
Mulfiple Measures of ihe Orienting Reaction and Their 
Dissociation after Arnygdaleciorny in Monkeys 

Tn all earlier sturly wc prol)osctl Ih;~t a ~ ~ ~ ~ - g c l a l e c t o ~ ~ ~ y  results it1 the dissociatiot~ 
of tile o r i e r ~ t i ~ ~ g  rcactiol~. One c o n ~ p o t ~ c ~ ~ t  of this reaction, the galvanic skin 
respor~se (GSR) tlisal)l)ears after ~ ~ ~ ~ y g d a l c c t o ~ ~ ~ y  :111d we t ~ ~ a t l e  the Iiypotllesis 
t l ~ a t  failure to habituate \tras closely litlkecl to this faillire in the orienting GSR. 
\\re calletl this GSR c o ~ n p o ~ ~ c t ~ t  all indicator of "registration." The present stucly 
was ut~tlertakcn to  tliscover what other measures of orientitlg could be classified 
\\?it11 the GSR as indicators of rcgistratiorl. Accordi~~gly,  six bilaterally amygtlalec- 
tonlize(1 a~ltl four sl~a~noperatetl sl~esus tllo~il<e!-s were given 50 irregularly 
repentecl prcscr~tatio~ls of a pure tone tvl~ile GSK, heart rate, respiratory rate, 
17EG, :111d c : ~ r  t~~ovct i~cnts  t\vcr-cx recordctl. A~~~ygt la lec to t~~izct l  1l1011kcys failed to 
show t l ~ c  CiSIZ, 11ca1-1-rate, a11t1 respiratory-rate c o n ~ ) ) o ~ ~ c ~ l t s  of the oricnti~lg reac- 
tion 11~11ilc 1C13G artiv;ltiot~ :111(1 cnr ~~iove~l~et~t-oriet~tirlg responses re~~lairlctl 
essentially intact. 

Introduction 

T l ~ e  ali~j.gJaloicl c o ~ u l ~ l c s  113s bceti s l i o ~ ~ ~ t ~  to I)e ir117ol1red it1 the orielititlg 
reactiot~ by tlie fitiditig of depression of tlie galv:li~ic skin response (GSR) 
to liovelty i l l  tiiot~l<ey l)t-;litl al~latiot~ stticlies ( I ,  5 ) .  Tliis resiilt came as a 
sur1)rise it1 vie\v of ot l~er  rcbj~orts that; the 1oco111otor l~elinvior of sucll 
moill<eys fails to 1ial)ituate (3, 8). The  apparetlt paraclos suggested tlie 
I~ypotliesis that tlie GSR co~ill)oiietlt of tlie osiet~tit~g reaction is in some 
way ititritlsic to tlic registratioll of liovelt~r ~ritliout 1vllic11 habituation is 
retarded. Tl~crefore, tlie 11sese11t stiicly u7as r~ndert;~knl to surrey sitiiultnne- 
o~isly sevel-a1 iti~licator-s of tlic oricntitig r.e:lctioti i l l  at~~ygcl:~lectot~iizccI 
ti~onl<cys to detct-~l~iile wlictl~er a category 1;elatetl to "I-egistration" could be 
tliscct.ned. 

Method 
S~tbjecfs .  Niilc ~ ~ s e a ~ l o l e ~ c ~ ~ t i t  rliestis 111o111.;eys (111. ~t~rt / t - r i /n)  wllicl~ 11ad 

1)ceii sul~jectetl to 1)ilnter;d ;~il\ygdalectoiny (grot111 A. AT = 6 )  or to n 
I)il;ltct.;~I ~ I I : I I I I  ol>c;~rtiotl (g1.0111) N,  AT =- 4 )  I V ~ ~ I . ~ .  t~c;ctl. Nine iiioiitll.; 

1 7'11is I-csvarcl~ \\.;IS suppo~.tcd i ~ y  NIRI1-I R I - : ~ I I ~  hlH, 12!170. Dr. Bctlzies is lin\\. a t  
Tlli~iois Statc 3'etlintt.ir Institute, Cl i i rn~o.  
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previously they llnd beeti tt-ititled it1 n visual-discrilllitlntiotl problenl. 
Atiiygdalectolily was accoiilplisl~ed usit~g subyial suction under direct visiot~ 
in a single-stage bilaterill operatiotl. Details of tlie scirgery have been pub- 
lished (1). The shall1 procedure was idelltical except that tio brain tissue 
was snctiorlecl. Recotistrtictiotls of the lcsiotl at-e sllowli it1 Fig. 1. 

