2.lOA l .55A 3.40A 6. 15 6.25 1.90A 4.30A 
124 01 6.25 2.90A 6.25 6.25 6.25 2.75A 6.5 5 6.00 1.70A 6.25 
124 02 l. BOA l. l SA 6. 2 0 1.60A 1.60A 6.00 5.9 5 5.95 6.40 3.25A 
124 03 6.30 3.lOA 2.25A 2.40A 2.95A 3.50A 2.35A 1.40 A 6.10 1.40A 
124 04 1.65A 1.65A 2.15A 3.90A 1.30A 2.60A 2.05A 2.85A 4.50A 4.lOA 
124 05 6.20 1.20A 3.lOA 2.90A 6.00 3.55A 2.55A 3.70A 3.40A 6.5C 
125 01 6.50 6.15 6.30 5.85 5.90 6. 10 6.50 6.00 3.30A 6.3C 
125 02 5.90 6.45 6-65 6.30 6.00 2.15A 3.55A 7. 10 2.15A 1.75A I-' 

I-' 
125 03 5.65 5.65 6.00 2.00A 6.00 4. 15A 6.00 2.00A 2.60A 5.90 co 
125 04 6.85 6.00 7.65 2.45A 6.80 1.90A 3.45A 1.65 A 6.25 6.CC 
125 05 4. 35A 5.70 5.50 5.90 5.90 6.00 5.90 5.90 4.35 A 3.4CA 
126 01 4.95 A 6.40 2.60A 6. 15 1.40 A 6.65 4.75A 3 .0 5A 5.90 5.20 
12 6 02 5.85 l. 65A 1.60A 1.90A 1.80 A 3.00A 5.80 5 .7 5 5.80 1.90A 
126 03 2.30A 4.35A 2.80A 2.00A 1.70/\ 2.00A 1.25A 1. 85A 5.80 4. 2 SA 



RAT# CA RD II TABLE D-1 AVOIO ANC: E 

126 0 1t 1. 35A 1.60A 5.70 5.80 2.65A 
126 05 5.95 1.40A 1.70A 1.65A 5.75 
127 01 7.60 6.70 6.10 3.85A 6.05 
127 02 2.55A 2.15A 2.00A 6.10 5.95 
127 03 l.SOA 6.15 2.05A 1.3 0A 1.15 A 
127 04 3.05A 2.65A 3.40A 1.90A 3.75A 
127 05 2.35A 3.65A 2.70A 2. 30A 1.75A 

LATE NC IES 

2.95A 5.90 
1.95A 5.75 
6.30 5.80 
l.OOA 2.15A 
6.10 2.30A 
4.90A 4.80A 
1.30A 2.85A 

Cont'd 

2.25 A 5.90 
2.05 A 6. 10 
l . ,35 A l.SOA 
1.65 A 2.65A 
1.30 A 2.00A 
1.25A 2.95A 
4. lO A 6.00 

1.90A 
2.3C A 
3.15A 
2.00A 
2.4CA 
1.20A 
1. 60A 

.Y) 
() 
::,-
::s 
C 
~ 
~ 

I--' 
I--' 
\0 



TABLE D-2 EMOTIONALITY RATINGS en 
() 
::,--

RAT II CARD# RA TE R I RATER I I ~ 
s;:: 
1-j 

01 15 4 4 
1-j 

02 15 3 3 
03 1 5 4 4 
04 15 0 0 
05 15 3 2 
06 1 5 4 4 
07 15 2 3 
0 8 15 3 3 
09 15 0 0 
1 0 15 1 2 

- 11 1 5 3 3 
12 15 4 4 
1 3 1 5 2 3 
14 15 0 0 
15 1 5 1 0 
1 6 15 4 4 
17 15 4 4 
1 8 15 4 4 
20 15 4 4 
21 15 l 1 
22 15 1 2 
2 3 15 1 1 
24 15 4 4 
25 15 2 2 
26 15 1 1 
27 15 4 4 I-' 

' I\) 

28 15 0 0 0 

29 15 3 3 
30 15 0 0 
31 15 2 2 
32 1 5 2 3 
33 15 1 1 



TAB LE D-2 EMO TI ONA LITY RATI NGS Cont 1d CJ) 

0 
;::J" 

RAT # CA RD# RAT ER I RAT ER II ~ 
C 
t-"j 

34 15 0 0 
Ii 

35 15 l 2 
36 15 4 4 
37 1 5 4 4 
3 8 15 4 4 
39 1 5 4 4 
40 15 0 2 
4 1 15 l 2 
42 15 4 4 
43 15 0 0 
44 15 4 4 
45 15 0 0 
46 15 4 4 
47 15 2 2 
4 8 15 3 4 
49 15 2 3 
50 15 2 2 
51 15 4 4 
52 15 0 0 
53 15 0 0 , 

