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Fig. 1. Monocular microscope ,,, 
C.-O. Nylin, N. persson and 
Storm from 1933. rlrstract. The feline subjects were behaviorally con- nerve activity. He considered the role of the 

/:!iioned to respond to Pure tone signals at different entire system to be inhibitory in nature, at least 
, :zquencies based upon the avoidance conditioning 
I-rocedure. After the transection of crossed olivo- in part. 

h ~ ~ o ~ h y s e c t o m y  (Angc/, '...blear bundle, the pure tone threshold (250-14 000 Although numerous electro-physiologicd 
replacing the strictured E,. 32) was not altered. Neither was any alteration f ~ u n d  investigations have been conducted, only a 

the measurement of the perceptual signal-to-noise 
with a t~mpanomaxillar~ shun, ,,io at the levels of 30, 50, and 70 dB above the limited number of behavioral investigations of 

In neurosurgery and ras. .ubjects' pure tone thresholds. Morphological confir- this system have been performed previously. 
finally, the operation micro- /'ation of the brain stem and cochlear end organs The study of Dewson (1968) demonstrated the 

I 
:emonstrated that proper surgical lesions had been ieved widespread application and there had been degeneration effect upon stimulus discrimination in noise 

~sargil). ~f the efferent nerve endings around the outer hair after cutting the O~~VO-cochlear bundle in the 
is a great pleasure for me to ' .~lls; especially in the basal coils. It  is concluded, midline in four rhesus monkeys (all cortically 

!'herefore, that the absence of the crossed olivo-coch- pressive development from an bundle has no effect on the behavioral measure- ablated except for one subject), he found that 
Won in 1921. Further im- iIent of pure tone thresholds and perceptual signal- their ability to discriminate human vowel 

Zertainly to be expected in t h e  :o-noise ratio in the cat. speech sounds was impaired in the presence 
VroPosed in his article in I of noise. There was no loss in ability to dis- 

,Since the neuroanatomical description of the 
that many other specialitieb , criminate the same sounds when noise was 

alivo-cochlear bundle by Rasmussen (1942, re profit by microsurgery as absent, or at very low intensity levels. There- 
:rosurgery already has". M!. 1946, 19601, the course of the bundle and the fore, he considered that the deficit was re- 
uch a detailed story of micro- [patterns of peripheral termination within the lated to the perceptual signal-to-noise ratio. 
ler, a short review to recall j organ of Corti have been studied in different Capps & Ades (1967, 1968) studied auditory 

experimental animal species by many investi- leers in otomicrosurgery and , frequency discrimination after ablating the 
] gators (Engstrom et al., 1966; Kimura & Wer- ts in the development of this . olivo-cochlear bundle in squirrel monkeys. A 

1s advent to the present day. I $all, 1962; Smith, 1967; Spoendlin & Gacek, modified Wisconsin General Test Apparatus 
3Pe that this article will be of . 1963; Spoendlin, 1968). After stimulation of together with a food reward technique was 
se wishing to do further re- I the efferent fibers, Galambos (1956, 1960) used. Focused ultrasonic irradiation or surgi- 
resting field. 1 observed that the system suppressed auditory cal interruption of the olivo-cochlear bundle 

1 The present investigation was supported by the Na- in the floor of the fourth ventricle was em- 
f .  D.  tional Institute of Neurological Disease and Stroke, ployed. Following the transection, all ani- 1 Grant NS-08589, and K03-NS-38619. mals demonstrated a marked deficit in fre- 

: Osaka City University School of Medicine, Osaka, I japan. quency discrimination performance %t 1 000 
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and 4 000 Hz. They therefore suggested that sec of the presentation of a 1000 Hz, 63.5 d~ 

the inner ear. 

tent of masking effect at 1 000 Hz and 2 000 etc. A buzzer was sounded when the correct 1 
2 50 Hz was found to be increased very slightly response was performed. A randomized inter- : 

after midline section, though the shift was val program was employed with a mean inter- 
I 

not statistically significant. trial interval of 45 sec with a range of 30-60 1 Fibb. I .  ( A ,  B )  Pul- 

The overall objective of the present experi- sec. .,nd sham grour 

ment was to study the physiological and psy- Using the above screening procedure, six 
chological contribution of the crossed olivo- subjects were selected for further training. 
cochlear efferent system to various aspects of 1 Perceptual sign' 

systemic auditory function. The behavioral 
conditioning approach seemed proper for this 
purpose in order to measure function in living Pure tone 

animal subjects (without anesthesia) under Screened subjects were trained to respond to the subject's pu 
variable acoustic conditions. The morphologi- several different frequencies; namely, 250. , Jelivered. Broai 
cal results were compared with the data ob- 500, 1 000, 2 000, 4 000, 8 000 and 14 000 Hz. Hz) was then 
tained from behavioral conditioning. (14 000 Hz was selected instead of 16 000 HL 1 level was gradc 

because the TV camera which was installed !one signal was 
inside the sound proof chamber emitted a fre- [\.ere scored as 

Subject 1 
quency of 15 750 Hz.) The absolute pure tonc . as the output c 

Six adult cats, two females and four males threshold for each frequency was determined 1 of a constant 
with no otological disorder (based upon oto- by attenuating the signal until the animal 110 white noise be 
scopic investigation and confirmation at the longer responded. ' found to have I time of removal of electronmicroscopic speci- A criterion was used where three negati\t over the amou 
mens) were utilized for the present investiga- responses in succession were recorded as no Since this p h e ~  
tion. Their initial body weight ranged between hearing. Two positive responses out of fi \ .c  after the prese 
6 and 10 ' 1 2  pounds with a mean weight of trials were recorded as hearing equal to thl: effect was not 
8 l / p  pounds. Each animal's health condition sound pressure level tested. Spontaneous ac- 'ulating the int! 
was also examined and there was no sign' of ti&$ -;;;as not scored as either positive or The measure 
any systemic disease. 

1 ,  
negative responses; however, such activit! noise ratio COT 

was counted and recorded. All subjects werc j ound pressure 
tested five days a week, and with two neigh- noise from the 

Screening 
boring frequencies a day. Since the responsr 15ienal. The su 

required to turn the rotating cage within 5 seven frequencies. 
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N= 2 
WRE TONE THRESHOLDS - SHAM ltion of a 1 000 Hz, 63.5 d s  PURE TONE THRESHOLDS- EXPERIMENTAL 

N - 4  B nZ) pulsed pure tone signal, 
-3 PRE-OPE 

time was 0.5 sec each. Fail. 
cage within 5 sec resulted ; 30 

I shock which was delivered 20 

'rids with an intensity rang. i lo 
) 40 mA and a duration ,,f i o 
of the shock was manual[\ -19 

ing upon the subject's rt- i -20 

ht and pad skin resistance. . -30 

sounded when the correcl 

FREQUENCY ( H Z )  

-:, PRE-OPE 

sec with a range of 30-60 

250 500 IK 2 K  4 K  8 K  14K 
rmed. A randomized intcr- 

FREQUENCY ( H Z )  nployed with a mean inter. 

&-a PRE-OPE RETEST 
+- -0 POST-OPE 

-- 

A 

30 

: screening procedure, sir 
ed for  further training. 

6 
W z >- 

6 -A PRE-OPE RETEST 

~- --- + - WST-OPE 
I 

Testing 

vere trained to respond r,, 
'requencies; namely, 250. 

000, 8 000 and 14 000 HI. 
:cted instead of 16 000 HI 
lmera which was installed 
,of chamber emitted a fre-  
z.) The absolute pure ton: 
frequency was determined 
signal until the animal n o  

a 

P 
I 8 

0 
W 
a 

x e d  where three negatijc 
sion were recorded as 110 

Ive responses out of f i \ c  
I as hearing equal to tllc 

1 tested. Spontaneous a<- 
.ed as either positive or 

however, such acti\ it! 
corded. All subjects werc 
'eek, and with two neigh- 
I day. Since the responbc. 
lost accurate after two ur 
several threshold scortc\ 

this reason. A minimum 
:d scores were needed 111 

hreshold at each of t h C  

-- 

I ! 

' 1 : .  I. ( A ,  B) Pure tone thresholds for experimental 
.nd sham groups; pre-operative (transection of 

m 
0 
J 
a 
V) 

"erceptual signal-to-noise ratio 

it each of the seven frequencies tested, 
-tire tone signals with the intensity level of 
:0. 50 and 70 dB sound pressure level above 
.he subject's pure tone hearing threshold were 
jclivered. Broad band white noise (500-15 000 
Yz) was then introduced and its intensity 
:vel was gradually increased until the pure 

;:one signal was masked. Noise intensity levels 
.sere scored as previously indicated. Inasmuch 
:s the output of the noise generator was not 
!f a constant amplitude, the spectrum of 
,ihite noise between 500 to 15 000 Hz was 
:ound to have a 13 dB increase at 14 000 Hz 
)ver the amount of white noise at 500 Hz. 
jince this phenomenon was not known until 
lfter the present study was terminated, the 
:ffect was not taken into account while cal- 
:dating the intensity of white noise. 

The measurement of perceptual signal to 
aoise ratio consisted of subtracting the dB 
,ound pressure level (re 0.0002 dyne/cm" of 
noise from the dB sound pressure level of the 
.ignal. The subjects almost always required 
2 greater dB noise than the pure tone signal. 
Thus, the ratios were negative numbers. The 
more negative the perceptual signal-to-noise 
ratio, the better was the subject able to detect 
!he pure tone signal in a field of white noise. 

i At least four readings of perceptual signal- 

crossed olivo-cochlear bundle) testing, pre-operative 
retesting, and post-operative testing. I 
to-noise ratio scores were obtained a t  each 
of the three intensity levels in the seven fre- 
quencies. Due to the standard established in 
the equipment set-up, it was not possible to 
produce noise sound pressure level of suffici- 
ent intensity to ordinarily mask frequencies of 
50 and 70 dB above the subject's threshold 
at 250 and 500 Hz. 

(C) Retesting of pure tone threshold 
and signal-to-noise ratio 

To  determine whether the pure tone thresh- 
olds had changed after long period of testing, !. 

. > I !  

all subjects were retested. Two of the 6 subjects ..>. ... 
I I.! 

had lower thresholds, one at 8 000 and 14 000 
Hz, the other at 8 000 Hz only. Their signal- 
to-noise ratios were retested accordingly to 
correct for the difference. The overall pure 
tone thresholds for the 6 subjects did not 
differ more than 5 dB at each frequency. 

Surgery (Transection of the 
crossed olivo-cochlear bundle) 

Animals were anesthetized with pentobarbital 
(40 mg/kg body weight) intraperitoneal in- 
jection. An occipital midline incision was 
made and the occipital bony calvarium was 
removed by rongeurs to expose the posterior 
portion- of the cerebellum and brain stem. 
The cerebellum was very gently retracted up- 
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F R E Q U E N C Y  ( H Z )  

. - - . - .. . 

F R E O U E h C Y  IH,I F R E Q U E N C Y  l H z l  

. ~ - 

- . . -- . .... - 
OExper lnen ta l  !K-41 
.Control IN=?) - -- , - .  . . 

250 500 1 K  2 K  4 K  8 K  14K 250 500 IK 2 K  4 K  BK 14' 

F R E Q U E N C Y  I H z l  F R E Q U E h C Y  ( H z 1  

sham groups; pre-operative (transection of crossed 

. - 

. ..: - . '  . - .  
crossed olivocochlear bundle was sectioned at prolonged. Care was taken not to retract th' . - . .  . . . .  I ' .  .. . . . 
the level of the facial colliculi in the floor cerebellum too much. All bleeding spots werr , . .  .... , , . _ .  - - . : . . ;  

of the fourth ventricle. The sectioning point controlled and the area was covered by a piece 1 - ' . - -: 

was used to make the lesion. The incision was in which the identical surgical procedure 
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I 
.""",LL L , ....a. -..,-A- ---- 

Fig. 4. Electronmicrograph demonstrates the lower Efferent nerve endings are entirely disintegrated anJ 
portion of first row outer hair cell from the basal only some cell debris is present (arrow). x 14 550. 
turn (about 8 mm from the basal end; chronic cat). 

I 
Post-operative testings anesthetized and intravital ca: 

All subjects survived the sul 
There was not sign of post-op 
Subjects were reteste ' " 

post-operatively and all were i 
cage competantly altL----'- - 
hibited slight dysequi~iorium ar rne ume. lne  
animals were first retested '~ ~ ~ 

threshold, and thereafter for 1 

' Fig. 5. Electronmicrogra - - -a I of first row outer hair 
. ,.,hn..t 1 7  rnm frnm t h ~  

rdiac perfusion : 
1 i.4) Pure tone thresh 

:gical procedure. with 2 % gluraraldehyde solution, preceded b! I 

erative infection. physiological saline solution, was performed. Fig. 1 ( A  and B)  d 

:a srarring about 7 days Cochleas were removed and processed accord- : pure tone threshold 
,* able to rotate the ing to the routine procedure CI electronmicro- I and 2 sham sub:zctr 

rluugll aome-s::.yects ex- scopic preparation. Specimens were embedded ' Vuencies, including 
.. .. . . .- .. n. in 'Ep& and-ultrathifi secti:,ns weie c ~ t  b! {op~~zi ive  retesti:lg. 

ror pure tone a Porter-Blum MT-2 ultramicrotome. Sect- ' testing. The data i 

perceptual signal- tions were stained with uriinyl acetate and , 'ween the pre-OF 

L L L ~ Y  LIIC same fashion as lead hydroxide, and were studied under JEFI- , tiire testing sessions 

was aone in pre-operative testings. 7 electron microscope. Specimens from ' 'ham controls did 

least four different areas of each cochlea weft ' operated cats. On t 

investigated. I ries except for 250 
Morphology The serial cross sections (20 pm) of 111~ i improved between 

After acquiring sufficient post-operative data, brain stem (Gallocyanin staining) were also 1 Pre-operative rete: 
all subjects were sacrificed for morphological prepared for neurohistological confirmation 1 This slight differe 
investigations. The animals were deeply of the depth and extent of the surgical lesion> ( '0 a further prac 
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. I  ;rr 
1 , .;!?; 

Ire entirely disintegrated and 
resent (arrow). x 14 550. 