Apparntrrs. Grass tnodel-111D polygral)ll rccordiiigs were inade sit~iul- 
tnneouslp of EEG, EKG, respiratory escrirsiotls, cli;lir tiiovelnet~t, and of 

FIG. I. Ventral anrl tt~edial r c c o ~ ~ s t ~ - t ~ c t i ~ ~ ~ ~ s  of the brain lesiotls arlrl re1rreserltatire 
cross sections of the brains of six rnonl<eys it1 grotrp A. 

it: 
a1 



a finger-button switcli for tllc recot-dirlg of ear ~iiovcti~etlts. Sliitl resistallce 
was measured with a Pels Llerlilol~tnetcr atlcl sililliltalicouslp recortled OII  

an Esterline-At~gus grapllic atlltlieter (tllodcl A\Y). Pure tolies arlcl back- 
ground ~ v l ~ i t e  noise was getierated by a Graysotl-Stadler (905D) twit1 
oscillator and presentccl throtigll a Jcilseil coaxial sl)eaker tnoutlted GO c111 
above the vertex of tlie aliitl~al's Ileacl. A iliotliticcl l)hoilograp11 cartridge 
was tllountecl on the aninla1 cllair as :I gross-tliovetliellt piclcup. 

Procedzt~-e. Each atlitnal urns tcstetl i t1  one sessioti for rcspotlses to a 2-sec 
pure tone of either 1500 or 1000 cycle/scc ; ~ t  30-(11) al)ove a 53-clb back- 
grotitid white noise as ~neasurecl by n Gc~lcr:~l Ratlio 15.5 1-13 sortticl-lcvel 
meter. Restraitit was in a I~oritiger pririlate clinir \\.it11 the \\TI-ists at~rl atilzles 
co~nfortably secured to the chair to lilnit t\vistiitg I~ocly tilovet~le~lts. After 
the head hair was clipped ant1 clepilated, E1ZG electrodes 1vet-e l~laced sub- 
cutaneously. This was accor~~plisl~ed by threacliilg No. 3G ei~at~~elecl-copper 
wire through a 23-gauge I~ypotlermic neerlle, scral)it~g tlie elial~iel fro111 the 
tip for 2 nlln, and betlcli11g it back over tllc tiee(lle shaft to for111 :I stnnll 
hook. This allo\ved tlle wire to 1)c slil~ped tht-o~igli tlie  skit^ n t ~ t l  rc~naiti 
subcutatleously tvhile tlle tlcetlle was ~~. i t l~( l t -an. t~ over tllc \\.ire. 'I'lw.11 the 
wire was solclet-etl to a sl~icl~lctl ~)icl<~il, Icarl. T w o  1):lt-ictal ( R  - I -  1,) and 

I 

two occipital (R + L) leacls wcrc l)lacetl, all a l q ) r o , u i ~ ~ ~ a t e l ~  2 cln :ipart. 
The lead wires were then firtlily tal)e(l oilto the scalp. Silvcr I<I<G elcc- 

I trodcs (13 X 51 mni) were strappe(1 oli tlic cllest oil citllct- s,irlc nf the 
I lieart and coiltact tl~adc l ~ y  rul)l,itig Snlil,ori~ clcclrorle jelly illto tile ski11 

which 11acl beer1 exposetl -\\-it11 hair clippers. Lal)orntor~--111;ltle GSli clec- 
trodes were then al~ljliecl to tlie right ~ ~ n l ~ i i n t -  slit-face of tllc rigl~t foot atid 
the right calf, after tlie sl<i~i 11;ltl 1)celi clcailsccl ~ v i t l ~  Pllisolies ; L I I ~  \\rater. 
These electrodes cotlsisted of a 7-tilt11 elld portion of a l3eldite b;~ttery cell 
(contaillitlg ZnRSti02) ~ v i t l i  :L salilic-tl:~tl~pet~ctl cclli~lose spotige scctiretl 
over the opeti battery etltl. Elastic \veI)bitlg cirffs a~ltl  Elastoplast wrappil~gs 
secured them in place. 'Il'l~csc electrodes proeluced less than 1000-ohi~~s 
resistarlcc M-lien testecl l~eforc :~l)l)licalion to eacll atlitnal. A light n~asl< nlntlc 
of cyc patcllcs w:~s tal~ccl i l l  pl:\cc to 11rcvcnt GSI i  rosl)o~~scs tlltc to s~ttltlcti 
eyc openitlg. 