55 15 4 4 
56 15 2 3 
57 15 4 4 
58 15 4 4 
59 15 2 2 
60 15 3 3 I-' 

I\) 

61 15 0 0 I-' 

62 15 0 0 
63 15 0 0 
64 15 0 0 
65 15 0 0 
66 15 2 2 



TABLE D-2 EMOTI o·Nt\ LITY RATINGS Cont ' d CJ) 
() 

~ 

RAT # CARD # RATER I RATE R I I ~ 
i:: 
I-"$ 
rj 

67 1 5 1 1 
68 15 0 0 
69 1 5 0 0 
70 15 0 - 0 
71 15 .. l l ~ 

72 15 Q, 0 0 
80 1 5 2 2 
81 1 5 1 2 
82 15 0 0 
83 1 5 0 0 
84 15 4 4 
85 15 4 4 
86 15 0 0 
87 15 1 3 
88 15 0 0 
89 15 1 0 
90 15 0 0 
91 15 0 0 
92 15 1 1 
93 15 1 1 
94 15 4 4 
95 15 0 0 
96 15 4 4 
97 15 0 0 
98 15 3 2 
99 15 2 3 

1--' 
I'\) 

100 15 3 3 I'\) 

101 15 0 0 
102 15 2 2 
1 03 15 0 0 
104 15 4 4 
105 15 3 3 



TABLE D-2 E MOTi ONA LI TY 

RAT fl CARO # 

106 15 
107 15 
108 15 
109 15 
110 15 
111 15 
112 15 
113 15 
114 15 
115 15 
116 15 
117 15 
11 8 15 
119 15 
121 15 
122 15 
123 15 

\ 124 · 15 ~ . . 

125 15 
126 15 
127 15 I 

RATI NGS 

RAT ER I 

4 
4 
4 
4 
4 
0 
4 
2 
2 
4 
2 
0 
2 
2 
l 
4 
4 
3 
2 -
0 
1 

Cont'd 

RAT ER 

4 
4 
4 
4 
4 
O' 
4 
3 
1 
4 
2 
0 
2 
2 
0 
4 
2 

··-.. 3 
2 
0 
2 

I I 

CJ) 
() 
;J' 
::s 
s:: 
1-i 
1-i 

I-' 
I\) 

\..>J 



TABLE D-.3 BRAIN OA M/\GE 
u) 
() 

RAT# CAR D# L R L R L R L R t)-' 
:::1 
~ 

01 16 0 0 9 9 7 8 0 0 ti 

01 17 0 0 6 9 13 14 4 4 
ti 

01 18 0 3 34 35 24 20 0 0 
01 19 0 0 11 11 3 2 0 0 
02 16 0 0 0 0 8 5 0 0 
02 17 0 0 5 · 0 25 11· 8 2 
02 1 8 0 0 3 0 23 9 7 4 
0 2 19 0 0 0 0 5 3 0 0 
03 16 0 0 2 0 23 12 10 0 
03 17 0 0 0 l 21 16 4 5 
03 18 0 0 6 15 19 25 6 7 
03 19 0 0 l l 2 1 0 0 
04 16 0 2 9 11 0 0 0 0 
04 17 13 16 16 17 0 0 0 0 
04 18 4 16 12 32 0 0 0 0 
04 19 0 0 2 0 0 0 0 0 
05 16 0 0 4 2 0 15 0 0 
05 17 0 0 18 2 8 16 0 0 
05 18 0 0 23 10 10 17 0 2 
05 19 0 0 2 0 0 0 0 0 
06 16 0 0 8 7 0 0 0 0 
06 17 0 l 15 11 0 3 0 0 
06 18 0 4 36 21 3 3 0 0 
06 19 0 0 1 0 0 0 0 0 
07 16 .o 2 25 28 0 5 0 0 
07 17 0 0 12 13 4 0 0 0 
07 18 2 0 27 24 7 5 0 0 1--' 

f\) 

07 19 0 0 0 0 0 0 0 0 +:" 
0 8 16 0 0 18 5 4 2 0 0 
08 17 0 0 6 3 24 27 26 29 
0 8 1 8 0 0 15 13 36 39 49 39 
08 19 0 0 0 1 0 0 0 2 



TABIE D-.3 BRAIN DA MAGE Cont ' d 
U) 
() 

