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The only recorded experimental attempt to determine the 

functional, biologica l significance of periphera.l inhibition in the 

Crustacea i s that of Rcf:flnann (1914) • Fl'Om a series of expe~iments on 

Astacus flv:viatilis L. 1 ihvolving transsection of the opener inhibitor 

and motor axons of the cheliped, he concluded that the opener inhibitor 

axon of t he claw r esponded to prolonged or r epeatta rl sensory s timulation 

by transmitting inhibito~y impulses to the opener muscle, t he peripheral 

inhibition tht.s evoked causing adapta-tion of the reflex opening responses 

of the claw to the sensory stimulation, This suggests that there may be (1) 

a very high degree of puripheral control of (a) t he reactions of the 

animal to external stimuli, and perhaps also to proprioceptive stimuli, 

~~d therefore (b) of the behaviour of the animal; and (2) a correspondingly 

h~ degree of independence of this behaviour from central nervous contrel. 

It is therefore of importance to discover whether, in fact, t his conclusion 

is valid for Astacus and other D~c~pod Crustacea , and if so, then to what 

extent the adapta tion is peripherally controlled. 

A preliminary attempt haa been made to repeat these experiments 

of Uof±"lllann, using Potamon per latus (.r,r .Edw.) • Experiments in which mechan­

ica l sensory stimulation was used to evoke reflex claw opening indicated 

that this conclusion is not applicable to P.perlatus. The adaptation of 

t he mecbani c2.l cla\'' op~.ning r espcnsos which occurred with r e:peatccl 

sensory stimulation was not af f cted by transsection of either the 

specific op~ner inhi bitor axon or t he common inhibitor axon of the claw. 

I t was evidently mainly due to sc~sory adaptat ion when the sensory 

stimuli worE) h -:m-vy, and to centrally controlled adaptation when the 

sensory otirnuli were light. The significance of these results is \ 

discussed. Othe:tr effects obsarved du:..-ing the course of the work, of elec­

trical "sensory11 stimulati n, and of cerebral ganglion elimination, ·-- -­

are a lso desc::cibedt ar.Ld dj_scu.a'Sed in relation tc the present :problem. 

J 
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1. 0 U!fl!QQ!lOflOJ • 

.,..roua 11rYftt1at1ou or the mronnral .,,,_ ot Deo.,o4 

OMtataoQ ft'o• •• earlt .. 1SJS7 (JledtPlQalla), ll&Ye eon\r&sted •hi• .,.~. 
with that ot ~ Yertebrata. tteo•ntl7 (her 1t81) thee• t.ro '"\ea 

han bNA clut1ti e4 .. ol~aPoe&c ul :polz.ypala NspeoUw]T. ne­

lat.a. to ~1• autoaloal ditterertc• 1• ~e d1tt•r~ tn the .. ebaa1_. 

toP eflectln& 1ft!:aib1\1on of waole wxw. Whet'ea.t \hil 1• tftected •"­

tit-ell' CelltPall1 in \be Yero\eb!'a'-1 1n the De•p()C\ Crutaoea 1 t 11 })V• 

ipheralll' etfeoMd., U~Ml7 \7 the "111lllb1tol!'T' .sou ft.ioh,tn e4d1\1oa 

to tile uual e.ze1tato17 ao\oa- axou11~~•"•t• \he IIWiol•• of the 11-.bt, 

( 1~ 1941 et al). Qoatnctioll ot a Uab IIUale ill 1"ttpor:aa• \o 

dt.:P.o\ t\1wu.la.\1oa ot • ••1 \atot'J' mo\or uon 1nne"attng that Pl\lMle 

be ~tlr 01' wholly •'O.J'P"••tcl )7 111111 t anen• tUJallaUon, " ' ·a 

n1 'ble tr•tu.,_ • of the izah1\1 toq uoa 1tmt!'TaUa& \bat w.cle. 
-

S1Mh 1;.1'bito17 aa;ena an pretut ln all t~ trl.l)et of t~ 

aep~\1a1 aD4 la \he \antia (Wi.ra• aft4 Mt-le, ltfl2}. Sl 11&1' la­

hibl toJT a&ont han no\ 'ben found i n aq poupt ot ani-.lt nt.icle the 

enat.oea. u~r. aon-.~1ta.toJ7 uou kaYe alto \ ... t~ 1ll n.r-

1ou lnda'' 1~t1"t•t1DC lee atel•, a1 iho\l&h .a 1'ftb1la1 \Oey' ttusotloa 

hu ftot 'bun a\\rint.d to tns.e uona (llorl• 19!'~ : I•9£M!:.t • •• et al) 

' \hell 1• tlua btologtoal tunoUo11 of \b• i'l'lhtlJ1 ~ uon• 111 \he la-

ue\ c~ cean? Bmt • th.q u .. t 

~ the Oecapod c~\acu, elncl• a.xont which in ·arnw •~•\ ~. all ot \he 

ictJ"1ntl1c ~cl • ot a ll.Jib, do 1.0t pla.,y a P8J'' ill \ht l'\Ol'1llal lOCO*)tOl'T 

110ft t1 of the u 1wal1 but that the l miridu.al 1nhib1torl, wblch inn• .. -



Yatt 0111 or ~wo IJalaclea ot 'h• liab oDlT, allloet Cl!l"ta1l'11J" d.o. '1'hq 

nggett, with no &xpel"lmen'\al eyld.e~. the.t the oaallloa inhibiton 

functioA o1al7 ia tGOUl thg, "to blook l"•flex contrut1ona nn.l Unc trc. 

the eentQ!7 bombar4•ent of 'h• central aenou. IJ'ttaaw. '1'lw 1nd1v1-'.~ 

1.fthibitor• thq ~eider to b&Ye e-rol•l!d 1Dda-p !ldent]¥ 1n th• :t'tnU' -.oeeapot 

Ct"\\ataoo. trilntl , •• Y&r1CN.8 ••- to the eolution of the • .- pro'bl•• 

n&Ml1 the fl1nct1onal :tuloa, 1ll the fora or • oo.on ••·1 tO!' •otor &:lOll 

ot the opener an4 •tr"Mh•r 1111Scl ... 

!he alJ' recol"do!Ml at'tiJil'\ at an *zP"1"11lenta1 •olu·Uon to ~ 

&bon problea 1a \he Decapod Onataoea b tba\ ot Hothamt. ( l9l.t· ). 

t1•1n« the cOttrnon lll'opeazt 1'~1h-wate1- cr~ilh, A•tacv flUY!A,llh. tiu • 

he coDdllCtld exptr111enu oil a l"•tl•x retpO_. which he towsd to be wokecl 

by p1Mh1ng the '\ail, 1Wtel.7 opentnc of the d~aetylu ot the cheliped.. 

In tb• intact anial Hoffmann tound Ul&t the tent1on dwll oped b7 th• 

o~DAr JaUacl 111. retpon.ae to lone d.ur'at1on or •hort Hputed •euo17 

etieul1 to the tail gredU&llT 4&creued. tt ho•w•r, th• 1ah1b1toq 

a xon inne~ating \he open•~ ~olt wae t~naaeote4, no deere .. • in thl• 

tena1o.n w1\h loll« tlura:Uon or H,P4ta.W4 •Ut*Ult waa ob•enect. J\U'thtl'• 

CJ"e, if 1n•'•a4 of tranaaecti.ng the inb1bi totT axon the eu1 tatoq llOW 

amn to th• OpRI!' 11\liCle watt tranaaected, and, theft atinlate4 pel'iph6st• 

all7. '\he eontnction ooo'W.'rin« in. l'•spen.tt• to this pmoh•ral 11totor 

sUtmlwa waa 1nhib1 ts4 by a ten.ory aU&llua to th• tail ot the anbal. 

Hoffll!l&lm oonol,Nled that the 1nhibt \otT axon \o the Ql)6ft•r 111Wicle ot ~ 

Cheliped ... the m-.na wherebT the r.tle% opening r e1ponae bee... adapt­

ed to the ••n•ory ati~lua to \h• tail. 



Clearly lt 11 of iaportc.nc•, 'both tro a functional and tree 

& phylopn.a\to poin.t ot Ti•, to lr'now wn..theJ' this re•u.lt 1• ln fact 

, and bow t ar 

.IJ"thl'op¢1lara f#tri • 

! h&r• aH no s~iet ot rr an...,at•r crq!ith occurr1ns in 

w\ll Atr1c-.. Rw•w~ • Po tee J!!rltW (K. Idw. ) 1• the e~ 

.-peel• ot fresh-w-at•r ~rab oeCVT'1n& ~0Wl4 Gra.h&Mtmrn. wJw:re it 

11 qtU.h abumant. 1\u'thtnore P.perl!S! r •apcmda to -va.riout foNa 

t H 11JOI7 atiilnll,._, auoh u p1aclt11lC or- atl"okin& tt. abfo":WWtl1 'bt re­

tl•x opeliiac ot ~ elawa, u doH A!WV flglatil\•· '!'ht.• th"l' 
I 

1• ara attelmt to ~' \M expv11Htnta of norr.un. u.ing P-P!ll!bl· 

t a MbO(\T had worltecl out tl\a imltu•vat1cm pattvn. of tU liMbe f4 an, 

aJ>ec1ea ot gte& lt was nfloesaaey to do thie 'Ntor• cc»tUm1JtC Wi~ 

th• !'!Md:rl pro'bl•• •• outl1"«1 ab«:we. 



.... 

The looal 1})8c1aa ot frfth-wat•r cr..'b, ~9\@2! i!rlra, waa 

u.Gd tbrO'U&tto.1' tn. w~k. Theue araba occv in tbtt dam~ and ahallcw 

alow ... nonn.s atr~ ln o.M arow:ut Grahanuttown. 'hq U.s tn the 

'bo.nka ot the dNttJ and at~. tJ) bul":rowa whoae ope1'lings lie Juat • ' 

o2' abOY• th• •ater level. 

oet ot tl.w cra'ba '111841 .,e.re ot!>llecW from one f alrl.r !arc• 

dam. Ooll.c,ions we:re IJIG•tl.Y made a\ tn.e;bt. whSft the an.1Mlt "" utcN 

actlY•· Th• an1•l• et.u.pt ranpd in dte ho• 5 ~ lOCN. ("..a.l'&paee 

width, =_.u'l.l.Md aeroae the w1dett portion of \h• eat"&pace. !!'rut l'IIIJ6!>-

1t;r {n;. 18)) 'WeH within \he limita 6 to 9 OM• 1 of wb.leh ea. so.' were 

fei'J\alea aU ca. ~ 1rer-• -.ltt. J'•alq of 7.eCt~~W. Cld'A)*Ce Wldth 

and peater ••r• all Mturt, and o£ tbsae ca. 51- wel'4t in \er17, and 1FIJN 

eoll•te4 dt~1-nc the Mon.tht #.\lg\11\ to Oetober. 

Ia the la'bol1lt0!7 theJ atti:male were kept •t~~•r ln &llall glus­

tidecl aquar1utt tanka or 111 apeo1al17 M de &al'Yan11ect 1ron tr.,.. !heee 

trur• cGnt1•t•~ ot an ~t•r trar 100 x SOx 1~ •• and an 1nn&~ tr.r 
jutt t1tting into the outer oae. !he inner t~ had a perf~«t.d 



&alTaniled il"OA bottOft, p lvnnhed iron partt.tlona d1Y1d1rs.t~ 1 t Up 1nto 

tw•nt.r co~taenta 20 x 1~ z l5o••· and ~~ a hin«td lid ot 1.~. 

wll'e JMth cti"M!'l!\1 \he whole ln•id'.l ttoq. 'l'hot thf'• ,ore made ln 

or4tl" to lr»ep the tld•1• ltJ)&l'&tt to pH-nat fl&hti!IC ana cam1ba11 ... 

OM of the &lut aq~Sar$.a ..,._ ball till e4 With soil tG a del)th Gr lfi \0 

2~011e. !he aquaria and tray• wue t111t4 with t ap water to a 4~\h of 

4 to e ... • Yhiab wu r enewed tw1c• or oace & week. 

'!'be ~1 ty aoa te per 11021\b OYe-r ~ ,..... .,.. ~o \ 1 1n 

tbe plvont•.ct 1~ t'l"tt'8, coll}*nd to abmtt in \h• aqual'1a cca~&intq 

atu ol'll7 and a\~t •• 1ft \M aqua~ta eont•1n1n& toil bank•· tz'b••• ~r­
~nta&e• •xolud• aort•li \7 due \o e•OJ'ti'bal1••• Wh1oh h~Y•r wat •tllall 

wbn tht «1••• A-~16 ••r• not onrorwded.. Il\u'bia th• wln~•r 110n.tb.l 

the aortall\7 we.• tl1.tlr ht ''" \han d\U'1n& th• •u.w.F 110atba, blat ... 

kep\ d.owa by l ea'rln« J\eat.n on 4a'T P4 rd8h\ 1n the l aboT•to)"J', tbu 

ktepl ~ te-.,!(JS"a\llM b1&f\tW u4 aor• contt-tat. 

n • plJiulla ••r• ttct, uually Jtoe a week, on about 5 ... ot 

7or the experu•ll·t. ev1• .. ~ 1 t wu al~arl:r de•lre ble to 

h&Y• a p~1oloaical tolu\ion •1•1lar 1n 1on1c compot1\1on \o t~ blood 

o ana~•• ot tb.e 1on1c e~a1 tioa or- , ..,.. 'bloo4 ot 

Po\tJM!l -w• hav• 'b .. n recorded, and tiM di d not pe!'lli t ot wo.h an aft• 

a l7•1• of the blood ot E9\YO! i!r.la!U 1~ tbis •tud7. ImM'l'V two 

det\tl" nation ot \h• total iord.c con~lttntion of th• blood ot 



6. 

p r'J'SOI •PP· ha.ye 'been 10\Wie. !Alval'• (l92F) dtJterr:U.na\io:n ot the 

!reo11rte point d .-• ••1• ot the bl~ of ~!lP!mM ( .P9tyon) • P· u 

lp.20C ooM-etpon4a tQ a n11l• fc't'- th• total 1on1e conoe4\l'• t1on ot the 

blood. or :mo MilU~tol•• P*" line. Scblieper aM errsan (1~~ ) 

to\Wl th• lon1o coacen\ratiol\ of tn• blood of ft'MIJ flll!it'll! to b• 

340 111ll1•olea J eJ' 11 tN. '-'h••• Y&l\1•• are hip OOIIpaf'el!. to the Yalu 

obta1Md (• na u.rr.,.el4 (1~6) ) for th• treall-wa,.,. cr.,tlehea 

&1\MM U!t)r14Q1 u4 R•Ptae g1AUA1, MM11' 2(t.3 ani 232 allltmol .. 

per lUJ!'• relpQt1ftl7. 

ftl• tollowllll :Pb1i&ioloe1oal IOl'clUOM aM YA'f'lou,t taodi!loat-

ion. ot \bee• "''" tt-i.a. 4~1ac \b• ocur•• of experi .. l\\al. work, w1 "' 

ftrTiftC d.eCJ'&•U of 1\lCCQI. lftlq •re all -.ct• \t9 \0 a total iOil1C 

OOQCO\b.tiOft of 350 ail11-.ol•a p•l' 11tH, '\O (Jt'rMIJ)OIIel ~ IJ\tf'al18 

n l\MI for , o'\-uoa ap. 1 saorecmtr \he •~luUou were towMl to b• ~t 

•~cesatul •h•n -.de up to thia total ionic oouctrauoa. 5 ar-e 

»"' l11H or ciuoose wu ad4H to all th• a olu.Uona. ft.• •oluUol:ll _.. 
I 

ht~ gi'Nn 11l 'he oH..r· ot ~bel~> •ftioacr, •• JUUVtd ill teraa ol tbt 

l Ol\&ft'ltT ot th• preparaUaa in the toluUoa, otluw fac~r• bet 110n or 

flt!i&i· 

a. J. •oUt1oa-t1on ot Shltt &aa . .,.,.,. (19153.) t olutioll fo-r 

£9SI!U !14ner1 1Jl wh~ch tb• •apo 4: was replaced 1t7 1. R 

11l1111aol• ~~ 11 tre ot ¥118003• 

3. S.bttt awl er• • tolut1o1l UM~lti.a. 

, 



S. Proat•r'l (1~35) IOlU,lOn. 

UU.cl•• a:t¥1 the1r axou ,ia liw.ba dilt~ted. u fleec!"ib.t l Atel", 1f 

han4l 1! 11cate31', Hlll&1ned rssnf.lnsi.,s t -¢ direct •U.ala\1oi\ of the ax•• 
tOJ- p.r1oct• ot 15 to a ht'I\IN atur laolatita ot t~t• aaou ll\ 1oluUon u . l, 

aM tt~r FocP•••t••lT tboJ>teto pttrlodt 11'1 • al\ltiea noa. a .. 4. In aol• 

uuon no. 5 ftoh prepaJ'aU~at-•ined rgpoui.-e to.- t••• tbaa 3 h.mlrJ. 

In later wOI"k onl7 aolu\ioa no. 1 wu \lid. thil •a• •4• Ul) ti'Ofl lol• 

utlont of the eOilpOJlent Mltl 1a d.iat1lled W.W1"• with tha addition ot 

powdered ctuco••· .. thown 1\'l tabl• l . 

tabltl 

.Gill f21Bl11n 1t !Jli ~--"'·t ~ •ttltttieft. \Hie 
- •• aol•• ~ litre) • · liol•• a.Llt1"8d 

M'&Cl MO ~ :5M. O 600 

ICl. MO iao\oalo 8.1 15 
ri\h 

eae1.2 3&0 ........ ,.!" 10. S) 

1 

vco12 3&0 ~ ~.& 10 

traHCo3 100 4.0 •o 
looo.t. 

a. 3 · UI§S:ii¢'IW AflW TOS. 

a. 31 !'&Q~d 29P! 



8. 

~ft.UoDa. til th• a~riu~tt• ill which \he wholJf a"'li 1 wu ued, the 

lea hMl•1n« * l'lil totrctaeinc Jl0l'\1oa of the llloraseope ,... l"~nd hi')• 

the ••~tieal b••• at~ aad cl !'lped to 1\ by two l"IJtort cldp t.-bloob 

eJ'4 two l"ca•. lona bhta ttu\1 o1 thlt t1MHt cU.&'!lf.t\al" u the vertical •e 

ro4. 'the ftr\lt*l bi'UI ro« wu ben' h tli!t dd1e ~ 1t• len«th throqb. 

an anal• ~ 2G d3CHea. In Wa wq •u.ft1eien\ clean.t~ee .. ,.. obta.iM4 

'b•n.atA the o'b.1•c iv• lau toP the p!'~ation aM. sn fl"ont ~r 1 t fetr 

th• r eordin« 1~1" hr•o.t!•. It sllo pert-t1tt.td aaty 11gl'l!Mnt d the 

objeotift lens with the portion of the an!netl under obt•rY&tiOD. 'Phe 

baa• of the l!deroac~ •.a elawtped to the ad . or the b~n<'b.. 

A ~t•on ~lAble i n\enaitt 1iseeoting leap with de\aebable 

trans:to J'-b ... e WAa ua.a.. !M lqp housing was d.etaohtid trca th• "but 

an4. cl p.t on a "' ~• atand at the 'back or th b ncb. lt coo.ld theA 

eu117 be awuq rOWld. and mond T~1o 1Y to rocua on .. 'ftT -portiOil of the 

prepc&l"atilMt. 

7o~ dl•••otl~ the n.ry~• anA ~atinc the ~· lt wat 

nece•n&!'T to hAY• ••rr fin• dlsHc\inc »* -dlu. na.a• were H.Oh • 

'by fi.xin« w1 th "sauonU•"' clue a t1• ent~olo~cal pill into the fine-

17 d1run f1\lt •ftd of a leacth ot ;;l a.. tubing tervlng .. a ba'D41e.. ~ 

pill •*• ben' a \ a OoJl'f'e2l1en\ anal• \o the ct.aa hMdle fat' d1ts.cU.ftC• 



9. 

'fl\• nda ofs• e of %h pine wer bon\ into !~inv U-aooped hooka for- held· 

i ng wl4 U ! ting uont. :For ' l'li tt!.nc "-Dt or a.x"n b\lllnl •t 1n.to t~il" ltt• 

d.'-"fr oa two t1d&e t o form a fl&Uieh .nd ••'f7 thin ah&r,l two..-dpd bled•• 

u wsed l>y TU.pley (pertol1al ooar:nlAiea\10!1), waa f eund \$ b• r • nit• 

~bla than the ento=cl~all pln n~4le. 

• •• n""' ' idT to b..,.. •o•• H ta.ne of' ap""l.tin« • contrt'tllAMt ud coa•t.at 

repMted e.uoq eU lue. lfwo tlltlin tJP$1 r4 ••n•~I'T •U•l'llt ,.-er~ 

ua.as a.chaftieal taetil• at1~1at1on, and •l*Ctr1c ~rtnt atl.ttlatton. 

Yuioua to • ot eaob ot th••• two ~· e~ ••n•oJT •UI!Mllatlon wert tx-

;pel"1• ttn\e4 ri \h. ~· •()•' uetul aa4 e1tecUv• tMchanicaJ. tt1JrJ.lU 

wu a.pQl1M 1D varlou · tos-u with \he "t1\lllater•. ~rtMa\1.7 \o be 

deaoribe4. 7or givtac «R •leotrlo ••fttorr e\~lue .n electronic 

eillator Wet ll.t~ to'V ~ripb.ehl atils\lla.Uon of \he niii'Y• u ona 1n the 

l1•ba: th1• etinlatt>r wu tldJ• ted tor a a!'Daller &Ad loHr-'t'ol out-

pUt Nn_. thaa the ! irst oae1lla~or. 



lO. 

or two 3 Yol\ acCN.w.lators. '!1\a el141n& ••cond&!'J' coil ot ~hl• S.n-

attract the bam •r Ni&b.t ot \h• cwrenf.-inten-uJ)ter portion ot a 

e.oo~a 'B!'t Du...aou ~ ou 1n4\lCUon eoll. ~1• hA•*' .... aecNre4 bl\o 

?011 tioll P.¥t to the ua\"aclted • •t th• -pr~ ooil by 101'..,. ••riWtcl 

1ft•o ~ lJa•ebOIU'd ot ~·tint U.\maten\. 

1h• t~nc7 ot • • bAnner bea\ cmtl4 be &1. \ctl'ed br *'Ju'­

iac \lw 1'requncy a4Jut1n« ICl'tiW of the f lrat 1n\enu.l)\o2!'. !k• ..,. 

l 1Wde ot th4t beat, .- tbeHf'ore \he 1ftten•n,. of the •Uwlua, C()U.lcl 

be al t.red b7 a4Ju.t\in« the .fre..tu.aney a4Juat1tlB IOMW of \ha atiGMd f.n• 

t•r:ru.l'\•r· 'I'M rnq_u.encr of baa\ •• of CO\U'ae eqttal t$ th• f:r~M' 

r,f 1nt.-nupt1on ot th• CNt"Hnt 11\ the induc\ion coil. 

'f'h11 S.Mti'WI t _. t han lll«mntecl on tM leM tub• wltll rack 

aM. pia1oa or • moroeeop•~ the lAt a'be 'be1nc pM"l"all•l 1f1 th th• 1a-

duot1<m coil. 'l'hie per~~ti t\ed Jllov-nen\ o1 th" whol• ati 1 tor a.~ "t-ea -
in th• dii'eotlo et beat of tb• ~~ b•ed, 110 that ~ ~er head 

could, 'b4t •o-red \Otard• or a~ t'!'o the an1aal. 1'he pl ct bea' of 

the whole ba•-.r ... ~lt.ll•l t o tilt \ •o'boud ct th• irl<lucUon coil.• 6ioh 

1n itt no~-.1 pOWi \1tn ... horlsontal. ~it pl nt eould be ttl~ to 

&laott aq angle abo-~t an ax11 )*t'all• l \o tbe htt er tooo . lfbit ... 