I 
RESULTS post-operative effect occurred at the high fre- I 

quencies such as 4 000, 8 000 and 14 000 Hz, ravital cardiac perfusion 
. A) Pure tone thresholds yde solution, preceded by , which locate the basal turns. 

solution, was performed. Fig. 1 (A and 8) demonstrates the averaged 
(B) Perceptual signal-to-noise ratio 

yed and processed accord- rre tone thresholds for the 4 experimental 
ocedure L'I electronmicro- 'ad 2 sham subl;cts at each of the seven fre- By comparing experimental and sham groups, 
;pecimens were embedded 'iuencier, including pre-operative testing, pre- no significant difference could be determined 
lin sections were cut hy lperative retestilg, and the post-operative between pre-operative and post-operative per- 
-2 ultramicrotome. Sect- rsting. The data indicate no difference be- ceptual signal-to-noise ratios at different fre- 
with ~r i inyl  acetat& and :ween the pre-operative and the post-opera- quencies and intensity levels (Fig. 2A-F). AS 
were studied under JEbl- :iue testing sessions. Essentially, the data from a trend; the - post-operative scores were 
ape. Specimens from at :)ham controls did not differ from those of slightly in the direction of better discrimina- 
hreas of each cochlea were : ~perated cats. On the other hand, all frequen- tion; namely, perceptual signal-to-noise ratios 

::ies except for 250 and 14 000 Hz were slightly were more negative. Again, the possible exist- 
sections (20 pm) of the !mproved between pre-operative testing and ence of the training or practice effect should 
yanin staining) were also :?re-operative retesting of their thresholds. be considered in this regard. 
>histological confirmation ;This slight difference is most probably due Relatively high negative perceptual signal- 

ent  of the surgical lesion,. i :o a further practice or training effect. No to-noikratios were present at 250 and 500 
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Fig. 6.  This electronmicrograph is from the lower control subject. Normal efferent and afferent n w c  ' Went and 
portion of second row outer hair cell of the basal endings are seen. Outer spiral fibers (afferent, I bion~ were proper 
turn (about 11  mm from the basal end) from a sham tween Deiters' cells are also normal. x 16 000. ' olivo-cochlear bund 

'\,ere not clearly dis: 
1 nie animals (Fig. 3, 
( 'hose in acute anin: 

Acra Orolaryng 73 



ent and afferent n 
a1 fibers (afferent) 
rmal. x 16 000. 

- -. -- - 

13;. 7. Electronmicrograph shows the lower portion although afferent nerve ending looks normal. Mito- 
I : !  second row outer hair cells from lower basal turn chondria have disappeared but some of synaptic ve- 

ibout 5 mm from the basal end; 13 days port-opera- sicles still remain. Subsynaptic cisterna has partly 
.:ie). Degenerated efferent nerve ending can be seen disappeared. x 15 390. 

81 because white noise was not present be- tension of the surgical lesion was found to be 
J W  500 Hz. In other words, the masking ef- 1.0-2.0 mm from the edge of facial genu, 
-::ct of white noise was more pronounced at (average 2.7 mm from the 11.0 mm point 

; jigher frequencies above 500 Hz. rostra1 to the obex). The measurements were 
based upon 15-20 % correction which occurs 

! 'C) Morphology 

The cross serial sections of the brain stem 
from 4 animals which belong to the experi- 
mental group confirmed that both depth and 

' :stent (rostral and caudal) of the surgical le- 
: jions were proper to eliminate the crossed 
: olivo-cochlear bundle, although the lesions 
-rere not clearly distinguishable in these chro- 

i lit animals (Fig. 3A-B) when compared with 
j :hose in acute animals. The rostro-caudal ex- 

due to nerve tissue shrinkage. 
From the electronmicroscopic investigation, 

it was confirmed that many of the efferent 
terminals to the outer hair cells were elimi- 
nated, especially in basal coils (Fig. 4). How- 
ever, rudimentary efferent endings were ob- 
served in middle coils and higher (Fig. 5). 
Sham control subjects did not have any ef- 
ferent terminal degeneration (Fig. 6). Addi- 
tional electronmicrographs obtained from 



Audir 

.. . , 
Fig. 8. This electronmicrograph is of the first and The efferent nerve ending below the second r o H  \ ' ' .. ' . : I : .  . . 
second row outer hair cells from lower basal turn outer hair cell is entirely disintegrated and only some 
(about 5 mm from the basal end; 13 days post- cytological debris is still present (arrow); however. 
operative). There are three normal-looking afferent the subsynaptic cisterna along the hair cell mem- 
nerve endings below the first row outer hair cell. brane appears to be normal. x 11  400. 

! 
subjects with short-term survival (about 2 
weeks) after identical transection of the 
crossed olivo-cochlear bundle confirmed simi- 
lar findings; namely, efferent terminals to the 
outer hair cells in basal coils and large number 
of tunnel spiral fibers had disappeared (Figs. 
7-9). 

DISCUSSION 

The testing procedure for perceptual signal- 
to-noise ratio is a complex one; each indi- 
vidual factor was therefore analysed so that 
no major interference could exist that would 
affect the experimental purpose. 

The possible occurrence of a temporary 
threshold shift from the prolonged exposure 
to white noise was considered. This possibility 

was examined by utilizing 3 cats according ::is. 9. This electronmicrograph 

to the following procedure. First, the purr. ! .~ la l  disappearance of tunnel 
tone threshold in each frequency was deter- :::om the lower basal turn (abt 

mined in each cat. Then the subject was es- 
posed to white noise (which was described in :omparing to the study o- 
the present paper) 70 dB level above his own liott, with the intent to in\ 
threshold for 15 min; the severest condition :urn function as the cross, 
of the present series of experiments. Irnmc- aals are distributed more i 
diately after the expcrsure to the white noise.. ilso, higher intensities of 
the pure tone threshold acuity was measured ; -nd white noise were used. 
once again at each different frequency. There ]Juce more extensive end 
was no more than 5 dB threshold change after The other concern was 
the noise exposure; therefore, the effect from !:loci of training or practice 
that noise exposure was considered to be n e e  liefore the mid-line oper 
ligible. 

1 
heshold was measured on 

For the measurement of perceptual signal- 1 aeasurement of perceptual 
to-noise ratio, higher frequencies were testeJ 1 :io. In 2 experimental cats. 
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-l 
I 

I . . ? ow the second ro\\ 1 . # .  . 
. . . . :rated and only some 

~t (arrow); however. 
the hair cell mcm- 
400. 

3 cats according 
. First, the purc. 
luency was deter- 
e subject was ex- 
was described in 

 el above his own 
severest condition 
periments. Imme- 

the white noise. 
ity was measured 
frequency. There 
,hold change after 
:, the effect from 
jidered to be nep- 

perceptual signal- 
ncies were tested 

Fig. 9. This electronmicrograph demonstrates almost 
iota1 disappearance of tunnel spiral fibers (arrow) 
irom the lower basal turn (about 5 mm from the 

comparing to the study of Trahiotis & El- 
liott, with the intent to investigate the basal 
turn function as the crossed efferent termi- 
nals are distributed more in the basal turns. 
.\lso, higher intensities of pure tone signal 
and white noise were used, in order to pro- 
duce more extensive end organ stimulation. 

The other concern was the prolonged pe- 
riod of training or practice effect; therefore, 
before the mid-line operation, pure tone 
threshold was measured once again after the 
measurement of perceptual signal-to-noise ra- , tio. I n  2 experimental cats, a slight threshold 

basal end; 12 days post-operative). H =  inner hair cell. 
x 9 360. 

improvement was noticed; the perceptual 
signal-to-noise ratio was therefore repeatedly 
measured based on the improved pure tone 
threshold. . 

The entire procedure required about 6 
months from the initiation of the experiment; 
however, no cat demonstrated any deteriora- 
tion in performance during this experiment. 

From the present experimental results, it 
is evident that the morphological elimination 
of the crossed olivo-cochlear efferent ter- 
minals in cats has no effect on the pure tone 
auditory threshold or perceptual signal-to- 
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noise ratio. Provided that the crossed olivo- Capps, M. I. & Ades, H. W. 1968. Auditory f r r  j 
cochlear efferent system was sufficiently acti- quency discrimination after transection of 

olivo-cochlear bundle in squirrel monkeys. E,:  vated by the present experimental method, it Neural 21, 147. 
may be concluded that transection of the Dewson, J. H., 111. 1968. Efferent O ~ ~ V O - C O ~ ~ \ ~ ; , ~  

crossed olivo-cochlear bundle has no effect bundle: Some relationships to stimulus discrin1in;,. 
tion in noise. J Neurophysiol31, 122. 'POn these two larks. On EngSlrom, H., Ades, H. W. & Anderrson, A. lghh ' 

the other hand, because pure tone detection Strucrural Parterrl of the Organ of Corti. A\,,,. 

tasks might not be so difficult for cats, the qvist & Wiksell, Stockholm. 
Galambos, R. 1956. Suppressions of auditory ner\e crossed olivo-cochlear efferent 'yStem might activity by stimulus of efferent fibers to cochlrd, 

not have been sufficiently activated although I Neurophysiol19,424. 
the auditory end organ system was receiving - 1960. Studies of the auditory system with inl. 

planted electrodes. In Neural Meclrarristrrs of  ,irl quite intense white noise. Probably, in the cat, and Vesribular Systems (ed. G. R:,,- 
more difficult and complex tasks are needed mussen & W. F. Windle), p. 137. C. C. T ~ O ~ , ; , , .  
to activate the crossed olivo-cochlear system Springfield, 111. 

Igarashi, M. & Hoyt, R. F. 1963. Selection of feIinc ~roperly,  or elre the translateral olivo-coch- subjects for auditory testing. I Audit Res J ,  16V, 
lear system has no appreciable contribution to Kimura, R. 8: Wersiill, I. 1962. Termination of rhc  

systemic auditory function (Pfalz, 1969). In ~livo-cochlear bundle in relation to the outer hnir :hs,rart, part 2 of an ultra 
cells of the organ of Corti in guinea pig. A ( / , :  .,iddle ear mucosa from patic this regard, further experiments are being per- OtolaFng 55, -.<dia is presented. Biopsies 

famed- BY stepwise utilization of simple to Pfalz, R. K. I. 1969. Absence of a function for [he >-,ontorial epithelium of 1 1  
difficult complex tasks, the ecological validity crossed oho-cochlear bundle under physiolo:ii;~l ',ue-like effusion in the mid 

conditions. A r d ~  Klir~  EX^ Olrr Nus ICelr1koy:- ,it, ,  mucosa from patients of the olivo-cochlear efferent system will be r93,  s g .  
systematically investigated. :.is found that the cells Pre 

Rasmussen, G. L. 1942. An efferent cochlear bundlt. ' 9id had disappeared, whil 
Anat Rec 82, 441. 

ACKNOWLEDGMENT :Ils had increased in numi 
- 1946. The olivary peduncle and other projection. :, and the ,-ilia often degen~ 

of the superior olivary complex. 1 Cotplp A'cllnl: were demonstrated. A Appreciation is expressed to Mrs M. Lewis for her 84, 1 4 1 .  
technical assistance. ;uamous metaplasia of tht - 1960. Efferent fibers of the cochlear nerve 2nd an early stage of a pr 

ZUSAMMENFASSUNG 
cochlear nucleus. In Nertral Mecha~risms of l i r a  

Auditory and Vestibular Systenls (ed. G. L. Ra.. light microscopit 
Die Versuchskatzen wurden so trainiert, daB sie im mussen & W. F. Windle), p. 105. C. C. Thon1:l.. 
VermeidungsprozeB auf reine Tonsignale von ver- Springfield, Ill. nat in secretory otitis 
schiedenen Frequenzen reagierten. Nach einem Quer- Smith, C. A. 1967. Innervation of the organ of Corli lentally induced and ir. 
schnitt des gekreuzten Olivo-Cochlea-Bundels war der In Submicroscopic Structure of rl~e Irlr~er Ear i d  

, :dr mucosa is ,.haracteri 
reine Ton der Horschwelle (250-14 000 Hz) nicht S. Iurato), p. 107. Pergamon Press, Oxford. 
ver8ndert. Gleichfalls wurde keine VerLnderung in Spoendlin, H. 1968. Ultrastructure and periphrr.:i i ' i t~ ,  goblet 
der Bemessung vom wahrnehmbaren Signal zum Ge- innervation pattern of the receptor in relation 1 % -  :aucous glands (Sala & C 
rauschverhaltnis vorgefunden bei Stufen von 30, 50 the first coding of the acoustic message. In H w r .  ,2ria et 1962; ~~~d~ 
und 7 0  dB hoher als der reine Ton der Horschwelle ing Mecharlisrns itr Vertebrates (ed. A. V .  S. 
der Katzen. Morphologische Bestatigung des Gehirn- Reuck & J. Knight), p. 89. Little, Brown 8: Co.  .')63; Sadt~ 1966). By 
stammes und des Cochlea-End-Organes bewies, daB Boston. ~f experimental secret01 
richtige chirurgische Verbindungen gemacht wurden, Spoendlin, H. & Gacek, R. R- 1963. Electronmicr". i: Hus.e (1970) has con 
und man konnte die darauffolgende Degeneration der scopic study of the efferent and afferent inner\;'. 
nach aul3en fuhrenden Newenenden um die PuBeren tion of the organ of Corti in the cat. Alrrr Owl --' ""ee, 

' 

562. *r H3arze!lsn feststellen; ganz besonders in -dea Giu~id-  :p+&ances which rather 
spiralen. Es wurde daher beschlossen, daB die Ab- Trahiotis, C .  & Elliott, D. N. 1970. Behavioral in' 1 l f  passive transudation. 
wesenheit des gekreuzten Olivo-Cochlea-Bundels vestigation of some possible effects of sectionill- 
keinen EinfluS hat auf das Verhalten der Katze bei the crossed olivo-cochlear bundle. J Acorlst 54'- ;*'Ot divide their materia 

. . 
reinen Ton Horschwellen und in der Bemessung vom Amer 47, 592. 'he secretion. We felt 
wahrnehmbaren Signal zum Gerauschverhaltnis. i u s  reasonable. Thereb!. 
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INTRODUCTION 

Many a u t h o r s  h a v e  r e l a t e d  s e l f - s t i m u l a t i o n  o f  v a r i o u s  

b r a i n  areas ,  p a r t i c u l a r l y  t h e  h y p o t h a l a m u s ,  t o  r e d u c t i o n  

o f  s p e c i f i c  p h y s i o l o g i c  d r i v e s  ( 4 , 1 5 , 1 8 , 1 9 ) :  F o r  i n s t a n c e  

O l d s  ( 1 8 )  r e p o r t e d  a c h a n g e  o f  2-30 p r e s s e s  p e r  m i n u t e  i n  

s e l f - s t i m u l a t i n g  rats when c o m p a r i n g  t h e  e f f e c t s  o f  n o  f o o d  

d e p r i v a t i o n  t o  2 4  h o u r  d e p r i v a t i o n  f o r  p o i n t s  c o u p l e d  t o  

f o o d  d r i v e ;  a n d  a c h a n g e  f r o m  5 0  p r e s s e s  p e r  m i n u t e  t o  zero 

p r e s s e s  p e r  m i n u t e  a f t e r  c a s t r a t i o n  f o r  p o i n t s  c o u p l e d  t o  

s e x  d r i v e .  A l s o  B r a d y  ( 2 )  r e p o r t e d  a 2 0  f o l d  i n c r e a s e  i n  

p r e s s e s  p e r  m i n u t e  i n  r a t s  a f t e r  24 h o u r s  w i t h o u t  water. 