RAT# CA RD # L R L R L R L R ~ 
~ 
~ 

0 9 16 0 0 10 8 0 0 0 0 '1 
'1 

09 17 0 2 15 17 0 1 0 0 
09 1 8 0 0 38 36 10 6 0 0 
0 9 19 0 0 3 2 0 0 0 0 
10 16 0 0 20 6 0 0 0 0 
10 17 0 1 7 12 0 0 0 0 
10 1 8 0 9 32 34 4 9 0 0 
10 19 0 0 1 12 0 4 0 0 
11 16 0 0 0 0 0 0 5 8 
1 1 17 0 0 0 0 9 7 23 18 
11 18 0 0 0 0 7 4 12 21 
11 19 0 0 0 0 0 0 0 0 
12 16 8 0 14 7 0 0 0 0 
12 17 0 2 17 19 19 16 2 l 
12 18 0 2 24 39 40 42 2 2 
12 19 0 0 1 8 4 9 0 0 
13 16 11 6 0 8 0 0 0 0 
13 17 24 3 3 7 0 0 0 0 
13 18 9 4 15 29 0 0 0 0 
13 19 0 0 0 0 0 0 0 0 
14 16 15 13 4 3 0 0 0 0 
14 17 7 9 5 4 0 -0 0 0 
14 18 2 5 19 20 0 0 0 0 
14 19 0 0 0 0 0 0 0 0 
15 16 0 0 2 2 5 9 0 0 
15 17 0 0 3 10 12 11 2 1 
15 18 0 0 3 14 11 10 2 6 f--' 

I\) 

15 19 0 0 0 0 0 1 0 0 \J1 

16 16 3 2 14 21 0 2 0 0 
16 17 7 0 12 18 9 11 3 3 
16 18 12 0 32 31 19 19 6 6 
16 19 1 0 10 10 15 15 0 0 



TJill LE D-3 BRAIN DA MAGE Cont 'd , en 
(} 

RAT# CA RD# L R L R L R L R D" 
~ 
C 

17 16 17 7 2 4 0 0 0 0 Ii 

17 17 9 0 3 7 0 0 0 0 
Ii 

17 18 8 2 29 36 0 4 0 0 
17 19 0 0 2 2 0 0 0 0 
18 16 0 0 2 25 0 15 0 0 
18 17 0 0 2 5 9 8 0 0 
18 18 0 0 23 4 15 17 0 0 
18 19 0 0 1 0 0 0 0 0 
20 16 0 0 10 6 3 7 0 0 
20 17 0 0 4 2 12 13 10 10 
20 18 0 0 21 14 18 18 13 12 
20 19 0 0 9 10 11 11 1 1 
21 16 0 0 19 5 0 0 0 0 
21 17 1 0 11 10 7 7 0 0 
21 1 8 3 0 29 24 4 6 0 0 
21 19 0 0 0 1 0 0 0 0 
22 16 0 0 16 4 13 10 0 0 
22 17 ·o 0 1 0 17 8 0 1 
22 1 8 0 0 0 0 18 15 4 4 
22 19 0 0 0 0 2 2 0 1 
23 16 0 0 13 17 0 2 0 0 
23 17 0 0 8 5 5 7 0 1 
23 18 0 0 14 10 25 16 1 2 
23 19 0 0 2 0 0 0 0 0 
24 16 -2 6 31 30 5 5 0 0 
24 17 2 3 8 14 13 16 3 3 
24 - 18 6 21 39 31 19 22 2 2 

....., 
I\) 

24 19 0 l 3 3 0 0 0 0 °' 25 16 15 19 0 8 0 0 0 0 
25 17 5 12 0 0 0 0 0 0 
25 18 30 21 0 19 0 0 0 0 
25 19 0 0 0 2 0 0 0 0 



TAB LE D-3 BRAIN DA MAGE Cont 1d 
'"J) 
() 

RAT# CAR D# L R l R l R L R ;:J" 
~ 
C 

26 16 0 0 0 0 15 7 1 0 l"j 

26 17 0 0 0 0 10 5 8 4 
l"j 

26 18 0 0 1 0 14 3 8 6 
26 19 0 0 0 0 0 0 0 0 
27 16 0 0 9 0 46 20 8 3 
27 17 0 0 3 1 37 28 17 1"7 
27 18 2 0 34 30 36 36 31 27 
27 19 0 0 5 7 9 9 6 6 
28 16 0 0 1 9 15 2 0 0 0 
2 8 17 0 0 24 7 0 0 0 0 
28 1 8 0 7 36 22 0 0 0 0 
28 19 0 0 0 2 0 0 0 0 
29 16 0 0 0 6 17 16 1 0 
29 17 0 0 0 0 4 8 0 1 
29 1 8 0 0 3 5 12 18 2 5 
29 19 0 0 0 0 2 2 0 0 
30 16 0 0 10 0 34 21 2 4 
30 17 0 0 0 0 26 16 8 11 
30 1 8 0 0 2 0 21 10 15 7 
30 19 0 0 0 0 3 3 5 0 
31 16 5 4 6 2 0 0 0 0 
31 17 18 3 17 10 0 1 0 0 
31 18 14 4 36 33 0 2 0 0 
31 19 0 2 0 0 0 0 0 0 
32 16 · O 0 0 0 9 12 0 0 
32 17 0 0 0 0 12 13 3 5 
32 18 0 0 2 2 15 15 10 7 t---' 

I\) 

32 19 0 0 0 0 1 0 0 0 ---.) 