Mde aai'ble 'br h.-1n& 'b.tl leas ~'be hek an4 pi nion Ct>l'l»n <mnttta 

cUreoUJ" ont t.h• aieroaco~ b&ae a.r4 p1..-ot1~ 1n the noral ...., 1ft a 

y.rUcal pl.a• :b011t tbll p1Yot batwean. th •• no aections of t~W wd.ore­

aeope.. ~& pl..alW ~ boat ot the hAlt r could alae be rotated a•CN.t 

an ax1a throueh the oantre of the ruk and pini on col\l"Ul parallal to 
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J t . . 1. ., ot tb.• eh i CIU h l" a \ i:'fnla tOf' ( • U t111.6to:t-" }. 
I'l All Yin •i th ~M · !Jk" 1n ., • 1 tio fer. hot-han a.t . 

a b~ b w ot !e~o•oop• 
'b pivot bra.c)ret 0!1 nrt1 1: baaa 1.ttAM. 
o T- pi eo• o1n"'9Cti pivot lnro.el«tt !\ " ~a.ck-a."14--u1 n.ion ool u n 
d tvot l>~lt oom\e~U • CU\(1 all~1,..-& l'O ,.~titrtl 'betw..,&n, b 11iJ e 
e nill6le ' 1~• 'bol \ ooQtlec Unfl. and llowi n« r o tion 'h~t"- on, e ~At 
t raok-an .-pinion QO 1· · 11 

tf r t! .... M . ini~ll BC..,.il!f :i ~ "!8th 

h 1 n• tube c.~ •iol"oec.o~ 
i •a ... b~ of ~nt-'loU ')11." iwlu~t1on coil 
j ~.t 1• ()f d.1t\e 
~ c~ila t ~•ati ~trr nt re~~~r na.· ~r 
l. eurr-an'tl~rKk'6r h er wo!.C)l"! 
" f'r4'qu ncy-.Mjueti~ •Cl"'OW' 
n. 1'"14' ._ .. 1 a~ring inat. w~1ch l\ . -r l"od be t a 
o b~.-o bloc~ to wh1eh ~prin~ <n) aud \ ~ . tnA1• (9 ) ~~ft f1~~ 
p t o ~cr nnl a , on of ~hi¢b 1& tn&nlr.t.~ f r om hr••• block (&) 
q ~rl •1t7 of iwtuett on o•'il 
r ••iFt ot t tl w.l~tor h · .. r 
t tl• t ~e 1 a~r1nr ~r at1~ \or ~r 

~ · tuat1~ ¥Crew f'or <i n& G~t Ut~• of h ':'ler hfl t 
u f\ll ~¥''la of' hto.muJr 
• r od of 1t1 ~l · to~ ~r 
• pl s~1cen• b ll o~ end of ati~tlatcr bb~•r 
..t oirc-<ltt~ liey Ca\lph 4 v 1t h d l ... r ker kl.l 
1 ... 3 tb• tbr~• motlonu for Qt"Jue·Un the l)0$1t1o e.: directlcn of 

• \ imul•tor ba be•\ 
4 , fS d i,re11t ione of bo•t ot eurrtltnt-b!'e ltttr •~ atilml a.t or h .r• 
-y :t."hree t • o.Tol.t U C"ll late~• i"fi . U. t:MT~nt t or stimule.t¢l' 
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the direction of b&a.t et • hf v head. 

ht\Yin& the rack ud i nion column att ched to the ai<:!roseo~ 'base • 

onlT one b&lt ab~\ which rotation c~l.d oe~. 'l'ha rack and inloe 
. 

cnlu~ c ould then be !1~4 S.11 al111oat q pOtt1t1on relaUTe to the ll\ic!'o-

sc~ b •• Ofl 11'h1oh it "~ b7 uant of t.o retnro\ olup11 an.4 block• 

wi~ n. •hort a.\al rod clarap• in both blocb "'""n W6 c~. 

!be Whole -~~&tnt ia shQWn d1asrammat1oal17 iu ft&.l • 

lfhe c11'c!a1 t or1~ll7 '1-ttd 1ft lJui 141n& a 8q'lla%'8....,a.Ye Ol• 

e1lla.t()J" ana pc:.er pack wu that o.r ll1plq tUtd !11"k (persoWll c~ 

1c&\1on ). '.fhh t• .. •o••hat aod1fie4 and 8111\')lifillcl ftr1t10n or 

l el"n.•t8if1' • (1950) c1r"'-ttt. fU pOHr p&ek ..,_ o•cillator .,.. tuo._.. 

DOl"& ted into a t1'041e un1 t. lftlis elrcui' ... found to be 1ftad•4l"&t• 

tot the work &n QrQst .. n .zoe• 1R the folla-1 r .. pocttt 

1.. 1'~ POW\\ ot A. 0. lliOOth1~ ••• ineu.!.ri.o1en\. 

~· fhe .. itob atatn .J.l~ed pulse le~p to the cbuaia. 

J . ':?he Ppl1t\tde control wu too 1Menait1ft• 1. e . \he C\U'"\'e 

ot tmtpnt ~olt..- x aoaltt ••'tine • ., ton ate~. 

•· fh• JAll•• l orna aa 10en on an oac1llotcope ,., not •• 

equan u wu d•air eAble. 

c~ponanta according~y. Th• circuit thua !1n&ll7 arriYed a.t 1a 



HT+ 

....... ,PWQ 
(uo v) -.o 

!,..<Jque~c-r r u l c " :r 
~ ~ina f r ~~1ncy o~~trcl 
c ~<1 e ~ lr~tion oon~r~l 
~~ 1 t t t ,1.'\t"l e c r~l. 

t-o~~"le ~;JJi tt-~ f · r a 1 t eh inK off 'M' st't ,..,) r 
j o.i i~:n 1 ~ !""''Qe\li"iY" r·J;o ; nat t i ol'l 2 : s1 le ,.._11. 

): t t 1 J\tD r~· ~o IUlri h ~ · h. "it eh 
1 t "'l" 1n:: 111 ftr;.r ,:d•"'Y\ 1 ti 1l'!.ta ad ~ch 

+ 
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In the 1n1Ual .natO!deal •11»~'1 .. ats on tn,S.~1Tlmt&l Uabe 

a aecond ·~.-wave otelllator, built en th• n~r~tela circuit. -.. 

waeit to find 1nh1bi totT uou. Row..-er. \hiw 1lltt~t~t pt'od~ a 

outp\1\ wa-..e-fortt \jt diffe~nt :tr011 that of the fb•tt o.o1}.1atot" to n­

able 1 ~ \o be uta wc~•••tul17 topthe:r w1 th the f1l't\ iftttt'Wlent, •• 

1\ wa• a'bclldon.a. Inetead two eltctrod• :P4'iN were l.t4 oft lll t~&J>all•l 

trca the outpu.t of Ut• fll'st eacillator. !h• dihdvo.tag. of th11 .,.., •• 

of oo"ur••· 1• tbat the pul•• trequ•nq ot the •tS.IIil-11 a-ppllfld a1IM:Il• 

tuftO'Ul¥ •o the 110tor an« 1Dhib1torr axon• otmld not be vo.Yie4 i-.1.~­

•ntlr in th• twe axon•· Thil alto applied to ~lee eftPlltud• aD4 4ur&t• 

loa. 

.....eh pair of •leotJ>odea had 1 '\a o•n. •srw.r.r~ ••1 kh to 

br.- the ca\ho4tr line. fftle ~ft.1"1-C\1J) atrltoh wu f6U.l)d to be -r•r-r 

ahooka, eapecia1ly wh•n ~ o .~ ur condentol' ••• eon~eote« aorott ~· 

two aecatiyt \e~nal1 of the •~itch. CCwPl t• ~lim1Da\1o~ of nll 1n­

eidenhJ. dieohart;e in \h• electrode• while swi tche4 eft Ya.s aohltne4 b7 

co'Qnectiug the ne,p;t.iT• all4 th8 poaiU•e ( •~th) lea4• t~the to -.r\h 

by m n• o-f th11 ad toh, wbioh wa& ~ d :ble pol• t wo. pod t1oa .-1 \<!h. 

! he rel..,•nt d.pal er c1r-cu1 ~ ••• c011pl e"d thr~ the two t~at.ll 

ot thi• ••itoh 1n allel \o the two el6etr0de l ead '•~tnala. 

J'tiO.I' <litter-•\ electrotl• co•'l»i.h\iona nre uae<l. On• of 

tn.ae , .. ued otUJ' fftr- ap~171DC a ••1\1017 aUanllu, th• other thrft 

were uaed tor peripberal a\1~&\ion. 



13. 

1. ~f pat? ~ted for a•na~r,y stl~atio~ con•iated t1wply a~ 

\;tO pt.ee•• o~ fairb" ttM:tt ~lat1ne wira aold•r•!l on to the Mda •t 

th~rt l•ncths ot thi n fl~si\1• pla~t1c-co~ert4 ooppe~ wir• aounted 

P*l"all•l to ••ah othar i n a littla wooden 'block (1'1~-~). !his wood• 

en bloelt waa aoun.ted on one end of a bru• :!"od .rho•• othttr end could. 

be held t1r~1r by a thumbccrew 1n .... 11 bt-afJtt 11 'tin« which tttHW.a. 

1 t, t!W thread to-, th• objaoun leu of & mtoroacap•. !hit -" 

the yerUoal moti<m ot th• rack And p1nioa ot the lllcretoope, an4 "110 

a vory SliOntll rota.tion otion abou.\ thtJ axil o:r the mlcroaao~ l•u 

tu.'be. On ot the two wiru t'orMd. \he oa\hode ud tb• other the an.ot• 

( -.rth,.so 8\111 r. all'pM"at• uode w&s ued.. •1•U.ar to th• poc.t• Jutt 

dflec:t"'1bedt thit tt5tt 1'4Mlnt.cl a the Qll ot a brua roct whiCh ,r • o~ 

t~ th• ret~rt ct~ to whioh '~ pr•~\1on was el.-~4. and ~o~cted 

\o the q.rth l-.4 which waa •old.-ed to \hll r•tort 1ttmd. 

2. '!'be Oat.no4• uata in \ll• pl"el1cna.1'7 ua.tollloal exp4triu.».te 

em atncl• li•l• ... a ••11 u-.h&,.d pl&Unua w1N hook shape4 oon­

ftl1itlttltly tor liftint: •tas;l• axe~ &.n4 ju.\ l~p enb'*&b to 11tt ~· 

whol• llllb a.....,.. !hie waa aold•rea to \b.e •llll or a whorl leftC'th ot 

tuul ted wtre. whiob. wu find. oJato a aiUt.ll le'Mr aouated in & uui.,...­

•-.J. 'b•1'i a& nbta1Md h011 a GJ'1Wtt\l de\Mtar ••t (tig. 3b ). !he 

W!1Y~ranl b vtuc holde ••• 1n turn •ountei o.u the end of ~ brao roct 

which wu olaunped onto a sell tta.nd. !b.• anode used. in theae e~­

imtmta wao a1m11 tt) that d"oribed in l a\o.-e. at1d "• mou.nttd O!l a 

'braae ~ ola~d to a Nt.,Pt • tand. 

3. The dOoM athod• ut.a 11\ the pHliainary a-.tomlcal U~>er-

1Mnt• wa• • hook electt-ode st.m1lttt" *o tba\ rteacr 1'bll4 tn 2 abM"e. 
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1. 1'11 ~ f7'i "'\ <'f l"' ~trr:od '!I \ tStJ"! f~:r ~ 1n ory 8 1 ll" t 1 " l't• 

a. .ne~~ ( t l"tb) 1 at' t ~t 1 t~ •• t ~1d.1n 
b wn<'d: n bloolc h"ld 11'\ e l e r~ l l a rh 
c t: ,thMe 1• d 
d bro~• rod ~l ~~t tn ie:roeoor ~ in obJ ctivft l&nt posit1~n 
e rl Un.a wire 'llectro"~le 

t e a thod-• l~nd 
c ruttal ~hie1d in« ro·1nd oathcdo l .u:l 
h .,l c..t1n\Uft • ir~ ho.,.k • l•ctroJ 
1 t 1 r nd \e .. l'iJll; l • c tr • 1 d 
J 1• !or 1 
~ ·m \tni" rse.l b tttr 1. 
1 scr-,w f or ~Jrt tln.r p l'4!1 "l·tr• on be.l'l 'bearin~ 
0 1 l' -bl~ck 

. 1 H • 

1C:t01JCC .., 1 M4 t·1b 
b r ~s +'1\ti c""e•i n 1nt<> 'l.nd h~Hi ~ o • ith t i'n ibs~r 
a b~a• r o4 h l ~ i~c adj~et ot; r or s11.w ~-~n~ ~Aa~ nd f rth ( t1ons 
f 1•·~~-•c.,. '" ~ .i"l'!tt.~:'lt ~tivi !tid .,..,_"' • otion 
e vir '0Cr .. 1 cn ot ~ i~ waTs Qdj<~•t"'nn.t 
t !'t.,t t l" it\& b.()l JJer !"r ccm~ 1\aor le"ts 

~ 1 er X- b l ock 
h rlltl'l.,..t O· -1:? 
i j 1 . eT' dJ ut~. nt i vi n:r "OIA4r "·• nll i Mru.rd I')'U!'l . 
t, ~nr. o'"\io~ ! ~ . c ards n~ r~~ar·s Ju~t ~nt 
k ~et 1 r1~~ h ol der for cond nsor 1 ~• 
n 'hr · a ro., ho'J .. ~ i 1,. el • ctroo I) it. oth!'!r .~ 
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~ l ead tor thh el.ctrode wu a ou\ed 6Xi a brus ~ed WhOle otbe?.' end 

wu olut d. 1n'o a brat• tittinc tol"twi!JII\ in the obj• etiye l~tt• ,.lt-

1<> o! a mtcroaoope aa in l al>cwe. 

4. t b• e~\hod.& holder ducrikd 111 2 ~o.,.. wat uatcl initially 

1n the e.Epitr1•an.ts &n rail x excit.at1ol\ allld 1nh1'bi~l<m1 but yrcn-ect ~on 

cltl!U7 in nipu..la \ion. U1i11C the aua foJ'll of At)Ck-whap~ al octro4•• 

a r a t bar cnwl• bu.t lltWet-th•l••• etti.cient ieroman1l>'tl tor el~tro4e 

holder was t horetore d..-loped. The v.rtieal otion w • «iYen b.r th• 

r k and pinion ot a tlt1cro•eopa. with brae• r01J f itted •• i n l ant. 

m \he !rea e\W of tbi• braas od wu t 1x •4 the l eea aorn . j\t "'- ant 

!or focus 1~ Gf tb.. aub-tt._. eond.sntor l a• of the i cl"o"o-oe• hts 

i Yin« a aonar da an! forward• etion ~o • ••eon4 bru~t rnd which 

cor 1-a the electrode a.nd waa a\t~he4 to tM DtOYabla portion ot ~· 

led - scr.w at!.Ju•t n\. A tid...,. octioa •u i ep l:'ted to t he ~ll~tr de 

by a eeoond 1d•ntioal l~d-eorew ~ju~t ent ~ted at r1~t &nel • to 

the f 1l"et . elarlped. w1 th a r etoJ't ola~Pp to the 1llc~t4f)pe l ena \U'be aft4 

pu.ehin(J and pu.llinc ap1~•t tM brae• rod holdina th• first leed- t o1'ft 

dJu.tMnt. ~·• f1a. • · Aa u a.noa.e the el4te\roc:t• aou.nted en \be 

uus..-l" .. l 0 8 inC .... 4t•cr1be4 ' it\ 2 abcwe ••• uaea. 

'lhe two el ectrode leadt nre conneet-.1 to t4tp&J""te · 1'0llr1-

oup ••i t ch••• wtiek 1a turn were eo ~'-' 1n parallel o the otclllator 

ou.tpu.t w.s- dula. 1a .uch a ft3 th• t i n the "~otf .. pot1t1011 ot -.ch awitcb 

tM r•lwen\ el ec\t'Qcle wu oonnec\.c:t to "earth"• while ill tu .. on,. potl\• 

1on the • l•ouocle was oOil'"M'"- to \he nep ti.-e CM\pl.lt ta'J11n&l ot the 

occill&tor. h• t l•• the eltc\rode ot tb• ew1toh that ie ••ito~ •oA" 

b.coa .. t..he oa\ iuxle, tbe other re-us. tb.e anod for \he.\ a\belu. 
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In tbia ·~ \h~ ~l ~rity of th$ \wo ~l~otroda• coul~ b• ea8ily reYeraet. 

'!'hie a•1tc-h aet~ h 11 111\!" to t. • t a"'tl,)loy• d for t he tf'o ca\hadea 

, tM th'lne l'l'"re 'tl2~!i ~·1th ~ t~birti. electrode QS ~ode in the pr • UJiti:'\a1'7 

nn~to i~; 1 expe:>i tnnts: 1t 111> ahow'l\ ~1 ati-nally i n fi~. !5. 

tnitlallt, ordiDArT thin pla.tie-c~rGd lect~ical ~ire ••• 

ueed tott eleotrtd.e leAds. .iowe?el"' tnia .-.s f(IWld \o ~ pieki n& ~ 

a~rq A. O. A""Ui tnns itUn,; it to the tlectrodo:s; tnia ~~nt, alth~ 

tnu.te. •~U•• r ab.ed nlua ot o.o,; to 0. 07 volt• , • hioh waa 

8'.1ffioient to ftXCi ~8 ti~le %(11'\11. "'hill hi 111m.1. ted 01' Uli&« 

~o~•ened r ud1o w1~• leada for the lectroae., the aereening • · ti~a 

bel.ng uaed a' the anode ( au;rth ) lea4. J.n.y Pall cur-.nt 1..n,;. 

f~nta th• 08o1lla t01" bat !lght oceur- while th• ontput CUl'J"en\ • 1 n 1 toll­

ed off WM e lia11aated 'b7 •l.rin& the aw1tcl1 10 tl-.c.t in. tM "offR posit• 

ion the two sleetr ~ leadfl " • C"'!'l'11ated to?.~ttAAr to "~thtt. 

J. fl1 ~ ls:o~tt-ic k,rmt>I"N.nh with s clt\td d..rau w u~a«Y tor all 

r1•oha.n1c 1 Y' cord.in« ot ecle reapQnl!,.. Th• reek e.M pinion oti.on of 

a rtioro:ac p•. tim to the ed~e of the b0neh, •u u el te tf!tne' the Qllo-

ph t""'ft)"dt and •e.y t r oa the reeordin« leY• points. 'ftle •tlrulua 

dur&ti.on WM a.~ keel on the •rook~ pa.par 1r1 tb. an elt~teVo-'!IAg!\ettc s1~ 

nal k r, thia b•inc eou.,.,l~ wi~h thf') et11!1Ulus raab an~ h!"eak switch 

by SJ of a dtr.t'bl• :p le Pitoh. The tilll i!ltervala w r e ked on 

1011e ot th• ittac .. w1th an electro-..-•tto U•e-ll&l'kw, «1•1n« 1nter-
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~or •ll ~•cordi~C ot li~ ~ol• conttactiont ana \h•ir re-

•Decti• • joia'\ •CJII'neau lipt tm'ZOt"Onie l..,•rt -..-" u~. '111••• 
each o~naS.et.a. ot • lou. lone nat al\t~D1n1u• rod ao•i~ about a ceJltH• 

pta ~le~m hell 1ft a U-.hape4 braeke~. A lignt helical extena1aa 

~prtm.g ... a~kotwt to this rod Tftrtleally &bCTe lt •t a T r1 :01• d1•• 

ta.noe tro• th• tuteN: OJS ou tlt.e et \he tuloNm. 'he cottC)ft thr•ad 

a ttached to til• l1tab •t-Pflll\ who•• DIOYe .. a \t .,.r• bein~ !'eoorded W&l 

\lH \c \he l ewr ract, alto a\ • Yari able d i wt nett tr~ the tul cl"WU, 

IC a t o ptll ap.illlt tM apr.S.q. $ (1(18tittat t h i t thrNcl f!lGv tm lt(1;.lM a 

light a l uu pull•7 ao •• ~fi ~ a lil)led with the dir•oUou of llC'Jn1MA~ 

ot tb• l i :tJb .. gaum\ b "'inr r eco'1"ded . l)n thiJ f':rtte end ot th• lt•ver rol 

lit;h\ dt-1nld.nc strar •at tl1~-ed and th'4t t'inly llel: 1A nlao•: 1. 

•h~rt ?01nt•4 ptec• ot celluloid ·~ clued onto th• froe •nd or tb• 

etrmr. P4 the poln\•c! ena t.\t it meltftd in a •!ltl\11 flatte i nto t. tu.l:l 

tobule. tGrml.ng a '""()\b. ni 'in« ~oiut f>f th• it h ired tltick.QAt••· See 

fig. &. 

"'h• 1".,t1oa1.1Y' \lw en•n•inn ot a. heUoal ~ril'llt ,_r unit 1-a. 

M tber~f<:>l"• th• dltt~lae.--o.t of th• re¢wt\1ft4 lsYer rrawlting fl"Oil 

t h• •xt~do!'l ot ths •J:I"i • c\eottus•• •li4btl.J> 'P~ uni t inoto•d• in 

$ rirtt lo..,.cUn! fac ~'h1n~ w• than v~r:r al'l&ht exteMi?nll of the 

~1"lng. )fowenr. thi• did a~t 4p ly toP th• &1'11'1-na uaed. !'b• 

•Fine' • .dan•i oll• and rft'Ulti~ l.v• r <lh p1a4ttldnte u· ~tb1ng 1A­

c;re .. .a wi th unit l ACr.._... in \he a.pri n« lo•dinc. 
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b )].., .... l a eo·lentot for o. b,-.~vi. o:n- wnrin~. ~'V' ">ir-~" of ~h" '! ~-GI\ 1~ 
tha r eflex el " openl M ttX~' r>i llfttants 

'~ifioa~ion l lx 
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l1~t •xt•r.s on aprin.&l wen U!ted. for the ~"•cordi~ ,_.,.ffl".,. • hw • 1.Jt 

the su'bs• tiUe<n t ex ·er111a-n~a on J'&fl• x elw O?'ffni~J«. heavi~tT tp:Pings W'fftltt 

prop~rt1o~ t•l1 ~l ~ispl~e~nt• fer tht aame load~. 

IA tn• 1nn.e'M"t.t1on exj)~ilieaM the l"ecerdln~ t.hna.d ..,., a th.eh• 

•a to t~ lt'!'t".tJr ~od f!n ~ha ••M ltd.• ot the fulet"\11!\ u th-11 wrU1q ~olat. 

eo that thtt limb ·~~t ecwtt~n~tata W$l"'e t-&«'o:rded. .. dawM.&t"d dilplao•-
in t he 

~nta &f the •riting ~oint. on th• other haad./Petles claw open1nc 

exp 1rHnt• th thread • • • attaahtlld to tbft le'Yfl'f on tn• oppot1te tid.• 

o.t th• t\tlel'UJ'l fl"~ h• n1 tin& no1n~. 10 that l i i'b .~,_11t Of'St'!\fm'!J 

were '.r'"OJ>cted a upwllri ditplruse,.nt• ~t •h• "11"1 ti n-1 point. fl£. '1 

ehows typ1eal tUaul t't"'ttn'\1 1t.!r «t••n 1 oada 011 \h• th?Mel• af tb• M• 

co1"d1n.c lw•n uaed tn botb "'* 1antl"'' tion and the retl8X olaw ~ 
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3.0 ,.C!l&lY§!~ Allq . . ,!!&liN; .t.¥W• 

-..1 llf!J!O(!p~"lQ!. 