However ,  i n  o t h e r  e x p e r i m e n t s  s e l f - s t i r n u l a t i o n  h a s  b e e n  

shown t o  be d r i v e  i n d u c i n g ,  n o t  r e d u c i n g ,  a n d  o f t e n  i t  d o e s  

n o t  c o v a r y  w i t h  p l l y s i o l o g i c  d r i v e s  a t  a l l  ( 7 , 1 4 , 1 6 ) .  Some 

a u t n o r s  h a v e  i n f e r r e d ,  t h e r e f o r e ,  t h a t  e m o t i o n a l  o r  m o t i v a -  

t i o n a l  s t a t e s  are  i n d u c e d  b y  t h e  s t i m u l a t i o n  a n d  are r e s p o n -  

s i b l e  f o r  t h e  s e l f - s t i m u l a t i o n  e f f e c t  ( 6 ) .  O t h e r s  h a v e  

e m p h a s i z e d  a n  o v e r r i d i n g  i m p o r t a n c e  o f  t h e  t y p e  of g o a l  

o b j e c t  p r e s e n t  f o r  d e t e r m i n i n g  t h e  b e h a v i o r  e v o k e d  b y  s u c h  

s t i m u l a t i o n  ( 24 ) .  

T h i s  v a r i e t y  o f  o b s e r v a t i o n s  a n d  k n - t e r p r e t a t i o n s  m i g h t  

become s i m p l i f i e d  i f  t h e  a p p r o p r i a t e  e x p e r i m e n t a l  s i t n a t i o n  

c o u l d  be d e s i g n e d .  I n  s o c i a l  s i t i ~ a t i o n s  p h y s i o 1 . o g i c  d r i v e s ,  

e m o t i o n a l  r e a c t i o n s ,  and s u c h  i n o t i . v a . t i o n s  a s  domi .nance ,  are 

r e a d i l y  d i s t i n g u i s h e d .  Y e t ,  t h e r e  h a v e  b e e n  n o  s t u d i e s  



d i r e c t l y  c o r r e l a t i n g  s t i m u l a t i o n  o f  known p o s i t i v e  s e l f -  

s t i m u l a t i o n  s i t e s  w i t h  c h a n g e s  i n  s o c i a l  b e h a v i o r  i n  t h e  

f r e e l y  moving  a n i m a l .  T h u s ,  t h i s  s t u d y  s e t  o u t  t o  i n v e s t i -  

g a t e  t h e  b e h a v i o r a l  e f f e c t s  of  s t i m u l a t i n g  p r e v i o u s l y  d e t e r -  

mined  s i tes  o f  s e l f - s t i m u l a t i o n  i n  t h e  f r e e l y  moving monkey,  

w h i l e  a l o n e  a n d  i n  s o c i a l  s i t u a t i o n s .  

INITIAL PROCEDURES 

S u r g e r y :  T h r e e  n a i v e  s u b a d u l t  monkeys (hlacaca m u l a t t a ) ,  

two males (L a n d  N) a n d  2 f e m a l e  (T) , w e i g h i n g  b e t w e e n  4 . 3  

a n d  5 . 6  K g ,  were s t e r e o t a x i c a l l y  i m p l a n t e d  i n  s t a n d a r d  f a s h i o n  

u s i n g  t h e  H o r s l e y - C l a r k e  s y s t e m .  E l e c t r o d e s  o f  t e f l o n - c o a t e d  

s t a i n l e s s  s t ee l  w i r e  were p l a c e d  b i l a t e r a l l y  i n  t h e  lateral 

s e p t u m ,  h i p p o c a m p u s  a n d  a m y g d a l a  f o r  EEG r e c o r d i n g  p u r p o s e s .  

D i s t a l  e n d s  o f  t h e  e l e c t r o d e s  were a t t a c h e d  t o  a 25-p in  

f e m a l e  M i c r o d o t  c o n n e c t o r  embedded i n  d e n t a l  a c r y l i c  d i r e c t l y  

o n  t o p  o f  t h e  s k u l l .  The  a n i m a l s  were a l l o w e d  a t h r e e  week 

r e c o v e r y  p e r i o d  b e f o r e  a n y  t e s t i n g  was done .  

A l l  t h r e e  a n i m a l s  had  had  a t  leas t  s i x  m o n t h s  o f  s o c i a l  

e x p e r i e n c e  i n  a l a r g e  c o l o n y  cage. D u r i n g  t h e  s x p e r i m e n t a l  

p e r i o d ,  h o w e v e r ,  a l l  were i n d i v i d u a l l y  h o u s e d  a n d  f e d  25 

p e l l e t s  o f  s t a n d a r d  l a b o r a t o r y  chow d a i l y ,  e x c e p t  d u r i n g  

tests u s i n g  s p e c i f i c  d e p r i v a t i o n  p e r i o d s .  

A p p a r a t u s :  L e v e r - p r e s s i n g  tes ts  were c a r r i e d  o u t  i n  a 

30" x 18" x 30" b o x  w i t h  t h e  a n i m a l  r e s t r a i n e d  i n  a m o d i f i e d  

F o r i n g e r  c h a i r .  The s t i m u l a t i n g  c a b l e  e x i t e d  t h r o u g h  a 

h o l e  i n  t h e  t o p  o f  t h e  b o x  a n d  t h e  monkey s a t  f a c i n g  a l e v e r  



i n s t a l l e d  a t  s h o u l d e r  h e i g h t .  Rates o f  l e v e r  p r e s s i n g  were 

t a b u l a t e d  o n  a H a r v a r d  c u m m u l a t i v e  r e c o r d e r .  B i p h a s i c  p u l s e  

t r a i n s  were p r o v i d e d  b y  two c o u p l e d  AEL s t i m u l a t o r s  t h r o u g h  

a n  i s o l a t i o n  u n i t .  S t i m u l u s  c u r r e n t  p a r a m e t e r s  were moni-  

t o r e d  a c r o s s  a 1 0 0  ohm r e s i s t o r  on t h e  o u t p u t .  

N e u r o b e h a v i o r a l  I d e n t i f i c a t i o n  o f  P o i n t s :  A l l  a n i m a l s  - 

were i n t r o d u c e d  t o  b a r  p r e s s i n g  f o r  i n t r a c r a n i a l  s t i m u l a -  

t i o n  on a c o n t i n u o u s  r e i n f o r c e m e n t  s c h e d u l e  w i t h o u t  a n y  

p r i o r  t r a i n i n g .  The e x p e ~ i m e n t e r  s t o o d  b y  t h e  a n i m a l s  a n d  

p r e s s e d  t h e  l e v e r  i n  f r o n t  o f  them f o u r  o r  f i v e  times 

r a p i d l y ,  t h e n  w a i t e d  f i v e  m i n u t e s  b e f o r e  moving  on t o  t h e  

n e x t  p o i n t .  A l l  t w e l v e  h y p o t h a l a m i c  e l e c t r o d e  p a i r s  were 

t h u s  t e s t e d  twice i n  r o t a t i o n  a t  t h e  same time e a c h  d a y  

f o r  f o u r  d a y s .  By  t h e  t h i r d  d a y  a l l  a n i m a l s  were c l e a r l y  

b a r - p r e s s i n g a t  some p o i n t s .  L e v e r  p r e s s i n g  ra tes  f o r  t h e s e  

p o s i t i v e  p o i n t s  were r e p e a t e d l y  d e t e r m i n e d  b y  a l l o w i n g  t h e  

a n i m a l  t o  b a r - p r e s s  500  times f o l l o w e d  b y  a t e n  m i n u t e  

e x t i n c t i o n  p e r i o d .  

Monkeys N a n d  T e a c h  showed o n e  p o s i t i v e  p o i n t ,  w h i l e  

Monkey L showed t h r e e .  Hates o f  s e l f - s t i m u l a t i o n  a t  t h e s e  

f i v e  p o i n t s  are  g i v e n  i n  T a b l e  I .  T h r e s h o l d s  f o r  s e l f -  

[ I n s e r t  T a b l e  1 ] 

s t i m u l a t i o n  were a t  0 . 2 5 - 3 . 0  m i l l i a m p e r e s  f o r  a 0 .5  sec. 

t r a i n  o f  1 msec. b i p h a s i c  s q u a r e  waves g i v e n  a t  60 c p s .  

B a r - p r e s s i n g  r a t e s  were s t ab le  f r o m  0 . 5 - 0 . 9  m a ;  t h e r e f o r e  



a l l  d e t e r m i n a t i o n s  a n d  f u t u r e  t e s t i n g  were d o n e  a t  a n  

i n t e n s i t y  o f  0.7 m a .  An i n c o n s i s t e n t  s u p r e s s i v e  e f f e c t  

was  n o t e d  i n  Monkey L i n  s w i t c h i n g  a b r u p t l y  f rom o n e  a n t e r i o r  

h y p o t h a l a m i c  p o s i t i v e  p o i n t  t o  t h e  i p s i l a t e r a l ,  more  p o s -  

t e r i o r  o n e .  T h i s  l l l i t t l e  p i g "  e f f e c t  ( 3 , 1 2 )  l a s t e d  f o r  

t h r e e  o r  f o u r  m i n u t e s ,  a n d  was  n o t  s e e n  i n  a n y  o t h e r  s u c c e s -  

s i v e  s t i m u l a t i o n  c o m b i n a t i o n .  

C o n t r o l  T e s t s :  S i n c e  c o v a r i a n c e  o f  s e l f - s t i m u l a t i o n  

s i t e s  w i t h  p h y s i o l o g i c  d r i v e  s t a t e s  would  c o n f o u n d  i n t e r p r e -  

t a t i o n  o f  a n y  r e s u l t s  f r o m  b e h a v i o r a l  d a t a ,  a n i m a l s  were 

t e s t e d  on c o n t i n u o u s  r e i n f o r c e m e n t  s c h e d u l e s  f o r  i n t r a c r a n i a l  

s e l f - s t i m u l a t i o n ,  a n d  d e p r i v e d  f i rs t  o f  f o o d ,  t h e n  o f  water 

f o r  i n c r e a s i n g  d e p r i v a t i o n  i n t e r v a l s .  I n  a d d i t i o n ,  a f t e r  

t h e  main  e x p e r i m e n t s  t o  b e  r e p o r t e d ,  t h e  two male monkeys  

were c a s t r a t e d  a n d  t h e  female monkey o v a r i e c t o m i z e d .  B a r  

p r e s s i n g  s c o r e s  were o b t a i n e d  a t  1 2  a n d  24 d a y s  p o s t - c a s t r a -  

t i o n .  B a r  p r e s s i n g  s c o r e s  a s  a f u n c t i o n  o f  f o o d  o r  water 

d e p r i v a t i o n  a n d  v a r i a t i o n  i n  sex hormone l e v e l  a r e  s u m m a r i z e d  

i n  T a b l e  11. No a n i m a l  showed a c h a n g e  i n  bar  p r e s s i n g  r a te  

w i t h  m a n i p u l a t i o n  of t h e s e  d r i v e  v a r i a b l e s .  

[ I n s e r t  T a b l e  11] 

The  d i s c r e p a n c y  b e t w e e n  t h e s e  r e s u l t s  a n d  t h o s e  o f  

p r e v i o u s  s t u d i e s  ( e . g .  O l d s  ( 1 8 )  a n d  B r a d y  ( 2 ) )  is  n o t  e a s i l y  

a c c o u n t e d  f o r .  S i n c e  t h e s e  a u t h o r s  u s e d  t h e  more  s e n s i t i v e  

f i x e d  r a t i o  s c h e d u l e  w h i l e  i n  t h e  p r e s e n t  s t u d y  a c o n t i n u o u s  

r e i n f o r c e m e n t  s c h e d u l e  was u s e d ,  i t  is p o s s i b l e  t h a t  t h e  



l a c k  o f  b a r  p r e s s i n g  c h a n g e  w i t h  m a n i p u l a t i o n  o f  p h y s i o -  

l o g i c  d r i v e s  is d u e  t o  r e i n f o r c e m e n t  s c h e d u l e s .  I t  is more  

l i k e l y ,  h o w e v e r ,  t h a t  t h e  p o i n t s  s t u d i e d  h e r e  a r e  s i m p l y  

n o t  " d r i v e  r e l a t e d . "  

A n o t h e r  p o s s i b i l i t y  is t h a t  s e l f - s t i m u l a t i o n  o f  t h e s e  

p o i n t s  is d u e  t o  s u b c l i n i c a l  s e i z u r e  a c t i v i t y .  Brady  e t  a1 

(5) r e p o r t e d  t h a t  s i x  o f  e i g h t  monkeys w i t h  e l e c t r o d e s  i n  

t h e  h y p o t h a l a m u s  showed s p i k e  a n d  wave a c t i v i t y  a f t e r  t h e  

s t a r t  o f  a  0 . 5  sec. t r a i n  o f  p u l s e s .  T h i s  r e p o r t  l e d  t o  

t h e  q u e s t i o n  o f  w h e t h e r  i n  t h e  p r e s e n t  e x p e r i m e n t s  s e l f -  

s t i m u l a t i o n  p o i n t s ,  t h o u g h  n o t  d r i v e - r e l a t e d ,  were p o s i t i v e  i n  

p a r t  b e c a u s e  t h e y  i n d u c e d  s e i z u r e s .  

EEG r e c o r d i n g s  were o b t a i n e d  i n  t h e s e  monkeys p r e c e d i n g  

c a s t r a t i o n  b u t  f o l l o w i n g  all o t h e r  experjments. R e c o r d i n g s  

were t a k e n  f r o m  h y p o t h a l a m i c  e l e c t r o d e s  n e a r  t h e  o n e  b e i n g  

s t i m u l a t e d  as  w e l l  as  f r o m  t h e  b i l a t e r a l  s e p t a l ,  h i p p o -  

c a m p a l  a n d  a m y g d a l a  e l e c t r o d e s  i n  Monkeys T and  L .  R e c o r d s  

were o b t a i n e d  a f t e r  1, 2 ,  5, a n d  1 0  t r a i n s  w i t h  t h e  t r a i n s  

d e l i v e r e d  a t  0 . 5  sec. i n t e r v a l s  ( c o n t i n u o u s  t r a i n  s t i m u l a -  

t i o n ) .  R e g a r d l e s s  o f  t h e  number o f  t r a i n s  d e l i v e r e d ,  n o  

s p i k e  a n d  wave a c t i v i t y  was o b s e r v e d  f o l l o v ~ i n g  t h e  s t i m u l u s  

when i t  was d e l i v e r e d  t o  a n y  of t h e  p o s i t i v e  p o i n t s .  