33 16 0 6 8 13 0 0 0 0 
33 17 0 1 7 1 'j 0 0 0 0 
33 18 0 1 2 18 29 4 8 0 0 
33 19 0 1 6 5 2 0 0 0 



TABLE D-3 BRA I N DA MAGE Cont ' d 
t/) 
() 

RAT # CI\ RD # L R L R L R L R ....... ....... 
~ 
~ 

34 16 0 0 5 10 0 0 0 0 r$ 
r$ 

3 '1 17 1 2 6 8 0 0 0 0 
34 1 8 2 9 -25 37 0 5 0 0 
34 1 9 0 0 0 3 0 0 0 0 
35 16 0 0 5 6 28 17 0 0 
35 17 0 0 0 1 5 3 0 0 
35 1 8 0 0 4 10 6 7 0 0 
35 1 9 0 0 0 0 0 0 0 0 
36 16 14 0 39 12 23 6 0 0 
36 17 0 0 13 7 12 3 0 0 
36 18 0 0 19 9 24 10 0 0 
36 19 0 0 4 3 4 2 0 0 
37 16 7 10 28 14 3 0 0 0 
37 17 0 3 10 15 0 0 0 0 
37 1 8 0 5 24 26 2 2 0 0 
37 1 9 0 0 0 0 0 0 0 0 
38 16 0 0 0 0 12 8 0 0 
38 17 0 0 2 1 11 15 3 4 
38 1 8 0 0 4 8 18 19 4 5 
38 19 0 0 0 0 5 4 0 0 
39 16 0 12 8 7 0 0 0 0 
39 17 0 12 18 14 8 7 0 0 
39 18 0 10 36 40 18 20 0 0 
39 19 0 0 3 11 0 0 0 0 
40 16 17 11 8 7 0 0 0 0 
40 17 3 2 4 4 0 0 0 0 
40 1 8 2 0 16 16 0 0 0 0 

f-' 
rv 

40 19 0 0 0 0 0 0 0 0 co 
41 16 0 0 13 21 0 2 0 0 
41 17 0 0 7 7 6 15 0 0 
41 1 8 0 0 11 8 4 13 0 0 
41 19 0 0 0 0 0 0 0 0 



TABIE D-3 BR AI N DA MAGE Cont ' d 
Ul 

RAT # CA RD# •· L R L R L R L 
() 

R ::s-
::::, 
~ 

42 16 . 3 0 30 13 4 0 0 0 t-"j 

42 17 0 8 19 18 5 8 0 0 
t-"j 

42 18 2 23 31 40 13 32 0 0 
42 19 0 · O 0 3 0 4 0 0 
43 16 11 5 l 0 0 0 0 0 
43 17 4 2 3 0 0 0 0 0 
43 18 6 0 25 25 0 0 0 0 
43 19 0 0 0 0 0 0 0 0 
44 16 0 0 0 0 12 13 0 0 
44 17 0 0 0 0 16 15 4 4 
44 1 8 0 0 6 6 18 18 2 0 
44 19 0 0 0 0 0 2 0 0 
45 16 4 2 20 · 8 0 0 0 0 
45 17 4 2 5 11 9 9 4 4 
45 1 8 16 16 40 - 40 12 11 l 3 
45 19 0 0 1 1 0 0 0 0 
46 16 2 9 11 25 0 0 0 0 
46 17 4 2 15 13 0 0 0 0 
46 18 3 0 20 27 1 1 0 0 
46 19 0 0 0 0 0 0 0 0 
47 16 0 0 8 0 6 0 0 0 
47 17 0 0 19 2 11 7 0 0 
47 18 0 0 8 1 16 8 0 0 
47 19 0 0 0 0 0 0 0 0 
48 16 0 0 34 8 6 4 0 0 
48 17 0 0 20 8 17 13 3 3 
48 18 0 0 14 5 25 23 7 6 

....., 
r\) 

48 19 0 0 0 0 1 1 1 1 \.0 

49 16 4 6 0 0 0 0 0 0 
49 17 2 4 2 5 0 0 0 0 
49 1 8 2 3 7 20 0 0 0 0 
49 19 0 0 0 0 0 0 0 0 



TABLE D- 3 BRA I N DA MAGE Cont ' d 
m 
() 