»eto~ it waa poat1bl~ to •~1~nt wi•h ~efl•~ mo. ... uta 

1 the onel1peda, 1' •at lllentar.v \o know th• an&tol7\Y ~· the liu, 
and 1n par~icalar the axonal iDft4rYa\!on Qf lt• dittAl ~cl••· 

tf1a1"sla and hit co-wo!'ktn·• haY- "t~liah•d the ilt'lll"Ya.Uon 't•ra• 

ot th• <".lt(!l1'P'94s and " · kin l!t&l of' a "'lUJJb•r or tl)4e1e• o! ~raelq\ln, 

841 ,.all ot mtM~ou• r". . ~n.tnt1.,.. of o\he- tJOUusa 0'! ~ e~ 

and a\Ws 1 to--.t~~ Cr"l:tst~tt• ( 1tt"'l>!'f "t\M :tn1ey 195"-?, t~~t al}. lftl1• 

wo-rok aa tlo!'Je l)y 'the e l.)ntlJ11'1Wl 'Utlt of a ~ollie l, lH.a\..,io~aal al'lfl 

'OhYa1oloe1~!\l tsch:Uqu••· In nc ll)!~1H bas nn:t s 1 nl:fi~"\1 dltt•r• 

•nc• b~e~ ! oun8 be~~ the inn~atica '~er~ fo~ \~• eh~ll~• ~ 

t h t t?r '\he "'falld.~ l$~· oood7 hu •orb! ~\ \ M in: n ation 

· tt~& o! the Unlbs ~t g)i!,D ~~et••· 

In the r eaant 13Ya•t1tat1oD ~oth chali pada and alki~ 

1 • • ~ .. n tt•fMl• PbTa1olofr1~l 1nn • ti«aUone ••~"• JDOre ••UY 

o . r1C. cr.1t on the n lldna le~e. tft\e ttae ot tb• n lldq l•ta alao 

av nidee hA.-tn~ t o •Jt!H!I t o ~ n!"ab11• •aich wcml4 haYe \ .. n ntte•••al'7 

1f only choUpa~a tre1'_, \\ ea. Hen a;IIli:'l,• 'tl:o t i pl!icut 41tf'e1'ftoe 

ln. i nnPt'Y' 'UI)n T tt'!rnt tra..<J to~nd 'betwe~tn ~l,~ltpflde a n4 walk111& l ap • 

• .11nee th• l a ter trlot1ont rm r811 .;~ cl a" l"pff'l\in& }>1"1Mr11T inYol" the 

chel1r ed$• th• ~~4nt se~tion en ;~~al 1~~~nt1on will th•l"*fe~ 

I! fer te ?-h1 ch6Upt!dll unJ e" 1~ 1et"" t~~ oth~~i5e. f' th•r fliffe,.­

e~c""S b tw~en ~-ho t'lr<'> t ypfm of U~b v.il., b~ reforNd t<:t. 
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;->t-o1uo1nc th.,•e netto~. th• ~•loo- of net-..._ w~ll b• u.•ed 

thr~t. 'both 1u the ¢neliped•, for which it waa d..,.lCi 4, ia 

Pr opQ* Adductor daoty1opc4i\1c 
1\Muct~r d:;.cW,J.opodi t i• 

Carplla ~-odua\M prapod.111a 
";lflci'!lot (\~ · ;ro..,(\(11. ti.t' 

)l'el'Utl Jt..4fluotnr I'! ~ M1 'is 
Abdu ctor ~&r~Q~itia 

oee t ==v ad~~tor oal"'DO. 

l S4h1o- r~du.etol' mfJJ'op«li Ua 
b · i ptJd1 t e 

naxor 
~ztc !lCl" 

J C('I.. tl.$XOJ'" 

--

cl~ in \At~ 

GlotdftC elaw 
n ntns claw 

onar4 
aekt"a.rd 

Y'o!'1rard 

.,~, 

'vff.r'/ sli&ht ) 



~. 22 gol•t· 

It it •••a that MOh ot tht \hr•• dleW.l ••pent• ot \he 

l1abe 11 •ovecl bT two an\ pn.tatu ~Uclel •1 tuatecl ill the adjacent 

pro.:dlllal ..... nt. Bach IIWicl• bu ltl Olfl\ telldoa 01" u.-sat. aoh 

tendon oonaiata or a tbiD, aoft, but atronc, ~tllaciBGu.-llke pta'•• 
of en elonptt4 ooroid 1bape. '!be ttnd.on 1• aU.cbecl at 1ta d1aW 

eAd to \hi pro:deal td&• of a oall, 1\al"d., flat, oalcAHOtt• pla t elet 

lY1UB in the Joint ,t.,l«l the two a•pentt. 'l'h• 41t t&1 41d,ge of' \h1t 

pl at•lat, 1n Wile artle\lla\et wt ~ th• 1101'• 41etal ot th• t•o .. amtau, 

which ••~n\ 11 tbu aond b7 \he Mllaol• 111 the 110Jtl pro:d.-.1 of the 

two ••penta. 'l'!W tendoa uauallT 11•• in ~ .... plane ... th• WD4oa 

plat elet, but 1 t .._,. lit 1n a plane at Jtl&ht an«l .. to thlt, .. lat the 

0 ... of ~ opta8r and OlOtlr ICll tendODt of bo~ the ohel1~e41 and 

the n lkiJae lap. 

IJU ••ct. fib.,.•• of •aoh -.ale run dtaconal17 fro tlw1r 

or111n on the lttaldl 1n\e~n\al eurtac• ot tbe1r 11 ent t o \be1r ln• 

a•rtlart. oD the flat aut"faoe ()f the tendon. Part of tb• ecle 1nt11'U 

on on• ddt or the tendoa ana p&rt on. the other a14e. 

fbi• 18ntr.l11ed dtaer1p\1on &ppli.. to all \he DDaolea in 

'the pJ'O}N.a, caJ"')• and Zlft'\11 exe pt t he aee•••otT fl•xor Ja\laCle. !bla 

• uc:l• 1a ••rr e-.11, at1d in ao• cbel1~, lntt no' lll the walkin« lep, 

ap aHd to be a'ltsOtt ftlt1&1&1, &1 tho• in •ne oa•" thia ttaT ba" 

b•• a r•ault of J'tpMsoa Uon. It 11•• n•~ the ne~ a \ 1ta antero­

nntral upect, d. runt the l encth of ~he aena alo 14• the tl•xor. 



I' c~~1••• a ... 11 croup of loQCitudiaal ~ole t l're• at eaoh •na 
or a lcm& 'hiA t-od ... bapd t•JlCIOI\• each II'OU)) of ft.'bres 91nc •'b~t a 

q,uarur of tl\e ttnal leq\h ot the -..e1•*· tt oripna\•• p~oal-.117 

'-'' \he llttrb al'ld 1•••rta OJl \he .nt.rlor aorMP ot the tloor pla\-.let. 

'!he fO'N ad prUelllarlT the ••llMet ~f this aucle llaJcea 1t 1~­

abl• tat a co'D\nt.c\l&rl ot 1t1 f1'bt>ea woulet ho'N JdCh et t•<S\ in. n .. 1D« 

the OBJ"PU• 

'lhe e1D&l• nel"T• ot the liab, ctan71DC all the 110t0~ am ••-
1017' ts.'bnt \o aM t!'M ttt• 11a'b ••~Dta, 11•• oet.nen the two antac­

oni•Uo ..-olet in eaoh ••&Mnt, br&Mblnc ""' to \he aeol 1\Dd tn• 

t •aw-n\ hM '\hl• t1tu.\1oa. ftle aotor uoru~ to ~· Sl\11uslu ,_.,..rall)' 

b:r-.ncl\ ott tHJO th• -.i.Jl n.rv• tnmk near the Ut1oulaUoa jutt proxbial 

\o the -.ole beia« t\tppli.t, &1\d. J"u lty in \he inurtac• b41ttr .. n \he two 

Pta«on1atio JIU.ealet •"~ tho allrlan of the n•ole before 'br-an.ch1Q& to 

\» 4e~r auel• t1brH. !tntt \be .. otor tlbr•• t.o tM o~ur Llllllaole 

ot th• li11b lara11ob. a\ 1ato \hb •el• h'a the 1aul"t.o• bet.Mft \be 

o,-n•r anA olo••r ~m~cl•. no.eyer. the 11otor ax~n• to tu cloaw 

tBUol•. \C)C4t\hw wl th tlw ••nao17 tlbt-e• wh1oh 111 the ohtt111*\ l"'\1ft into 

~· 1 .a'bl• ra*l ot \he olP, lea•• the ~~ain n•"• tPOOt Yh1cl\ !"W''.t 

b•t•••n the opea~ and cloe•r ~cl••• .n4 run aore ••Dtrallt in th• 

p~ b•tw•eD '-o aeo,ioa. ot ~ cloeeP .a.ol•· the motor fibre• to 

all \he o\b•r 1at~1n.lo 11-- aQaclet branch r~ the ..tn aer.• \~ 

1a th• S.n,•ltt'aoe betwan th• two t~W~Cls• ot ~· eqMnt. 



ttOf r Yor the ~o••• ot thie th~~ \h• t~ •etteotor axoa•~ 
J"et•n to MT ..X.Ofta 1lln l"fto\1~ one er M1"tt IIUelea. •4 
tn.retore ill0lu4ea '\)otb ao\01' and 1nhi'b.1toi'J' uon.e. 

!bt etfeoto,. &XOl\ 11lM"auou ot ~ ,_.. •• JIOat dietal la• 

trinelc .-uaoles tit the cht11-pe4a PIS walld.nc lee-, uMlt ~ openft', 
t 

cloaer, e\~hw, hen •• estenaor. f llx_. ud aocnaC!'T flexOJ", n 

been atucUe4. ~1olOCJ.cal 1llYHU&at1ona of the 1'\lGotlou ot the 

etr ector axou haft• how .. ~. oal7 lteon u 011 thoat 1n'l.nau .,.. \b.t 

o Dtr, cloae?, e\Hchw, and benet~. ,...o tltodt ot t!'t\.ftiJIC \M lfteo-

or .aa in,.,ena,ibu or ~he•• tw.r maoltl Qt-• u.*l. JN.Ua1]7, \e­

tore ~1olocteal tnnaUp.Uou wtl"t 0011 nod, ~· uOJW 'ft!'e traced, 

troa \h•1r point• of 'bnnohiftC ott ' • M11l \Nnk. 'Mtb 1n'o ~e sol .. 

aad bao1t a lo:n« the nsne tro.nk. n. aHond •th<td, UH Av1nc \be 

pbttlioloeieat i aY .. ti \1 M, .,.. to trad o azOSt, after 1tt funoUea 

had , ... t~ ltf db-eo\ t\lmlatioa, trc. '" :point of aU!IIIllllJ 11l 

the ..,_. " \ht acle illntr'Yated b)" U, oUq l u nlat1oub1p ri tll 

o\hel" ettMtOI" axou. J'o'l' \be three ~~~Hol .. e lit the ~~eNa •"-17 tU 

fiNt of th••• t•o ••tito<!• h8 uaed. 

two ap Ot&Chet were ued to ,., at tu u on. wh.r• t b-r let' 

the Min n.e.rn \N'ftk and •n\e?ed th• -.ol••· OM wu to au\ opea tiM 

1a~t 1n the recioa ot tnt IIW'tao• of attach •nt ot 01S• ot the two 

n•~ .upplT to the other ~acle 1ntuot on ita ~c,.a tact. !he ot~ 

wae to out opea \U 1nUCW~ttn\ 1~ tu r•Cion ot the 1n,erta.ce or the ttro 
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au.aol•• • and th.•n c.uef'11llT to di1sect ...,. or J\ttt moY• u ide li*M• 

ot the wo aacl•• t o •xpoet tbt urn -1\lPPlT to both or the llftlttOlea. 

~n. 4t••eet1on wac do~ under ••t•r &w Ph1*1olo~cal ••llne 

solution. UttlqltM blue was uaed to t• c111 t ate t.raeln& \u eotor 

aun~. tfh• tSapl • •t and •' •at1tfacte>J7 ,..., &t &T>t>l71btl tu M tl\T-

leat blue waa wl \b. ,. •all micropipett• ti tt44 •1 th a f'tlb'Mr ~Uoa 

bulb on o- tm. A f'iltv•d n tura \ecl •olutioA 1n ftttr ot •th71tM 

blue wu cen.,l;r plgettM. on 'o the -por\1M ot t he a•rv• :tt\rea "inc 

411Stc\td. 1'h1• WU all• td to l"s-ift ffft' a ftttr IN~ an4 'ihta 

wa•h"d awa,y w1 th watn t?aa an-c\huo mtcr~1p•tt,•. !be heat tr011 til• 

41•••c~1GC lcl'ap , ltT raJ.tlllC \he topera.w• td the •oluUoa, l"e.iuc«l 

~· •Wll to 1 ta c1tOlftrle11 l.uooba.tt rl\bin 5 to 1~ mtnut• , 10 that 

th• proc:ellve bad to be Hp4tat.a q~U\a fl'•~~ta\17· 1fith a little 

pracUo• th1a •tbod aoo.l4 pYo4llA qult• a el•a.n 4.1ff tr•Atia ti a \etw.a 

nerve tiblt and ~ole f ibre, ~\h~ fine blQod .-••1•• ••r• ofttD 

d1ftf.~lt \o d.1s t1ncoiah tr• uwtw axon• 17inc alanpida thn. 

!he whole une trunk in \h• li•'b 1• b at a.-. 1l1 \he •erua 

when the \hree ~m~~clea 1u ~ M l"\11 hafl bte'Q. r•IJlovtA, lu•Ying tht Ael"'Q 

tree in tlu• mi dd.l• ot th• •ru• 'lhe 11311• llaia 'blood. vJt•••l of the 

U..• b liat aloap1dt the n•rv• on 1 t• poat~J.Jf'O'\l"al 61}Met, uull.y 

cloe&l.T att&oh84 to \he un-e lay thin o~eoU't't Uuue. l\ ~tn• ott 

~t"OWI uall 'b!'all.,h$a to th• fle•el' ..a Ut.ntOI" liUCl .. aftll to the 

aerft. lfM 'blood n ttel a :r be ~\«\ tro. th.a a~zon by !"efull7 

Rttl~ tb• Pall 'bl"a!\Qh•• to tha nenoe an4 the cormecth·• tiffte.. ~ 

nene 1taelt le COYV~ by ,a ft't7 thitt •MtJtb, which. can\$ • pllt ~· 
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w1 th a tha?]) nftedle and l!"eiiiiOTecl fro. the n ~.. 'the a.ne 11 theft 

•••n 'o 'be ce~~~Md or JmMrout lnlndlAt or Y~ITiuc 41 .... t.r• ana Jllallll)en 

ot !1\rtt. !bl 1 ~ -.Jor1t7 art ••n•~ tib~• b~l••· 

h• tt'f tc\ol' axoJ\1• .. eeo 11\ the fr•u u.t iud oon41 \1oa. 

could• with tOII.t ex.perle!le•. b• c11tt1JICtllth44 trma the •• .. orr tl\1"• 

al'¥1 t-rC1/IA tht •-all ttntOJ7 f ibn bUD4lea 'by tuil' bein« ao:r• \!".nirpa!' ... 

ent than \bA unallr alaot\ OJ*tU white aeu•OJT fi'bret anA ••11 l>QillCI .. 

&M b7 tAt1r 'btin« larG11' ta dlameW tl:wl the SeAtoJ7 f1b..-.a. e 

tf:feotor uo.u ••~' in a •ucl• \utldlt. but wue 'UIU4i'll)' we 01' 

1 .. • a.vrept-.d to&-ther A-.r that tu1'face of the nerve wh1ob 11" a ­

pint\ ~ blf)f'W1 vuw~. lfonallT tb.l,- oc.pn•ed tb.JtH bundl• ot 

azou. A,lS aM. c. lNUle .a. lwi1D.C \h?ee uona (poH 1 .. ~) . buml• 

alto ~nns tbl'tt u0111 (u:flna 4-6 >. P4 buftdle o ha'1!l& only \Yo 

.son~~ (uon• 7..U). SOMt1•• ••11 .-.or, lN.ml•• ot t1ail.a1" 41a• 

at•l' to the •·1ncl• taoto.r &&OM were 1uludecl in \heae aoior azon hndl ... 

the relat1Ye dia~t.r1 e~ the 41f!ereat effto'o~ axone wtre n~llr 

&ppl"Oai!lVl\tlT tht .... in d1ftet".n\ l111ltt. lJ\lndl• 0 h.a Olle l AJ'p 

axo!t (axo~ 7) an«. 01llt Aall u-on (uoa 8); twc ot 'h• asou of \mni.'ll• 

~ (axou 5 u4 4) ._.. ot alt~d the .... dia.•t•n sa .xoa '1 act 8 

rup<teliftlT a-' tit• 'hir4 axon (uon 4) wu ••IT web. thiM•l'J '" 

\brte no•• ot buad.l• A were all abcnt the a.-e i t.a tel', 1l\,erae41at• 

betweea ih• t1ro axona of b\.U\dle c. thoqh aXOA l wu S'lle:rallT •li&htl7 

thiobr thaJl •SOM 2 aa4 3. 

When ,... etfec\or axou wert traced to their r•tp4cti" 

muaol"• 1t wav fcawt4 tha\ \he two &XOI'l• {7 aJ1d 8) ot ~cUe 0 1lm•~­

••W4 the elMer mecle. \he tlrr• uon• ( f:.-4) of bt1Qt\1• J lauerY&\414 



\M \hd.&r ewscle, and ot 'butld~ A &'Uft 1 1~ate4 the op•nw, uoa 

2 th• ••r•chu aJK\ uoa 3 bft!IOh.t ~o 1nn.trraw tM aweehlt> ltetore 

ao1nc oa. to ia:lenat• ~· •ur u •el l . Oooulollall7 •~Mm .,.., MH 
wu iakea 1 t wu pOidbla to '\IJao• • ora.n.eh of th• nt"' ~n pon 4 to 

eech c-t th.••• fo1tr .uol••• l i& 8 {A anA 0) •--"1"•• 11l u..., ... 
.. uo ton, ~••• o"Q•rYa Ua.ea. 

It wae u.ully no\ d1f!t.eult \o trao• th .. • tronpa f4 qomt, 

1=-Pl th• nJ7 thia OM, u tar .. a.M. jut\ d.iatal to tlle J)Olntll at 

1fh1ch thst 'brt.nched ott ~~- tht Jlldn n•n• truu. Al.Mttt 11\ftria~~ 

tu .-.. t.Dn•l'Yat1DC ~particular -.ole 1"' tU .S.n HrY• Vlmk to­

ca~htr aa a c•pao' CJ"'"P• fl'•'l"•n\lT they cwld k U.Otd tu:rthV 

41akl.l11 .-4 'bl tMll ~ftC t~·thal' tairb' o•pl7 1Ato tM .uaela• 

tU\4 bJ'UOb1n& to,.\h•r at 1~•1'\lal" in\.rotua. rthq wre aot aow...r 

\noecl to tha17 finU' ttu1tiu.\1ou and u41~ on \hi IIM.Oll fibrea. 

Alte.-thel' ~"'S'l•ulJ' a;. •ll peda Q4 40 nn!JJC 1• 

"" ue4 l~t a•~a1n1nc .U uoa 1~l'YaUou of ta. ftA~.r aoat diatal 

--~l•a of the lt.N. Ot tb.td1 tlle UOJliJ W81'1 tn.H4 li'Oa ~ .. J'U 

at"• 1tola.t1oa \1' attll\ll.•Uoa J.n 17 clwlipech aDd 1n a2 walkiq 1•,.1 

la the oth•r lialHI th9 uou "~'• t1"00e4 lt7 d~eec,lo& oJllr. Ia onl7 

5 chel1pe4a .na. 4 walklq l•.P ••re 11 th$ .-lla of th••• fcur -.cl•• 

tr oed \o tlw1.f' HqfiOth .. 1&1.101••• la -.hot tJlfl othw llall• o» or 

t'lOJ"• U4M w.ra 'tt-.C~• 

lll apiJNxi•••IY 40 a44i Uoaal obeUpedt arw.t 10 .au t10lla.l 

walkitJC le&~, •h.Uh , • .,.. ltt~lq ~•t4 1n tlM ~lolopoal iftYl:'ft\ioa 

e.-1ma11t•. \u po.lt1o11 61ld clit\J"ilnlUoa in" b\Wllft 1ft \he •eru 

ot all the 110\fll" uo.u of thea• t'cv lllhOlea 1tU tto\ed, •1 \1\w' 



a . b a ,-·~ sho.-r11\ th e· .,.sott')r Xf)n i"l"l9 t1F' ttl <-:f th~ ui :x: 11 
~i!llt. 1 'l\'\'!1'!1 'l!J of t ot '"'hAU,-..1 ~1"' c,_lid'\ ~ 1 '\~. 
""h ~ r~1At1ve '"hielm•o~ of t h a!'f')(ltnr x~·::a 1'1 n !"'1nl 1i ib 
arrt P\~rexi~~atelv as no~:1. 

o d<ltted lin in Jl r et>""a»el'\t• 1 .x.on which wt.c f O'llnd. in l'lll" 
~hroa ?Itt e! .-i x H. 11 .... 

o "'b "l""""'l ~n~tn-t ~~" r l·· tiv., 'l")t')"li+. i oo!'l o'~" ";h't nt" .... '!! .. + '1!" "l.XOns in 
~h~ J"' \e . t..n fo-:.md i n nol'!:1 1 l1 ~ f'te r fl ial&""'C t1n,c mt t b~ 
fle xor •"'1 ux t n'!ot' "'11 •tel !la ...,h.,.. :r~l~th' J th1Cknft S"'W r.t' th~ 
o""f8ator XO!'t'e n.r a-p cr~H~ tely a• shown~ but uah allo7 
"'B I! ~~t;" rod >tHh t"l f}thn~ t~ tl"'l.tct.·;uo.,s sb01'r~. 

1" • i nJI" o-r eh li '"' pl" ,. • .ti on a •1 elf i '1 eet.,,..::ti 1i , · 
\n(! 0f .,at or · . "l<'~!\ of ~he lit~ • 

a '"''ll"~ t 1't'll!.c'h ~nturt;tl 1\tt)t~v t ~ ':'! ;", ..,,..., : t h li~'b • s 
u~~n.y ,.., r ~ t thia ·-r.t1tr~~J for the ty~Jil ,r ·'lr .,~t-~U(')n st~'lwn 

b t>ll'l""~ on p l f t"'• l'fbich &l"tic:ula tao on t h • c nt- .., . ·: · ~.o~ on yrl ioh 
t1oulr t a t e fl~xo~ t~ ~on 

cl ~t•ro-d~ra•l eu+. ~ of n .rue 
c-2 ~oatero- ntral cu t ~~ of ilt 
d. ,.. .. od. 

oa~.h..,:!. 

f eurf e 8 of th~ • Unct b ne:.>~h tha t\XOn 

~ c~tton tb~a -~ in pl 9 !n~ r~cordtn ~1otin 
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.ubt•cn•ntly t~acin~ t~•• tb th•ir r•.-p~ct1Te ~claa. In a further 

80 or •o oh•l1pe4t, utd 1n the r.tlex claw opet.q et:per1aenu, the 

arranp•nt of the th!'H ueu to -\hit apenn- and •'ncher ~cl•• 1n 

Appt'exibtely 5fiJ of all the ehelipedt and '0% ot •11 tht 

walldn& lep ~···ucatecl tho"~ the abOYt-d•acr1be4 &hto.t.ctl. re­

latlozw of the u:ona 11l.~~n-ata& tht tor!fl. distal Ueb nu..el••· 'Jasen ... 

e~at.d chelipeda could U#Ual17 be tiat~ahed at • glaaee by th• 

preaeue o.f a tli&bt Goal' 111 ~· baB1-iachS.opodite at the polnt t)t 

nawrel au.totoii!T of the liab, and. aocet1ee, :tn the cu• c! a ri,aht 

erutlip8d1 by ita ~ein& all&lle~ than the U4ull? saller left oheli~4. 

and in the cue of the. cheliped h&vin& been re,gen•rattcl rslat1••17 
the 

late in/lite of the ani.tJal1: 'b7 1 ta altnot"11All7 a11all stae. 