Tllc aninla1 was tllc~l placetl i l l  a l igl~te~l Acoristic 111rlustl.ics soriti(1- 
itlsulated clian~ber (120 X 120 X 215 c t ~ )  lo rctlrtce atnl~ietlt tioise rltirl 

allow observatio~i via a one-way   itit it lo\\-. 
A 5-min cotitrol period ol recordi~lg IV;IS :lllo\vt.tl. 'I'lle Iltire tone was 

the11 presented at  random iiltervals clctertl~it~e~l 1 ) ~  tlle apl>earatice of slow 
I waves 011 the TXG recorcl (ct-iteriol~ of at l(;ilst t 111-cc waves of 50 pV/2 sec) 

and absence of obset-vet1 or 1-ecor(lct1 I I I O V ~ I I I C I I ~ .  ' I ' l l iq  t i r l i c .  \\-as i l l  tllc ratige 
of 30-180 SCC. I-lalf of tlic a11i111:ils i l l  ( Y I ( . I I  ~ I - O I I I )  \ \-( ,IT l ) ~ - v ~ c ~ ~ t c ~ l  \\.it11 :I 

I@OC)-c!.cle/scc: t o 1 1 ~  nnrl 11;1lf  \!-it11 o 1 1 ( -  of i l l ( .  1500 c\c.lc,/scc 'I'll(. t , ~ \ - c l  



(alternate) tone \<as presetitetl after tlic co~lil)letio~l of 50 trials plus a 
habituation criterion of four coliscct~ti~re presentations ~ v i t l i  tio GSR. The 
origiilal stitllulus was again rcpeatctl ul~til four colist.cutive tio respolisrs 
occurred a t d  the novel stimulus was ggnit~ 1)rescnted tlvice. One esperi- 
menter observcd for ally forwat-(1 c:tr 11 lo t i r ) t l  :ln(l rlellresse(1 :I linger bttttoll 
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acti 
all 
ti111 
of t for the duration of eacli iiio\~ctlic~lt. 

Scotait~g.  Galvanic sliitl respotires rvl~icl~ occurrcll 1rctn.cctl 0.8 ntld 5 sec 
after tone o~iset wcre scorctl :IS c1ccrc:tsc i t 1  t-csist;~tlcc fro111 o~lsct to peal; 
of the respolise it1 Coli~lis resist:l~lcc. Ally I -VS~IOI ISC  \\-llicI~ IVilS 0.5 I Z O ~ I I I I S  
or  grentcr was accepted. Trials oli ~vliicli l l iore~ne~lt  occurred r e  dis- - 

Ten carded. bl 
The ilisl-uptiull it1 1-egnl;~r respit-;ltory I . I I J . ~ I I I I I  for C) scc after t a l e  ot~set - 

~ v a s  rated along a 0-3 scale: O = tlolle o1)scrr:tlrlc. 1 = j~ ls t  iioticenblc. Grot 
2 = tno(lerote, and 3 = tilnrked. Trials 1-5. 46-SO, alld iiovel I atid tiovel 

C;ror 
2 were selected. Ilecclerntio~t, :~ccclcrntiotl. ;111(1 i r r~g~ l l ;~ r i ty  were tile ac- 
cel)tal~le critcri;~ for rlisr~tl)tio~l. I<e:l(lc~. I-cli;ll,ilitv rr;ls ~lir:~stlred 011 siniil:lr - 
records and fotttl(1 to cot-rc1;ltc :lt -I- .7S. :I: 

I - c t - r e  cli:tngcs 4.(*r(. I I I C : I I I I ~ C ( ~  i l l  IS \  o t s Cotl~l):triso~l of 1 1 i ~ ~ t - t  
rate in bents r i ~ t  1lefot.c. (1111-itig :t11(1 I !lie s t i~ i l l t l~s  w:ts ti~:~(le 
by measuring tllc (listn~lce for i 1 011 t l ~ e  IlliC; rccor(l i l l  tlicsc 
perio(1s. Percelitngc rcs1)ollse scores \rcrch ;llso (lctcrlllille(1. A ct-itcsioti of 

T 
ill tl 

at least 3 beat/min increase ~)oststi~lirtlr~s o11st:t rv:rs cllosn~ :IS :I response. 
Secondly, i x i t i i ~ i  I - 1 - l e t  cll;il~ges were scored 1 1iie;lsuring tlie 

A I ~ .  
tollc 

RR intervals it1 liiilliti~eters atid conil);lritlg the tileill1 of the last five beats 
before the stimulus with the liiasittiuti~ (peak of rlecelel-ation) and niini- 

fell 
ill t 

l i l ~ i r ~ ~  (peak of acceleratioti) let~gtll of 1<12 i11terr;ll it1 ,tile 20 ])eats initnetli- 3 I-! 
ately followiiig onset of tlie stimnlos. These vallles were tlien converte(1 to I 

lllis 
beats per inintttc and cotlipare(1 quantitatively. 