RA T fl CA RD # L R L R L R L R ;:J' 
::s 
s::: 

51 16 0 0 13 9 0 0 0 0 l'"'j 

51 17 2 0 13 13 9 9 3 2 
l'"'j 

51 18 8 0 34 17 15 14 1 0 
51 19 0 0 2 1 1 0 0 0 
50 16 0 0 0 0 9 6 0 0 
50 17 0 0 0 0 10 17 5 6 
50 18 0 0 2 2 18 13 7 12 
50 19 0 0 0 0 0 0 0 0 
5 2 16 l 0 15 20 0 0 0 0 
52 17 0 4 6 7 0 ~o 0 0 
52 18 0 4 11 29 0 0 0 0 
52 19 0 0 0 1 0 0 0 0 
53 16 0 0 0 0 0 0 6 9 
53 17 0 0 0 0 4 4 13 3 
53 18 0 0 0 0 3 6 12 3 
53 19 0 0 0 0 0 0 0 0 
5 S 16 12 11 0 0 0 0 0 0 
55 17 8 1 8 2 0 0 0 0 0 
55 18 6 4 13 0 0 0 0 0 
55 19 0 0 0 0 0 0 0 0 
56 16 0 0 5 4 3 15 0 0 
56 17 0 0 16 13 14 14 0 0 
56 18 0 0 3 11 4 4 0 0 
56 19 0 0 0 0 0 0 0 0 
57 16 11 0 25 17 6 6 0 0 
57 17 10 0 30 19 16 14 8 2 
57 18 7 2 33 21 16 13 3 2 ~ 

\>,I 

57 19 0 0 0 0 0 0 0 0 0 

5 8 16 1 1 15 13 0 0 0 0 
5 8 17 1 4 11 14 0 0 -0 0 
5 8 18 1 2 22 14 0 0 0 0 
58 19 0 0 0 0 0 0 0 0 



TABIE D-3 !3RAI N DAMAGE Cont 1d 
CJ) 
() 

RAT # CA RD H L R L R L R L R ~ 
::s 
s:: 

59 16 0 0 0 8 3 18 0 0 rJ 

59 17 0 0 0 l 9 14 11 9 
rJ 

59 1 8 0 0 3 5 11 17 0 4 
59 19 0 0 0 1 0 0 0 0 
60 16 4 6 26 31 0 2 0 0 
60 17 4 0 33 22 . 3 3 0 0 
60 1 8 l 0 32 40 13 20 0 0 
60 1 9 0 0 0 0 0 l 0 0 
61 16 0 0 0 0 0 0 0 0 
61 17 0 0 0 0 0 0 0 0 
61 1 8 0 0 0 0 0 0 0 0 
61 19 0 0 0 0 0 0 0 0 
62 16 0 0 0 0 0 0 0 0 
62 17 0 0 0 0 0 0 0 0 
62 18 0 0 0 0 0 0 0 0 
62 1 9 0 0 0 0 0 0 0 0 
6 3 16 0 0 0 0 0 0 0 0 
63 17 0 0 0 0 0 0 0 0 
63 18 0 0 0 0 0 0 0 0 
63 19 0 0 0 0 0 0 0 0 
64 1°6 0 0 0 0 0 0 0 0 
64 17 0 0 0 0 0 0 0 0 
64 18 0 0 0 0 0 0 0 0 
64 19 0 0 0 0 0 0 0 0 
65 16 _O 0 0 0 0 0 0 0 
65 17 0 0 0 0 0 0 0 0 
65 18 0 0 0 0 0 0 0 0 ~ 

\).J 

65 19 0 0 0 0 0 0 0 0 ~ 

66 16 0 0 0 0 0 0 0 0 
66 17 0 0 0 0 0 0 0 0 . 
66 1 8 0 0 0 0 0 0 0 0 
66 19 0 0 0 0 0 0 0 0 



'f) 

TABIE D-3 BF<A I N DA MA GE Cont ' d 0 
;:J' 
::, 
C 

RAT # CARO # l R l R L R L R Ii 
Ii 

67 16 2 2 2 0 0 0 0 0 
67 1 7 8 3 3 1 0 0 0 0 
67 18 9 6 6 9 0 0 0 0 
67 1 9 0 0 0 0 0 0 0 0 
6 8 16 0 0 0 0 0 0 0 0 
68 17 0 0 0 0 0 0 0 0 
6 8 1 8 0 0 0 0 0 0 0 0 
6 8 1 9 0 0 0 0 0 0 0 0 
6 9 1 6 0 0 0 0 0 0 0 0 
69 17 0 0 0 0 0 0 0 0 
69 18 0 0 0 0 0 0 0 0 
6 9 19 0 0 0 0 0 0 0 0 
70 16 0 0 0 0 0 0 0 0 
70 17 0 0 0 0 0 0 0 0 
70 1 8 0 0 0 0 0 0 0 0 
70 19 0 0 0 0 0 0 0 0 
71 16 0 0 0 0 0 0 0 0 
71 17 0 0 0 0 0 0 0 0 
71 18 0 0 0 0 0 0 0 0 
71 19 0 0 0 0 0 0 0 0 
72 16 0 0 0 0 0 0 0 0 
72 17 0 0 0 0 0 0 0 0 
72 1 8 0 0 0 0 0 0 0 0 
72 19 0 0 0 0 0 0 0 0 
80 16 49 0 0 0 0 0 0 0 I-' 