B e c a u s e  o f  s t i m u l u s  a r t i f a c t ,  h o w e v e r ,  i t  w a s  n o t  p o s s i b l e  

t o  r u l e  o u t  v e r y  b r i e f  s e i z u r e s  b e g i n n i n g  a n d  e n d i n g  d u r i n g  

t h e  0 . 5  sec. t r a i n  i t s e l f .  



These  r e s u l t s  a r e  i n  a c c o r d  w i t h  r e p o r t s  by a number 

o f  a u t h o r s  ( 9 , 1 7 , 2 0 )  who h a v e  shown t h a t  b a r  p r e s s i n g  

r a t e s  a c t u a l l y  v a r i e d  i n v e r s e l y  w i t h  s e i z u r e  t h r e s h o l d s  

and who c o n c l u d e d  t h a t  s e i z u r e s  were a s i d e  e f f e c t  n o t  

r e l a t e d  t o  " p o s i t i v i t y "  o f  p o i n t s .  I t  t h u s  seems l i k e l y  

t h a t  r e s u l t s  f rom t h e  b e h a v i o r a l  e x p e r i m e n t s  which f o l l o w  

c a n n o t  b e  a t t r i b u t e d  t o  d r i v e  r e l a t e d  phenomena, n o r  t o  

d i s r u p t i o n  o f  mnemonic f u n c t i o n s  by s e i z u r e  a c t i v i t y .  

H i s t o l o g y :  A f t e r  c o m p l e t i o n  o f  a l l  e x p e r i m e n t s  t h e  

monkeys were s a c r i f i c e d  and  p e r f u s e d  i n t r a c a r d i a l l y  w i t h  

0 .9% s a l i n e ,  and  10% f o r m a l i n  and p o t a s s i u m  f e r r o c y a n i d e  

s o l u t i o n .  One m i l l i v o l t  DC c u r r e n t  w a s  p a s s e d  t h r o u g h  

p o s i t i v e  e l e c t r o d e  t i p s  f o r  f i v e  s e c o n d s .  F r o z e n  s e c t i o n s  

o f  t h e  b r a i n  were c u t  i n  50 mic ron  s l i c e s  and s t a i n e d  1,vFth 

c r e s y l e c h t v i o l e t .  R e l e v a n t  h i s t o l o g i c  s e c t i o n s  are shown 

i n  F i g u r e  1. 

[ ~ n s e r t  F i g u r e  11 

The e l e c t r o d e  t i p s  f o r  t h e  p o s i t i v e  p o i n t  i n  Monkey T 

were j u s t  p o s t e r i o r  and be low t h e  a n t e r i o r  commissure  end-  

i n g  i n  t h e  a n t e r i o r  h y p o t h a l a m i c  area. T h i s  c o r r e s p o n d e d  

t o  A n t e r i o r  1 6 . 0  i n  R u s s e l l . ' ~  A t l a s  ( 2 3 ) .  E l e c t r o d e  t i p s  

f o r  t h e  p o s i t i v e  p o i n t  i n  Monkey N viere a g a i n  j u s t  below 

t h e  a n t e r i o r  commissure  , e n d i n g  i n  t h e  a n t e r i o r  h y p o t h a l a m i c  

a r e a ,  and  c o r r e s p o n d e d  t o  A n t e r i o r  16.5 t o  1 6 . 0 .  Tips o f  

t h e  l e f t  a n t e r i o r  p o s i t i v e  e l e c t r o d e ,  h e r e a f t e r  c a l l e d  t6, 

i n  Monkey L were j u s t  p o s t e r i o r  t o  t h e  a n t e r i o r  commissure .  



The t i p s  were 5 .5  mm l a t e r a l  t o  t h e  m i d l i n e ,  p l a c i n g  them 

i n  t h e  a n t e r o l a t e r a l  p o r t i o n  o f  t h e  l a t e r a l  h y p o t h a l a m i c  

area. The  r i g h t  a n t e r i o r  p o s i t i v e  p o i n t ,  h e r e a f t e r  c a l l e d  

L8, i n  Monkey IJ was v e n t r a l  a n d  p o s t e r i o r  t o  t h e  a n t e r i o r  

c o m m i s s u r e  e n d i n g  i n  t h e  a n t e r i o r  h y p o t h a l a m i c  area.  T h e  

p o s t e r i o r  p o s i t i v e  p o i n t ,  h e r e a f t e r  c a l l e d  L I Z ,  i n  Monkey L 

was i n  t h e  c o r o n a l  p l a n e  c o r r e s p o n d i n g  t o  A n t e r i o r  13.8. 

The  t i p s  were j u s t  l a t e r a l  t o  d e s c e n d i n g  f o r n i x  f ibers ,  

p l a c i n g  t h i s  p o i n t  i n  t h e  m i d d l e  o f  t h e  l a t e r a l  h y p o t h a l a m i c  

area i n  i t s  a n t e r o - p o s t e r i o r  e x t e n t .  

Of t h e  f i v e  p o s i t i v e  p o i n t s  t h e n ,  t h r e e  were i n  t h e  

a n t e r i o r  h y p o t h a l a m i c  a r e a  a n d  two  i n  t h e  l a t e r a l  hypo-  

t h a l a m i c  area.  

EXPERIMENT I 

T h i s  e x p e r i m e n t  was d e s i g n e d  t o  e x a m i n e  t h e  e f f e c t s  o f  

s e l f - s t i m u l a t i o n  on t h e  b e h a v i o r  o f  i n d i v i d u a l  monkeys  i n  

t h e  p h y s i c a l  s i t u a t i o n  t o  b e  u s e d  s u b s e q u e n t l y  t o  t e s t  s o c i a l  

i n t e r a c t i o n s  ( E x p e r i m e n t  1 1 ) .  A s i d e  f r o m  t h e  s p e c i f i c  r e s u l t s  

o b t a i n e d ,  t h e r e f o r e ,  E s p e r i m e n t  I s e r v e s  a s  a b a s e l i n e  f o r  t h e  

f i n d i n g s  o b t a i n e d  i n  t h e  " s o c i a l "  e x p e r i m e n t .  

A p p a r a t u s :  A 4 '  x 4 '  x  8 '  test  c a g e  w a s  c o n s t r u c t e d  

w i t h  t h r e e  walls  of w h i t e  p a i n t e d  p lywood;  t h e  f o u r t h  l o n g  

w a l l  was made o f  one-way g l a s s  p a n e l s .  F l o o r  a n d  c e i l i n g  

were c o v e r e d  by  9 ga. 1 i n .  mesh .  The f l o o r  mesh was marked  

o f f  b y  l i n e s  i n  2 f t .  s q u a r e s  t o  a i d  i n  m e a s u r i n g  l o c o m o t o r  

a c t i v i t y .  I n t e r i o r  l i g h t i n g  was p r c v i d e d  b y  s t a n d a r d  flour- 

e s c e n t  f i x t u r e s  s u s p e n d e d  o v e r  t h e  c e i l i n g  mesh.  
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S t i m u l a t i o n  was o b t a i n e d  by m o d i f y i n g  a  H e a t h k i t  

5 - channe l  r a d i o  c o n t r o l  model a i r p l a n e  s y s t e m .  Each 

r e c e i v e r  c h a n n e l  p r o v i d e d  a 60 c p s  monophas ic  s q u a r e  wave 

o u t p u t  w i t h  a 1 msec, p u l s e  d u r a t i o n .  Two c h a n n e l s  were 

u s e d  a s  i n p u t  t o  a c o n s t a n t  c u r r e n t  s t i m u l a t o r .  S t i m u l a -  

t i o n  o u t p u t  f rom t h e  l a t t e r  t h u s  c o n s i s t e d  o f  60 c p s  b i -  

p h a s i c  s q u a r e  waves o f  1 , 5  msec. d u r a t i o n  i n  0 . 5  sec. t r a i n s ,  

and was se t  t o  d e l i v e r  0.7 m i l l i a m p e r e s .  R e c e i v e r ,  s t i m u l a -  

t o r  and b a t t e r i e s  were housed  i n  a  s t a n d a r d  b a k e l i t e  c i r c u i t  

box  mounted on a  backpack  v e s t  m o d i f i e d  f rom Cressman and  

C a d e l l  (8 ) .  The c o l l a r  a r e a  of  t h e  v e s t  was s o a k e d  i n  10% 

q u i n i n e  s o l u t i o n  t o  d i s c o u r a g e  t h e  a n i m a l s  b i t i n g  i t .  

S t i m u l a t i o n  was c a r r i e d  f rom the r e c e i v e r  v i a  a  head c a b l e  

f i t t e d  w i t h  a  male Mic rodo t  c o n n e c t o r  which s c r ewed  i n t o  

n u t s  embedded i n  t h e  d e n t a l  c emen t .  The e n t i r e  u n i t  weighed  

510 gms. 

P r o c e d u r e :  The c a g e  i n t e r i o r  was e q u i p p e d  w i t h  a  l a r g e  

p u r s e  of b a n a n a  p e l l e t s ,  a  g a l l o n  c a n  of water, a n  a r t i f i c i a l  

"tree" and s i x  o t h e r  s t i m u l u s  o b j e c t s :  s t u f f e d  t o y s ,  whee l  

c a s t o r s ,  s p o n g e  and r a t t l e .  

Monkeys e q u i p p e d  a i t h  t h e  r a d i o - c o n t r o l l e d  r e c e j v e r -  

s t i m u l a t o r  backpack  were i n t r o d u c e d  s i n g l y  i n t o  t h e  o b s e r v a -  

t i o n  c a g e .  S i x  20 m i n u t e  s e s s i o n s  were g i v e n  on c o n s e c u t i v e  

d a y s  t o  h a b i t u a t e  them t o  t h e  c a g e  and t r a n s f e r  p r o c e d u r e .  

T e s t i n g  c o n s i s t e d  o f  t e n  50 m i n u t e  s e s s i o n s  g i v e n  a t  t h e  

same t i m e  e a c h  d a y .  On a l t e r n a t e  d a y s  s t a r t i n g  w i t h  d a y  o n e ,  



t h e  a n i m a l s  r e c e i v e d  n o  s t  i .mula t  i o n  ( b a s e l i n e  d a y s )  . On 

s t i m u l a t i o n  d a y s ,  5 m i n u t e  p e r i o d s  o f  no  s t i m u l a t i o n  

( r u n n i n g  c o n t r o l  p e r i o d s ) ,  b e g i n n i n g  w i t h  t h e  f i r s t  5 

m i n u t e s ,  a l t e r n a t e d  w i t h  5  m i n u t e  p e r i o d s  d u r i n g  w h i c h  t h e  

a n i m a l  r e c e i v e d  programmed t r a i n s  o f  c o n s t a n t  c u r r e n t  s t i m u -  

l a t i o n  o n c e  e v e r y  4 s e c o n d s .  The  r e c e i v e r  was c h e c k e d  

b e f o r e  a n d  a f t e r  e a c h  s e s s i o n  t o  e n s u r e  t h a t  i t  was w o r k i n g .  

The f o l l o w i n g  b e h a v i o r s  were s c o r e d  as  t o  t h e i r  o c c u r r e n c e  

d u r i n g  15 s e c o n d  b l o c k s  o f  t i m e :  

1. E x p l o r a t i o n :  se l f  ( g r o o m i n g ,  l i c k i n g ,  s c r a t c h i n g ) ;  

o b j e c t s  ( m a n i p u l a t e d  b y  h a n d ) ;  c a g e  ( p i c k i n g  a t  

wal ls ,  c l i m b i n g )  . 
2.  Motor A c t i v i t y :  s t e r e o t y p e d ;  number o f  s q u a r e s  

c r o s s e d .  

3 .  M i r r o r - D i r e c t e d  B e h a v i o r :  p r e s e c t ,  g r i m a c e ,  

t h r e a t ,  a t t a c k .  

4 .  Mouth S i g n a l s :  y a w n i n g ,  l i p  s m a c k i n g .  

B e h a v i o r a l  s c o r e s  on monkeys  a l o n e  i n  t h e  o b s e r v a t i o n  

cage were t a b u l a t e d ,  a n d  t h e  f i v e  tes t  s a m p l e s  fo r  each 

f i v e  m i n u t e  s t i m u l a t i o n  p e r i o d  were c o m p a r e d  w i t h  c o r r e s -  

p o n d i n g  f i v e  m i n u t e  b a s e l i n e  p e r i o d  s a m p l e s ,  u s i n g  t h e  Mann- 

W h i t n e y  U T e s t .  S i m i l a r l y ,  f i v e  s a m p l e s  o f  t h e  a l t e r n a t e  

f i v e  m i n u t e  " r u n n i n g "  c o n t r o l  p e r i o d s  i n  t h e  t e s t  s e s s i o n s  

were compared  t o  b a s e l i n e  s a m p l e s .  

R e s u l t s :  T h r e e  b e h a v i o r s  were s i g n i f i c a n t l y  a l t e r e d  

by  n o n - c o n t i n g e n t  s t i m u i . a t i o n  o f  t h e  p o s i t i v e  p o i n t s :  

e x p l o r s t o r y  a c t i v i t y ,  m i r r o r - d i r e c t e d  t h r e a t  b e h a v i o r ,  a n d  

l o c o m o t o r  a c t i v i t y .  F i g a r e  2 shows  t h e  mean p e r c e n t  d e c r e a s e  
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f r o m  b a s e l i n e  e x p l o r a t o r y  a c t i v i t y  f o r  f o u r  p o s i t i v e  p o i n t s .  

None o f  t h e  b e h a v i o r s  c h a n g e d  s i g n i f i c a n t l y  a t  t h e  0 . 0 5  

l e v e l  f o r  t h e  f i f t h  p o i n t  i n  Monkey T .  

F o r  t h e  f o u r  p o s i t i v e  p o i n t s ,  t h e  d e c r e a s e  i n  e x p l o r -  

a t o r y  a c t i v i t y  was s i g n i f i c a n t  a t  t h e  0 . 0 0 4  l e v e l  f o r  s t i i n u l u s  

p e r i o d s  a n d  c a r r i e d  o v e r  i n t o  t h e  r u n n i n g  c o n t r o l  p e r i o d s  

a t  p  < 0 . 0 2  o r  b e t t e r .  L o c o m o t o r  a c t i v i t y  was  s i m i l a i * l y  

d e p r e s s e d  d u r i n g  s t i m u l a t i o n  p e r i o d s  a t  t h e  0.01 l e v e l  or  

b e t t e r  f o r  t h r e e  o f  t h e s e  p o i n t s .  I t  was n o t  s i g n i f i c a n t l y  

c h a n g e d  d u r i n g  r u n n i n g  c o n t r o l  p e r i o d s ,  h o w e v e r .  S t i m u l a -  

t i o n  o f  Monkey L a t  L6 a n d  Lg p r o d u c e d  a marked  i n c r e a s e  i n  

m i r r o r - d i r e c t e d  t h r e a t ,  b u t  n o t  a t t a c k ,  b e h a v i o r .  B a s e l i n e  

l e v e l s  o f  o n e  o r  two  t h r e a t s  p e r  f i v e  m i n u t e  p e r i o d  i n c r e a s e d  

t o  30-35 p e r  p e r i o d  d u r i n g  s t i m l - l l a t i o ~ .  T h e r e  vras r?o i n c r e a s e  

i n  t h r e a t s ,  h o w e v e r ,  d u r i n g  a l t e r n a t e  r u n n i n g  c o n t r o l  p e r i o d s .  