For  ear n~ove~neiits tlie l~erceiltage of trials wit11 respolises a i d  the CIIIIILI-  
t 1 

! atla1 
1;ltivc (loration of tllc respotlses (total 1 1 1 ~ i l t l  sc~otids per trial tli:tt tlie 

i ttrcle 
ears rcninitierl forward) were t ;~l i r~i  for tlic 0-6 sec poststil~~ultts 1)rriorl , 

' Illen 
1 1  1 t i t r t r  i e r s  111 tl~t: 17'1-l)rrio(ls r;tllles \\-rt-e corrcctetl wit11 ;I 

trial 
f:lctur x/ITI (100 j to ol)t;tiii ~iiv:lr[~rcs 1)ct- 100 scc of i~itcrtrial titile of tlie 

Inter 
 umber of ear responses ati(1 - r t i o i : l  titlle for tlie dus:ltiotl of tliese 
respot~scs (-Y *= tnenil rate or c l~l i l~~lat isc  drtratioll of respotise per teti-trii~l 

li 

I resp block). scor 
I n  scoring EEG low-voltage f;lst-wave onset 011 a criterioil of at least 

three waves o f  50-,~v amplitude it1 2 sec was used to esti~nate tlie existellctx P < 
of slow-wave activitj- at stitilulus o~lsr t .  All trials I\-ere scored ntld any trials 

( IV: 
earl; 

O I I  w11icli iiinvct~ictit occttrt-crt 01- wlierc. slow wnvcs ~vere al~setit were 
tone 

tliqr:r t . r l ~ c I  'I'llr or~ccb t  of Irrnr-\.ol(:~gr* (;\st ;lc! i v i  t r (1 ,IT 1;) \v:ts scot-erl if tliere 
r - c r  . r l , ~ ,  1 ,, t > r  q 0  if) 2 i t 1  11,v O - < ~ C  l ) ~ q t ~ t i ~ ~ ~ ~ t I t ~ ~ -  ( \AT: 



onset period. Dtirntio~l of 1,Vl; in sccoilcls ; ~ l l t l  1;1tcllcy of oilsct 1vc.1-e also 
;1 tneasured. Uecausc this \1~:1s (l~tci.i~litl~(1 l ~ y  C;ICII ;~iliiil:ll's S ~ C ) \ V - \ V ~ V C  JZIZG 

he activity, ail at~alysis for group tlifferctlces i l l  ititc.rtria1 itlter\~al \\-as clotlc oil 
,cs all trials. Table 1 SIIO\VS that I~otll grotips 11ad tlccrcnsit~g ii~tcr\.:lls \\.it11 
ri- time but only bloclc 3 was sigilific;l~ltl~r tliffercilt I)c\vteci~ g r o t i l ~ .  'l'llis I)locl< 
011 of trials was exclucletl for ally st:rtislicnl purposes. 

sec 
1;11; 

11llS 

bloclc I 2 3 4 5 
nsct -- - - - . - .. .- . -. .- 

\ \  j Group N 144.7 05.6 7.3.1 58.5 58.4 
ovel i Group A 94.1 69.4 45.8 40.6 52.6 

ct111lU- 
h;,t the 

\Jcriotl 
I wit11 3 

c oC the 
of these 
tell-trial 

at least 
?&tence 

trials 
were 

if there 
5 t i l i l ~ ~ I t ~ ~ -  

I 

* p<.os. 

Results 
r 7 I h e  percentage of trials with gal\7:ulic sltiil responses of at least 500 ol1111s 

in the first 20 vs, the last 20 tri;\ls sllowetl a replicatioil of an earlier report. 
Ail~ygdalectotl~ized animals f:\ilctl to gei~cratc orieilti~lg reactioiis to tlle 
tone (Fig. 2 ) .  The  coiltrol group gave 50.7% 11 it1 the first 20 trials whicll 
fell to 20% in the last 20. The  amygdalectotz~ized group scored only 20.3% 
in trials 1-20 \vhicli was at  approxi~nately the sane  level, 25.8% in trials 
31-50. The  c l~a t~ge  scores (block 5-bloclc 1 )  averaged otlly -4.5% for 
this group while the controls sllowed -21.8% (U = 2, P I< .02). 