8 0 17 0 0 0 0 0 0 0 0 
\.N 
I\) 

80 1 8 0 0 0 0 0 0 0 0 
8 0 1 9 0 0 0 0 0 0 0 0 
81 16 1 6 0 0 0 0 0 0 
81 17 13 19 9 7 0 0 0 0 
81 1 8 0 2 0 0 0 0 0 0 



TABLE D-3 BRAIN OA ~AGE Cont'd r.n 
() 

b' 
RAT II CA RD fl L R L R L R L R ~ 

s:: 
t-j 

81 19 0 0 0 0 0 0 0 0 ti 

82 16 4 5 4 7 0 0 0 0 
82 17 3 0 1 0 0 0 0 0 
82 ' 18 1 2 6 12 0 0 0 0 
82 19 0 0 0 0 0 0 0 0 
83 16 26 33 0 11 0 0 0 0 
83 17 0 0 0 0 0 0 0 0 
83 18 0 0 0 0 0 0 0 0 
83 19 0 0 0 0 0 0 0 0 
84 16 0 0 0 0 0 0 0 0 
84 17 0 0 3 4 0 0 0 0 
8l1 18 0 0 0 0 0 0 0 0 
84 19 0 0 0 0 0 0 0 0 
85 16 15 13 0 0 0 0 0 0 
85 17 0 1 0 0 0 0 0 0 
85 18 2 10 0 0 0 0 0 0 
85 19 0 0 0 0 0 0 0 0 
86 16 3 0 10 6 0 0 0 0 
86 17 0 1 2 1 16 8 1 1 
86 18 1 0 30 18 11 9 0 0 
86 19 0 0 0 0 0 0 0 0 
87 16 16 7 3 3 0 0 0 0 
87 17 0 0 3 1 0 0 0 0 
87 18 0 0 10 18 0 0 0 0 
87 19 0 0 0 0 0 0 0 0 
88 16 0 0 0 0 0 0 0 0 I-' 

88 17 · o 0 0 0 0 0 0 0 
\>J 
\>J 

88 18 0 0 0 0 0 0 0 0 
88 19 0 0 0 0 0 0 0 0 
89 16 17 10 12 0 0 0 0 0 
89 17 0 0 1 0 0 0 0 0 
89 18 0 0 0 0 0 0 0 0 



TABLE D-3 BR/\I N DA tw'. AGE Cont 1d ,..I) 
() 

~ 

RAT Ii- CARD II L R L R L R L R ::, 
s::: 
1-"j 

89 19 0 0 0 0 0 0 0 0 
1-"j 

90 16 22 50 0 6 0 0 0 0 
90 17 0 13 0 2 0 0 0 0 
90 18 0 0 0 0 0 0 0 0 
90 19 0 0 0 0 0 0 0 0 
91 16 10 10 11 3 0 0 0 0 
91 . 1 7 0 5 12 19 l l 0 0 
91 18 2 2 22 32 2 2 0 0 
91 19 0 0 6 1 0 0 0 0 
92 · 16 31 31 0 0 0 0 0 0 
92 17 14 14 2 2 0 0 0 0 
92 1 8 20 17 7 9 0 0 0 0 
92 19 0 0 0 0 0 0 0 0 
93 16 27 24 13 12 0 0 0 0 
93 17 2 6 0 4 0 0 0 0 
93 18 0 0 0 0 0 0 0 0 
93 19 0 0 0 0 0 0 0 0 
94 16 19 34 13 12 0 0 0 0 
94 17 4 13 5 5 0 0 0 0 
94 18 0 0 0 0 0 0 0 0 
94 19 0 0 0 0 0 0 0 0 
9:i 16 10 8 5 1 0 0 0 0 
95 17 2 3 9 14 0 0 0 0 
95 18 0 2 6 21 0 0 0 0 
95 19 0 0 0 0 0 0 0 0 
96 16 9 10 12 0 0 0 0 0 1---' 