D i s c u s s i o n :  When monkeys  a re  n o n - c o n t i n g e n t l y  s t i m u -  

l a t e d  a t  p o s i t i v e  p o i n t s  w h i l e  a l o n e  i n  t h e  o b s e r v a t i o n  

c a g e ,  s t i m u l a t i o n  p r o d u c e d  h y p e r a l e r t i n g  a n d  s c a n n i n g  o f  t h e  

e n v i r o n m e n t  w h i l e ,  a t  t h e  same t i m e ,  m a r k e d l y  d e c r e a s i n g  on-  

goi .ng e x p l o r a t o r y  a c t i v i t y .  The l a t t e r  b e h a v i o r  r e m a i n e d  

low d u r i n g  a l t e r n a t e  f i v e  m i n u t e  c o n t r o l  p e r i o d s  a s  w e l l .  

T h i s  l o n g - t e r m  q u i e t i n g  e f f e c t  p r o d u c e d  c o n c o m i t t e n t  r e d a c -  

t i o n  i n  l o c o m o t o r  z c t i v i t y .  S t i m u l a t i o n  of t h r e e  of t h e  

f i v e  p o i n t s  p r o d u c e d  n o  new b e h a v i o r .  S t i m u l a t i o n  o f  t w o  

p o i n s s  i n  Monkey L p r o d u c e d  a marked i n c r e a s e  i n  mirror- 

d i r e c t e d  t h r e a t  b e h a v i o r  d u r i n g  s t i m u l a t i o n  p e r i o d s ,  b u t  



t h i s  d i d  n o t  c a r r y  o v e r  i n t o  a l t e r n a t e  f i v e  m i n u t e  c o n t r o l  

p e r i o d s .  Though f o o d  a n d  water were p r e s e n t ,  n o  consum- 

m a t o r y  r e s p o n s e s  were e l i c i t e d  a t  a n y  time. 

EXPERIMENT I 1  

E x p e r i m e n t  I1 u s i n g  t h e  same a p p a r a t u s  a s  u s e d  i n  

E x p e r i m e n t  I ,  t e s t e d  t h e  e f f e c t s  o f  s t i m u l a t i n g  p o s i t i v e  

p o i n t s  when t h e  i m p l a n t e d  monkey was p a i r e d  w i t h  a s e c o n d  

monkey. Two n o r m a l  monkeys ,  a l o w - r a n k i n g  s e x u a l l y  m a t u r e  

f e m a l e  ( A )  a n d  a s u b a d u l t  f a i r l y  h i g h - r a n k i n g  male (B) 

were p a i r e d  i n  t u r n  w i t h  e a c h  r a d i o - s t i m u l a t e d  monkey.  

E a c h  p a i r  o f  a n i m a l s  was g i v e n  two  50 m i n u t e  t r i a l  p e r i o d s  

t o g e t h e r  t o  e s t a b l i s h  b a s e l i n e  d o m i n a n c e  r e l a t i o n s h i p s  a n d  

t o  h a b i t u a t e  them t o  t h e  t e s t i n g  p r o c e d u r e s .  

P r o c e d u r e :  T e s t  s e s s i o n s  c o n s i s t e d  of t e n  50 a i c u t e  

s e s s i o n s  g i v e n  a t  t h e  same t i m e  e a c h  d a y .  On a l t e r n a t e  

d a y s ,  b e g i n n i n g  w i t h  d a y  o n e ,  t h e  monkey r e c e i v e d  n o  s t i m u -  

l a t i o n  ( c o n t r o l  d a y s ) .  On s t i m u l a t i o n  d a y s ,  f i v e  m i n u t e  

p e r i o d s  o f  s t i m u l a t i o n  c o n s i s t i n g  o f  t h e  a b o v e  m e n t i o n e d  

p a r a m e t e r s  were g i v e n  e v e r y  foul*  s e c o n d s .  T h e s e  p e r i o d s  

a l t e r n a t e d  w i t h  f i v e  m i n u t e  p e r i o d s  o f  n o  s t i m u l a t i o n  

b e g i n n i n g  w i t h  t h e  f i r s t  f i v e  m i n u t e s .  A n i m a l s  were g i v e n  

a  f i v e  m i n u t e  " w a r m  up"  p e r i o d  t o g e t h e r  . b e f o r e  e a c h  s c o r i n g  

s e s s i o n  b e g a n .  

After ' the a b o v e  s e s s i o n s ,  t h e  monkeys were i s o l a t e d  

f r o m  o n e  a n o t h e r  f o r  1 0  da ,ys ,  t h e n  r e i n t r o d u c e d  f o r  o n e  50 

m i n u t e  s e s s i o n  w i t h o u t  s t i m u l a t i o n .  T h i s  p r o v i d e d  a c o n t r o l  

m e a s u r e  on w h e t h e r  s t i m u l a t i o n - i n d u c e d  c h z n g e s  i n  t h e  p a i r e d  
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r e l a t i o n s h i p s  were s t a b l e  o r  would  r e v e r t  b a c k  t o  t h e  first 

c o n t r o l  s e s s i o n .  A f t e r  t h i s  s i n g l e  s e s s i o n ,  a n i m a l  p a i r s  

were i s o l a t e d  f o r  30 d a y s .  T h e y . w e r e  t h e n  p a i r e d  a n d  

b e h a v i o r s  a g a i n  s c o r e d  f o r  t e n  50 m i n u t e  s e s s i o n s ,  b u t  t h e  

i m p l a n t e d  a n i m a l s  r e c e i v e d  n o  s t i m u l a t i o n  a t  a n y  time. T h i s  

b a s e l i n e  m e a s u r e  was i n s t i t u t e d  a f t e r  t h e  i n i t i a l  10 d a y  

t e s t  s e s s i o n s ,  when i t  became o b v i o u s  t h a t  s t i m u l a t i o n -  

i n d u c e d  b e h a v i o r a l  c h a n g e s  i n  t h e  i m p l a n t e d  monkeys were 

b e i n g  c a r r i e d  o v e r  i n t o  t h e  n o n - s t i m u l a t i o n  a l t e r n a t e  c o n -  

t r o l  d a y s  o f  t h e  f i r s t  p e r i o d .  T h i s  b a s e l i n e  m e a s u r e  a l s o  

c o n t r o l l e d  f o r  s t a b i l i t y  o f  t h e  r e l a t i o n s h i p  o v e r  t i m e ,  

a n d  f o r  p o s s i b l e  b e h a v i o r a l  c h a n g e s  d u e  t o  c r o w d i n g .  

The f o l l o w i n g  b e h a v i o r s  were s c o r e d  f o r  t h e i r  o c c u r r e n c e  

i n  15  s e c o n d  b l o c k s  o f  t i m e  f o r  e i t h e r  a n i m a l  a g a i n s t  t h e  

o t h e r :  

1. A t t a c k :  t h i s  i n c l u d e s  a r u n n i n g  a t t a c k  w h e t h e r  o r  

n o t  c o n t a c t  was made w i t h  t h e  o t h e r  a n i m a l .  

2 .  T h r e a t  B e h a v i o r :  i n c l u d e d  open-mouthed ,  h e a d  b o b b i n g  

a n d  p e r c h  s h a k i n g  t h r e a t s .  

3 .  A c t i v e  D i s p l a c e m e n t :  i n s t a n c e s  w h e r e  t h e  a p p r o a c h  

o f  o n e  a n i m a l  l e d  t o  t h e  o t h e r  a n i m a l  i m m e d i a t e l y  

moving  away ,  e i t h e r  v o l u n t a r i l y ,  or  a s  a r e s u l t  of 

b e i n g  o v e r t l y  t h r e a t e n e d ,  p u s h e d  o r  b i t t e n .  

4. Dominance Mount ing :  m o u n t i n g  w h i c h  d i d  n o t  i n v o l v e  

u s u a l  s e x u a l  m o u n t i n g  p r o c e d u r e s - - m o u n t i n g  o n  t h e  

h e a d  a n d  s h o u l d e r s  o f  t h e  o t h e r ,  s i t t i n g  o n  t h e  

p r o n e  a n i m a l ,  a n d  p e l v i c  m o u n t i n g  b e t w e e n  males. 



5. S e x u a l  M o u n t i n g :  a s s u m p t i o n  of f u l l  m o u n t i n g  

p o s i t i o n  a f t e r  w h i c h  t h e  p a i r s  s a t  t o g e t h e r  o n  

t h e  same s q u a r e  o f  f l o o r  f o r  a t  l e a s t  1 0  s e c o n d s  

o f  t h e  1 5  s e c o n d  p e r i o d ;  t h i s  g e n e r a l l y  o c c u r r e d  

a s  a ser ies  o f  6-10 m o u n t i n g s .  

6 .  P o s t u r e :  t h i s  i n c l u d e d  b o t h  "dominance  w a l k i n g "  

i n  w h i c h  t h e  a n i m a l  wa lked  s t i f f - l e g g e d  w i t h  

a r c h e d  b a c k  a n d  r a i s e d  t a i l  ( r a r e l y  s e e n ) ,  a n d  

" p a s s i v e  d i s p l a c e m e n t "  i n  w h i c h  a p a r t i c u l a r  

c a g e  area was ~ a p i d l y  moved i n t o  a s  t h e  o t h e r  

monkey moved away.  T h i s  l a t t e r  d i f f e r s  f r o m  

a c t i v e  d i s p l a c e m e n t  i n  t h a t  movement t o w a r d s  t h e  

p a r t i c u l a r  a r e a  w a s  n o t  begun  u n t i l  t h e  o t h e r  

a n i m a l  h a d  s t a r t e d  t o  l e a v e .  

7 .  I g n o r e :  i g n o r i n g  s p e c i f i c  t h r e a t s  by t h e  o t h e r  

monkey. 

8 .  A v o i d a n c e :  l o o k i n g  away o r  moving  s l o w l y  away f r o m  

a t h r e a t e n i n g  monkey.  

9. S u b m i s s i v e  P r e s e n t i n g :  p r e s e n t a t i o n  o f  h i n d -  

q u a r t e r s  t o  t h e  o t h e r  a n i m a l  w h i l e  a t  a d i s t a n c e  

o f  more  t h a n  two f e e t ,  g e n e r a l l y  combined  w i t h  t a i l  

e l e v a t i o n .  A l s o  i n c l u d e s  " showing  n e c k "  b e t w e e n  

t w c  f e m a l e s  (10).  

1 0 .  S e x u a l  P r e s e n t i n g :  p r e s e n t a t i o n  o f  h i n d q u a r t e r s  

t o  t h e  o t h e r  a n i m a l  w h i l e  less t h a n  t w o  feet  away.  

T h e  t a i l  is g e n e r a l l y  d e v i a t e d  l a t e r a l l y .  



11. Grimace: f e a r  grimace c h a l ' a c t e r i z e d  b y  r e t r a c t  i o n  

o f  l i p s  a n d  c h e e k s  e x p o s i n g  t e e t h  i n  r e s p o n s e  t o  

a p p r o a c h e s ,  t h r e a t s  o r  a t t a c k s  b y  t l i e  o t h e r  monkey.  

1 2 .  Run: r a p i d  f l e e i n g  a s  a r e s u l t  o f  a t h r e a t  o r  

a t t a c k  by t h e  o t h e r  a n i m a l .  

13. P a r a l y s i s :  t h i s  term c o n d e n s e s  t h r e e  b e h a v i o r s - -  

f ear  p a r a l y s i s  i n  w h i c h  a n  a t t a c k e d  a n i m a l  freezes 

a n d  c r o u c h e s ,  o f t e n  d e f e c a t i n g ;  s c r e e c h e s  ( r a r e )  

when s t r u g g l i n g  t o  g e t  away ("Eee" i n  A l t m a n n ' s  

t e r m i n o l o g y  ( 1 ) ;  a n d  a u t o m a s o c h i s m  (shown o n l y  b y  

Monkey B )  i n  w h i c h  t h e  f r i g h t e n e d  a n i m a l  r a p i d l y  

b i t  h i s  own h a n d s  a n d  f ee t  i n  a l t e r n a t e  f a s h i o n  

s o m e t i m e s  a c c o m p a n i e d  b y  s q u e a l s .  

1 4 .  T o g e t h e r n e s s :  t h e  number  o f  w i n ~ l t e s  i n  w h i c h  t w c  

a n i m a l s  s a t  t o g e t h e r  o n  t h e  same two f o o t  s q u a r e .  

15. P l a y :  i n h i b i t e d  b i t i n g ,  m o u t h i n g ,  h a i r  p u l l i n g  

d i s p l a y e d  o n l y  b y  Monkey L t o w a r d s  Monkey A .  

1-6. Grooming:  t h i s  a n d  s e x u a l  m o u n t i n g s  a c c o u n t e d  f o r  

e s s e n t i a l l y  a l l  o f  t h e  b e h a v i o r  b e t w e e n  a n i m a l s  

d u r i n g  p e r i o d s  o f  b e i n g  " t o g e t h e r "  a s  d e f i n e d  

a b o v e .  

C a t e g o r i e s  1-13, w i t h  t h e  e x c e p t i o n  o f  n u m b e r s  5 

2nd 10 ( s e x u a l  m o u n t i n g  a n d  p r e s e n t i n g ) ,  c o m p r i s e  a n  o r d i n a l  

r a n k i n g  scale o f  m o s t  d o m i n a n t  t o  m o s t  s u b n i i s s i v e  b e h a v i o r ,  

w i t h  " i g n o r e f 1  (no. 7 )  b e i n g  a p o i n t  o f  n e u t r a l i t y .  The  

s ca l e  c o n d e n s a s  o n e  e m p i r i c a l l y  d e r i v e d  b y  Al tmann  ( 1 )  b u t  

c o n t a i n s  t w o  i tems,  a c t i v e  a n d  p a s s i v e  d i s p l a c e m e n t  t a k e n  

f r o m  K a u f m a n n ' s  f i e l d  s t u d y  ( l l j  o f  s o c i a l  r e l a t i o n s  ainong 

r h e s u s  males. 



B e h a v i o r a l  c a t e g o r i e s  o f  s e x u a l  m o u n t i n g  a n d  p r e s e n t i n g ,  

t o g e t h e r n e s s ,  a n d  p l a y  were c o n s i d e r e d  as i n d i c a t o r s  o f  

s o c i a l  a f f i n i t y .  The b e h a v i o r a l  c a t e g o r i e s  t h u s  r e p r e s e n t  

two  m u l t i p l y - m e a s u r e d  d i m e n s i o n s :  a g g r e s s i o n - f e a r ,  a n d  

s o c i a l  c l o s e n e s s - d i s t a n c e .  