Increased amplitude of GS11 as an iiiclicator of orieilting was tlifficiilt to 
ailalyze because of differitig response rates between the groul~s, i.e., ainpli- 
tucle scores which iilclutlerl zero-resj)onse trials cnusetl l~iasi~lg of :~tlil~littide 
measures in the rlirectio~l of tlie freqiietlcy of resl~o~ise. T f  zet-o-resl~ollsc 
trials are tlisregarclecl, the median response a~~il~l i tur le  ill early ti-ials vs. 
later trials was not sig~lificantly tliflere~lt for either group. 

Respiratory responses in group-A atli~llals failed to sliow rlorinal Iligll 
respiratory-rhythin disruptio~i scores (Fig. 3 ) .  111 trials 1-5 gsotip N 
scored 2.4 (along a 3.0 scale) while group A scored ot~ly 0.G (tnedian test. 
j, < .01). By trials 46-50 group N u7as responditlg less that1 i t1  trials 1-5 
(IValsh test, P < .062) and group A at about the sa~ile level as ill the 
earlier trials (.7) ( p  > .OG2). 011 tile first tn7o presentations of tlie novel 
tone, group N increased respotlse from 1.75 it1 trials 49 and 50 to 2.5 
(Walsll test j, < .062). Gi-o~ip A cliai~ged froill 0 t o  I .(I ( p  > .Oh'). 
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10 T R I A L  BLOCKS 

FIG. 2. h~feali l)crccritage GSR respollse to 50 trials of the initial tone for corltrol 
( N )  atld a~nygtlalcctot~~izetl ( A )  grorrps. ('J'lle L\vo groups are sitl1ilarly tlc~rotcrl iri 

all sul~sequent figures.) 
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1 .  3. Groul) IIIC:III r ~ l ; l ~ i r : ~ t o r - y - ~ I i s r u ~ ) t i r ) ~ ~  SCOI.CS for rcj~~-csct~tati~~c tri:lls of tlic six bent 
origit~al totie atirl ~\IY-I trials nf tlrc rin~cl torrc. trials of 



A more exact measure, resl)iratiotls 1)er iili~irltc, was al)pliecl alirl showed 
the same general effect Ijut I~ccnttse of tlle stll:~ll IV atlrl the variability of 
the prestiri~ulus rates, botll a111011g :111(1 \\:itl~i~l i~l(lividtr;lls, it was not 1)ossi- 
hle to obtain sufficient nlatchetl pairs for statistical tests. 

Group A also failed to clisl)l:~y the cal.cliac-or-iet~ti~~g pattern observed ill 
group N. This was acceleratioii clrlrit~g t l ~ e  first six beats after stitliulus oil- 
set (Fig. 4).  I n  trials 1-10, ~lortlials sllo\\:ecl 77% respoiise \vllich fell to 
38% by trials 41-50 arlrl inct-casctl to 88% for t l ~ e  two tlo\?cl trials. 'l'lle 
group A tllcntl l)crceiitage ~ ( : S I ) ~ I I S C  \V;IS 4 l % i l l  trials 1-10, 4576 i l l  trials 
41-50 ant1 20% ill the two l~ovel trials. 'l'lic liigl~ scores of tlle coiltrol group 
ill the first tell trials and tile two novel trials were significantly different 
from group A (P = .01, U test). Differences i l l  Ilcart rate betweeti groups 
before stimulus onset for these trials was not significatlt ( P  > .2, U test). 
As a further checlc that a trend in faster group l~restitntllus heart rates was 
not the cause of the an~ygdalectotnized grottp failure to sliow acceleratory 
responses, three pairs of subjects were ~ilatched for the ineati prestin~ulus 
heart rates atlcl the percentage response values were found comparable to 
those of the larger groups. 

Figure 4 also shows that heat-t-rate respoilse meastlred both in change 
it1 beats per nlintrte ant1 percet~tage res~)ollse parallel each other very 

tr-i;\ls of  the 

FIG. 4. Group nieall percentage response (niore tllatl 3 beat/lnin increase in 
cardiac rate) as dotted lines, and actual cardiac rate change (solid lines) in the first 
six beats after stit~iulus onset. (Regresentativc trials of the origirial tone and two 
trials of the novel totie.) 



closcly. An~ygdalccto~llizc(l i ~ ~ ~ i t l ~ i ~ l i  s l o t 1  1 i s t 1 1 1  I \ IIC;IL ljrr 
nlinute cliatrges it1 tlic first six ~ ~ o s t s t i ~ ~ l t l l ~ t s  I N * : I ~ s  i l l  1 1 1 ~ ~ 1 i  1 (.1.7), blocli 5 
(4.9), the two trials just ~)rt.cc(li~lg tllr I sli~intlus (4.6) imd ill t l l ~  
two novel s t i~ i~ulns  trials ( I .  . Cotltl-01 \*:llues we[-c signilica~~tly liiglier 
tllan those for group A i l l  block 1 (14.7 lreat/t~~itl) ( p  = .002, U test) and 
in the two novel trials (9.2) (/I = .001, 11 test), but not clifferetit for 
block 5 ( 3 . G )  and the two prctlovel trinls (3.2). 