\>J 
96 17 1 6 0 0 0 0 0 0 +=" 
96 18 0 2 0 0 0 0 0 0 
96 19 0 0 0 0 0 0 0 0 
97 16 0 0 0 0 0 0 0 0 
97 17 0 0 0 0 0 0 0 0 
97 1 8 0 0 0 0 0 0 0 0 



rn 
TABIE D-3 BRA I N DAMAGE Cont 1d (") 

::r 
~ 
C 

RAT # CARD II- L R L R L R L R 1-j 
1-j 

97 19 0 0 0 0 0 0 0 0 
9 8 16 0 0 0 0 0 0 0 0 
9 8 17 0 0 0 0 0 0 0 0 
9 8 1 8 0 0 0 0 0 0 0 0 
9 8 19 0 0 0 0 0 0 0 0 
9 9 16 29 28 39 2 4 2 1 0 0 
99 17 0 0 0 0 0 0 0 0 
9 9 1 8 0 0 0 0 0 0 0 0 
9 9 19 0 0 0 0 0 0 0 0 

100 16 13 9 0 0 0 0 0 0 
10 0 17 33 15 0 0 0 0 0 0 
10 0 18 33 13 6 0 0 0 0 0 
10 0 19 0 0 0 0 0 0 0 0 
101 16 12 14 1 17 0 0 0 0 
10 1 17 7 8 3 6 0 2 0 0 
101 18 18 1 9 25 26 7 8 0 0 
10 l 19 l 1 3 2 0 0 0 0 
102 16 0 0 0 3 9 13 0 0 
102 . 1 7 0 0 0 2 6 17 7 6 
102 1 8 0 0 6 5 12 15 8 6 
102 19 0 0 0 0 0 0 0 0 
103 16 2 2 26 30 8 15 0 l 
103 17 0 1 7 13 6 7 0 0 
10 3 18 0 0 . 0 0 0 0 0 0 
103 19 0 0 0 0 0 0 0 0 f--' 

104 16 . 4 16 0 l 0 0 0 0 
\>J 
\J1 

104 17 5 5 1 l 0 0 0 0 
104 1 8 . 23 14 12 11 0 0 0 0 
104 1 9 0 0 0 0 0 0 0 0 
10 5 1 6 0 0 0 0 0 0 0 0 
10 5 17 0 0 0 0 11 8 1 5 16 



TABIE D-3 BRAIN DAMAGE Cont ' d U) 
0 
::,-

RAT # CARD # L R L R L R L R ~ 
~ 
1-j 

10 5 18 0 0 26 20 19 13 28 20 1-j 

10 5 19 0 0 0 0 0 0 0 0 
10 6 16 0 0 1 8 0 0 0 0 
10 6 17 3 4 1 1 7 11 0 0 
10 6 1 8 6 7 39 22 29 16 1 1 
106 19 0 0 0 2 4 0 0 0 
10 7 16 0 0 4 4 25 23 17 6 
107 1 7 _ 0 0 2 2 24 21 33 28 
107 1 8 0 0 4 0 28 10 24 23 
107 19 0 0 0 0 0 0 0 0 
10 8 16 3 3 27 38 9 16 0 0 
10 8 17 0 0 0 0 0 0 0 0 
10 8 1 8 0 0 0 0 0 0 0 a 
10 8 19 0 0 0 0 0 0 0 0 
109 16 12 0 19 5 0 0 0 0 
10 9 17 0 0 10 6 16 15 2 4 
109 1 8 0 0 20 27 27 25 g 5 
109 19 0 0 4 4 1 3 0 0 
llO 16 0 0 8 12 11 12 18 12 
110 17 ; 0 0 0 0 12 11 41 8 
11 0 18 2 0 . 29 20 21 21 3 8 26 
110 19 0 0 0 0 0 0 0 0 
111 16 0 0 10 12 16 16 0 0 
111 17 0 0 2 8 20 23 10 10 
111 18 0 0 12 7 19 18 5 5 
111 19 0 0 0 0 0 0 0 0 I-' 

112 16 15 19 11 3 0 0 0 0 
\>,I 

°' 112 17 3 6 4 7 0 0 0 0 
112 18 7 6 21 17 0 3 0 0 
112 19 0 0 0 0 0 0 0 0 
113 16 12 13 36 20 7 0 0 0 
113 17 0 0 0 . 0 0 0 0 0 