Ill r-cen•re.ted lia'ba \he dt.atribuUon of the eff8Ctor uona 

in the nerve almoet 1nY&rial>J7 d1ffarea tc •o• exttnt trca the nol11tll 

c ond1 Ucn d"cl"ibR abeT•· A dif!'trenee oecurrin& iu at least 1 ot 

re~n•ra.~ 11abe wu \be displ aeemmt ct bW'ldle A, ot effector axone 

to the DP•Mr and atrecher ~cl••• • o thet 1 t lq in cloee contact 

w1 th the 'blood ••••l eJ.oncs ide the nene. e1 the .. an the HJ~e •ide of 

~he blood ve•t•l aw the res\ of the ne~ or l~s• frequently c~ the 

opp~ite eid• f'Jf th.e 'bloOd T•e~;el t.nd. oomplet•11' •~puv.tad frOIIl the 

l' .. t ot th• n"rve.. £uch d ilpla<hJ111tn1t ot 'b'l\Mle • occu.t"ed eyen 1D 

limbs which •howed no othtU" sign o! being H£1l~Wl"ated than. a very 

alif)l.t s;~.ar a t the po1nt of autot~T· ln. about l~ of regoJtel'tAted 

lllaba ~t-11 tb.s eff&o,or axon ltWidlP, • lthC\llh nor.l u thtWUJel•••• 



:¥'1. 

wen cllaptaotd at ~- '• YW.ri.eu p.anw ,r. the aene, ana weJOe C<"'n­

~eqUfl\11 .,.~ dittiCNlt to tiM... In a\ leu' ':'JrJ/ ot r• •ra~tM. 

l11D.bt the dii,JI'i~Uon of at: otoJ!' 1\UU into 'b\Uldl .. cU.tfsr.a. i'rca the 

non. a i'req\M».t tliff•Ntno• bet~ ihtt p.,...aenoe of the Y~lT th111 uon (4) 

1n \11• elM•r u• budl• (C) 1-awad. t:Jf i3 tba lttmdel" axon 'bwld.le (10; 

1n o\be~ e«ael a~a. 1-3, 'o t~ ~n•~ and atr•oher Mttol'•• wert foUftt 

1nlliY14ll&ll:r ol' ~ r.-olll~ a'80ftl'•' •~• o~ " ~tn:w- ozoruJ. Vf1f7 

&tt•a in .... l:t~at• liab• efteo~or ~'*• •v• 'ln\t.a~•J¥ 'inolu:iecl 1A 

e-...ll aeuo17 uco b\t.Dtll••· 

s o fu- ~ •f'fec,o~t axon 1M :n-."ilons ttt ~1,- tu opetle', 

clo.ell'. e\r•h•r and ~•M.•r -..ol .. ha•• been. daAlt wi\11. Fa12'17 

lerce ft\Ulb~Jr• ot li•b• nn u ed. t.u \•r"'linlnc the inul"Ta\i~ne ot 

ttt••• .-ol••· latt••'lV t• UU. ••" u~ l1t deWni!'tlnc thiJ 

aft.ct.OJ" uoa lAM1"'t'a\10.U ot tU \brtM _.cl~• •ltutM. in ths a.wa, 

nuaal.T \b4t •xt•na.-. fl.eX:M' aJ:Ut eca .. t oJT t lex()P. o ·~· '­

••r• *A• •o 1tolA\t \lsaae axona lWlC,lont.lly. 

ltMrft'eP ~ &ltOM 1Jm•l"ft\1 9\C • nteMO~ fl.ezop a.fHl 

f\Cl}ftSIJory 'fl&XOI' Wet"4l \FUI41 •taJ>tla& fo!'lll the pot.!\t!J &t mioh \bfJ' 

l•tt the •l'ft MWt t~mk an4 ~"NOll\1 thtm trM ~...en tn b~tll a 1l"tc'• 

i()M• ta t!lx o\tt •t.t ext•ntor axon dlessotigu• two axo~ae ot a11t11-

di alll8t.!"• 'o \he tMo S.J.Wt!"'n.tlac the clots!" w •el• 1~taf tM ex• 

'•na ,.. I st tbl'ee ot~.t ot aiz llda • 'h11"d uon wu to~ lanen-o.Usac 

~h1t -.ole, l)ut •' 1P'.m:n1~ tn elo•• 4otltAat •1\h 'b• otMr •o uou 

tt} tt. 1' ••aatll! l.'t'e"&ule t hA' thft. '}')He~e or th1~ thi:rtl amll wu 

\M nttl ;t 4 ont!it1on., • it at>Uld Y4ttt ec.ailT ba'fe 'b••n J:t'ttll.a oa\ 



as. 

t M aooet!I0'7' !laxot" rm19cl• fO".md. ~lth~ it wns Mt qst.-nati-cal~ 

look$d for. Iu t'haf•• three inatan~s, ozl17 cnt.t axon wat found 'o iA­

u•:rvat• i'· rrhie one axon div1dltd ill\.o three d1s\1Mt br ehe• 'bef'O!'• 

r$aChli!g t.htt mutt"1e. rhiJSt thr~a 'br-.."lcll"~ • ter'ld th~ pro.rl-.1 pol"\• 

illn Gf tb,; •aU.t\ll• onl.1. at abo\lt e(Ual di•trsne•s tr011 aaeb other and 

YaH on o£ the ditte.l por\ion &t thit lUScl• w.- f'oUl'lli, a lthough tlw two 

portions o!" the 'l!!ll.tJfcle ~&al"~ to bat intir•lJ' distinct, 'be1ng joinea 

only by the thin rod-$~ped t enBon. Pig. 9\ s~~ar1••• di acrammatic• 

&d, , nd. '\h.e!n still'lllnted. in6i\~idua1~7 .and ln. pairs t o dbnOT81' the etteet• 

~f ~itCh atht11lation at1 ~ one or- ~tortt ~r th• toW" w•el •• in the carpwa 



\l1JW)l17 only (l1!ft;r~tnM b•i that the aoto'J!' u.on• in thJ~t ~'*&•nn-­

~t•d li b ~· ditpl.ced to ~ gr~ater &r l$aae~ ext•nt ~ th•1r 

nol"lli&:l ,o.t tiona. f£ ia baa be•n en~la1Md: 1R Mct1en ~.l. How-.1' 

ther.'e ar• cacaa1(t.(W.ll1' 1\u~tional 'ftr.iati.oas t.r()ll \'M nom, ~ •oe~~~ 

of t~ese wtll be 4r~l' w1~ in ••otiou ~.5. 

'l'h• 11 , ei ;her ohelil)Hid. Gr wo.lldnc 1•<• .. ,.. ti:rat •••wri 
rroa tll~ liM ant.r..l bT autUn& tht"G\I&h ~& 1Mht.o-ba a1J>¢dl\tt a.t ttw 

.. -1~• ' whioh \~ 6\ltot-,_, '\ak•a -place lt'h&n th• H.:ab ! .& .1n.1-und 

r'tu.:ri th• lite Gf' thft nu..l.. 'thia WAe doM •ith n ein.(l~ el•~ ou\, 

ae.1 p4ltir of pli•r-'\J'H Mil oli ~N, thua •1J'lim1at~ t.~4l 1~1Ul? \o 

\tui ·nl M ;htl autil1'tt01\Y mom~ .-oon fo!'a.d ev~.r th& "'r'OX.tlftal cut 

!lid. • .... rea l1nb ._.. thftn •• h41d und.('Jr t.e.p. artd the t!aeh'l'.la 

lad oneh and cU.01~4&4 to out h'o tb 11ab a \ th4t cut •J:Mt as 

tch t68 p~sai.bl• ot t~_, hl«Xl in t l!.~ttb. 

!bAt oen\J'!Sl 1='0J"tion r4 the !Ult&r(t-ve tr..U. •.xo•nt•tfll sn2.t'fue 

of tb.8 •~ o~ th• olutli.~d -.., th n oat out wi tb. th11 nail .,li"JJ n 

end tteia,:~e. ~ le:Jtor ff\lltel.• wu l"of}.lltOTed. by t't-eeiu~ t t ~r~ ~• 

tthol• o~ 1 t d oxteneive earta~e t:1t ~i&Cin 1ntHe th• ~ r.n.d ou:t:U 

'tllr~ tM \tttt\oo a t ite r.rtie"~:;lutinn tr1.th thlJ t endon i'l~te1 t. !M 

n~,...,. littc 1a •C. t • lY b ·n~ath th1tt t•ndnn ~lat8lttt and 'b~e&th th• 

fl r ;ole 1 t •411lf; t1'1Ui tttia tttly 'bMSath the llWY• ll~• the 0X• 

teoao:o cl.o. lfh14 lBtt•r ~cltt na ~~u r~~ 'by h 1tAC ito 

a~tl\4• ot or1cia !roa ~ inaer tvfa.e• of tht tft•Na And cm\Una 



80. 

lbr~ i~ artleulatiott bctwter. \ha tando~ an4 tt~~ pl a\•let. 

!a\tl Ja.en•. w p\b!I.J" wi~h ;n.. blt)¢C! ;;ma&el 171!'18. alo~1~. wo.u now 

fr.• .-i thin tbe JIStlM'UI. tu li~b •aa t.btln cl 'fM w1 th • tlm'~Jib•c=ttw 

t.~ nthb4W ttllbing clurp. &OJ"o•• tb• e up-..J.I and d11tA1 AM of ~· JW41'\11 

•() u to r~nt rarr ov :lent o.t the Ml"\a-c:~ut J 1ut. Tha thw • 

ecr• af ihi• elup •t.• thtu ••(m.!'ed 1:a the Jan of r tort clu!p • .,g 

tn• l~tt•~ el~ onto a ~et~t at~ 1a aUeh ~ w ~ .e t c kold tb• Open• 

e\\ wrf&~ of the .. rut facing upwarda. 

tu p~1o1cg1cal • a.lln.e eol11tio11 t n ~ a 

fh* U. ib 'HJI ._1'1'1"\ 1 •~"•e 1n 

1 1~1 ~ gl.""• 41•h It\ that 

th• •• u.u jut ~<rr~1'11d tu expcsta ae~\1 ou ot the Mt'Te 111 the Hl'\U. 

'!he nef'Y• 1ra1 now r eady to b~o. ITrli\ under tl' • 1>1~ mtlt:U" ~1"-<'IGOJ)e i atto 

t te o~n•at lnudlQ an4 a..a:oM. 

Yll"'et tho 'blaoa n•••l 11\ ~ u ru waa '~~l*J"a\~ trOll the 

ll•ne ail desc1'1\e4 tn section !S-3. ana en\ 0\\t ws4 reliOTed. fhe thbl 

ab. th cGftl'i"C th• t\•'I'H, 1t it W not s lre&lty been split ~1>"1'1• ••• 

.,. •ol1 t o~ u4 rat01red t r u rtfto• s•aey. en. u.lq ttl• flM 

ento~l ... eal pln ft .. ales 4e•e~ibld 1• ueet1on ~. az. ~h~ ~• ... •plit 

into 1\1 ooo.spouat l>utldle•· .hi• • 1 done b7 1nst7"t1n tb.• 218 cUe 

~1 t b•t• ••ll the b\\Ml-9• ~ pntb' pulli~ 1t ato~ ~1r l•ncth 1a 

t l'w trW~· 

Aft.•~ ~11 tiiq ott e..alt b'W1d.l.e f'-1' the reat of the nerve 

\h• bttndl e wae t.estw.ct f(ff' the p&senee f)! ~'Cl" a.xons, by aUnul U~ 

1 t. 'to do tM.• the b\llldle •c.t l.1ttel! on tho h'ldt or t)\.e c . thode 

• lee t rod• p d. ro:1•$1!. just •. ,ov~ \he aurtac• of the aal1ne •ol~tion. 

'.:'be liqttid film "~••~ th• nen-e b\1n41tt 1\if. tlu~ t u.rfaca at ,.._ 



21. 

•ol tion wa. 'broou by to'tlchin i~ 1th n. •~11 oin.telf p 18 C!& of 

blot\iQ& papez- h~tlcl 111 the •nd of flrlnking ttJt&Jr. '!'h& . ~oas 

le~tro~e ••• int~rtea i nt o th• fluid 1n the ~~rua. 

\r t ee tht« ••t-up. 
ig. 9 ilhta-

A ugaU.,..-soi ng aqtlare-'l'a•e .rfrpCit1\1Ye..,ul • tti-ml~ fr~ 

the oao111 tor cJh0ribed in ccction a.4a. ot Mplittld• 0.1 - r;.o Yoltt, 

rre~~·nc.r 40 - 1 o.p • • • ahd pulte durati~n n. ~ - 1. 5 ~11 i ~ooa!•, 

• • t'lttn f\ppl18d to the nene bundl on U-• t:att-.ode. tTs l y tht 

)')Ul ae f'X'equ.enc;r ••• el>' ooaaknt at f'>D e.J>.a. d ih.e l'JUl•• duration 

r t 1. 0 , u.e•. • ~ the l)illle 11 tUde Tari -,d• i f n~c .. ar.r. on eaoh 

2. Y<>l te. tb•ae Tal u.s al~ o-st 1nv~.rlabl.v b• in& 

ole rea")o:>nae if th•~ wel"e 1'\a,' ~otnr a&ane S.n 

the bunfl!s baing •t1I~U.la\3d.. lf no Uilol 't'eaponue wna ob .. "\inM thia 

llundle waa l,..r~ in;o \M o 1 t!.on a&B11\ t\l'\d nothu b~dle w \ri.a. 

~ n-rYe bundle, at1~la\1on of 9h1ch -.~ ~ eo ~o&l ~•Ol8 r•­

aPOMtt or reai)OnHa . u in 1oated oyo t·le ~ov . nt (•) ot the joint <•>, 
••• al"lult! by 11 "\vine 1 t. u n8at' tc. the ~t «t of the li•b 

til ll the nerve bua4l 1 had b•en t~sted ia th1t •au) ~d 

the;1' prec\utftd N'l,V 111\\Sole NII"J)OIUie-

ked lf 

UB\1.'1 1!1 t~ ~ nol"Jial. ~ au ra\•d 11~ wh1.oh " llt!tdbatt• 

1nAl wpo11 •• fro. all f~ diw\al .uwol•• \he bundl es whi~ ~ 

b_,en ~ o~"Pr1•" th.rea T8'f'T Sl!all lmJldl•• of Nla Uv•}1' \hick 

nn<l. nl"\O"t\ t~n•)')O!"&ut axt>nt. !he f1:r-s\ of thue 'b·:m!f.l f'c cml})rbn 

thl'""e thio:lt ax_,lle of a1• 1l.ar di a.JMtere: the teoo~ e~ r1a•s twa 



onl,y. 

~ ( Jt 'na 4-S). lWi a {a;.{an 1-8), r•u-y-~oti,Tol,J', deeaorib&d ill teet! l'l 

3. ;} I n ~dit1of.1 ~, thea• •i&h~ AXnns tn t•• _,.. 3\i'l.l b• on• or wo 

b· laa of •~naory- aso·nt- a~\ta4~ •o vtl ol" two ~ tlu Gff•otM- aua 

b~.ln""l~ih 1'h8y ~ u ,7.$.:.17 'bs 11a tiils;;uishe4. '!? t he aff~tor ona 

1 ~ J. ZOlit.apon " tf\l "be ebtain~ only 1.7"('114 tiw ~l<'aol" f!tnd*J' IIUOl•• • 

l !h~j>. i\i l '\h• laOn buruil·¥ roT vo 'been O! ... r i\Uly \(;s'\fta. 'l'h1• 

, .y btt ~ocuuao sUialt.._n.~"'u. f! t1 . a t.1Q I:J'f motGI' u.d ifth1'b!tol"7 u:ona 

ct~nt.t\'t C~penar ~W.d elo~el" ~wo ra&po~41•• !n \hia oaae retpalll$t 

f'l" U;. ,.. ~ utuacl e• '-'! 'b t:bt· i~e<i on~ on a UJIItl~tiC"> ot the ,. .. 

1~' nt :wn. c~ t~tly. 

~e•• •tf•ctf'lt a: M 'lnt · 1 .,.1 w :re then apl it in a •1•11•1' 

....... :r tnt.,., thei,. C\ , , u at •o~•· aob ax • • tll n t •ted as \M 

na • .,.. 

11tot~ uon~. ll ::1 • h1o MN.iol ~• tn• otor a:&.ont i tUtOI"ftte6 . Hovrw.r, 

mtoh eb i•r ctt.:t"a 1m! 114l ~ b r ' • a the s i nc1 e .u: "'ThJ r• •xtrs 17 

"·"licato. thtr ~ 1 i.~ t :~ ~ r tr 1\- nt bei~g t'U' k i oj.•nt '\o ·~11" -ttut 

nxon eo too' no 1\lrtht!r r eapoM., cut.1.l~ 'ba ~liei litcl hom t.h~ olt\ 

~1nutllta 07' •o of sU ula'Uon of .. , r.xoo. ln one • Qt. th~ u~n ~' 1-

lf i~..oti~ vi ~~.-.me ])6:'' n~ .tly "tl~1' tc: furt-her at:.~ulaUon a\ 

t ht t J in~ or nt t!llY other po1n~ neurcr th4 cu~ nt.-4 of the 1111\. In 

othm· ordl. n per•,~a.uont ''blexilt•~ .hcltl been ron·~i t th• :JiOi.n\ of 



.,.. l tt u.nd i atwo'bed ror an h0\11" or Ol"e i n the uhyeiolo~cal saline. 

1'rtt.:tu.tnC1 of !SO o. p. • · rid a pillet du~a:Uou ot o. 5 ma~. Yaa mftic1an\ 

to elicit A reaponae tra. the ~cl • 

St1wlaUou ot axon 1 of bundl e A, • hlch c~ntains three u ona 
\. 

all o£ about the di tar, cau••• a1 lltaneou• epenin« or the 

dactytopodit& and •treen1~ ot the prnpu~. 1o ~••pon•• f r o. ant 

ele i a obtained up&n • t1w.h.tion • r a tely of either of &M)U a or 

~ of thil b\tndle. ut1J!.Nlo.tio 1 • par .. tely of aneh. ot the t • o axona 

7 an4 9 ot bundl• 0 c uee aloalng o'f the d otrlutt. lfownax- the re­

s nae t o aU.w l ation or the thicnr xo11 (7) i a oona1der&'b17 f as t el" 

t tbe rea':lQ:nte to •t1tmll&tton o"f th thinner UM:t (g ) , pd the 

st1MU1\la of lone d'dl"'.Uon. In the • .,... •,q, • ti latlon fJf th thtcJr-

e• t ot· th• tht-ee uo11t ( u on 5 ) of bundle lt cauae• fuat b lld in« of the 

ropu, and at1mu.l aU<m of' \he t'dt dl•-ai s«! axon (I) MUCh •1~ bend-

\elY of the .,. ry t h1n nxon ( 4 , of t hia lnwll• 

_.ok~• no r~pon .. from any of the f~4r dist al ~clet. 

Cleo~lT \h~e fi~• &xont, 1,5, 6, 7, and S which o11c1t con-



34. 

~.43 lnhi bi Uoa. 

!hat \ba r• inlng th-ree axou ca.r-e inh1b1 tory Yfll ahon by 

s\1 latin aaOh one or the s~taneoutl7 with eaeb of the f1ye 

otc!" uona. "1'01' thia })\U'POI I wo oatbodea 1ft tb. a coaM &nocte weroe 

ue4, at t1 eac.,.1bed 1n aecUona a . 432 and 4. 4!.~. 'rhe e-xcitor axon be-

1ft& \ ated waa tirat lifted O\lt or tb• eolut1on en one ea \hode, ~ 

then th u.on to be t estM tor 1nh1bi t1on wu lifted Cltlt on the o-ther 

cathode. 

t1on w • used for ~oth xcn.tJ, 

1.0 "C• 

!he t:~otor wcon waa !irat atiC"Nl ated lone to t ot wlwtheJO 1 t 

cl• wtre at1ll " oneiYe. 'tbert th• two axona ••~• ttiltnllat-

ed 11 ltaneoualy. lt the mu.ole tti11 na. ded in th ._. wq, 

eUhe~ \he non-s• i t t027 axon na not ~· inhl'bitor axon tot- the Mtttole 

being teca\ed, or thle axon waa t or 1"1]3' or pft ntly ltdltadlt t \hi 

point ot tti ~lua or ~ia\olly to tbi t ~1nt. The possibility o! the 

axon baing ttdead., eruld utUlly 'be el1l')i'\ t ed 'by oviM \hi <".athodtt 

not'8 d1sta111' on the axon at All p()1nta &n. tb.tt u: n which a'UJ)ellt-sd in 

ny vtay d&l:ll~d.. tt . on the other hnnd, the 1'1\lscl_, nanons• em atl8Ul-

taneous t\1~1~t1on of the two axon. was a1sn1f1cantlr lesa ~n the re­

e:pomte to ati m1l.•Uon ot 1h• tl\Otol' &X"On alone, ol" w s :baent al tc.tb.er, 

t ne axon b "Ji fl& t ti)Dtod. t or inbibi ti on u an il'lhibi tor to'f' th.4t "'U• ele 

under ob•en ation. 



JUrther H, 1! th11 inhi'bi \or UOl'l wu atiwl~ted tor a abort ~rtod 

durin« a lon& otor axon 1t1 \llua, p!U'tial or eo:®lete auppruaion ot 

thAt contraction HC\lred fo't the dm- tion or the 1nh1b1to~ tti tlua, 

the 1nhlbitor1' ttilltllllt. 

In thil wq 1 t • • f ound thb.\ a\1 lati<ll of axm 2 Q6Utee 

inhiblti~n or an ooen.r ael8 contraction eToked b7 •~ltAn~ou• 

aU111.1l a tion of utll'l 1, but d .,, not eauae 1:nhib1 tion ot tt.n:r other !Nacle . 
51 l al"l.y• tti l e.tion ot on 3 toaetb.er with azon 1 

o wa 1 1?\hlbi Uon of' the atr cher lll\18cls oontracttcm. .J.nd f1nal17, 

a t1e tla t1on ot l:lxon 4, the ••rr thin u on which i~ ~!"ftttt all too.r 

1etal U nb acl, a , d ea 11'1 t ao\ il'\h1b1t oont1'aetiona of •ach of th• 

tou~ t el• • b7 t\1~at1on ot each of thf ti•• aotor axaftl in~ervn\1 

~e • :t0"18YI~ th• 1nh1b1Uon or W 1)PJ."•tli0Yl ot Cf>!\trc&Oti !\• by • till-

lation of 1nhi'bi\o2" on 4 ia aeldo'lt • ooapl -k/u with inhibit ,. 

axon• 2 or ~. and ia ao t11Ns Ytt'ey' sli t nr ft'Cl ne&li cibl• · S.a 

will bit cone i dered. l ater. 

'!hue a.xoft l. 1• a cotor axon o 'lOll to both the oponer aDd the 

atr•cher ~elea, and i s ~· only moto~ axon t~ t~••• tselea. xoa 

er i tlbi b1to,.. axed tor: 

J:on 4 i s an inb1'b1 to~ e .uon to all f our or 

ti\ • • 7!J\lstCl8s • the 41c . on. 1fth1b1 to,..... tthifl 111nn61'Yation t ttl"~)." i s 

ehown 41~ tic.lly in fi«• 1~. 



The pn~n~ of excit~\ton and inhibition d••~rlbed abOYe 

c~1d u.ual~ be obse~ed ~~litati.ely Yith~t recordin« \he re~n••• 

1n anr ~· However it ·~ deeir ble \o have ~raphic reeord1n~ 

ot the v taus me~hAn!Qal r ••poft•••· !hftae recordings clao •~rv~ to 

'bring ou.t tOM tur\her point. of inteHat. 

o compl•t• ••rt ea tFOm ~ one li b of ~ocr h re6ord1nga. 

ahOII'in,a the var1oua l" at~o · es of each of the fOUl" dht.l 11mb t!Wtclu 

to eti~ulation of each of th41r reauect1Ye exoltor and inhibitor azons • 

... obWM«. 'Jh1t wat b• ua• or the dit11cu1 ty of BipulaUng aioc­

le axone. auffic1entlJ' d lica t•lT to ~o14 Q.nT i-.$'-117 1fhich wou.lcl 1a­

pai7 thei~ rea nuiTen&ae , and lao bee&~• •••n with very little • 

1pulation ot th• axon• the llab preparation l el4oa re ned r•toona1 .. 

tor IN!fioifttly loD~~J peri ode (a - 10 houra) to enabl e a e l tf ••r1"• 

of r ecordings tQ be obtained. 'h• d1ff1enlty of anipulatio~ applied 

111 pGrt icular to the eoa:um 1Dhib1 tCI" axon. filM wo o~thocl• sanlp• 

ul..at01'-holders which nTe 1>~11\& ated tor thit work were in f ct too 

ClUIIq. 