Mnxin~tim cardiac ;~ccclcrntioti i t 1  the lirst 20 1)eats after sti~iltlltrs otlsct 
(approximately 10 sec) was also fo1111t1 tu bc higher i t 1  rlor~~inl tl1a11 
arnygdalectotnized aliilnals it1 trials 1-6 ati(l tlie two novel trials ( I .  5 ; 

= <.05, U test). Tlie exact beat-by-heat histogram crlrvc of tlie acce1er:l- 
tioil response was not determitled, btit the sntl~e treatme~lt of the Jt-R 
measuretnents were tested for tnaxim~tl~l decrease i l l  rate alltl 110 group 
differences were fout~d. Decrease in rate for botll groups was apprositnately 
2 beat/min and did not chalige either across trials or with iioveltp. 

Percentage ear movetnent respolise i l l  tlic first 6 sec after tolie onset was 
highest in trials 1-5 for botli groups atal 11abitu;lted rapidly, by the tent11 
trial (Fig. 6).  Tntertrial responses, however, were gellcr;illy lower in tlu111- 
I ~ e r  for group A. Nct rllnr~gc it1 it~tcrtri;ll I-csl,or~scs for hot11 gruiips fro111 
block 1 to block 5 was not significru~tly rlifferct~t. II:~IJitlt;lli~l~ of i~~tct.tt-i:~l 
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I ~ I G .  6. Al)ovc: group i i~~ar i  l~crccritagc ear ~iiovcri~ct~t response to 50 trials of the 
initial tolic tluritig !lie first 6 sec aftcr sti~iiulus oliset. Below: rate of car ~liovctner~t 
resporlscs ill thc iritcrtrial ir~tetvals as i~riri~l)cr of ear ~~~overner~ts  per 100 scc. 

responses was more graclual tlien those in tlie first G sec. Response to the 
novel s t i ~ i i ~ l t ~ s  was it~freqtietit it1 11otll grotips. 

Duration of ear ~iiovetiient responses (cti~nulative secontls of response) 
were also found to be higll i t ]  early trials for both groups and habituated 
at a rapid rate (Fig. 7). There were no group differences found. In  tlie 
intertrial period tlie control group accumulated niuch more ear forward 
time than group A and this time decreasecl gratlually across the 50 trials. 
Group A had vii-tually no intertrial JZAlI tiliie. 

J.'crcent;~gc rcspo~isc clirves for slorv w;ive :ictiv;~tio~~ of the El-CG sliowed 
IIO linbituntion of tlie occurrence of the response i l l  either group (Fig. 8). 
Thc groups (lid differ i l l  that arnygtl;liccton~izecl ~nonl<eys showetl two 
patterns of response. Three anilnals respoudetl oil nearly every trial 
(total = 94-100%) colnparerl to a normal range of G3298%. Three other 
group-A srlbjects sliowed lower total response rates of 4940%.  

On tlie other hand, hotli latency and duration of the LVF response did 
rlia~lge with s t i ~ r ~ r ~ l o s  repetition. Latency increased in the  control group 
:icross trials in n grarlrlal matmet (Fig. 9, upper grapli). J3y the last two 
trials there \vns :I sigi~ificn~lt illcrease fro111 first 2R (hiD = 0.G sec) to 
last 211 (RT1-I 2.0 s r r )  (/, < 0.62. 1\':11~11 1 ( ~ t  ). C I - O I I ~ )  A t l i ( l  iiot follo\v 
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per 100 sec i l l  llle i t i te r t r ia l  intervals. 
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t I I  , ~ r c ~ t ~ t a c c  17EG I n w - v o l t n ~ e  fast - \ rare onset response to 50 
rllc. illiliill toll?, l l ~ , \ i v i < I ~ ~ a I  i i i ~ a 1 1  \:\IIIP~ arc r e p r ~ s ~ ~ i t ~ c l  l)y s ~ i ~ x l l e r  synibols. 
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tllis paltcr~i arltl the l a t e~ l r j  I c,rl~:~it~ctl sliort :1ltc1 fifty t~-i:~ls. 'I'lie group-i\ 
subjects attain so sllort a lntct~cy i l l  tlic lil-st tivo tt-ixls t l~trcl)y rletilo~istrat- 
ing no deficit in sl~eetl of tlic otisct of tllc I X C r  rc:~ctiotl. l)urntio~l:ll clin~lgcc; 
(Fig. 9, lower grapll) i l l  gl-or~p A ivc~.c 111ucli like tliose of tlic corltt-01s 
(shorter it1 the late vs. e:~rly trials) I ~ t t  tliere was :L tctltlc~icy towart1 
shorter duratiotls i t1  Lloclc 1 .  'l'liis was 11ot :t tii:~~-lted tliflcreticc, Iioivcvcr. 
and tested at  j, < .05 level o~i ly  i l l  I)locli 2 tri:~ls. Jloivci~ct-, clrirntioti of 1X 
in group A retilaitled sllort 011 tlic t ~ v o  tiovcl trinls, slio\\.itig fnilure of 
reorienting. 