TABLE D-3 BRAI N DA MAGE Cont 1d C/} 
(') 
::,-

RAT# CA RD II L R L R L R L R ~ 
C 
Ii 

113 18 0 0 0 0 0 0 0 0 Ii 

113 19 0 0 0 0 0 0 0 0 
114 16 0 0 7 11 18 18 3 4 
114 17 0 0 9 8 · 28 28 14 19 
114 18 0 0 11 8 27 22 8 19 
114 19 0 0 0 0 0 0 0 0 
115 16 0 0 0 0 0 0 0 0 
115 17 0 0 0 0 0 0 0 0 
115 18 0 0 0 ·o 0 0 0 0 
11 5 19 0 0 0 0 0 0 0 0 
116 16 0 0 0 0 0 0 0 0 
116 17 0 0 0 0 0 0 0 0 
11 6 18 0 0 0 0 0 0 0 0 
11 6 19 0 0 0 0 0 0 0 0 
117 16 0 0 0 0 0 0 0 0 
117 17 0 0 0 0 0 0 0 0 
117 18 0 0 0 0 0 0 0 0 
117 19 0 0 0 0 0 0 0 0 
118 16 0 0 0 0 0 0 0 0 
11 8 17 0 0 0 0 0 0 0 0 
118 18 0 0 0 0 0 0 0 0 
11°8 19 0 0 0 0 0 0 0 0 
119 16 1 18 7 0 0 0 0 0 
119 17 11 9 4 5 7 8 10 10 
119 18 29 31 40 26 7 11 0 0 
119 19 0 11 8 10 4 2 0 0 I-' 

\.>J 
121 16 0 0 0 0 11 10 0 0 --...J 

121 17 0 0 0 0 9 7 13 12 
121 18 0 0 0 0 11 4 10 6 
121 19 0 0 0 0 0 0 0 0 
122 16 0 0 11 16 0 0 0 0 
122 17 0 0 3 10 2 2 0 0 



TABIB D-3 BRlilt\ 

RAT ff CA RO # L R L R 

122 18 0 0 29 31 
122 19 0 0 0 0 
123 16 0 0 0 0 
12 3 17 0 0 0 0 
123 18 0 0 0 0 
123 19 0 0 0 0 
12 4 16 0 0 3 2 
124 17 0 0 0 0 
124 18 0 0 3 0 
124 19 0 0 0 0 
125 16 0 0 0 0 
12 5 17 0 0 0 0 
125 18 0 0 0 0 
125 19 0 0 0 0 
126 16 ' 0 0 23 16 
126 17 0 0 15 9 
126 18 0 0 12 9 
126 19 0 0 0 0 
127 16 0 0 0 0 
127 17 0 0 0 0 
127 18 0 0 0 0 
127 19 0 0 0 0 

OMJ.AGE 

L R 

4 11 
0 0 
l 0 
5 4 
4 7 
0 0 
7 3 

12 13 
30 19 

2 3 
9 4 

11 13 
17 13 

0 0 
6 6 
8 13 
9 21 
0 0 
7 2 
6 5 
7 7 
0 0 

L 

0 
0 
4 

16 
22 

0 
0 
1 
8 
0 
1 
3 
3 
0 
0 
0 
0 
0 
4 
9 

10 
0 

Cont 1d 

R 

0 
0 
l 

15 
22 

0 
0 
0 
9 
0 
0 
3 
3 
0 
0 
2 
6 
0 
4 
8 

11 
0 

:,') 
() 

::r 
::, 
C 
1-"j 
1-"j 

I-' 
\>J 
OJ 



Schnurr 139 

Table D-4. The norma lized: discriminant coefficients 

for emotionality scores derived from a reanalysis of 

Harri s on and Lyon's (1957) data are shown. Abbreviations 

include: Ac, nucleus accumbens; Cor, cortical; F, 

f ornix columns; FS, fornix superior; GC, genu corpus 

callosum; IG, induseum griseum; LS, lateral septal 

nucleus; MS, medial septal nucleus; PF, precommissural 

fornix; PH, precommissural hippocampus; SH, septo­

hippoc~mpal nucleus; ST, septo-tubercular tract; Ste, 

stria terminalis; VHC, ventral hippocampal commissure·. 
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Table D-4 

Normalized :discriminant coefficients for emotionality scores 

derived from a reanalysis of Harrison and Lyon's (1957) data. 

Criteria 

Area Assigned 
Value 

21 or 31 or 38 or 
Greater Greater Greate:r 

VHC rl4.84 · 0.55 -12.10 

FS 8.30 -1.05 9.08 

F 4.09 4.89 2.62' + 

PF -1.13 -9.12 -3.26 

Ste -6.35 -9.65 -5.01 

SH 0.72 1.87 1,36 + 

MS 19.14 16.88 18.89 + 

LS -1.27 0.80 -2.43 

Ac -7.51 -7.66 -6.92 

GT 8.07 10.97 ,9,'70 + 

PH -8.46 -7.08 -10.3~} , 

IG · -7-53 -13.08 -7.77 

CG 12.19 13.52 10.43 + 

Cor 0.40 -2.88 ' ~ 0 •. 13 
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