!be n..nut t-o a cot:~plete ••rt•• of r~ol"tl in&a Wo.8 on~ ob­

t.alned u.ttil\C a walld~ le • 1n which. reeord1t1&• or all th& 'IU.Sol• .,. .... 

s -qona•• exc&'Dt thoae ot th-.. olo er waale werre. obtainetl. A n.U."i\btt,. 

of l&ea co ) l t• a~i~l of ~•cordi~ were ob ined. in all tro f~ 

cheliped pr~•1'at1one and ••nn walldq leg prt9par tion.t. !to <t'llal• 

1tat1ve or q ut1t&tiTe ~ 1!f~~noet between ~helipedt and walking lege 

•we found. 
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lA ordc- t o iTe tern i'nd.le" tion or the J"4lati•s achan­

ic• l r~· onae• to sti~ation or ~he ditt• rent •tr~tor ~ons, •xt~.at• 

t or• kyaocrt.ph1c re.eorie -.de ot the T&riCJ\18 ree:oon••• or the walking 

l e& wh1oh ~· t.M tGoat coatpl t e 8$riea an ahown 111 t1 .10 and 11, 

toseth•~ with cloter • ole r•aponaea trom other • alkin« l•t• ~•e• 

~cords are t ir\r re~r~ten\at1ve. Al~h~ \he clcaer ~cl• r~orda 

chosen wer ~· fro• a walldfl8 l~ whioh had thr" eloset' motor axona, 

the ohunieal. r"p&nsea obt&ineld. f rom the t hionat 4JXt in.teN•dut• 

clo•t,.. ~0~ &SOD~& of this lill'b &1'8 JlOt \yptcal or the "taet" and 

~·law" cl~ain& reapon••• r -.pectively, of uor lim~. 

As 11 d"cr1bed in tbe l .. pnda of f1~. 10 and 11, th!tre 

were 1apor t d1f fet- noea in the coM.ittono of •t1YIU.lat1on. and re.ttord­

t ng ~•ed in obtAining thea~ records. r ••• ·~r1mental diffePenoea 

1ntgrduc d1tt,renoe• 1~ the reco~ed hattie.l re1pcneec which ar• 

l c-lT i~rtlevan\ t the pr•aent o~rison between \ne tt~t• ~t 

a\iwlation Gf tha differttnt et!.ctor axone, \Jut MUGt b• pointed wt 

\o ~old confue1on. '!'he. 1n1 t.ial !'Atea of dev lop ent o:t tena1on ln 

the eloeer neela l"aoorded i n f1c. lo ( .., and t ) apJ*U' mark.al7 ftl'•t­

•r- than thoao in the 'bender muecle. '11\i a 11 n t du• to ditf.M"ancea 

'betw .. n. the w•olea, G:r to the tU.ffel'ent atbmlatioh c ond1t1ou, 'b\tt 

1a due l i mply to the :re.col'di !ll l .. v-e:r pointer bein« direet.a al1.!htly 

u~ d• at 1•ro d1~ c eent, 1nattaa of slilntly d~orda • to:r \he 

oth&r three scl"•· ~· r apil. fa Ucu.e r eoorded f or th• thick. el~er 

a otor xon ••• dtW to t u · h1ch a$pli tllde o! l'l\Otor uon a ti"N.lation, 

t lna• 'his do•• Aot occur ~\ low amplitude• ot e timolat10ft. or 



fta· 10. 

Jt)11o&hph1c r .eor4• or Mchanioal M~• of th• joi !lt a of walktllf 1 ... 
~ atlalaUea o1" ' the • - ... o.xoaa. ••m• .a~ wv. Mile fJ'Otl Nt• ••lkiac 
lee. aD4 t-eoo~ .!..! froa uo\h.e¥-, o:f • 411f•ent ••b· 

a op•'iAC J opeMr-.tH,oMJ> ete1" u OB 
'b at.ntchlq : o,.a•r-.tr••oher •otOP axoa 
e lteniiJa.t a •1'u\N ltfmiler 110\ol' axoa 
cl l»ealilaft t 111al•" "MAder t10tOJ" -.ua 
• oJK')eiDC : •t aat"" closer aotor axon 
f cloa1n& 1 *sl<rr' cl&ae!" 110tor ...-. ,......._.tmt n,.ttt1Ye-plla• •U•lu a;pplt.a. to 11Mb !lftor axo• : 
a ,l» 0.1 YOl\8 1 45 c.p.8., l.fS ._,. pulse du:raU;;m 
e,4 0.1 Yolta, 120=. · • ·• l.S ..-e. pula• duration 
e,'f 0.2!inlU1 45 C•JkS•t le!l •"• palae 4_..\i OJI. 

!1• • 5 teoolldl 

n .. 11. 

JtiiO&f'a.phlo Heorda uuw1ac 1MilJltia. •t lllMhAni cal t"eapauM to aoter 
PtJA aUaulati.on, eavM4 b7 •tlnl atioa of th>t rqpeo,1Y• inh11t1 w anu. 
SlMn f'~on. ._.. Mad• !I•• tba - twtt walld.ac lep u t!M l"'!l<m!"d• 
11\ t1<· 10. 

•• lJ 11\lal'bi UoA etr opeAlztC ltJ (a) •~1f1c ~o.er 1al:a1b1 tor 
(b' c d. ifthibi tor 

o,4 1ab1,1\10ll o! •t.htcht a& 'by (o) a)*01fle .,,..,~ 1Ml'bl\OP 
(4 eOW&Oil bhiltlter •·t bh1~1Uoa, b7 ~ 1nhlbi~r. •t <•> •tu'" \eJdi n« 

· (t) tt•low" ,.M.1nc 
c.h 1ll1d.bittoa. bT eoaea 1Ui'b1tor. ot (c) "tact" •to•lftC 

(h) ff•low" cl•in& 
1 al..- V'lOIIlq ._._. by ri1Rl&Uo. at \he \hll\\'a&•t td tba th1'N 

qloae llfl~ ax.,•• :tNa trh1oh .a.ll..l. ,.._paot1Ml.T • ._.. O.ta1Md: 
a.lao •bow• ll.'lb.1lt1 t lca 1ty c.Oidea inblbl tC' 

~...._. repe\1 t1ve-pJ,lsa aUMd1 appl1e4 w lot-ll •o\t\JO uott u4 
~laitor ama t4 Meh.,. cet'd 

~\;aftd. ~,4 .- 1n a;~ ef f1&,10 
•;t .. 16 e;d •' t i c.lo 
a;h,i .. 1a e;t of t1~10 
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a1JU.lar reuo..&a the ra:p1d b•nd•r f ti&Wt in f i • 10 (c) 1f e due \o the 

h igb. f retlUOnq' (130 e.p . e.) o! 11otor ati~m~la'Uon. 

'l'he tollowin& gener"'U•• Uont 011 the btthr£Y1our r:4 the :f"ou.r 

di 1 ~sclec on • t1Mala tion or their .ar1~ effector axcna are 

drawn t r a.ll the reltnnt lO'IIocr&phic recordine-. whieb are •xe.pli• 

t ied by thote shown in fig,. 10 a.nd 11. 

~ere ar~ hl"ee eiatiltet \yp•• or echAnical 'r'Ypf)nce which 

a•• obt.in.a from the four distal limb acl*8 u~ sti~latiou ot the 

r~aptta\ift toP axonat (a) the r.sponaes of the opansr and strecl\81' 

ruacle•; (b) \be tt;(ut lf Hlponsee of the cloeer liJ\d bendel" wselu: 

and (c) tlM 11alowlf l" .. ponaea ot the cloaer ll'd be~r sol... i th-

1n etaeh ot these thrae p.ire the two rea-nolleea ~ ve7ty aiJililv. 1oth 

the Hfa•t~ ar¥1 ttalawl;l re•pontes of the olo...f•l' wnle bA-Y• the aJH max­

i m tenaion. ae do ~hole ot the bend~r. aueele. 

• cha:n1oo.l J"eaJ>onse of an;r ot the t(!t.lr ~m~olea bea:ina al-

~t i · t • J.:Y on co:!l ncnment ot at1rnl tio.n of one of '1 tt o\or 

xoata. In reapOMe to atuntlat1on of th• "faatff eloaer cr betndtJJ" 

axon, ~he c14 centl"acta Tf'hT 1"a:o1dl.7, d qu'ickq toe cheu IIS&Xtn= 

ienmion. On ~· other hand, when the naloww cloeer or 'ben.cler uGn 1a 

atill1lated, the macle oontraota tlowlr. ~m tuet eouiderobl• t1 

to ruch 

•cl •• \o tti~tation of the motor axon it 1nterme4i te b•tw•en the 

"f a.tt t"t and '*slow" reepon"• ot thtt closer Ol" bende.r tfllleelea. The 

t'rl18cle contract• f'a il"ly rapidly at first , thcrugb ftot at r :p1dl7 aa 111 

t'M J~faat" c ~tractions, o:rui thell 6J"W}.i1allT !lOON alowly, w :U takea 



~. 

a soa.td.sr-able t i M to 1'1Saeh u.umwa tttn•!t>n, th~ not ae lena u 

the *sl('Jir" COD trac\lont. lt the 110tox- axM •t1 ~lu.a 1t • 1nta1ned• 

thtt 11 f'aat '• N•ponaea 11c0t\ f-.t1SU&, 'but the ,.slow .. r•roX.l••• •'Ad al•o 

th• op&nel" and ttr~batt r eapon•••• 1B&Y' be !8a1ntained tol" 3 - 5 

iwtq. ~• u observations awl¥ ri.Wl\ the 111:\ita or ati 1-a. mila.• 

plitwle. fre-q~Gey' ~nd 11\U'at.ion u .. d 1n thb 'Or•••nt 1M"eat1$tion. 

~lT 6.1 - 0.25 volta, 4i1 .... l20c.~ • .::. o.n .. 1.0 uec •• rs.~t-

1v•l7• 

.ithin th« a&m$ l1~ita ot •t1~1UI pula• Talu.c, \At d•gree 

of inh1bi~1on or ~ppr.asion of a =naole contraction ~ed b7 •ti~ula• 

~lon o.t the thr•e 1nh1'bi ton d1ff•ra. A s\11.1U.lu• a:p?11ed to t he op&l'l• 

e:r or a'trecher i nhibitor n. 

• pul •• Yaluea. eau•e• c ~1~~ •upprea•ton ot the ntractton, \bat 

i•• rfKtucea the l'eeorde4 matle t enalotl to 0 of 1 tt lla1nh1b1 W4 Tala. 

i th 11~1~ 9Ul•• ~lu.a. th• 1nh1b1t1oa or ~P~••aion ~u.ed by 

ati · "" tion IJI tbtt ctt~t-,on 1M.ibatot' of o~traction o:f arrr of the 

•ol • 1nuerv tecl b7 1 t h seldca c~l•ts. 

The deg.o of inhl.'bition by the et~n inhibitor of con­

tre.o\iona eToDc\ 0y stiwJ.atiOn Of 4taelt of \M fiy~ ll\Ot¢t' Q OU di:f'ten. 

al•o• The o OJl i.nhibi tor 1o ttquall.y •tfacti n in. 1nhib1 tint: ol' IUJl• 

pr .. •inc (a ) th• contract1ou• or th• op4n$r and •tr•cn.r aclea: (b) 

tb.• •t u t 11 c.ontra0tion• of the clos&r and "be ~r clat: and. (o) ~· 

''•1011_. contl"ac\ion. ot th• oloaer an8 beniler 'Waelee. lto etf• cUnnett 

ui ffer a. hOt«t'irer, betwoefl ~h of thfla• thr•e pa11'"81 the or~er of 4•• 

or•a.~unc etfeotivttntl•a b i ng J (e )-(a)-('b). At stlwlus pul11• velu ee 

of' 0.1 vol\s , 45 e. P·•·, and n. 5 eo., 'ft1 1.la t1on of the co on. in-



•hibitor axon during moto~ xon a\tmu!ation ~ppr••••s th8se thr~e 

gl"O\l'OS of GO t¥-tlCtiOnl, 1"MUC1n& \h.e r ecorded JJIU80le •• .,...... t o 

the to11ow1114 very- p X1h te percenta«J• ot 'their tmin.l:t1'b1 te6 

valu.eas (a } eo - 50 ' ; (b) 95 - ?EI/: and (c) N) - l r;;tf . Oreatet de-

#P"•n of' inhibi tl n are o'btatn4Kl, tn part1mll.a1' •1 'h tht Jtf~..st• ctoeer 

or bendeJ> axon, With Cfta~r !r~Clu•DOtu of 1J'lhib1tor uw t t1 tioll, 

t l sut Up to 120 a. P• 8o , althoup \he m enor ot ~tor tuO!l sti • 

ulAtion 1• k•v' tba 1eme as th tot lnhibitor stimul tlon {e. c. , fi«· 

ll, e ad t). Unfortune.telT, owin& to t !lck of tw<l identioal •Cf.la1'•­
W&Ye • tiQUlaton , no obe•naUorut wue lJade on c v• luu. 

ln 5 of \he li~b• 1nv~•ti~ted the two clotftr o\or axoat 

Wll9t' Of aJ.~t i nd.b\1DC\11Sha'ble di&~~eteJ"•• IJ!heae dia tel"t We!'e COil-

parable •1'h \he uYer~ di t er of the opener-streebe~ excitor on, 

which 1t inter Mdb.ta b tw•en the a,..:r•p ditu~tttter• of the "fa.• tlf R.M 

"tlO'If" eloaezo xon•· '!he ohanical reapon.e11, both exc1t• totT · 

1Dh1bi to.r;y • r eetll"ded fr011 this cl~er ll\lscla. (fig. l.a) were Ve'fT a1c -

1lar tor the two axon1. and clo••lJ' &pproxi ted t o the a"rer ~ ex­

eitntory ~d 1nhibitor.y r eepontea r ecorded !~o• the opener and etreeher 

eol•t with th• eoaon inhibitor. 'Jaually wh•n tbit ~o\111 r1ty o-r 

the oloael" sxa1 tOlt axon• ocou.red. the sa.~• :peeuliari ty we.s found in th• 

bencl•r e:r.oi~or axon. of tbt U:ab. tfnfortuM.t• lT it •a• not t!isccn-&r• 

~!d. whe\her th• s p cu.Ua'l:'i ty ooc\uoed 1n lome or all of the oth.r 

li~bs or the on• An1m.l. 



ftc. 12. Cl oel.Jw r~a eta neltt>Wt to e U aa1• t1R of tbe •o 110-\01' a.20••• .tU • •• et ~lao$t iJM\hti'ftCI'hha\1• tti&..wtt151"•· 
I Dlt.1 1 u .o.l'l ~ ee•e11 t u Un. tor a:=n aJ.•• ahM'll. 
Stiw l t : 0.1 ~1u. 4~ c.. p . o., 1.5 ~. A-t x 1 o.~ -.ol u , \& eaa.. 
!U. : 5 .~. 

Q. ASTACUS. 
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;;;;; OjKIICr iMlbitM tlow cloKr motor 
fast 11 • 

~==5 tlow kndcr motor fast t1 II 

bcftdu inhibitor 

cloter•ttrnchu inhibitor 
o,cncr-strctchu motor 
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b. POTAMON. 

ncrYc 1 o 

•low clotcr_... 
tc.t .. .. 

alow llcn•r -tor 
fatt • .. 
c-lnN!Itor 

atrctc..,. IIIIIIWtor 

opc~~cr • 
OjiCIIU• Ilrddw' II\OIIIIf' 

= lllllllllllllllllllllllllllllllllllllll 
pottcro-nntrol c11t ~tc of .. ,., 

fie. l 3. 1>t.acr• •~lac \he dt tr.n-eneu 1n ettecte axou amt tb:e11" «1•­
\ rt u.tl.oa, P aun t a the 111u9¢te4 aat"WS . o•twnn Mhlu ut 
ISV'OI• the f \mCUon o1 ~h uoa 1a also pYe. (O.f. f1~8). 
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all different, the thickelt and middl&-.is~d ax~n• haTing dtamete~• 

sit~1l~ \o the thick Nld thin. oloaero axf)nt, reepeet1YflT1 in nor.nl li11bs 

and the \hinneat b•i·nc onl.7 al1ght11 thinntr than the mlddle-•1•ed axon. 

daereaaing diameter•, and the effeotiveneat of 1nh1bit1on incr•ased in 

tni• order (fig. ll;g,h,1). In this particular li-b the bender ~n~cle 

qxo~s 

~· effector f 1nnsrve.t1ng the 1ll'tr1ndc maolH c! the chel11)8tlt 

and walklng 1~ ot Potpqn p!t):;!tu! are lllftllftl"iHd diAD" ticall.T bl 

fig. 81 and \b~ fUact10ttl ot the ~ff~tor AXOnt innerv. tin« tb• four 

di•tal mutcl•• •r• ~mm&r1••d 1n tic. 1~. Uc difterenc• h 1 beeu 

tmtnd b•t••• the i~•rvetion• ot \he oheli:Peds and th.~s• ~r the w.:tk­

in3 ltt~ 1A f ·:£Blt.\U• '!'hie h tn ~ ettt&nt with the findings of 

tera .!! .Al in. other Brach1!1h and other tribe$ of tleeallOd. 01"\.latacea. 

~· axon. 1unen-atiOM d. tb•tr fUhetiO!ll f07' the four r11 tal limb 

(19n;J) tor a ll t1p~o1e8 of '9raeh1Ura 1?l which tbe POD. 1tut.eJ!'T tiont an4 

fu.notion• had been ••tablieh.ed. 

nntortunatelt a ~e1olog1cal 1n.veaUgation of the fu.nottona 

of the uon• 1nr erY~ting the flAx~ o.ud exten1or muscle• of' the licba 



of ? .p• l"la t!,Jf ha• not bee11 'IS&de. trow~or. th~Jtre are in P.perlqt'&! at 

in the oth•r- apeeies o.f i r ach7'U"a studied. \hrtut axon• innervat1n& the 

extensor wscle, of eiailar relatiT6 cli-etft's to t hoae 1M•rYatir.« the 

&xtentor fo th• other ! r ach;yura. 'lh• r • are at lt~JUt f<AU" axone 1nnet'­

~t1ns the f l exor ~~•cle or f . perla tu! ot a1.tlar relati ve diameters to 

tour of the five axont innerTAting the tleU!' or other Drach;vv.ra. fur• 

th•rm~r•, it ia po1sible that th~r• 1a a fifth axon 1ttnervat1~g thia 

:tUBele 1n P.parl:&t'll• nan\8lT a branch of the epene:r 1nh1b1 tor axon, 

since in the r el ativ•l;r e.xpeeed. J)Gaition in 1thich the open r - at:r<ech&'!" 

a'tona 114t 1n the u rue theae uona could eu117 have been unw1 ttiAgly 

thia fitth axon to tilt flexor of P.perla.tua, then the innervation ot the 

flexor or P. p•rlttsl is th• a.-. • • th• l~ervation of the f lexor of 

other :Bt-a.cbyura. Aa in the otb.el" J r aahtm'a studied. thel"e ia 1n -P. perltt9J only &n• ax~n tnn•rvat ing 'he acaeaaory fl•xor ~•cle (not 

shown 1n :f1~. a). 

~bus all ~or findi~a on the axon 1nnervatio~• and r~nctiont 

for the seven distal 11~b muscl~a ot Poti!O! u•rla~• are in agre~ ent 

w1 tn th()ae of ffinsma !t N oA all the specle• ot llf'~a.chtllra which thq 

hav8 attllli tld. Yu.rthe:more, b eOQ.1ltl1 ot the ho!IOgent•v of axon imter-

Ya t.iOM and :f\tnctlon• onl.,'i1t othlfl" ~raehrUra. (lfier•a:aa ftt al) and be-

eauas of the eact COM"f'llpotldence in 1nnen-atio:n .S, f t.:lnetion of the 

ax~n• of t~ f~r distal l i mb muacl~s of F,~er!atNt with tho•e of the 

otMr nrael'l3'Ur~A stu.di~. 1 t ls h1t)tl.y prob :ble that the axon t.nnerTat-

ions and functions of all aeTen intrinsic l imb Mn8Cl86 of P.~erla~ 

are the aacte as thoat~~ or the other llr ach1'ura. 



Jttotor 1n.l\1bito'r ~:r 11• o! t:'h.& t·11Ut ~1btal 11 l; :mt11che 1 11 ~t~;t"-'.l 

h.l'ft br~~-ly l'li"ftilal" t o t lOI!le o£ oth(~t- lill!t ""~7/'41!'" ' and 0 lt 

•a!4~M ~r~ t Ae ~~. thttet4'ib!K bv 1 't ' !l !1· 

.. s. r$ h;. W"tow i that tho o ""aa tet:"l:st!n• of th "'f a t '' t" lOOn•• 

~ ~latin ' 1th~ rr~ \h~ ~· Qt t~ 'nl ~ rst~onae bV d1rte~nt 3~t~nts 

1 • ,u."f'fttrsnt ·•1C! t'"'d c~~ t\0• • .m • • 

tFN~1"1dQ1. wh ~ t.o · ~tor fUD¥1.? ~iJ rk .. ~ll~ d i tr lt"ttQt 1'\ 

U l n tintt qf ~ tl''li.Ck ~ t h1tt <~loaer l)t4~ :·~h! 8V~a "' !' ttl nA 

8 IJW'1 olea 1:' l"~Jt 1\lfli~, "t'" • >Jjuti~ 1)' • lit - \ h il.i~ti.t\Ctl:Y ri U~~ 

alld l~t:t!iCt~l -o~rtlle~ {v n f'i"qvlld lal11 ~11~ A'l\ • 19:~,;) .. h~ 1lO t 

obviO\\• dift+~--~nc~ :to th(A\ ~ •J r":) t wi teh ('t)R.t !"nCticn· {HlCiU"S n .. U~l­

AUo~ o! t'ha !nlM fibre. iW n 1f1 th only A 'IO~or 1 ~u.l••• h•~ • a 

GlOW 8"llOG\:t\ t4tan-..w d nelo':"> Oft e"t1 ll Uon or t h.n tbS.a !i'bre, na thetl 

0 (1. U~r n lat1nt.tl:t-ah :bl.) ( d . :ra:1a. CUW. vn Harr~tvtald... lfMS }. n ~.,., 

~ • .,r 1 l'ltU vt .,.1 

• l nti on 1 ti ih~s WS!Zhroti('Jal i'"~l'iJ I)(»\fla • I:a thtt ttr·»t t"1 e 

Ylll"y"iA& ~ ftl"Oe.::t of t..1f.fara"le b tw n "i'aat"' Not a1nw ·•on~l" ctio'\s . 

-• l~ "l'liO~t o . ' 0!1 On\l,U tiOJ:l 111 th t in wn1cli 'h~ \¥"'} ~lt'5~l" ;;.Jt.Nl• t>f 

uluwpttr · t\1" 'V\ra r TlP \ 1\l\ tl\o ~th ~~t nb 111!1!'). ·• r ~S"tSe, 'h-1t nwe1"-

t:"t : A&s e<ntl<l not &• mr~KAd h~ O!llY ~me or two •J\ iflttlA. N'"Y · , r) ~. ln 



f.h4). f.utn tmd 8slt>1t~ C:l~a:cll" MtO:r t.XO~ tr~'!olft t~f O'bQ!!C':- Ollft 

, ~s:t"bl~ ~;l~a ot Q!set •J.Ud t)'!t!?it\Wf, ~"j th'itl tL'lf'fiel nUy ~na~1.r..l· ' . 