Thus, in the opel-atccl grouj) latct~cy fullowetl tllc failure to linbiltrate 
predictiotl alld cluratio~i te~itlctl towards the otller cstretl~c-failure to 
orient. Percet~tage resl)otlsc ~ellectccl botli extrc~lles-lijpcr- atltl I~ypore- 
activity. 

Discussion 

The results show that u~itler the co~ldit ioi~s ol tlie experimct~t, the GSLI, 
heart rate, and respiratory rate compotierits of tlie o r ie l~ t i~ ig  reaction were 
uniforlnly abolished by at~iygdnlectotny. On tlie other hatltl, ear t~iovements 
and EEG activation were for tlie niost 11;11-t ~ttitlistut-bctl cxcept for tlie 
dzcvntio~z of tlie EEG low-voltage fast ~-csl)ot~sc nrllicli t l i t l  t ~ o t  cliatige 011 

dishabit~tatiotl a~l t l  tllc 1;ttctlcy of 1,VF iirllicll f:~ilctl to li;tl)it11:1tc. 

E E G  RESPONSE LVF ONSET x , N  

e.A 

SEC 

esponse to 50 
nlll:r symbols. 

171~. 9. Group illeat1 latency (;lbove) a11cl tluratioti (bclo~v) of KEG low-voltage 
fast-wave onset responses for two trial s a~~ ip lcs  fronl tllc first tc t~ ,  scco~itl tell, atitl 
last ten trinls of the initial tcmc nntl (it1 sc(tlnr-c?) for tlic first t\vo trinlq of tlle 11ovel 
torle. 
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I t  is ~)ossiI)lc to ir~tc~-l)t-ct t~lost oC tllcsc rcsrilts :is strnigl~tfor\\~:lr(l cliailgc 
it1 the orietltit~g responses. 1-lo\vever, tile 11ent-t-rate data pose a problet~~.  
111 a recent revie\\? of Atllericat~ I I U I I I ~ I I  ai1(1 :~ t~ i l~ la l  exl)erit~~et~ts,  Grallatl~ 
(4)  st~ggestcd t11:lt a I~eart-r:ttc ir~crcasc. as \vns scct~ i l l  ortr cor~trol group. 

I I I I rel)t-esents a tlcfciise," or st:~t-lie" rcs1)otlsc, t.:ltl~c.r tI1a11 :1t1 oriet~tir~g re- 
action. S l ~ e  cot~cltttletl that clccclct-:ltiot~ occurs tilost frcclriet~lly ~ \ ~ l i c t ~  sit111)lc 
stimtili arc l)reser~te~l atlcl that \vlictl accclcr:~tir)r~ is ol)serve(l it ustially fails 
to habituate. 011 the otllcr I~at~t l ,  R t t s s i : ~ ~  workcrs, it~cl~iclit~g Sitnit~off. 
Latash, ant1 Sokolov, routinely observcd acccleratiot~ it1 the huu~ati orietlt- 
i11g reaction (personal cotni~~ut~ications) . Grallalli tliscoritltecl these data 011 

accout~t of the lack of sufficier~t pril)lisl~etl clelails it1 Soltolov's review of 
these expet-imei1ts (9). 111 aclditioli, she cotnparccl the l~eart-rate-respotlsc 
characteristics observed i l l  tllc orictltil~g rcnctioti ~vitll thosc ol)servetl i l l  