B e h a v i o r a l  s c o r e s  f o r  e a c h  a n i m a l  i n  a p a i r  were p l o t t e d  

on t h e  o r d i n a l  " a g g r e s s i a n - f e a r "  s c a l e ,  a n d  t h e n  a n a l y z e d  

i n  two ways: f o r  s h i f t  i n  b e h a v i o r s  d e m o n s t r a t e d ,  o r  f o r  

a c h a n g e  i n  t h e  f r e q u e n c y  o f  g i v e n  b e h a v i o r s .  

R e s u l t s :  S t i m u l a t i o n  a t  a l l  p o s i t i v e  p o i n t s  p r o d u c e d  - 
i n c r e a s e s  i n  d o m i n a n c e  b e h a v i o r  by  a l l  t h r e e  i m p l a n t e d  

monkeys ,  i r r e s p e c t i v e  o f  w h e t h e r  t h e y  were p a i r e d  w i t h  a n  

i n i t i a l l y  more  d o m i n a n t  male o r  s u b m i s s i v e  female. The 

i n c r e a s e  i n  d o m i n a n c e  was much more  m a r k e d ,  h o w e v e r ,  f o r  

p a i r i n g s  w i t h  t h e  d o m i n a n t  male, i . e .  when t h e  s t i m u l a t e d  

a n i m a l  was i n i t i a l l y  s u b m i s s i v e .  

I n  i n i t i a l  p a i r i n g s  w i t h  d o m i n a n t  male Monkey B ,  Monkey 

T was s l i g h t l y  s u b m i s s i v e ;  Monkey L ,  m o d e r a t e l y  s u b m i s s i v e ;  

a n d  Monkey N ,  e x t r e m e l y  s u b m i s s i v e .  I r r e s p e c t i v e  o f  t h i s  

i n i t i a l  d e g r e e  o f  s u b m i s s i o n ,  s t i m u l a t i o n  a t  a l l  p o s i t i v e  

p o i n t s  l e d  t o  s h i f t s  t o  d o m i n a n c e  b e h a v i o r s  b y  t h e s e  a n i m a l s ,  

a n d  t h e  s h i f t s  were a l l  s i g n i f i c a n t  a t  t h e  0.001 l e v e l  o r  

' b e t t e r .  T h i s  was a c c o m p a n i e d  b y  s i g n i f i c a n t  i n c r e a s e s  i n  

f r e q u e n c y  of b e h a v i o r s  a t  t h e  d o m i n a n c e  e n d  o f  & h e  scale .  

When r e t e s t e d  1 0  d a y s  l a t e r  a l l  r e l a t i o n s h i p s  h a d  r e v e r t e d  

t o  b a s e l i n e  l e v e l s .  



Maxim-15 

F i g u r e  3 s h o w s  t h e  a n a l y s i s  f o r  t h e  p a i r i n g  o f  Monkey 

L when s t i m u l a t e d  a t  L6,  w i t h  Monkey B .  T h i s  a n a l y s i s  was 

[ I n s e r t  F i g u r e  3 ] 

c a r r i e d  o u t  f o r  e a c h  o f  t h e  10 p a i r  r e l a t i o n s h i p s .  A s  c a n  

b e  s e e n  f r o m  t h e  b a s e l i n e  g r a p h  ( F i g u r e  39 Monkey L s t a r t e d  

o u t  s u b m i s s i v e  t o  Monkey B a n d  d u r i n g  t h e  10 d a y s  t h e r e  was 

n e i t h e r  a s i g n i f i c a n t  s h i f t  i n  d i s t r i b u t i o n  o f  b e h a v i o r s  

shown,  n o r  s i g n i f i c a n t  i n c r e a s e  i n  t h e i r  f r e q u e n c y  b y  e i ther  

a n i m a l .  

The e f f e c t  o f  s t i m u l a t i o n  on Monkey L o v e r  t h e  1 0  

d a y  tes t  s e s s i o n  was t o  m a r k e d l y  i n c r e a s e  h i s  d o m i n a n c e  

b e h a v i o r .  T h i s  is s e e n  i n  t h e  f irst  t h r e e  g r a p h s  o f  F i g u r e  

3B i n  w h i c h  d a t a  f o r  t h e  p a i r  a r e  p l o t t e d  f o r  t h e  f i rs t ,  

t h i r d  a n d  f i f t h  s t i m u l a t i o n  a n d  a l t e r n a t e  c o n t r o l  d a y s .  

S t i m u l a t i o n - i n d u c e d  d o m i n a n c e  b e h a v i o r  b y  Monkey L l e d  t o  

a n  i n i t i a l  r e c i p r o c a l  i n c r e a s e  i n  f r e q u e n c y  o f  Monkey B's 

d o m i n a n c e  b e h a v i o r ;  t h e n  a f t e r  much f i g h t i n g ,  Monkey B showed 

a s h i f t  downward i n t o  s u b m i s s i o n .  T h i s  is shown i n  two  ways .  

F i r s t ,  when f r e q u e n c y  s c o r e s  f o r  a t t a c k  a n d  t h r e a t  b e h a v i o r s  

b y  Monkey L ,  d u r i n g  e i t h e r  s t i m u l a t i o n  o r  a l t e r n a t e  c o n t r o l  

d a y s ,  were compared  a g a i n s t  b a s e l i n e  d a y s ,  u s i n g  t h e  Mann- 

W h i t n e y  U t e s t ,  t h e y  were s i g n i f i c a n t l y  i n c r e a s e d  a t  p = 0 . 0 5  

o r  b e t t e r .  C o r r e s p o n d i n g l y ,  Monkey B showed a s i g n i f i c a n t  

i n c r e a s e  i n  t h e  more  s u b m i s s i v e  b e h a v i o r s  of i g n o r i n g ,  a v o i d -  

i n g ,  a n d  p r e s e n t i n g  ( p  = 0.05 o r  b e t t e r ) .  S e c o n d l y ,  a  s h i f t  



i n  d i s t r i b u t i o n  o f  d e m o n s t r a t e d  b e h a v i o r s  was a n a l y z e d  

u s i n g  t h e  2XC c o n t i n g e n c y  tes t .  T h i s  s p e c i a l  c a s e  o f  t h e  

c h i  s q u a r e  t es t  shows t h e  s i g n i f i c a n c e  of  c a t e g o r y  s h i f t  

o v e r  t i m e  e x p r e s s e d  a s  z scores. F i g u r e  3 C  shows t h a t  

t h e  s h i f t  t o  l e s s  f e a r f u l  (more dominan t )  b e h a v i o r s  by 

Monkey L o v e r  t h e  t e n  d a y s  w a s  h i g h l y  s i g n i f i c a n t  (z = 1 0 . 5 2 ,  

p  << O.C001), and t o  s u b m i s s i v e  b e h a v i o r  by Monkey B ,  a f t e r  

an i n i t i a l  i n c r e a s e  i n  h i s  dominant  b e h a v i o r  (p < 0 . 0 0 1 ) .  

The f o u r t h  g r a p h  o f  F i g u r e  3 B  shows t h a t  1 0  d a y s  l a t e r  t h e  

r e l a t i o n s h i p  be tween  t h i s  p a i r  had r e v e r t e d  back t o  b a s e l i n e .  

These  p o i n t s  a r e  a l s o  p l o t t e d  on F i g u r e  3 C .  

In  i n i t i a l  p a i r i n g s  w i t h  f e m a l e  Monkey A ,  a l l  t h r e e  

i m p l a n t e d  monkeys were dominan t .  A l though  s t i m u l a t i o n  

a t  f o u r  o f  t h e  f i v e  p o i n t s  p roduced  s i g n i f i c a n t  i n c r e a s e s  

( p  = 0 . 0 5  o r  b e t t e r )  i n  f r e q u e n c y  o f  t h r e a t s  d i r e c t e d  a t  - 
s u b m i s s i v e  f e m a l e  A ,  i n  t h e s e  a l r e a d y  dominant  monkeys 

s t i m u l a t i o n  f a i l e d  t o  p r o d u c e  s i g n i f i c a n t  s h i f t s  t o  more 

dominant  b e h a v i o r s  ( e . g .  a t t a c k s ) .  F u r t h e r m o r e ,  t h r e a t  

b e h a v i o r  t o w a r d s  t h e  f e m a l e  d i d  n o t  i n c r e a s e  d u r i n g  

a l t e r n a t e  c o n t r o l  d a y s ,  and  o n l y  i n  t h e  p a i r i n g  w i t h  f e m a l e  

T d i d  t h e  s u b m i s s i v e  f e m a l e  h e r s e l f  s h i f t  t o  more s u b m i s s i v e  

b e h a v i o r  . 
I n  two o f  t h e  o t h e r  f o u r  p a i r i n g s  Monkey A a c t u s l l y  

s h i f t e d  s i g n i f i c a n t l y  t o  less  s u b m i s s i v e  b e h a v i o r s .  F i g u r e  

4 g r a p h i c a l l y  summar izes  mean b e h a v i o r a l  s h i f t s  f o r  a l l  

[ I n s e r t  F i g u r e  4 1  

f i v e  p o i n t s  when t h e  i m p l a n t e d  monkeys were p a i r e d  w i t h  a 



more d o m i n a n t  o r  more  s u b m i s s i v e  a n i m a l .  T h i s  g r a p h  

d e m o n s t r a t e s  t h e  m a j o r  f i n d i n g  n o t e d  a b o v e :  e x p r e s s i o n  o f  

d o m i n a n c e  b e h a v i o r  i n d u c e d  b y  s t i m u l a t i o n  was much more  

p r o m i n e n t  i n  r e l a t i o n s h i p s  w h e r e  t h e  i m p l a n t e d  a n i m a l  was 

i n i t i a l l y  s u b m i s s i v e .  

B a s e l i n e  s o c i a l  a f f i n i t y ' a s  m e a s u r e d  b y  t i m e  t o g e t h e r ,  

g r o o m i n g  a n d  s e x u a l  m o u n t i n g ,  was v e r y  i n f r e q u e n t  f o r  a l l  

p a i r i n g s  o f  i m p l a n t e d  monkeys  w i t h  male Monkey R ,  e x c e p t  

b e t w e e n  Monkey B a n d  f e m a l e  Monkey T .  I n  t h e  l a t t e r  p a i r -  

i n g ,  as  Monkey T  e v i d e n c e d  i n  c r e a s e d  d o m i n a n c e  b e h a v i o r  

w i t h  s t i m u l a t i o n ,  t h e  mean t i m e  s p e n t  g r o o m i n g  w i t h  Monkey 

B  d e c r e a s e d  f r m  a b a s e l i n e  o f  20 m i n u t e s  p e r  s e s s i o n  t o  

s i x  m i n u t e s .  Sexual  m o u n t i n g s  b y  b1onkey B  d e c r e a s e d  f r o m  

a n e a n  o f  1 2  per session Lo f o u r .  

Of p a i r i n g s  b e t w e e n  t h e  t h r e e  i m p l a n t e d  monkeys  a n d  

female Monkey A ,  o n l y  t h a t  o f  Monlceys L and  A p r o d u c e d  h i g h  

b a s e l i n e  s e x u a l  m o u n t i n g  a n d  " t o g e t h e r "  scores. S t i m u l a -  

t i o n  o f  Monkey L a t  L6 ,  d e c r e a s e d  t h e  mean t i m e  s p e n t  

g r o o m i n g  w i t h  Monkey A f r o m  47 m i n u t e s  t o  22 m i n u t e s  d u r i n g  

s t i m u l a t i o n  s e s s i o n s  o n l y .  T h e  mean r a t e  o f  33 s e x u a l  

m o u n t i n g s  p e r  s e s s i o n  w a s  u n c h a n g e d .  When s t i m u l a t e d  a t  

L8, n e a n  t i n l e  s p e n t  g r o o m i n g  d e c r e a s e d  f r o m  43 m i n u t e s  t o  

1 4  m i n u t e s  p e r  s t i m u l a t i o n  s e s s i o n  a n d  s e x u a l  m o u n t i n g s  

d r o p p e d  f r o m  32 t o  t h r e e  p e r  s e s s i o n .  S t i m u l a t i o n  a t  L12 

a g a i n  p r o d u c e d  a 30% d r o p  i n  g r o o m i n g  t i m e  a n d  50'% d e c r e a s e  

i n  s e x u a l  m o u n t i n g s  d u r i n g  s t i m u l a t i o n  s e s s i o n s  o n l y .  



S t i m u l a . t i o n  a t  all t h r e e  p o s i t i v e  p o i n t s  i n  Monkey L 

i n c r e a s e d  " p l a y "  e p i s o d e s  f r o m  0-1  p e r  b a s e l i n e  s e s s i o n  

t o  5-8 p e r  s e s s i o n  d u r i n g  b o t h  s t i m u l a t i o n  a n d  a l t e r n a t e  

c o n t r o l  s e s s i o n s .  

I n  a l l  p a i r i n g s  t h e s e  s o c i a l  a f f i n i t y  c h a n g e s  were 

a t  b a s e l i n e  l e v e l s  when r e t e s t e d  10 d a y s  l a t e r .  

D i s c u s s i o n :  I n  c o n t r a s t  t o  t h e  r e s u l t s  o f  E x p e r i m e n t  I ,  

when t h e  s a m e  monkeys were p a i r e d  i n  s o c i a l  r e l a t i o n s h i p s ,  

s t i m u l a t i o n  a t  a l l  f i v e  p o i n t s  a p p e a r e d  t o  i n d u c e  a "bias" 

t o w a r d s  e x p r e s s i n g  d o m i n a n t  b e h a v i o r .  T h i s  was t r u e  w h e t h e r  

o r  n o t  t h e  s t i m u l a t e d  monkey s t a r t e d  o u t  b e i n g  d o m i n a n t ,  

s l i g h t l y  s u b m i s s i v e ,  o r  v e r y  s u b m i s s i v e  t o  h i s  p a i r  mate. 