1sed Md va!'iable ru.ut1oft4ll.ll' to e~ltt:v tb') tt :rt rPf ccndtt.iM fr-o.:a 

Whieh mignt baT <lo.Toli!'r.~-,c the: hiehl.v St*s:tir lh~ f.a.st twi tob. o. iii 8l.ow 

k1/~Jl1o cnntrr:.(.'"t1t~.c. ~l'$t;4~.$. o.f thft o:tCJeel:" of ttw ~ttac'tu• 1•• ~ft.~bf~roa 

v.hl:l. a.tf~~!l• a."ld t.ha natMtian, ""' ·RrJ, i n whigh , a~e !f\iaulatorr 

$1\od:: to the f a.gt. cloaer tu:o'n :rsaulta • n P. Stuim:.l twi\eb of t'h• 1!'-t&el• 

"ti r:r-.ll eticm of tho •ner ... trm;her. 'aot.o!' axe.!(\ in ~;;iikr,"qcn. ffhioh 

1& 1:101•t) or 1••~ 1at•r~1atc 1n ~i ~ ter b ttt•' n th.• liftUJ tr. aWl ""I'Qwtt 

.. 



«a .. 
'>1l1s "'bifnnoU .o.AQ.l. a1ngl& n.xo11 •rate!l11 ft..V be ootuai~J<•d n & rlrtn'lop~nt tit 

-"OtQ~ ny_ t ... or ~;,Q'Ml:il!h owt th I!\01'fl oc l~a• tnt.,r~t!h.to rtortumteal re­

A'f)orwe ~b»l"AntJJ·r1•ti<Hl1 8J!.$~!pl1.t1~• th~ •eJ-1 of r l Uvgty 1\n&Mei~li!&M 

con.di Uon f rq Jfhi cll tb.e C<'1ndi Uol".l 1:n :U\tf\,Pl"J!! m1fth\ ha.Ye :iovtJl ot,Ptd. 

'lbe darr ,,, of' i nh\l!1 1on en,<la*d by ~u~11 •Uon of ttba -m~A 



---

•-t t'.,., 1}\$d n octy:;ztH\ !1~\~bi ~,r ~n. 1~1'1-.~ ' !.n" tl'tl b'4t l ttm 

H 4"1ltC. 1'\t*\l!f• of' \l\~ 4M31\ ~~ fi'\ -.* 1 li ~ t"''l fb ':'h ali.tU!'M 

M _.n lftli a--naoi-Ul.l~ t ?mii th~ t; t." .-.h1fJJ''" ~n tltei-r i!thlb.t t~r 1ma· -

'1' 1~4\ ~tt.a~. t-~holtl!~a t:hrt i.nt .,_.Q 1nt~ tha~ the r ... ~. 

!l t ~ tP 1)& h i '1J ilt. .. Oi.llli ~ . •i.\:.101" t\l,l~Of}i ~ l!J't 

1U 

~ " ~ Ui t~ t 

ttt4\lt: . •..:.• i A ~h i~~~rv· • 1~ ot 

!t ~i<l~ la~ 

~ t1~f· ... ·~ 



4. 0 !J.ti:K@ " lli IK ;.RltL. m! Olf , I ~. ; !l QL!~ 2l! !l~· 

4 . 1 ~tiP.« tht ¢pal !tp UOfti••!U Ugp. 

In m ;~1.~ \ht u1 l !o~ e%J>$r1 n\• tion tl\e:re ••r• thlt•• 

in t' qt:.i!'• nt•. 

1 h ot \h• twa cMliped r1 had to 'be h-eld in W'lah e. l i t -

lo.tt a woold. f3Cil1 W.b d1aaecU-on, -=oatJN ot thtl ~· 

uati on o-r the al4t0trodft on thAt nerv-e in the M~w. ?uzather ore, 

•1nca 1\ wu i~rttcUcahle to work •ith tb.s whole a.nl 1 or «nn tb• 

whole Ghali~d i .reed 111 :Ph7Slolo cal saline •olution. the OH11pe4 

~~ anould ~• held in a poultlon i~ which• on~ 1t• fl xor mnaole 

h tad 'b-8sn r\'J O?ild to eXpo.• ~· n~"•• th~ l"\1.1 eo-1ld laold 1l\l!f t .o1ant 

aa11ne to btJp tlw axpa•~ po ti on ot h• nUOYe i~r lid tho1"e1G. • 

o t pr• ctieabl • orl e .. t.tion of the lllfl"\18 YA& tAentcre •1 tb. th• antero-

vant:r t aurtaee, whie wa \l\• •\1rrace to be 0'1;>. for d:ta<1eatton., fac• 

1ng V'«t"ticft.lly UJ?W•u•d.a, w1 th the c..~e11p6d hal ' ext•M.ed aat.arda trea 

the body. 

a. h 4aotylu• ah ld. 'ba froe to v n 117 and in a it-

lon to t c1lt t at• nccl'di 61" nuc a.M. t a'l)lyt alotinc, al•o· 

3. ~h• ~ u. ~ltld 1M 1n a 11 U lln •h.,• 1 t was read1l1' 

6Yai tabla ror ••Mol7 tUJtUl ttmt. 

~• <n'a.b -. th•~etn:r,o• o\Ult&d on a bo ttd wi~b d.OJ"•al tUr­

tM ltown in contact w1 th the board, 4Gd •1 th eh•l1'0ede bela 4rltlldad. 

';'he l'lo-mtinc 'bo ra conal•t.a ot a ·~ t1"1c&1-rh~bohedl-on •ha-ottd 

~..:. _ ..... __ 



u~~•r •u~!uce along eaoh lateral ~~ or t h1s b~?d wag ~11ed a p1eoe 

or wood ~0111. •1!e .t.nd ta:peri~ in thiclrn"a fl"' 16trrl antGl"iol'-17 to P.rttn. 

pottericrl¥• Rol e• • 1-a 4i ame\u • . were b.orad thr~gh tlte•'* l •t•ral 

..,1 H of wood nQ thr'O~ the ~1 te 'b~ a th the • A th1rd pi•c• 

o:f wood "M Mil~ on tht3 und.•r a\U'tace of the uton1t. boat"4 lonp.; the 

nterior ·~ to faoilitate ho~i~ the b 7d in two ~etort cla~ cl p. 

• on \o · this piece of WGod at r1~t an l •a to i ta l ~h. 

••he crab wu fltO'ilht~. dol"H l au,..fc.e• tl o.ru, o th u r ttu"-

f oe ~f the 1\a.toni \• bOta"d 'be.twe n. the two ~at.ral block• of wo-od. and 

held in po•1 tion thua with a winta,e strand fJf 0. ?J\11. in diametctr eleoiil"iC• 

al cable wire pasa1nc over the ~~ntral s~tace ot the er ~ juat anterior 

to the oox1 or th~ ohelipod and l aterall7 01rs-r the bl'aneh1oeteg1 t•• 
Ql1d thrKd d tru-~ two hol • in th• :~Pon1 w, the two •l\l'la ot tn.• 

win 'b1ing t hen ~1!\t~ ti tly t ther il.nc\ernoath. the bl"\l:U'd. .h 

~hel ifl'!td W6& fil!'~ n•l d ~xt n.aea. Pd r ttt1n '1'POn the 1 teral •~od•n 

b 10<3k 'hr •e&n• o:r a br- of tbA sa11" l ctric 1 wil"P. arou.l.'ld th co.rp.. 

~ nother om or two o-r \hrefJ !~ea. "~'vli u~n t hG 11tr en,;th 

of thtt ehelipcii , al'<'il11\" the pro ua, 1 ~1'1'18 the 4uctvlus free t c OJ*' 

and alos& coJltple~ly. The w l lr1nf l.•#CII were held :$"t.r8J.~t out llide­

•BT• by two ao:r0 pt e•a of w1rs. 

tTh• urtr. tion 'b rd. w&ca held •t the ant l!"1or ed by two 

r otort cla~p•, f1xod 'b)" -x: ... blockt to a Y~,.u~ 1 r tort et ~ at aft 

anal• of' about 4-r;0 t o tho hcri aontal. SJO thnt the ventre.l 1\U"fact of 
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eurf'a.oil of StiCh. ~:~erua wtia i'&ci.ng vertiaa lly \lP'f&rd•, Y•d tho :bdcmon of 

the ~'liMl wao n r~st tb& expe:rit'lenter. Tht T&tort a~nd wc.a M nt 

the D.n+,erior Ol'ld of the ct-ab, tbat 1, , &Ytl\Y' f'ro~ tll& H.per.i nter . 

lfnri&rn- th t he pr• plU'a tion 'honrd a t&ct ~lar ~lA.aU¢ d1•h 

l B x 12 x 12 ems. , ,., pl a.c d to cateh aq wat~r o,. • Una l"'\l.lln1~ of"f 

t h pr ep r ~ic;u-t. A. t'll.'bbor out10t tll.be ·fro th1a diah r.a:n off th tJ 'b• 1'loh 

intc a ,_. u el on t b.e- ! l oor, s o \hat art liquio. l"U."l"'1ng or•· th• p:r at­

ion would not .Cetl l a.te 1n tf\e ~ b b.. 

!wo a 8.11 ?cable:r l)Ulleyc were oln."l'''J4td , with tal r Ot\• ttnd 

P&\lM~ X-bloekt, to the r e t o.rt s t nd, .,-~ held. in '):)oai\ion f o-:o the two 

rffao.l"'d1l\g l'J'Yer thr~tt t o recora ~r'l1ng ()t th8 t wo otTU 'by a down­

w l"d P'tl l on the no-n-r rseording erd a of thft t#o r .... ordll\& lW¥" r•. ~ 

o~en1nt of eooh daot,-l;u was l'e oorded on the revolv-1n~ eaokftd kJ=o!'l" >M 

d:ru.m by a n upward d flection of t ha r e ol'd.i rut 1..-.er poiater . 

"!Yto t :rpea of e uc-.ry sti w l tion ·~ u a4ld in evokin« ~ re­

f' l 8:.c O'D~n1n 1" ponaa i n tho dactyli, na~~tely M ¢h.t.n1c• l and el• etrla 1. 

o particular form of ai the.r t ype ~as oo.n~t iGtently auec••• f'ul in woking 

rsflrlx claw open.1t~~;, • o that it 'l'llll n e aunJ'7' to \l•e wbaw vor IO'r':l of 

uH!ChJ;mi e.U (It' leat~ic-.al ee.uaotty • tit11J.l\W W"-'1 euQethauful f'or the i n• 

divid'l.lal en'b. ~~Jt m. t tha t r euu.lt• '"er e not all di r ctl~ o 

par able . 



Ft~t< ~oat fortas. o£ abdomi.nal &tiln\Llation the •Mom n 11ae 

openal! ~J.tward• AM b. ld 1n e. t'h;~ pe>ai tion ill on• ot two wars. 

1. 'the abd¢~n.. CJf £'$:tta.l • or ab.a wnu op~n-ed to &-~ Gttl£le of 50 

to !Sf~ deere _, to 1t1i no!'r.'l l oloatd pod Uon. vn.1 h~ld in t ht:lt po&itlcn 

by ~11~M1ng th~ 1ns1d$ ~~rtace o! th• l aet or t~ ponn1'1 !e a ~ nt 

'o r•at 1\Pinat til• hQ't'i,c;ntA.l gort.t~n etf a.n i n'faf'ted-tJ...,.bst.,_d p!~ 

of ~~- d t a &t•~ w~~e. ~hig •ir• wat Anchor~ i~ positi~n bt 1n$ar\• 

'il'\& •Mh ~nil into nne of the MN\Y holu in M Ch o£ th~ tw{) l a t erAl 

• ol)(l.en blo.oks (I)J\ tbfl m~':ntin& 'boQJ"d. IJ.'h& i nter&epent& flexor 

:ro.scl~e &» ~1 ttie l ip ~.nt~ .o t thf! 'ba!4e ~r tha ebdoNn ~eu the 

e."bd011a p:Nt&ili"O& ti:rttlJ' innt th1a wire. eo tha11 the abto:w~n wu 

held f'a,irl ;r fimly' n.nd riaid1-y. fills methM. of r.tOldin~ t.h• tibd.oeten 

0\1\ was 'tt..s-ed mfd nly i n th& ee.rlior ~Uper1manta. 

g. In th;, (!)ther M t h«l, •hich wae mn.1nly u1&it 1n. the l ate.r 

e, ri f>nt• . the t\\d.ntae fte opened \o o.n atlRltt of 100 te~ 120 d~••• 

in. !~me.1~ er:o.bt~~ and l tlO to 150 a~~061l· tn IIU\le or :b1. rht'J on:\s-ida 

( L. ft. nna:~omiee.ll!r dortel} e'\U"t•c• ot the {lbdo~Mn rettted on a •ed&e 

aM.~ •ooden blook '£fhieh waa fixed t •Q<Potw"ll.Y' to the aountlnc 'b~a 

by e p:1ee.e ()f wire. 'rh• abd~n "" hol~ in t'h!t »t>elUon by two 

d.rawi :n,a pi=a $t~ek intc t.he tfOOd41U\ wed-ge, em~ on either aid• of tha 

-utum.l titt.a.tt. u.b·iollin.al ~epent~~ ~m by a t1.'!.all rubber band holdiog 

d. Q\fn the lt~st ~e.tnt. 
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1. •1lt7tokl.H" the or•'b : (a) wi tb. the rounde4 end o.f e. bro.ue 

or la:S3 rod; or (b) with a t tla.ll U-bond in a piece of thin wir. 

a.tt;..oh4')(1. tt') th& eud of the t1t1lla ·tor (dHc:ribed in eact1on .2. 41). 

~he crab woa etr~ eithe~ {c) tra~ver$olY a rose the 1nt•rooxal 

at rnal pl a ttt of the a'lel1pea eepent: or (d) on. th*' aut•~ or inner 

stll"faoe of the &Wo:Mn; o~ (~) 1n f' le era.ba, a.lon& tile length ot 

the p.l "'te-Uktt 1•~. e ither QOr~l or 'f'ftrttr 1 alU"fa.o-\. 

2. !')1AA!ia< or pr&u'IU"e on the l)p~J.a w.,'bdo11en. fhen ~lte :b-

1oaen tl'-l\~ he ld op 1!.\.Bt 'iht '1-o'ma'P'~ W'i!'e, 1\ ~ \')~1<! be p1ncllttd 

..-edge, pr&u•~:r~ eO'\ll.d 'b• applied on tM 1na1de { ~. 11. ~l'l~t01111e.111' 

Tentnl) .-.xrt"~e~, eUher uni1.&t !Jrt\.ll7 or b1lat 4tra117 Ql1 61'\t~•.Jt 

aid• ot th3 raetum, UAing to~¢•P• or thB b ndl~ c! a a i1eeeting 

n.& 1e. 

3 J,. high :frequao.oy Y.,:mer a tlwlUtl CO'tl.ld lle ~~11'» with the 

tit11lator ~ er. 

ni• l• i nt:ludt!'\ tbl!t out ide surf:aee .-. ~be ~1-.r.1o-.lnt whil e held 

opOn. ~inat th• tl- th w1:-e, or t~ 1'111 11~ C'J.t-f c ~f the :b-

d.Ott<m 'W'hil~ held t;;en a1n~t th. wood • ll'Od - • 

4... i!1gh :!"no:tuoncy v,l:~i"a\ign \fith t.h.e t1tll1q,tor, of' the tlp 

of t ho abd01~n in \h1 i'i -~.t Hta:l ~'!un~. Th~ t i p of t h<i MoJ:Gen 

WM U l Wr:Jli !n tt mall in'1t$~\1:kl·I.J-u~t~v811 !l"e ho!l>k a ttaqh.ed. to th• 

han er of th~ tit111ot~r.. 
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ln net thor 1 nar 2 W'a:t 1 t -couiblo t o £aint.o.1n a e '!lMttmt 

inte 1ty of gti=u1tt~, t1th4r !o~ t~A duration Qf • a1~1• at1mnlua 

or f ct: ecn•~e-a.tl '¥\!' ati~UilU.. 'fheae two (S\bod.a W$1"3 thtr !t;t"$ .ot 

~h ued. 'f.u-i:0\1a oth.,l" .• ~thodl of t;t:.;-olying a . ch11!21cu 1 san oey 

a t iml us 11et>• tried but n.ont~ w1o;h "-l'lT X"ctat ~uocotsa.. itr()ltin6 tJf! 

1.1 r.,.tly t~p1.-iu.g the t!l" b in \bo f 'ollctJri ng pl~a ·as n tirAe.a 

a"Lc:c efal 1n. {waking a 1'3-fl.ex ouen1.ng reupon~e i ll otto or both ~1~ 1 

on th:a ou. ~$1' sur:t'Me of the tbi.rd J?.u:rlll1p$d-M; OA th ant •r'o-l t •l"al 

sut-f&eo f'lf thl! 'hrQnahi oatetw.al an-v r in r on tho. y~Jt.ttral ourl~ c.f 

t h8 oheli~ i-l"Ooodi' • i n na.:rtiartl~ on tas ~ .t>-v~b lo. p~0\}0'3.1 t 

:r~~t'IW't atld e:rOIS» the base~; a.nd <.:oxQ-;HJ41to411 of t he ll"tllki 1 • 

. inehi~ th ani 1 on the ·u.nll.i .... ed. t'llt? i te" •tl.iil •1•~ ~o ~~tti :: 

'!*rtlr tn:z.ecesaf\11. 

~lsarly -r4fl .1 openi-ng o! tha cl " i s r.u, .::mn, def•n­

• i ve 1r. oliQ.r t~r, which. i fairly raCil.1ily ovok'lil 'by ttht\ !\lt - aH·llin,.. • 

aen~-ory n1 i.llat1on o"r a f a irl1' .. :.mol"al AI'~'\ ot tlt'l body, at h t 

t:>fl th~ 1\t .. -ricl", l ate1"al. ~a.Hil. Vfll'ltt'"l a\U"f to.eea ~f the body. • ac~11e 

ati li on th~ dorsal urt•~ c•f tho e~r'-~• 1 o evoke r~fle& al 'J 

op YlinG. though not a r d11Y or sti"~~lr o,a do t.oUla :~Umul1 o:a 

t he ab6.o"let1 o:r on the au'luc ... •~r.tral aru·ta4•a of t.1• ~oe.y. 

'l'hia W1'.$ apnlitd ~ ,_~¥1$ of the al ect!'b.ttiC sq~ -'11 :V 

etimul~to1" n &so~ibed 1n ••ct i on ~.42. nd the lect~~e nai~ de­

:J0t'i'bad. i n G&Otiotl ~.4~ (1). ... l eetrica.l e.otartry s\1;tttl.1 whic-h 
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were suceueful 1n wold.n.,: an oponi~ JOi t J)on.ae 1n the e1atre er• or 
three main '1P" r (1) looalitl.td abdo::1inal etimu.U., with voltapa ueual­

l;y 'Htnon 5 aDd 20 volta: (2} loca-liaed t•roatrJl.l ~'~ ati 11, with Ye'lt-

ot .~ to ~o Yol te: And (~) pneral &timli, on Y"~i~ pe.J"ta of the 

bcdT, w1th voltage• of 20 to 50 <t-olu. 

1. !he looalhed &'bdr.minal. •UL'INJ1 Wll"a ap lied with the two 

elaetl'odet placid 1 .. 5m. ape..ttt , oft .., l"imae n.Al"b of th4t l~dtle .u2'-

f ae9 of the opened a'bdo-nttn. tJeually, the ol..,ttoodee we:re pl n 

th~ •tp ot the abdo n, but • etl ea on the coth .urface or t~ ~.n­

ult-~~ate ••&'tent, or on one of th• 1nt..-d ntal membr a, r on t he 

dol"aal Cfi ventral alll'"taee o! the pl ate-like •xopodit•• of the .,.,leopa.Sa. 

a. he localised wrootral• st1 11 were anplied with the \Wo 

eleetr~a• placed l .. 5 • a · t on tho exoek leton jU!It clorsal t o \he 

.nd q;tern 1 to 

the eero'brnl pngl.ioJ\ of the crab. o t1 •• one or bo•h the leotrodea 

•3!'• -placad in tnl of- both of th. 'buAl pi. t• of ~· anunnul'-'• · 

3. 'be aenar&l electric l et1 11 were e~lied • 1th the el~ct~od•a 

pl &c a 5 - 15 •~· rt. in one ot th~ee ~er.ton• : 

(a ) on an:r of the Mo1.1'l1nal •'uotaoftt e in ( l) :b()ft; 

(b) on the au.pr - roawal ftrf e u ln {).?) above; ot-

(o) w1th \h c.o.thode on th• •U.'Pl"a-roetral su1'tace and tM 

anon& t ftJOYing dhtanc•• r~ it in 1"a1"10Ui l)Ot1t1ona 

on thft Y&ntral o• ante:rior eurface or the bod,-. 

fhe at1wl1 applied at 1ft (e ) werB a.lttoat invArl ahl;r aueoea • 

:tu.l s.n evoki ng •UA•.t OpiAill« .Q! Blo•1n& of one or b<>\h claws when the 

anode wu 1n aoae aoft .-pot po1ter1or to the CQ.thQ(le. :tor t!.umol•• 



a~i l.i to the ne\U"Gm\ltcu.l.:r 171tem 11 lnd.ica.tad 1¥1 leter ••ctl.on 

(6.3), witn a dttcrlpt1on ot the etfectl of thit typ~ ot atinulation. 

OtMr e thode of o.pplyi loeali••d ••rwo17 ttiwro.li wer• tried 

'bll\ none ••l'e l*llCCtsotul. /.mona \hete ••re d1r•et t'tbntl•Uoft. '11111'1& 

IV' i ' fi'l hook-aha d ttl~o\rodet aNl TOlta&'ft Of 0.15 • ac> YOlta. (a) 

of the a'bdo~1nal teD.&JoJ'f tt_..,e, at the 'butt ot the --~bdnten fltn 1 t• ta• 

lid• turlac•: ('b) or the ne~ 1n the ~~ &t sa~ ot t.h• wAlki"C le&W: 

liJ1A (c) ot the nMN'ft in th• •~ of o~ of the ehelt'oed•. '1'h11 tall• 

ve \o obtain an1' openin reflex by diJ'oet •t1au..1 \i(')n or the ••na017 

"" • .o 1n fto: tha n ral ree1on• in •h1eh ch....nica.l or Rrl'ao• 

electzlcal aUalat1on.,.. ftffftct1Ye 1Jt eva.ki~ r•fl x op.,ning 1e A.U'f1• 

eult t" xnl 1n. It ~ conoehabl7 be th•\ the ••ruro17 6-XOnt. fttm 

w 1le atill in their o'1ginAl b~l~. req\l1re oona1der hl7 are 4~11cate 

tnlpula,1on on th& •lecuodet than tno tor uoDa. On one oooaa• 

ion. hollfenr, a •1~1 eli t o,ening l"tteponee w • obtainM ~ the 
011 

n~t oh liped./t.Ul''f'!Ct tti-mla Uon of tht!t whole n•ne in th• eaarJ.la of 

litlm• of 1. 0 volta at a 

puJ.ae !requ.eM)" ot 100 C. p. W• AM l)Ulet d'll!'ation of :3. 0 -~. ~th•r 

'~t• to ~bt&in •1 llor ~ flex opanlng ~eaponae fail~. h~..ve7. 