tests of reatlincss to rcsl,otltl nrl~et-e n~c:lstirer~~et~ts are tilatle after tile 
stitl~ttltis clurit~g tile respotlsc forcl,criotl. 111 sircl~ situatioi~s t l ~ e  Laceys (6) 
and others have rcporte(1 tlccelct-:ltory resl)ot~ses \vl~icll are ~~otillaI~itt~;ltit~g. 
However, to call such a sigriallitig sit~rntioti "siriil~le attet~fiorl" cot11l1arablc 
to that observed in t l ~ e  or iet~t i t~g rcactiori cxpcritnents illay tvell I)e t~lis- 
leadit~g. Further, the Laceys' (Iccelcr:~tot.y t.csj)otlse is ol~taitletl ol~ly wit11 
EL fixed foreperiod. In  a(1ditior1, :~ccelcr:ttioi~ ;~l,l)c:lrs to follow it~llncdiately 
botlt the "ready" sigt~al am1 "rcspot~se" stii~~ttltrs, wit11 decelcratiol~ sar~rl- 
wichecl Letweet~. I n  ally case, otir tl:~t:t, thc lirst to l)c I-cl~ortetl for tl1e 
t~~onkey,  clearly stlpport tlie I<ussi:itl view: :tcccleration occut-s :t11(1 i t  
habituates. 

An additional probleln it1 illterpretatioti cotlcertls the EEG respotlse. 
The LVF response rate was not haljitttatect in group N witllin fifty trials 
so the rate of occurrence of this response cantlot l ~ e  considered sitnply as 
an itldicator of orietltitlg. The  nor~nal pattern was one of variation of rates 
between 60-100%. 111 h u t ~ ~ a n  beings, 11al)ituatioti of alpl~a bloclcing is re- 
ported to be the last comporiet~t of the OR to Ilabittrate. IVe are struclc by 
the two extremes of response it1 grot111 A. Tllree sl~onrecl very 11ig11 rcac- 
tivity with no variability; three otl~ers vat-icd like nor~llals hut at  a lower 
level of respoilse. I t  is as if tlie an1~gtlalecto11ii7.ed ;mit~lals were not p u g -  
i t ~ g  t l ~ e  subtleties of the situatiotl-tl~eir rcactior~ tel~cletl to be eitl~er ill1 or 
tloue. This characteristic has been observetl ill othcr cxperii~~eilts (2, 7 ) .  

Finally, intertrial ear movemetlts persistecl tllrough forty trials it1 the 
group N and sl~oulcl not be viewed as a good measure of orictlting. These 
responseeswere very rare in grotip A. This finclitig is in apl>arel~t cotl- 
tratliction to Bateson's (3) n~llo fo~itlcl t~otal)ly itlcreasetl ear respotlses i t]  
;~~~i \~g t la lcc to~i~ izc t l  n~onkeys clurit~g short (6-scc) it~tcrtrial \:isr~;~l-tliscrit~ii- 
r l : i t i o t ~  t r : l i~~i t~g  ~v:litit~g l)crio(ls. OII (*  ( ~ x ~ ) I : ~ r ~ : ~ l i o i ~  for tliis (limci-ct~cc is t11:it 

tile it~tcrv:~ls over- \vliicli i~~c~;~s i r t -c~c~ic~~~t  s \vtlr.c tnltcti i t 1  l!nfc~ori's e \ - l~.r i -  
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nletlt were cotliparatively rii~tcli sliot-tcr a l ~ t l  ~ v c s c  11iot.c cotiil>:~i-nble to 011s 
first 6-sec nleastlre. Also l?n tcso t~ ' s  t ~ l o l l l i c ~ ~  wcse uccripic(l it1 solvir~g 

problems. 
In  sutnrnary, the currcllt  c s l ) c s i t ~ ~ c ~ i t  II:IS ~ I I O \ Y I I  t l ~ ; t t  tllc ol-ic'l~til~g I-eat- 

tion cat1 be Iractio~iatctl  illto tt1.0 rli;~jot. co~~l l )o l~c*r i l s  I)!- : t~~~~~g(I : t lccto~i i! .  i l l  
r . 

n~onlteys.  1 he  strggeslior~ ;~l.iscs t I I : I ~  : ~ r t t o t ~ o ~ ~ l i c  llcrvorts sys tc t~ i  ir~clic;ttol-s 

a r e  i~lvolvetl  it1 one  c o ~ ~ i l ) o ~ i c . ~ ~ t  :t11c1 tl1;11 ot-ic:t~(it~g t ~ ~ o v c r ~ ~ c l t ~ l s  :111(1 ICICG 
itldicators, for  the t l~os t  1):11-t, fo1.111 :~tiotl~cl-.  Accorcli~ig to tllc I~!l~otl~esis 

proposed earlier, t he  au to i lon~ic  itlclicatoi-s sigliily sotile sor t  of registrn- 
tional process;  the siglli1ic:trice ol llie otller c o l ~ i l ) o ~ l e l ~ t  of tile or iet i t i l~g 

reaction remains to  be exylosetl. 
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