However ,  e x p r e s s i o n  o f  d o m i n a n c e  was much more marked  i n  

r e l a t i o n s h i p s  w h e r e  t h e  s t i m u l a t e d  monkey was  i n i t i a l l y  

s u b o r d i n a t e  i n  r a n k .  The d e c r e a s e  i n  e x p r e s s i o n  o f  d o m i n a n c e  

b e h a v i o r  i n  p a i r i n g s  w i t h  a s u b m i s s i v e ,  s e x u a l l y  r e c e p t i v e  

female t e n d s  t o  g o  a l o n g  w i t h  t h e  c o n c l u s i o n  o f  V a l e n s t e i n  

e t  a1 (24) o f  t h e  " p l a s t i c i t y "  of s t i m u l a t i o n - i n d u c e d  

r e s p o n s e s  a n d  t h e  i d e a  o f  R o b e r t s  a n d  C a r e y  (21)  t h a t  t h e  

s t i m u l a t i o n  zf fec t  p r o d u c e d  a " r e a d i n e s s "  o r  " p r o p e n s i t y 1 '  

t o  r e s p o n d  which  r e q u i r e d  a n  a p p r o p r i a t e  o b j e c t  f o r  i ts  

e x p r e s s i o n .  The i n h i b i t e d  a g g r e s s i o n  o r  " p l a y "  b e h a v i o r  

by  Monkey L when p a i r e d  w i t h  Monkey A m i g h t  be c o n s i d e r e d  

a s  o c c u r r i n g  b e c a u s e  t h e  " s t i m u l u s  o b j e c t , "  Monkey A ,  was 

n o t  a n  a p p r o p r i a t e  o n e  t o  a g g r e s s  a g a i n s t .  



S t i m u l a t i o n  o f  t h e s e  p o s i t i v e  p o i n t s  f a i l e d  t o  i n d i c a t e  

a n y  a s s o c i a t i o n  b e t w e e n  " p o s i t i v i t y "  a n d  i n d u c t i o n  o f  p h y s i o -  

l o g i c a l  s e x u a l  d r i v e .  I n  t h o s e  p a i r i n g s  w h e r e  b a s e l i n e  s e x -  

u a l  a c t i v i t y  was h i g h ,  s t i m u l a t i o n  l e d  t o  a d e c r e a s e  i n  

a c t i v i t y .  

F i g u r e  4 s h o u l d  n o t  b e  c o n s t r u e d  as  s t r i c t l y  r e p r e s e n -  

t a t i v e  o f  t h e  d a t a  a s  z s c o r e s  are o n l y  a p p r o x i m a t e l y  a d d i t i v e  

a c r o s s  a n i m a l s .  However ,  t h e  d i f f e r e n t i a l  e x p r e s s i o n  o f  

d o m i n a n c e  i n d u c e d  b y  n o n - c o n t i n g e n t  s t i m u l a t i o n  o f  t h e s e  

p o i n t s  a s  d e m o n s t r a t e d  by  t h e  d i f f e r e n c e  i n  p a i r  r e s u l t s ,  

i m p l i e s  t h a t  t h e  p r i m a r y  s t i m u l a t i o n  e f fec t  was n o t  i n d u c t i o n  

o f  a g g r e s s i o n .  A s  Al tmann  ( 1 )  h a s  n o t e d ,  t h e  b e h a v i o r a l  

r a t i n g  scale  u s e d  h e r e  c l e a r l y  c o n t a i n s  f e a r f u l  b e h a v i o r s  

a t  o n e  e x t r e m e  a n d  a g g r e s s i v e  b e h a v i c r s  a t  t h e  o t h e r .  Xow- 

e v e r ,  t h e  series o f  b e h a v i o r s  from " t h r e a t "  t h r o u g h  " p r e s -  

e n t i n g , "  w h i l e  c o n t a i n i n g  l e v e l s  o f  b o t h  f e a r  a n d  a g g r e s s i o n ,  

a d d i t i o n a l l y  s e r v e  a s  " s i g n a l  markers" w h i c h  are u s e d  more 

t o  c o m m u n i c a t e  t h e  u n d e r s t o o d  r e l a t i o n s h i p  t o  t h e  o t h e r  

a n i m a l  t h a n  t o  s i m p l y  e x p r e s s  e m o t i o n .  An h y p o t h e s i s  t h a t  

t h e  p r i m a r y  e f f e c t  o f  s t i m u l a t i o n  was f e a r - r e d u c t i o n ,  n o t  

i n d u c t i o n  o f  a g g r e s s i o n ,  b e s t  f i t s  t h e  f a c t  t h a t  a n  i n i t i a l l y  

v e r y  s u b m i s s i v e  monkey,  s u c h  as  ivlonkey N ,  when s t i m u l a t e d  

a.nd p a i r e d  w i t h  Monkey B ,  c o u l d  show a marked  s h i f t  t o w a r d s  

d o m i n a n c e  b e h a v i o r ,  y e t  n e v e r  o v e r t l y  a t t a c k  M0r~key R .  

A number o f  b e h a v i o r a l  o b s e r v a t i o n s  w h i c h  d o  n o t  show 

i n  t h e  p r e s e n t e d  d a t a  i n d i c a t ?  t h a t  t h e  e x p r e s s i o n  o f  



hlaxim-20 

c l e a r l y  a g g r e s s i v e  b e h a v i o r  a p p e a r e d  t o  b e  i n  r e s p o n s e  t o  

a  d o m i n a n c e  " c h a l l e n g e "  by  t h e  o t h e r  a n i m a l .  I t  was s o o n  

e v i d e n t  t h a t ,  f o r  a l l  a n i m a l s ,  t h e  act  o f  s i t t i n g  o n  t h e  

s i n g l e  e l e v a t e d  p e r c h  i n  t h e  o b s e r v a t i o n  c a g e  was a n  assump-  

t i o n  o f  d o m i n a n c e .  T h r e a t s  t o  f e m a l e  Monkey A o c c u r r e d  

m o s t  o f t e n  when s h e  jumped u p  on t h e  p e r c h  t o  rest b e s i d e  

t h e  s t i m u l a t e d  monkey.  Monkey L ,  n o  matter w h i c h  p o i n t  

was s t i m u l a t e d ,  r a r e l y  a t t a c k e d  hjonkey B u n l e s s  t h e  l a t t e r  

was o n  t h e  p e r c h .  F e m a l e  Monkey T ' s  d o m i n a n c e  b e h a v i o r  

t o  Monkey B o c c u r r e d  m a i ~ l y  i n  two c o n t e x t s :  when Monkey 

B was o n  t h e  p e r c h  a n d  s h e  w a s  t r y i n g  t o  g e t  on  i t ,  a n d  

j u s t  b e f o r e  a n d  a f t e r  s h e  p r e s e n t e d  t o  h i m ,  a n d  h e  s e x u a l l y  

mounted  h e r .  

EXPERIMENT I I I 

To f u r t h e r  s t u d y  t h e  fear  r e d u c t i o n  e f fec t  n o t e d  

a b o v e ,  t h e  i m p l a n t e d  n o n k e y s  were t e s t e d  i n  a n  a v o i d a n c e  

c o n f l i c t  p a r a d i g m .  A l l  t h r e e  monkeys  showed f e a r  when a 

s n a k e  was h e l d  n e a r  t h e m ,  as  e v i d e n c e d b y  a f ea r  g r i m a c e ,  

d e f e c a t i o n  a n d  a t t e m p t s  t o  f l e e .  T h i s  e x p e r i m e n t  s t u d i e d  

p o s s i b l e  r e d u c t i o n  o f  t h i s  fear b y  n o n - c o n t i n g e n t  s t i m u l a -  

t i o n  o f  t h e  p o s i t i v e  p o i n t s .  

A p p a r a t u s :  T e s t  b o x ,  r e s t r a i n i n g  c h a i r  a n d  s t i m u l a t i o n  - 

were p r o v i d e d  as  d e s c r i b e d  i n  t h e  i n i t i a l  p r e p a r a t i o n .  A 

1 2 "  x 8" x  5" d e e p  c lear  p l a s t i c  b o x  was mounted  o n  a wooden 

p l a t f o r m  a n d  p l a c e d  i n  f r o n t  of t h e  s e a t e d  monkey. He was 

a b l e  t o  see t h e  c o n t e n t s  o f  t h e  b o x  a n d  r e a c h  i n t o  i t  o v e r  

t h e  e d g e ,  w h i c h  w a s  a t  c h e s t  l e v e l .  



P r o c e d u r e :  In  t h e  f i rs t  c o n t r o l  c o n d i t i o n ,  t h e  

p l a s t i c  box  c o n t a i n e d  s e v e r a l  hundred  commerc ia l  banana  

p e l l e t s .  A t e s t  t r i a l  c o n s i s t e d  o f  t h e  o b s e r v e r  removing  

t h e  l i d  f o r  1 5  s e c o n d s  and  c o u n t i n g  t h e  n u ~ ~ i b e r  o f  times 

t h e  monkey r e a c h e d  i n t o  t h e  box t o  o b t a i n  p e l l e t s ,  a f t e r  

which t h e  o b s e r v e r  r e p l a c e d  t h e  l i d  f o r  a  15 second  i n t e r v a l .  

F i f t e e n  t r i a l s  were g i v e n  i n  e a c h  s e s s i o n .  Animals  were 

t e s t e d  a t  2 ,  2 4 ,  48 ,  and 60  h o u r s  a f t e r  e a t i n g .  

I n  t h e  s e c o n d  c o n d i t i o n  e x a c t l y  t h e  same p r o c e d u r e  

w a s  u s e d  e x c e p t  t h a t  f o r  f i v e  m i n u t e s  p r e c e d i n g  e a c h  t es t  

s e s s i o n ,  t h e  monkey was g i v e n  b r a i n  s t i m u l a t i o n  a t  a 

p o s i t i v e  p o i n t  w h i l e  h e  s a t  i n  t h e  a p p a r a t u s .  S t i m u l a t i o n  

c o n s i s t e d  o f  t h e  same 0 . 5  sec. t r a i n s  of  60  c p s  b i p h a s i c  

s q u a r e  wave p u l s e s ,  e a c h  o f  1 msec. d u r a t i o n  g i v e n  a t  0 - 7  

m a .  S c o r e s  were o b t a i n e d  a t  t h e  same d e p r i v a t i o n  i n t e r v a l s .  

I11 t h e  t h i r d  c o n d i t i o n ,  no  s t i m u l a t i o n  was g i v e n  b u t  

a 2-1/2 f o o t  C a l i f o r n i a  King s n a k e  w a s  c o n t a i n e d  i n  t h e  

p l a s t i c  box w i t h  t h e  banana  p e l l e t s .  

In  t h e  lsst c o n d i t i o n  b r a i n  s t i m u l a t i o n ,  as d e s c r i b e d  

a b o v e ,  w a s  g i v e n  f o r  f i v e  m i n u t e s  p r e c e d i n g  e a c h  tes t  

s e s s i o n ,  w h i l e  t h e  monkey s a t  f a c i n g  t h e  box c o n t a i n i n g  

banana  p e l l e t s  and  King  s n a k e .  S c o r e s  were o b t a i n e d  f o r  

food  d e p r i v a t i o n  o f  2 ,  24 ,  and  48  h o u r s .  A t  60  h o u r s ,  no  

s t i m u l a t i o n  was g i v e n  s o  a s  t o  test f o r  l o n g  tern1 e f f e c t s  

of f e a r  r e d u c t i o n .  



To s a v e  wear a n d  t e a r  on t h e  monkzys ,  t h e  f i r s t  two  

t es t  s e s s i o n s  w i t h o u t  t h e  s n a k e  were d o n e  a t  t h e  same time, 

i n  s e q u e n c e ,  f o r  e a c h  d e p r i v a t i o n  i n t e r v a l .  A f t e r  a  f i v e  

d a y  r e c o n d i t i o n i n g  i n t e r v a l ,  monkeys  were a g a i n  d e p r i v e d  

a n d  t e s t e d  f o r  t h e  t h i r d  a n d  f o u r t h  c o n d i t i o n s  w i t h  t h e  

s n a k e .  T h i s  was d o n e  t h r e e  t i m e s  f o r  Monkey L t o  tes t  h i s  

t h r e e  p o s i t i v e  p o i n t s ,  a n d  t h e y  were t e s t e d  i n  t h e  o r d e r  

L69 L12,  L8 ' 

R e s u l t s :  T a b l e  I1 s h o w s  t h a t  s c o r e s  o b t a i n e d  w i t h o u t  

t h e  s n a k e  were n o t  s i g n i f i c a n t l y  d i f f e r e n t  w h e t h e r  t h e  

s u b j e c t  w a s  s t i m u l a t e d  o r  n o t .  However ,  w i t h  t h e  s n a k e  
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p r e s e n t ,  c o n d i t i o n  3 ,  monkeys r a r e l y  r e a c h e d  i n t o  t h e  box, 

o f t e n  r e f u s e d  t o  l o o k  a t  i t ,  a n d  s t r u g g l e d  t o  p u s h  i t  away 

w h i l e  s h o w i n g  a f e a r  grimace a n d  d e f e c a t i n g  i f  t h e  s n a k e  moved 

s l i g h t l y .  H e r e  s t i m u l a t i o n  p r o d u c e d  a s l i g h t  d e c r e m e n t  i n  

a v o i d a n c e  a t  2 4  h o u r s  d e p r i v a t i o n  ( c o n d i t i o n  4 ) .  A t  48 h o u r s  

d e p r i v a t i o n ,  t h e  b reakdown o f  a v o i d a n c e  w a s  c o m p l e t e :  f o r  

s t i m u l a t i o n  a t  a l l  p o i n t s  b u t  L12, " r e a c h i n g "  s c o r e s  were 

a t  t h e  same l e v e l  a s  when n o  s n a k e  w a s  p r e s e n t .  A s  a c o n -  

t r o l  p r o c e d u r e  t h e  monkeys  were t e s t e d  1 2  h o u r s  l a t e r  (60 

h o u r s )  w i t h o u t  s t i m u l a t i o n ;  Monkey L c o n t i n u e d  t o  show 

a v o i d a n c e  r e d u c t i o n ,  t h e  o t h e r  monkeys d i d  n o t .  

D i s c u s s i o n :  The r e s u l t s  f r o m  t h i s  e x p e r i m e n t  c o n f i r m  

t h e  h y p o t h e s i s  d rawn f r o m  E x p e r i m e n t s  I a n d  11, t h a t  s t i m u -  

l a t i o n  of t h e s e  p o i n t s  was f e a r - r e d u c i n g .  A s  n o t e d  i n  t h e  



d e s c r i b e d  p r o c e d u r e ,  s c o r i n g  was o f  number  o f  r e a c h e s ,  n o t  

number o f  p e l l e t s  consumed .  T h i s  m e a n t  t h a t  i n  c o n t r o l  

c o n d i t i o n s  1 a n d  2 ,  s c o r e  v a l u e s  r e f l e c t e d  i n d i v i d u a l  

" r e a c h i n g  t e c h n i q u e "  ( i r r e s p e c t i v e  o f  w h e t h e r  a monkey 

h a b i t u a l l y  g r a b b e d  a f e w  o r  many p e l l e t s  a t  o n c e )  a n d  t h u s  

were q u i t e  i n s e n s i t i v e  t o  i n c r e a s i n g  d e p r i v a t i o n  c o n d i -  

t i o n s .  A d d i t i o n a l l y ,  s c o r e s  i n  c o n d i t i o n  2  t e n d e d  t o  b e  

l o w e r  t h a n  i n  c o n d i t i o n  1, s i n c e  t h e s e  were d o n e  s e q u e n t i a l l y  

a n d  t h e  monkey w a s  somewhat  s a t e d  when t h e  s e c o n d  c o n d i -  

t i o n  w a s  b e g u n .  Lack  o f  r e s u l t s  f o l l o w i n g  s t i m u l a t i o n  a t  

L12 may h a v e  b e e n  d u e  t o  a t e c h n i c a l  f a i l u r e  a s  t h e  c a b l e  

f o r  t h i s  p o i n t  was l a t e r  f o u n d  t o  b e  f a u l t y .  T h i s  c o u l d  

n o t  b e  r e t e s t e d  a s  t h e  tes t  s e q u e n c e  w a s  L6, L12 ,  a n d  L 8 .  