It wae trrund with int ct a'l\1 11 that if nothitt w.- done 

to rey• \ it. a ch l1pQd waa autot~eed w1th1n ~ - to 1n~t .. ntter 



'b•g1nn1Jl6 '\1') c:pea \be eeru1 aM. diG••ot 011t \hB tlexor -..ole. Var10'1.W 

atte~ta at proyonti thit ~toto~ ot tha chel ipeda w ra triea; to~ 

inatano•, firmly tyin d<mt with w1:ra tb.e batipodlte ¥d the CC\XC• 

pod.1te, with th6 1dfh!i of prtrrentinc th~1r llloft:\ent. 1'b1a waa ttxutuoc•••· 

~1. Cool1n~ at 10 G tor 1 • 1~ ho"r• befo~e di•a•ct1n« ••• al•o un­

tuee se~ll. It • wrentuallr r~ ~t ~ttiag th• 11~nt• o! the 

two ~el•• 1n tO. ooxopo4ite at their arti~lation. with the b i~od-

1 \e pN"Ani0d a'4totolq' of the ehelipecl. 'Bvidently t~•• we1"& the ..u­

tntomr ~sel... but thel~ ooutrao\14n al•o had the et~ect Qt rai•inc 

th• bu.aipodi te. !'be loat of blood oauatd by' thia oper.uon •a• .,.., 
Pall. aAd 1 t np"t;SantlY p-roauced. no 111-etfeota on th-e cthw O'Pel\ing 

reflex. In ~11 ~bsequ ftt ·~~1mentt, therefore, tbla• antot~ 

cl• tend.oul in both clawt were C\lt at tbe1:t art1cula tiona 'b1Jf01"e 

on tht p~eparatlon boar • 

th• • nua of the choliped to bo tUatectetl. wae ~&n.t i n th• 

uual wa;r, by eu tUng out the antero....,entl'al exo•nletal surfaco, ae 

4ea¢r1bad ln ••etlan 3.4. The flexor an4 aco~~•&P.r flexor ~•cl~ 

" re th•n. H110YM una._.. the binooul.ai' moroseope at 'before. tln\il 

tlw latt•r tt&gee of \hes• exp&r1untt tM e:rt•n•or .,_clf!t waa not rs­

t·UWed, u 1:n th• 1n1 tial •t.a&4t• of \he work tait waa fO\lnd to be a 

~•e ot 1ftJ\U'7 to tho 'tOto!' x~na, which al thonp ftf"J' alight, waa 

yet autt1oien.t to ~101)k throu&tt-oeaduc\iou in the opener exe1 tal' uon 

rsti1lt1ng fl"OII tenaory a'UtiN.lation. MowErt r, lenv1)1fl \he exteneor 

~cle 1ntac\ in th~ meru.t m..,de 1\ d.1f' 1.cult tb d.111Jtinguiah Y'1wal.l7 

the motor a.xons in the nerve fro the t&ntOJ"7 b\J.Nll•a, ~tim!l\U"lY 

f rom tho t f:t+.l.ll onet lti.nc 1n the re«ton. or the motor aaone. Co 1H4ttent -



•lY .dl:U"ing the l a ter ttape t>f t.h& werk when 8\lffieient rtaA1pu1att-v• 

ability bad 'been atta1ntd., the fUtten.$Or .UsCl& W'Qa t'hOV$d,, aft"l" 1"fJ• 

n1rw1ng tl\e flexor tmt~tolt ani Uga.\\u'ing \h4 blood Mt•el. 

ln.1Ually d\U"1ng these !!!lxner1attn"\l, the c'Mlipode •fn•e not p.En• ... 

tueed wUh pbyosi oloc1ca1 taliu , but ai~l7 wult•d. 0\lt at fai~l~ fl"equ..•nt 

1nte!'ft.la Yi th a tllOW Jet of a&llna f r M a cc~ett1ble plaeH.e bottle. 

'!he ble«l vnael of th~ lbtb WM left intAct in the •rue, so \ bat & oo._a ... 

timJ&l 'blo~ flow wae !tlainta.illl.a: to the dis~al li11tb auac'l..tta. !htt flow 

of blr.od lu th• Y'at t e l eoald \!aualtyo b e obsef"t'ed tlU"(m.fth t he 'b1noou.ler 

ieroscope: 1t WM puraped at a rttte of fl'bt)ut 1. .. 5 'P\tlen 1l4!" second fol" 

a pe;iod of 1~ to ~tt 'J)Ul•M• follow.a by a r~•t ot a'bw.t 5 eecc>nd.a, d'~e1" 

which the eycl& was "J)t'&..W. RO"PY•r• d.v1.n« the ccr,;.t'sit of an exper. 

i•nt, the r a t e of flow of blood bttcal!le tlo•" and. slmrel". utl; due to 

tl\s exct~td.ve 1~98 o! blood ft"om th• Gpaned ll"Q• dd partly due to the 

'blooo Cf)'ft a11~ wt•lJr 1n the V31Jae1 in the ~~ aAd l;)l"o'bo.blt also in 

til~ di•t al w.tel u ln th.e MJ'UC. 
1 It .a• pr~bnbl• that \hi a :r411d-oo'\iou 

1a the 'blood. flow QAd wts.d ()t)flpaltng Of the bleed 1n the die'-1 lia\ 

t'!\1•019• llfU pat'tl;r !'i'CpO:ntibl• ft:m the ¢heli~~· gl"U\1&111' bttOotld.ll\:C l$•• 

r~ep<anaive t0 114Uli017 .or m~tGr a~on aU tl4Uon more r a1)1d.1.y than with 

th$ indiY14ua1 l~bs i n ths p~•li~i~ exper1u4nta. Oonte4\tentlr aft•~ 

thit em-ly s\agu of thl) wQI"lt thtll ttt~ cht!li-peda Wet"& a lwava ~rfltsed W • 

1~ the oourae of ~ expttrtMant. 

l ed.i a\elf' after rmaoval td' th& flexor rm1acle in eaoh 

cheUJ*}, the blood vent el was ligo.t\ursd a t the proxillal and oi' the 

!llttr'Wt• l.W i114: a~· of human hAi~. The tip Qf the i~aGVable. r~ ef 



the clalf wno then c\tt otf del t hin ru.l:ib6r pel"f1:l.si n. t.tbe tU.p-ned. 

tir"'\lT QYeJ" thit cut end. !hit ru.bber t'.l'be • • m eonnaetet\ to lt:!n&e!' 

p141Ce or po]J'ih~n, ~llb1nc f poa a. bo\Ue u wllich the zofu•1on saline 
• 

• • kopt. !he le.,•l of th• sali .ne 1n the bottl• wu u i nt i-nell 10 t hAt 

tho rate of flow of te.line thr.oup. ~h• eheli~ re 1ne4 conet nt and 

i'a1rlt tlcw. '!'bit •u done for both oh•lipectt. lkst.h wer-e trUtmlied 

with tal i ne f.? :-t tho ao.~e 'bot'll•, ud'n« a Y""'Pi • c• to diYide t he perf\--

i o'\ \1t'b6 Into tw 'b1'"anoh-sl . &t\Oh branch MYi.ng 1ta o1l'tt sorn ol a: to 

w',,ust tne r \e of fl01f th:rt.Np i \ . 

Itt a nol"tllal unregllrutht~ ohel1ped 1 t ., .. ueuall7 pen1ble to 

d1at~1th ~•r Ut~ b1~~1•~ mioroacope. ~h~ ~to~ •xo~ b~le OOft­

tainia& \b4J tbre• ~ao.na t o the a~r~clwr and epeael' auol••. n.-11)­

this w.- " lao pouibl•, tho\t&b w1 \h some dittiaul tT • 1D a l"lt&ftl'\ttnlted 

eneli l*).. 'Ibis ~le waa then c etltl17 bolatad f?aai the r ••t ot 

th• ner.•,ua1ng ~a tnto olo«tcal pia t~.e<idlet.,Md lpli t into 1 tt ln• 

d1Yidual axone, u.ina tM tlatt.n~ that"p two-edged nH<ile • w.ntect u a 

l u h ml•· 'l'hff three axou were t h . .n reo.dy t o b$ tteted 1n41vidual-

1y, by di rect et1~1&~1on, to idantif.r \he Op$n«r • otor and a~t1c tn­

hi bi'\ot' ~OUt 1Jitl08 it 1f.at Dat POIIt1blt to 1d•nt1f1 tham Y1twtlly. 11hil 

wu necelUif'J'J b o!Dre the i n p rt of the 9X7\Gt"1 nt, on reflex elaw 

O})ES'0.1Ja&, coald be cottaneed. 

'rhl •hola exp•Jt1 :n.tal net-u: • tor chan1c~ abdominal 

aenao17 •tbtttlatim and et ectl"onic eh lined axon s t ia•ula.tlon, 1e ahOft 

in fit. 14. 



er1 .. atal. ••~ f 6r aechUl .-1 .W.olllbl at.l.a\1 ft1 e1-cboll1e 
•U•la•1oa o£ th~ afft.M\M' .-a• 1n ~• -~ ot tb$ ri&ht claw, 
an4 ~pbtc rtt-co'l"diq of nil~ G»elliDC •t bo"h cl ••· 
Yhe ora'b la ·~ w1 'th w1J>e Oft \he ~Uac boarl iu th• unal ...,.. 
laoh obellpal is ~J"fUaed throq:h ~..s par.ftta1on ~ub.. 'fru • sal1u 
bet '\le 1a t b.e baa~. !he d1•h a!)d tOO-. for 4r a1n1nc oft Wte .n1111• 
1• ta ' l ao• nuaatil t h• Ph"Pil"& t.ion. 
!h• ttt.lUllAt~ {o~rt~ !M.-Bo1e ~ ilfdU4\10Ji eoil) :b 1tt poa1\1on 
-. the lliieltt aUil ab~• \ he pr• J6ftt1cm. ft• ~1-.trocle ?aierollal'li;qlate'P 1• 
to th• l'icht of \he ti\111.a.tu. 1M lllli ,.rt&l -.ear1!t4 ela.ctrtd• !Mtl4• 1• 
o• the l•ft. 



di ae- cUon ?rOMtt. 'l'hit wa1 ths eaue or Hpeo.ted fail\tHs of •x­
peri ent1. Ul\lall.Y i t oocuroo while ••'O&!'a tin« the open•r-at"'ech•• 

a.xona, but. •01"'\eti~WIJ while r&~ovil)g the extenew mwscl!t, to s \ittea 

while •e~ratlng otf 1h• blood YGaeel f~ the n~rv•, ~ •o eti ea 

eT'l'!l wb.•n H~oYin! the fle.xor uro.le. nee lionnlly, howwer, the 0p4tn ... 

i n& rofl x re&p'O~At".-d 1 ... 4 hO\U."t after holAti.On of the uoue. lfln'"ett 

}:lOS .1ble cause11 of the d1au.~~oe of th$ YJening r-eflu were ~t-

ad. 

1. I~ cou.ld ~•t1bl7 ha•• bee11 d;.te to aoto~ f a tigwt l'"$sul ti 

fro •~ron& etbm.lation of tbe opener axoit(')!' a,Xt)J\ i n the net-~11 b7 'h.• 
d ian etiort proeu•. 

'f"ee e~t-itaenta Yere Made pert11 to te~t thia '001tib11ity. rrtle 

o~ne!" tuOn of a claY wn.a tt!wlo.\od H'OOUtively in the I'Mt"\t• fo"t 5 

a-eeenrl • evet'y 2 mi:nu.to• ovett" oc:mttmta* pe-riod of ~0 to 50 minut.,e •••• 

f 1 • 15. .t.tt r ~ 1n,t\$1 of :roapet1t1-.«t sU-.1 ti~n the!'~t wet • li&bt 

fati~~f the Op~1ug r~tpOntt in two Of the thr~e oxpePi~nte, and 

~ter 4" inu.tea thE!re wa• eo.1MW'bat ore foUA't• 1n all thre"G e•r-

1menta, r~•u.l ting il't. ?ss~cmM he1 t or 30 - 5o1 ot the •tart i nc 

hei t. ~· d1saAC t1on ~~ooe•e 1n tbe rotl~x e1w. opening •xp4r1 entt, 

eolllJ)l"hinc open.!~ th~t MJ"\11 and re~1ng the :f'l..,xor tlMtcle, aft!\ •o·M· 

timea Al110 U ptU%"111«, c\itti l'lg atid r s oving f~m the . J""\\.8 the blood 



f1"C- vs. 
01• OpiJJtUc in J'M~ll·• " u.thadio •·Ual~,tJ.Q:tt ot \ hAl 1nlAt«l t"""'r 
qtv •:zcJt. •' ~f)plau:- int....,.a.la-. 
~ ~ab4tll's 'ben.•til t» &t1a~ :t•'P\"UUt "b,tt tiM i n. ill! tmt.ll o.!te' 
oGlllUlle.-.nt. f>f t he tint atlttral:\\e:. ~ •tiJII!IllS. :u-• 11QD~otol.v e! I -.ceut• 
dvt¢""1~u. 
~ aPron l.=t1ca~• u •• at which th• tt1~t!t>1) •1qetro1.• • ._. m•IJCl 

d1MWl:r alQil~ th9 A't.ta • t~ -.rrcws p;r~x!'fl!lallT· ftt .ron. ow.r tM 
aJ"rGd S..a ttc.l~ traUoat.t t~t t.n. 4tl.•etl'o4• "M ~ ~r• 41"-117 O!l 
p¥"tm..Ul-y thM.~ pr'WiO\Uly. 
tti~11 ; a ?.o Yolt.. 100 e.p. s •• a.5 a • ._. 

1J 2.$ Y-ol\a. 80 c.~··· • 1.5 ••· 
o t.G voltf. iO c.p. a •• 1 • .5 tHJM .. 

Ia A \ho •tl•~ ~t o:~l:"'\~1nl1' ac-ted .-,"\ ttu. fnt.:t-:f'~ of " h ..:11U> 
o tb.- ao't4~ ~. e iM• \1u•r• waa no- rap1c1 f-.tiitle o! "the Mtl\r _. 
a t \hs ,ola.t ~~ •t1~&t1tm u in ,k l\~ Jl• a~ s:inc• t ll• •letrQ!loe • u 
cloo• t tl th . •al.i ~ nrt~ .. 



ve •1, !Vi toll'•t1mea rt')!Qoving th.• ex\~ntor l!lllaole u ••11, tun tapaJ"­

atJng the \bree op•ner-etnohel' ax 1181 tO &tiM& took froa . tr:> lt hettH1 

though tho actual U in•olHd 1n <Usa&oUJlC wu ot cou.~att not as l<me 

a a th& overall \1 tor tb• eQ:it'Ol•ttt pl"ooe••· ut dnc• thtt open~ 

:w.el• fro'lu•n ny cUd not cont't'a.c'\ durin& dltt•oti n when thi• wu done 

oarefull:,r, it 1• hi&hlT 1 pFo'bael• that tt\tt;p~ of ·th cpe.ner t ole it• 

••l:r waa reoponai'ble fol" Ute d.11appennne• ot the opttner ntlex. )'urther-

oro, it wa• treQWJntly n.oti~ed that, wheroae the op.nin« re11u • 

'luit• atr n& J~t before Gaparat1n« t he Gponer-utreoher e.xons, after 

•• ation it ... e()ll"ll et•l1 or lii'O!St oo1llpleuly aba•nt, to \hat f • t1F• 

of the opener exoi tor axCJn a.t a efj.\laa of the c11••P~l'~ ot the open• 

inc refl•x was 1 ~ob ble. eYartbel••3 th po811blit,r ot motor faticu-

.,. t\tki. Cl rlT th• onl.J' w~ ot ciJ'CC\wol'lting thit ditfltntlty wae 

to wa1t until the pl"~ation hAil raacv-el'ed trc thb t ati&U.•· .tft4 

tn ract, ae has b en nti~. the pP parat1on• a~ti••• ~id reooYer. 

1 ... 4 ho\U"'' at'ter iaol&t1on or the ope-ntr a.xo11•• from wbate'Yer • • • 

sboliah1~ the ~n1ng· ~tle~. 

2. !he ••eond ~o.ta1ble eauae ~·tm ••• that enUI!'o.,to 1c­

pul••• 1n1ti~ted ia the ~tractor axon9 du~1~ tbe dia•eo\ion proc•a• 

1!b.t han been exe:-\1n~ G depr•sein aff.~Jet on the "c ntral. e%C1 tato17 

e~at •• of t.be ani-.1. In vor\s'bl"ft.tee, ant1drom.c 1 rJUla&ta exoeri ent­

lly • t 1.1J> in tll$ lllo\ol' run"Ye f'1br•• have t\\Ch tUt e.t'feot on the 0 . ~. s. 

(C,...ed, .oclo, n -Drmm, .U .!1. 19313), and it 18 })<»tt1'bl• t~ :t. a 

ai ila.r ef':t"eet. w 'be1n« produc•d in U:ut cra.bs b7 incidental atillflll t1on 
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of 1he effector axon• duri~ the d1t a6et1on prooe•s, 1n ~a~ti cular the 
4he, 

proeeu of senarati on or j th.r9 o:pf!nttr-• t:r.cher axons. 

I n order t o try nd. Etlillliu~ this :pos.t 1biU.ty, four nl mal • wer e 

e~oled at 10°C, two other• at 0°C, and on& at -10°C, to~ 1 - lt hours 

eacll, i rn4tdiat ely b.tor• eli ••oUnc tbf t'l•r1: ttro tJf t.he 1000 .n1 s 

were oool .d aga1n 1 ~latelY b to.,.• ~at1ng the O'MJ\.,--etreohf'r 

axon. . ~he p&rt'ns1~.m sftline w s cooled with t he orab, 1 0 that ! t ~t-

itlild at AJ)p:rox1 t•lr tht ~de teMp4'r tu.~~ as t he er· b t'hr~u C'loUt the 

ctXper ia-.nt;. 'fh.a ·~~l"1Mnt •M cl orua a t r onm t emy ratu.r~t as '1.'t11U3l , 

n4¥!1•1T t a - ;s:>0o. flw .,,,,ba oooled at -1nec and t>00 r o:ma1n•4 al~~ta•t 

~otionla•• aft er cooling, ana nll ~tl xe• r~~1ned. very weak, t oo 

•••k, 1n t act, for exper1~ent• on r tl ex olow ope~ing. ~e -10°0 

crab aut f)tC!!tivG!t all ita walk1ru 1~ 3 - 4 boltra aft er eOtlliJtl(, 

d i stl 6 hov s af~ eool1lll • The 0°0 &nilftal• diod 7 ana hom-s , re-

i e l ng reiJ'\tl ts, wMoh al"• pt'$allntly' t() b d.o•cr 1bed. ffl\ese t Q.'ll' 1!'%­

~rimenh, ·tn. 'll'hieh t he o. 1 l a ·~• cool ed to 1o· o, w1ll tor the 

prea•nt di tfOtl.tuicn bB r•f~r-r-.d to f\8 &:x.p~l"11l'l9nt8 1 - 4. 

In IJXJ)el"1 ~nt 1. ~hi! o.~•n1nR retl ~,x ot each oh.Qli lit<! di n.t)}'fJ~ar~ 

1a , t n ~n1Tl8 !"flf l Ax :MIAPJ'8 r ed • t:'ti\'Jl'hPot tMre r~p1dly t bn.n i n oat 

'Jxp&ri ~tnttt tn which it <Y iaap~ed. l n exp~1"1 -at 2, nei t her l e:tt 

nor r ig\•t claw openi~ refle:x~e r fl :ppoa.rod o.t all art.,. eooll n,. l n 

~~,..~t ~. 1n wh1eh thtt. re~n•rated r-iAttt oh4liped ~ner-•tHohel" 



uons W'.t.t<e tor11 e\\t durin& :remova l ot the flexo1" t t ele , t he l eft 

~helit~ n n1~ ~tl~x ~er di • ~peQred or decreostd at all ~ur1ng 

d1as~et1on n4 axon &*P&~~tion. rn e~:r1~~nt 4, th~ r16ht ~heltped 

opt.n\intr t'efiex t'li lll ppOared af't~r re~ing the :fltJXOf' '1!1W1cle• 'but ra-

thr~out th3 e~~i•ent. 

lt appee.!.'t, ther•for,, th t ooolin of tho er"'b bet~re d iltHtr:tion 

i n betore separation of tb~ ~ner-

reoorda or 1ft of which are ehown i n 1 • . .3, ~ 

~xon •~ration -~roc .oet, and lt~~ ~· elQW op3n1 r fl ~x 1n eaCh 

of th••s exoeri ftnta did deerel!<•• in stl" - 'tb sli f,htly dttl."il'lg axon 

1mpulaee initiated in tho eff~oto~ ~on• br the diae e~10D proceae 

which hnve depre.au1Ye ef!. ct on ~he central exo1tato77 !tt• t.• of the .. 
ani mal, or at leaot of th.l! a!AW openin« refl~x. 

the deenu.ae in the strength of the opentxt~r r efl x O<)l~d ~ •ell be 
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i n 1 bove. At any r ate, cooling ~· ~nt 1 beto~e d1aoeot1on na 
4rld 

effector oxon s~~r•t1on,luaing tho t horp two-~68d f~tt8ned die~ 

aect1nc needle tor espa.r t1ng t he inn i v 1thtal t'}pen8r-.~ahe-t- axon•• both 

.:;. lJ'be thtrd t>Oia1"b1e oau.ee, n&'Mly cereb~a1 1t'lhibl Uon, "P oug-

sted 'by tho f act th t 1n t ome Intect the au.-pl"a-~topl\a&1lal nclion ex-

erh inhibi tor, influence on the tho~MC1c lla, ind1eate~. 11\!£ 

eunte of the thot-aeie 1•~ attv 

It wo.a -notsible that tbe laM thi ng waa oecum.nc in th* 

both by oblit~~tin« the g&nel l on itaelt ond by ~ttinc 'he c1l'~-

~ .,.. d1f-

fic\ll t than .wa!.i ~o\ed. Owing to the hardneaa ot ~he exowkeletc>n 

a.nd r •tral pl."ominenoe, nd to the raeilient nat'l.ln of the C&J"ebral 

p~lgl.ion G.Dd clrcwa-~a~al oo11 1aturea, 1t ••a not poa•iblt by 

1MlH11 drillinc throu.gh tha exo•kel• ton ,iutt -voe~tral to the roetr&l pro­

~:~1nenM nd ill\', di at el.7 oYer tb• cerebral cang11on, to ~blit•r•\o the 

~lion. 

point juot nte~ior \o ~ha outh ~tt1n& nd im edi t•~ posterior to 

\he border or the hard int~cuaent in tha t r~«ion. Alaot\ 1 ad1ately 

bentath th1a tof\ portion lle the two c1rcu•- eesonhuaeal eo i asurea, 

and 91th a little pr 3etioe these onuld be t~ante3cted with a tbkrp 

~ 1~ ~f f ine sc1a8or s . !hi • waa eueeesa~~llr done in two 0rabe, and 
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th••• crabs died w1\htn two or three hour• aft er ths cperat1~n. ~lth~\~ 

:pO-tt aaot'tn d1u .,etiona i lldieateli 210 gre t.t- i.QJ\UT, pll.'!!'t from the 

t~ naasctiont, than a l arp oo~e•l•d •• or blaoo 1n \he r ~toa ot tlte 
heh 

oyern.tioJl. tt 1fd unexpected that tb1• t h(ul,d oc.utt/ & r a'01tl death ot 

th• ani~l•. At t.aptt to ~old th11 e20eea1 .. internal haemorrh~ 

tail~d. Atte~tt to eauterite the ~1reum-o~topbaceal eomn1$tur&a ln 

the &Ma~ apot with a r fd hot disaect1n& nea!lo were ~tt~lly I UOC011• 

ful. 'loirtll"da tlw- •na. ot the txptn•taento..1 •ork an ftl.Ctrie oa.u t e17 iu· 

ttrwaent wa.t obtained, and the in1Ue."t. a tt6trpta t-o, -t6'9'4t' the co<ft!li ••· 

urea with th1• 1natru.l:ltJnt ••r• pu.rtl¥ auee•••fu.lt mor eOTeJ' t} • ani lc 

It i t :probable tho.t t hie tMtl:lod .• w1 th f'UrtlUtZ" "Pit'aet1oe, would be 

tu.coei81Ul. '!he f n reaults abt~ined with i he· method i ndi cat ed thn\ 

l t, a.tte:r u.posv e Ol'l! ee:p~.t.ra.tton of the opeM~ attaa'tor 

axon•• one or bo~ obn!i~ds rotpo~188. no~m~lly to sen.or,y atimul \ ion 

by t"eflnx ttpening. then the exper1aent coulil be contiuued.. ln ex-

perimen\• involving tra~aa~ction of tithe~ t bt opener oto~ o~ the 

~pene~ inhibitor &XOn., these ~xou1 bad tlret to b& i1entif1ed t~oa 



+. 
,mg.\ the three etfeetol' uttrua of th Q\)flu~r ... str h• ~n ~le. llo 

do thi• 1t we. tt~ll7 nec• teur.r to ati l~\9 o~a and a '1 1 ~ , 

the ~-• uon.a, 11 e 1t wmt not. e~•p\ in \he late • - a of the WOI'k• 

po .. lbl t o 1den~1fy them 11\ u:r o\lutl' ...,. !be a\i .a1.ttt10ft of tbs 

airutl• axone .... done iu the •aate wa:r M "-6Sel'ib8d ln **"tltm 3. ··1.1· 

lt •• treqaruttl7 fo'l11'l.d t bQ.t , OJtee the OJ:*lel" aotor axon ho.4 

beau raised· out ot \ he tlu1d ill '\he 1m1• 1n l)l"e~tion i'cw et1~at• 

ton, or, 1f ttot a.t tb11 •teet. t hen utter eti~laU.on qt the &mn. no 

fur~ rvflo~ •~i t 1on ot the o~r =uacle wae pouw1~1e. ~1•pot• 

ot the refl~r; e.l.f.l:tt open1nc re~ltt4t wa.a ~bo~.1n~l7 shor.n to t,a d\1e 

to 1n.iu.7 t o the op4Mi" vaotor axon la 111'\11.14 1 t tJU.t ·or ·th" fluid Ol" 

i n et1 ll tin& lt. 