F o l l o w i n g  s t i m u l a t i o n  a t  L s ,  Monkey L  was  n o  l o n g e r  a f r a i d  

o f  t h e  s n a k e .  The  r e s u l t s  show t h a t  s t i m u l a t i o n  was n o t  

a b s o l u t e l y  f e a r - r e d u c i n g  s i n c e  monkeys would  n o t  r e a c h  i n t o  

t h e  b o x  u n l e s s  t h i s  s t i m u l a t i o n  w a s  c o u p l e d  w i t h  some d e g r e e  

o f  h u n g e r .  T h i s  would  seem t o  be e v i d e n c e  i n  f a v o r  o f  t h e  

v i e w  t h a t  s t i m u l a t i o n  a t  t h e s e  p o i n t s  was n o t  i t s e l f  c o u p l e d  

t o  s p e c i f i c  d r i v e s .  

CONCLUSION 

The e x p e r i m e n t a l  r e s u l t s  r e p o r t e d  h e r e  a p p e a r  t o  

i n d i c a t e  t h a t  t h e  p o s i t i v e  e f f ec t s  of  some h y p o t h a l a m i c  

p o i n t s  o f  s e l f - s t i m u l a t i o n  a re  i n v o l v e d  i n  t h e  m e d i a t i o n  o f  

fear o r  t e n s i o n - r e d u c  t i o n  ar,d n o t  i n  s p ~ c i f  i c  b e h a v i o r s  

r e s u l t i n g  f r o m  p h y s i o l o g i c a l  d r i v e s .  



A number o f  r e c e n t  s t u d i e s  on t h e  hypo tha l amus  i n d i c a t e  

t h a t  t h e r e  are s i t e s  wh ich ,  when s t i r n u l a t e d ,  " b i a s "  v a r i o u s  

b e h a v i o r s  s e l e c t i v e l y ,  and p o s s e s s  many o f  t h e  m o t i v a t i o n a l  

p r o p e r t i e s  o f  p h y s i o l o g i c a l  d r i v e s ,  y e t  a r e  n o t  d e p e n d e n t  

on them.  Among t h e s e  b e h a v i o r s  are e a t i n g  ( 1 3 ) ,  m a t i n g  

( 2 5 ) ,  a t t a c k  ( 2 6 ) )  and gnawing ( 2 1 ) .  S t i m u l a t i o n  a t  t h e s e  

p o i n t s  c a u s e s  t h e  a n i m a l  t o  wander  a i m l e s s l y  a b o u t  u n l e s s  

t h e  a p p r o p r i a t e  r e s p o n s e  o b j e c t  is  p r e s e n t .  Given t h e  

a p p r o p r i a t e  r e s p o n s e  o b j e c t ,  s u c h  s t i m u l a t i o n  c a n  b e  shown 

t o  h a v e  m o t i v a t i o n a l  p r o p e r t i e s  ( 1 3 , 2 5 ) .  These  b e h a v i o r s  

a r e  n o t  t i e d  t o  i n d u c t i o n  o f  a s p e c i f i c  d r i v e  ( 2 2 ) ,  how- 

e v e r ,  and  may e v e n  compete  w i t h  i t  ( 2 1 ) .  

The p r e s e n t  e x p e r i m e n t a l  r e s u l t s  agree w i t h  t h e s e  

s t u d i e s  i n  d e m o n s t r a t i n g  t h e  b i a s i n g  e f f e c t  o f  h y p o t h a l a m i c  

s t i m u l a t i o n  o n  o n g o i n g  b e h a v i o r .  The r e s u l t s  e x t e n d  t h i s  

b i a s i n g  c o n c e p t  t o  i n c l u d e  s i t e s  o f  s e l f - s t i m u l a t i o n ,  and 

i n d i c a t e  t h a t  a n t e r i o r  h y p o t h a l a m i c  p o s i t i v e  p o i n t s  are 

i n v o l v e d  i n  t h e  e v a l u a t i o n  o f  f e a r - i n d u c i n g  s i t u a t i o n s .  
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SUMMARY 

F i v e  s e l f - s t i m u l a t i o n  s i tes  i n  t h r e e  r h e s u s  monkeys 

were f o u n d  i n  t h e  a n t e r i o r  a n d  a n t e r o - l a t e r a l  h y p o t h a l a m i c  

areas .  When t h e  monkeys r e c e i v e d  t e l e s t i m u l a t i o n  non- 

c o n t i n g e n t l y  a t  t h e s e  p o i n t s  t h e y  showed i n i t i a l  b e h a v i o r a l  

h y p e r a l e r t i n g  a n d  c e s s a t i o n  o f  o n g o i n g  a c t i v i t y ,  f o l l o w e d  

by  p o s t  s t i m u l a t i o n  d e c r e a s e s  i n  e x p l o r a t o r y  a n d  l o c o m o t o r  

b e h a v i o r .  When p a i r e d  w i t h  a more  d o m i n a n t  monkey, non- 

c o n t i n g e n t  s t i m u l a t i o n  c a u s e d  a marked  s h i f t  t o  d o m i n a n c e  

b e h a v i o r  b y  t h e  i n i t i a l l y  s u b m i s s i v e  i m p l a n t e d  monkey. 

When p a i r e d  w i t h  a s u b m i s s i v e  monkey; n o n - c o n t i n g e n t  s t i m u -  

l a t i o n  p r o d u c e d  much l e s s  i n c r e a s e  i n  d o m i n a n c e  b e h a v i o r  i n  

t h e  i m p l a n t e d  a n i m a l .  P a i r s  w i t h  i n i t i a l  h i g h  scores o f  

s o c i a l  c l o s e n e s s  became more  d i s t a n t  a s  t h e  s t i m u l a t e d  

a n i m a l  e x p r e s s e d  more  d o m i n a n c e  b e h a v i o r .  B e c a u s e  e x p r e s -  

s i o n  o f  d o m i n a n c e  b e h a v i o r  a p p e a r e d  h i g h l y  c o n t e x t  d e p e n d e n t ,  

i t  was h y p o t h e s i z e d  t h a t  t h e  p r i m a r y  s t i m u l a t i o n  e f fec t  w a s  

f e a r - r e d u c t i o n ,  n o t  i n d u c t i o n  o f  a g g r e s s i o n .  F u r t h e r  e v i d e n c e  

f o r  t h i s  h y p o t h e s i s  was o b t a i n e d  b y  d e m o n s t r a t i n g  t h a t  non-  

c o n t i n g e n t  s t i m u l a t i o n  would  r e d u c e  s n a k e - i n d u c e d  f e a r  when 

monkeys were t e s t e d  i n  a n  a v o i d a n c e - c o n f l i c t  p a r a d i g m .  

S e l f - s t i m u l a t i o n  a t  t h e s e  p o i n t s  was u n c h a n g e d  by  m a n i p u l a -  

t i o n  of f o o d ,  w a t e r ,  o r  s e x  hormone  l e v e l s  a n d  t h e  r e s u l t s  

r e p o r t e d  were n o t  d u e  t o  p o s t - s t i m u l u s  s e i z u r e  a c t i v i t y ,  
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FIGURE LEGENDS 

F i g u r e  1 

Each "b" t r a c i n g  is m a g n i f i e d  2x f rom whole  s e c t i o n  

"a . "  S e c t i o n s  1-3 from Monkeys T ,  N ,  and L ,  r e s p e c t i v e l y ,  

c o r r e s p o n d  t o  A 16 .0 -16 .5 .  S e c t i o n  4 from monkey L ,  

c o r r e s p o n d s  t o  A 13.8. a e :  a n t .  commissu re ;  a h :  a n t .  

h y p o t h a l a m i c  a r e a ;  cau :  c a u d a t e ;  gp: g l o b u s  p a l l i d u s ;  

l h :  l a t .  h y p o t h a l a m i c  a r e a ;  o t :  o p t i c  t r a c t ;  p u t :  pu tamen;  

r n :  r e t i c u l a r  n u c l e u s ;  s o :  s u p r a o p t i c  n u c l e u s ;  v: v e n t -  

r o m e d i a l  h y p o t h a l a m i c  n u c l e u s .  

F i g u r e  2 

L i n e  g r a p h  shows mean d e c r e a s e  i n  e x p l o r a t o r y  b e h a v i o r  

d u r i n g  50 m i n u t e  s t i m u l a t i o n  s e s s i o n  f o r  f o u r  o f  f i v e  p o s i -  

t i v e  p o i n t s .  B a r s  on a b s c i s s a  i n d i c a t e  s t i m u l a t i o n  t i m e  
0 

b l o c k s .  B a r g r a p h  g i v e s  mean d e c r e a s e  f o r  a l l  p o i n t s ,  a l l  

f i v e  m i n u t e  time b l o c k s :  S - s t i m u l a t i o n ,  C - a l t e r n a t e  

c o n t r o l  b l o c k s .  

F i g u r e  3 

B e h a v i o r s  o f  Monkey L  are p l o t t e d  i f i  b a r s  a b o v e  t h e  

c a t e g o r i e s ,  and  t h o s e  f o r  h i s  p a i r - m a t e ,  Monkey B, i n  

bars be low t h e  c a t e g o r i e s .  A .  B a s e l i n e  b e h a v i o r s  f o r  t h e  

f i r s t ,  s i x t h  a n d  t e n t h  d a y s  o f  t h e  b a s e l i n e  s e s s i o n .  

B .  I n  t h e  f irst  t h r e e  g r a p h s  b e h a v i o r s  o f  Monkeys L  and  B 

f o r  a c o n t r o l  day  ( c l e a r  b a r s )  are  p l o t t e d  w i t h  b e h a v i o r s  

of t h e  two a n i m a l s  on t h e  s u c c e e d i n g  d a y  when Monkey L 

w a s  s t i m u l a t e d  a t  L6 ( b l a c k  b a r s ) .  CIS1, C3S3, etc.-- 
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f i r s t  c o n t r o l  a n d  s t i m u l a t i o n  d a y s ,  t h i r d  c o n t r o l  a n d  

s t i m u l a t i o n  d a y s ,  e t c .  The l a s t  g r a p h  s h o w s  t h e  r e l a t i o n -  

s h i p  a f t e r  1 0  d a y s  w i t h o u t s t i m u l a t i o n .  * p  = 0 . 0 5 ,  **p = 0 . 0 1 .  

S e e  t e x t .  C .  G r a p h  o f  t h e  s h i f t  i n  b e h a v i o r a l  c a t e g o r i e s  

shown b y  Monkeys L a n d  I3 d u r i n g  t h e  1 0  d a y  t es t  s e s s i o n  i n  

which  Monkey L w a s  s t i m u l a t e d  a t  L6. 

F i g u r e  4 

R e l a t i o n s h i p  c h a n g e s  r e s u l t i n g  f r o m  n o n - c o n t i n g e n t  

p o s i t i v e  s t i m u l a t i o n .  a .  mean b e h a v i o r a l  s h i f t s  f o r  a l l  

p o i n t s  when s t i m u l a t e d  monkeys  were p a i r e d  w i t h  a d o m i n a n t  

male. b. mean b e h a v i o r a l  s h i f t s  when same monkeys were 

p a i r e d  w i t h  a. s u b m i s s i v e  female. B a r s  on t h e  abscissa 

i n d i c a t e  s t i m u l a t i o n  t i m e  b l o c k s .  



TABLE I 

Monkey Mean S t i m u l a t i o n  R a t e  Range Mean E x t i n c t i o n  Rate 
P r e s s e s / M i n u t e  P r e s s e s / M i n u t e  P r e s s e s / M i n u t e  

N 34 30-35 0.8 

T 28 26-34 0.4 

L6 33 29-36 0.4 

L8 32 30-34 0.2 

L12 36 32-37 0.8 

Mean b a r  p r e s s i n g  r a t e s  d e t e r m i n e d  f rom 

e i g h t  p e r i o d s  d u r i n g  which t h e  a n i m a l  

was a l l o w e d  t o  p r e s s  500 t imes,  a l t e r n a t i n g  

w i t h  e i g h t  10 m i n u t e  e x t i n c t i o n  p e r i o d s .  



Maxim 

TABLE I 1  

a .  The E f f e c t  o f  Food D e p r i v a t i o n  on P o s i t i v e  S e l f - S t i m u l a t i o n  

Monkey 
P o i n t  

N 

T  

L6 

L8 

L12 

2 h r  D e p r i v a t i o n  
r a t e / m i n  . 

Mean Range 

24 hr D e p r i v a t i o n  48  h r  D e p r i v a t i o n  
r a t e / m i n .  r a t e / m i n .  

Mean - Range Mean - Range 

b .  The E f f e c t  o f  Water  D e p r i v a t i o n  on P o s i t i v e  S e l f - S t i m u l a t i o n  

2 h r  D e p r i v a t i o n  24 lir D e p r i v a t i o n  - - 48  h r  D e p r i v a t i o n  
Monkey r a t e / m i n .  r a t e / m i n .  r a t e / m i n  . 
P o i n t  Mean Range Mean Range Mean Range 

c .  The  E f f e c t  o f  C a s t r a t i o n  on P o s i t i v e  S e l f - S t i m u l a t i o n  

Pre-Cas t r . a t  i o n  - 12  Days P o s t  - 2 4  Dzys P o s t  - 
Monkey r a t e / m i n  . r a t e / m i n  . r a t e / m i n  - - .  - - 
P o i n t  Mean Range Mean Range Mean Range - 



Maxim 

TABLE I11 

N o  S n a k e  -- 

, C o n d i t i o n  1 C o n d i t i o n  2 
Monkey No S t i m u l a t i o n  A f t e r  5 Min.  S t i m u l a t i o n  
P o i n t  D e p r i v a t i o n  D e p r i v a t i o n  

W i t h  S n a k e  

C o n d i t i o n  3 C c n d t t i o a  4 
Eonkey  No S t i m u l a t i o n  A f t e r  5 Min. S t i m u l a t i o n  
P o i n t  D e p r i v a t i o n  D e p r i v a t i o n  

*No s t i m u l a t i o n  g i v e n .  L a s t  s t i ~ u l a t i o n  was a t  48 h r s .  
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