P1ret ~ retllx C»anl nc ~··~ ••• .voted 0, titillation ~f 

the t 1. 'fh.en t bit opener eotl'l' axtm wan etimu.latd at a certain 

point 1n t b..e ~. •old.~ ~ auacl• l'"H'J)Ollte. Th.e r•tl..,x 't'e•pona• 

, tbon t e.t e4 a.nd r~ \o be ~.ent. !l:l$ open r JDOtor ta.t:m w 

n ttt.i.u.l.a.te&, but ore ~~osi lly on, \h• axol'l t han pHrl.&uly : 

tl\ia t1 no o,_a.tftl •ron•• wo.• ob\&1'*' to th• 411'eot atis4a t11':4\ 

ot the~ UADU. JN.t ~ th1r<l atl latio11 cf \no I!OtO'.r axon. t.hia 

ti mon 41t,al1~ \'b.an in ~· t int • otOl" u eft llti u.lo.Uon. an ope~ 

i nc raopon.G• wu ..,..ok•d siltil lll' to the t"1rn.t l.'ea-poll$e to 110tott uoa 

•xp.:JY'~nt. rro~v. tb.a r&a}"ous• o'btainod. in. a.."'\ethe~" •xpor1 n~ 

(f 1 15c) 111 .Ui.Qh the opene1' ntOtQJ" Qt)l~ was stimulated in the 
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~ at Yati ou.a poi nt&, lad. to the eNa8 tonclus1Qll (lAc). hen. the 

han., hol'ttver i t wu atiJilt.U.ted 

ore pPoxi lly than the 110• t diet..l prfY1oua •tittu.l Uon, no "fllonae 

w obtained. • r~aponte to et1"1Ul.a lR .., s due to the 

~litude of at1s tlua. 

1nce el•ct~ode ban1pula\1on ot ~· opener ~otor xon h -4 thi l 

a.f!ect ('lt blocking er,nd:.tetion th!'ru~ \he pain-t or eonta.ot of the axon 

with the eleatrode, it wa8 hiiklr probable that a •1 1lar block1n« 

-
ipulation of this axon. 

the r tieul&.r e.x.pe-:rl -mt to 'H pol'!or d wrr\lld b one involvin,t: tra.ns­

aeetion of the o~. or •o11e imes uoeun.rUy two. ~xone which, in the 

pr-oc s of 1c1tmUf7int; tho opener '11otor and apeeitio 1nhib1t 'I' axons, 

h peno~ to be ch~aen tor eti~l tion tr ~~' the thr~• axona or 

~h op•mel'- lf.r eht r on 'bundle. Thu.G it, for exart1;)1e. the orrsner 

~ot~r axon h ~penad to be ohoetn first and stt~l ted, the eXpert nt 

perforr.'IA'd on th1n or b wou.ld 'b one 1nvolv1l'l~ tx-4\nt•eoti n o-t th., ope-

or otor &Jeon, 

lllGOle could be l'ftfl~t.xly inhibited bT "a:f ot the onsner 1nh1bitC~r 

axon. 

now&Ytu·. !lt o. b .t•r •t ge of t e Gl'k when ttore eXcer1•nce 

h~d b en obtAined, it was often poaatble to 1d ntify th o~~ner otor 

ft%on -.rl thou.t •t1Ql(lati 1t and w1 thO\lt o..t:tectin& ita thrmt.&b-



CGnductin.g a.b1l1 v r uauallr it ·~ "" alighUy thiok•r t htm the 

otbey two l')ns of the 'bundle, and aom•tims~, b)" Ju-st pulling on it 

eli~1tly with a. hoobKl d ieeacUng n~&d l11, a t1l&bt CtmJ.iDJ~: r~t {)l\ee 

¢~Uld be Ob•oyyt~. Qnce the opener ~Ot~r and/or apeeif1c 1nhib1to~ 

axon d heeD 1don\1!1ed, ths main par\ ot the ·~•r1m~nt, on Yeflox 

alar open1Jld, o~•lld a a~encet!,. 

ln the ~r1•~nta in nhioh reeor~tnc~ we~• ~· of r9tlex 

openin,t in a oh<'~ li)s.d with 1:1n• or more ef fecter. i.U.DN \~llaAe.\ed, it 

Oon••~~n\ly, \he p~ooQdu~ w&R, in ~neral, to r ecord rofl x o~n1n« 

ot b oth nh4tl1pods b et" or& tt'::tnssectina W'1Y' nxon•-. '!hen tM reltt'V'i)nt 

axon( a) nre t.r• naoeeted 111 one ch.,U ve<t, while th~ oppedt• nh. H.,:>tt 

w k ;>t 1~tt..et as control far oi.aultano ua r cording of :reflo~ 

oponin~t • 1 th trua av-.rfll.tt\d chelipei. 'l'hen the aeocn~ eheli·:l8d wu 1n 

~urn o1par1 enttJd ttpon. .J~ot!•~. of c~ae. when only on• (nor116l) 

t'!he11 ~d "n• pr•aent, onl;r the .f'1l"ut of thooe 't\fO oontrola w ra ~il.-



orldn~ on. the liuropeu fre$h-w ter cr .fi•h, Af!twm• 

fln•1atil1•• 11oft' 1111 (1914.) fo\ux\ that r .tfl•a open1q of the ela.n 

n.ould be "/'ef"T e e1ly S?"okat\ by p1nching the t il ( tttGhtrans•l, prot• 

t:f bly t b.e u.ropod.c and tela on). or 'by lil;b'bly t a.tm1 1 t •i th the 

f 1ng"G:r. If t lut E~ \i .. ..tlue wu <:onti \:Ut4 ff'Jr a t hort •hile, th~ ooan-

er oontl"aotion of an inta.ot al w l'elu~ after a r.., •~nda. If a 

st1ttt1lU• of s !l.ort dluoa tion waa r-epeated u.t r f,\tln!' interv.sls, the claw 

o~ned in r&aponae to eneh of' the fi)"'St tn stimuli but with dflore&e1D« 

a pl1tutl••• nd •{)on asated. to respond alto~ther. It b~wev•1", the 

op•ner inbibito~ ~ o! one ola~ we. tl'~•eeted, \hi• clAY eontinued 

to en \o the aeme extent in reupo~- t o each re-p• ted at~.tlua, o~ 

thr •lAt.OI:tt the whole ot a 11t~gle atillulnt of eome SJ&ooWfs d:u.:rat1ou, 

whil• th« ornod te and intaot claw re1pond•d norrJa.lly. lf the o-oener 

i uh1b1tor axon of the intaet claw •at then t~nn•s•~ttd, th1• cl aw re• na-
ed. ill th~ au.e w()..y as th4 other ol-.w. 'Mte r aflex centr-actioa 1u each 

claw oontin\\M ffir th <1'W"at1on of the a1n&le lon« •t1 iotl ns f:!P ot l'e• 

petitivs sbo~t ati~li 'int11 t~ erstfi~h tati~d. tfl~x oontraot-

1on ca1l d thea Ai',ain be tWoked by aUmul ti-ng the .n1 t in n. d if'feto• 

•nt pl o.ce, for 1na' rtet on a walltinc log or on a me.nAiblt~. Jl1g. 16 

ehO'fs t ha oult tW'O recorda which Ko:ff'M!UU'l puDliahed to illua t r t• t h•d 

re llltt. Frolll 'the•• r esults M oo:nelu.ded that the o.da t.tion of the 
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J'1&o 16. 

Repreclilcticm ot two 2'-8e4i'ta at Hoffmaftn (191.4), showiac r~d'lu ~tnt 
Of 'both clair• ia reopeate tfl repeaMd 1Mohanic.l seuo17 Ull!tllatio•, 
1l\ at¥"• tl.J!'jatl\11 tl.xm. 

I . 

a ~t 1Dh1b.it4r POll tntaot 13 rich\ cl..- (1), tftn•aeot.t 111 left (r.) 
b opener tuhi"b~ '\er UOl\ tra.J1•••ct41d. i n 'both cla•• 

SU'~Nl"' (!} J .t Jl11l0hi!lg wi\b f~~"PI : S tail 

} \appbg ' "18 tft11 
! 1• fl) 1 lO attcoltda .. 

• B ••lk1n& 1•1 
lf4 fud1lJl• 
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ct. cpen1nc refl ex 1n int~?<Ct el~fl:Yr~t o.b<N.t b7 ~enel" inb1'b! tor 

a xf>n acti Y1iy r s aul.t1llfC r~ aeAaory ati =ro.laU&n t tJ tru, t&J.l f3r other 

p&cr t ot ~he 'bod;:r. Cleo.717 the adap tiM of tho opening ,.~flex -. 1:a 

in attcoting to r epeat these exuer1•.mts on 7-'ot.f:!on pel"ltmt. 

the~ ·~ ~ n~~&r or diffi0nlti~ w ich d i d not exi~t in the exoar-

i nta on a.etf:C"l ! • li'irstl:;, ratl(',.x cla\f op&bi~ •u net nl•a.Yt euil;r 

noked l}y p ntle chanica! • tl ~htion ot t $ abcloJten. nd u 1 u 

aa.silrr ~ by ~h nt cal sti~ tion on an;r oth$1'" r~on e£ th.s bocfT. 

·ee'O.Dill:Y, (•M !1~. l a ), \ho ·rYe fibre. ln tll., ohelin~ l"'e not Ppel"• 

a~ 1:tto two dist1oot n&rTe dirldons u in Aat eJ!!h i n whieh one 

divhion (the ..c thi• M~") eo.nt ined the < 1ttnar ll'lr axon {tUld the 

\o~a), 



Cl l.y the fil'at thing to 'be done 1n re t i n& Rcff,. l'l'• •x-
:'&!"1 ntrt on ? o .. rte?tt wu to aha. that \he r efl ~ (} • o~ning "t"espon•• in 

t he 1nt't.et toni n.l does in .fe.at e'ww tlenni to f.d ptati en to lon~r dur-

~nee thh had. 

bsen dcne 1 t ..-u de•iraable to thow thttt the "M ptaUon" was, in r et, 

a t :r>ll ad tat ion n.-t not .r~l:v fl tign.e 1fi thin the ,..,flex • :rate. 1n-

vol ~. 

2. ~ener a~eific inhibitor cut. 

7. 

42.~..-i""e..,-+.s 
rba os.te,gury 'l 9~-rt nta W6~ the 1nP.;1al cnntrol~to dumonstr te 

the pr !l·~lce o:f ~((':at ton or ~'?1 ·nc ~~1 opfming. Cat e ... io• 2 ana 5 



sent work. M expel"1 nh i a catec m.-i4s 6_. 7, and 8 1UIH l'lod•. R"'w•r • 

th r eelll ta obtained tr«a e-xner! nt1.1 1n ~hG ~tl'l.er live cat eg"l'"i l9a 1n• 

d i 04lte4 that oategOl'i•• G. "! and. 8 -..re red'tll'ldant. 

ln secUon 5 J>nly roa!'on••• t eoha....,1el'l sen &q •til'tll.tlatiGl\ 

'Yt ll lie d 1 t with. The tt"9sponaes t c electri al ltll#ory t1 ti~" 

will b.e aondd• red i n a ter s•ct1on (!Jecti '3:o. E), at co~~pJ icntiYU( f act­

ora are i~trod~ with elect~ieal •t1~14ti ou. Ada~tatton tc long 

d-.u-a.tion. sensory t t1 ali cf 10 aacond• or ~Ol"'e 11M not b ortm·ua1 '"lY 

st di fld. . @4 will b considered in seeUcn 5.2.. J~wptation ' C) r~t~ 

9tt Orf l till'll1. <fill ~8 li ea,l t Y1 th in 88Cti0n8 5.3 - 5.8. and 1n Meti01l 

s. fl. experitaenta on ~fl•.x inh1"b1 UBn. i zwolviat; tr!l~tteoUon or th& op&Ml' 

oxe1t axon will be eonsid~~ . 

!"";)!d"JT. ~ r .... :tC*pt Yheve ot;terwisct ind.i~~ted . the w-ord "AdaptAtioutt tr1ll 

ha~• ~ used to ~~~ot~ th· eff•et eonGtitu\1~ a dee~ ~ i n thG O.ignt 

o! t he r ()Ol"ded r•s •orul• • U h lone dura\ion or roueated • t:t 111. whet~r 

tn i@ erts0\ be • t~· a ?tatio or ~rtlY or whol lv a t ti~te 0~fect. 

~ f ew 03plorato~ e eri snta ••r e nad t an ear~ at cf 

\hiil w-ork t o test t he pt#.1tion of th• l'a.fl -tX cl aw-opening r n:ootlse to 

long du~~tion 8ti l i of ln ~eeouds r mere. At tbi~ ataga. tn. li~t 

~ cordin~ leTer •~ r!~~ •hich bad b~en uaod i n tne axo~ in~erY&t1on 1n­

vesti~tion eXperim~nte we~e • till i n u~•· 
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atj~Ji, oit~ eh&nical or el~ct~i~l. fu~th8r sro ri~ntt of this 
0~ 

t~L~~nsory 3ti~li w~ra not made. i ererthaleas, t~sr~ &r9 i~ication• 

v lu.&. r or instant'!e the reiltWolop.,..t nf opener t ns1oP. ah,._n in f'i g . 

J.7 (d ) at ~ Mil T i:n resn.ons« to inc-reped tti·"rtla.ti~ :fr~qu.oncy tU&-



1-lC. 11. 

A.tla epn1n.f t~t 'both elM• 1n: ~on :ev:l!p 1a Napt.~n.8 t.e lo"fl-4vaU•a 
echa..nl(:ul •~n.tao~ a ~.im\lli a11 th~ outsi tlo cs~aa• ot thD l ast. ~rt\ ~t the 

abd.oua Whtl4 1 t Qll Ml~ Ol'Q by a. WiM lt~op. 
Up~~ \mMtt : l~n ¢ln• 
tower t~ ' ~tent elaw 
~-b. CU' .:b l. 
c. a o'J'al; 2 
• <:-l!'tA.b ~ 

alo• .r teat-. illtaet ll\ w .a; •~"•ta.,~ttd 1-.. l..t· 
()_pon.n G.t:Gi'l.e 1n~rtat in .i~ a."'!.d t n ~1gh-t in ,!.: optt ~~ i 1lbtbi tor tt>anneeeted 
1ll l•tt 1• ~-

WOfj 1 l.a all lcyao~ic t-eoot"4• a. lhi• •~r1c 'WJ.tb. Na~•••~ ot ltotb •1.,. 1 
tA~X'R ~~ a :r..ul O!.AW ; 'L0"1a !IACJJS 1 ntutrr C1...\.,. 
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a&n4Gr.Y •~i~u •• 

Aa ~ent1oned i~ the aext s•otion {~.2) on ~ptation tore­

t~~ atilllUli• there 1r oeoa•ionnll:r a mdn Hl• ution of open&r 

tendon during on or llo.J"e of the 1 n:' ivil'lu ttl e•nsor;r •UGI\l.U , t t. 1• 

b~o~ oo•.ation ot the ati~tl~. ~ia agQln. eo~ld conee1v ~ly h5Ye 

b e-n apt \ion u r sult ot r~d'lAx 1nhib1 tion. In one tn•tance 

( t & l oti n 5.3. aDd !ig. l.9(a) ) such 4AJ!l eff&et did tn !act o C'.u" 1~ 

the in\ at ela.w 'but n()t in the otb&r elAW' in which tho •n~i.tio 0}')8Mr 

i nhibitor h bcMn tra.nlteet.d; thie 1 \lJII :JOl"tl tbe i de or ittJ lutinc du• 

to rotlex inhibition. 

17 i n 1ntact-e.xon claw8 t han in 1nh1'b1t.oey--lf!HiiS ela~n. 'but ita ocetx.rre~tee 

w~ not eoruas teht in ei llllilar eondt t1on• ruid w i n faet rath•r r l"fttil! 

th&r-efort~t , it 1e a.ot potdbl~ to ctr p a-v defil11t e conel-.ui ~ f r om it, 

! 11-rth.,.- tlu:.n t bA\ t he phenoqnon 1• s etiYe of reflex i nhibiU<m via 

tn. i nhibit r xons, therefore deve~s a~t~ntion i n ~rtber 6%0~r-

i. ~nte. 

Cl~l.)' 4ld n tli.tion of the ch•Ul)4d Op8rti n ron~'X 11\ rea u• 

to lo -dur ticn oh n1c-.l •$naory •ti tll ahrm.1d be 1xwenti 

furt hsr. 

"'11. ~ru. 

A w.1m'btn- of e1_ r i tnts w~r.e .ilf'J in l'h oh &11. t.he ®"tn~r 

axon• in the cht'}Ji:p lr1 were l•}ft. int ot. I..n .,1:111 t110 ~Mlll \1r;A.rt latt 

intect. in oth :rs 1t w-oa <Uoaectet\ in ~h·~ ·,tmt'll ''0¥ a n.e_ t hfl f l qXOl" 



71. 

a tJJ<i but left int t. 

This """ d.nxw in different e.xperiunts 'ttaing the d.i:f!Al'$nt f or ot 

ch·..ni<!•l c.enaoiY atirulu• d escri'bed in a•c\ion 4.:n. with •timt11 ot 

1ornw. 

02t of tb~ rQcordi~ -.de in tn.a ~ri~nts show cle -
to 

cnt o.d ptation o! the t-eapcm .. /r•'Pe&t.ed a tili\Uli \fi g . 11'1). 'r.n-& r a te e! 

dap t .,.Hon. inc-re~: G4. or deoruas.a with lncl'~eiog or decriJ.Uinc 

(rt!t:-e~t1Y*ly) ~\l.'l"'at1ot~ and frequ.ency of rs tition or th" tttiJN.l;ua. 

f car- tthioh the !"Sl!rJOn~e toM i on w 1 1ntnil\ed. !fot il".f 'J.Ontly ro- , 



k.at1•x clow opatUnc 1n tt•S:l)tt'M~ \o l"~"'\ee 8eb.e:n1ea1 ftentG!'Y tttluli 
oa ttl• mds14• s·.u-1' ... ot the lut a'W011l1na1 ••&m~Jnt. 

Cloe.r tena.ona ot l>o\h el.-!l eN~. 
Opeur ax:one .of botll o1e.w• S.n\&ot. 

$\1 ali r h-.TT tl\111 tor. • 1\h pl~•ti ·sne ~~r. 
~1~ : ~ ••eoftia. 

n.tlez ctl..w ~niftC 1• reel'OMe 'to r_,.a\e4. u chaltical apaory &tiftli 
oa t o\lt•td• a·.trfaG• ot th• l•t a114o1ul t8pel'lt. 

t1lo••r '•1'14oa& of lJoth elan e-Q. 
Specific Ol'tn~r 1M.ib1 tor uon tl"an•oact81f in l•f't olaw. 1ntMt i n r taJtt. 

&tl~li : hevy ti\1llator. ~1th pl•a~1c•~• h •r. 
~- : ! second•. 
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7,3. 

Cl arlr the f~rn ot the r ecorded raapons~l d ~nded 

to oert n extent upon the eh"\r~t~Jrietict or th• roc:-ordi~ l *V'•r o• t­

up, &o th t a. osrt n &!110''- t ot Ys.ri~l4i tq • < • 1ntro.1ue6!¥ by this t~tor • 

1 

T-h1a. if'alf u ra lly If one 

3 '· ... ontrc-1. 

.Jet • 1t 'h t b dtn titWt i n th~ 
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xi· .l"tt1 n1 a ui'>t h ld for thfS dUTa tion of the s \i lue 

'ihi 11 r 1 xation t>! '•naion 1n the rt b.t clWf amlld cona~h:a'bl:t nav. b6en 

<la.pt t1o11 t.a9 A ~ 1 t or s~Jftt)l nflex 1mhib1 tion via t hit tmarulr- in-
which 

h.i b itor nxanJfe;'J.l d. llDt ooe~ in the l • ft olnw s1nc:e t he OPf+Ml' inhibitor 

" • Gr.tt. 'l ':W' • .,.aJ>, ~1ll0& then tpf}l"e '0 ai mil.ar rr~.,t. in 9"Wll4J-qu.&11\ re-

b en re~~lt ot 



· itt th~ w a no eiffoNne ln rstrr one er: h bn t en t;ha 

e rm ttrefl• % ad t Uonll i ll thia sub B'{Uent 
eetiona i ~iT l fl~ in i~ tCI tho t .. ..,_ 'P't• 

: tionw aa a e!i nod i n 'lect1<m fi.l ana n in aectior.a 
R. 2 - '1. 4 . thlt t 1•, it ne the 41 ere a&, tri th ~Pt) t .a 

•*-fUJory sti \lli 1n t.lte · lit\ ., or th "W ni~ 1 1"9-

• nu9~ of tlnx cl • ~n1 

etm" l t ~r ti ve eo.u a-

i'hl. : (1 ) inhibitt~ 

(4} central 

tion effect ~ by in-

er i ug ope r 1nh1bit1or /or c on 1nhibi t or on hcllar r -

•ul tine; t rn t h;o; con"tinu~ s MOJ'Y t1 "1'1.11 ; thia i a "b· tc:: lly • t 

~~r · D.."l (1914) ncl d wna t.be c uae of tb . . opt· tion ot rotl,x claw 

cl itl-te to •Jre•• iv pro'lon 

1\ is un.-

11 ly ~h t t r iA o ld O•'JO'\U" - f t tr1e 'l. t. t e ot> l\ r "'lOt<'!' • r.m neuro-

eee.ive 

in thw r~•nona1'V' !I\ as of the :1 nry nc r tt"tra to a~n•""T 11t1-:r l UQn, 



ad ptati~n. 

d. Jri t hin the c ntral n !'VOUs 3yate of th 'li ~1 (excl•ld iJ i"'.hibi tor 

p t Uon ' : it ther fl}re 1 oci'.ldee ~otation . t th Q1!Jntra1 s •ft 

o:f the opouer tor axoA. that ts. J eereue in the r &t ot tl"" ~ 1\i s i<lfl 

ncP ~ t his ..,~ -~·· 

f' . 61 !nhibi,tnr ,r d tntion. 

ne ob erv~tions 

~bitor d ~tion is nQt res ~n•ible tor t he tatio~ ot the c1 

o ~~ r~fl x t o tha tcr of r ep te~ n nsor.y etinnl tioa whteh •ere 

ert in tho ex ri n a deacrib~d in the ft secti ons. .nio ele rly 

f~ll~ a fr.o t~ f~t th· t tr ~noct1o~ of th ~ocif1e n~ i nhibi tor 

~or the c<'<"''n 1 'libitor axona ht.l no :p r-ent eff et "'21 the fl~x 

~tion. 'Io ver. thh ~~s n t " 11 tG th T>O-. i'b~U.ty that 

•ilcb tor d..:lpt ation «' M of"cur on pr nlo.'l tl ol" r~ne"lte R~t'lam"V ati -

ulAt.ion , .,.. thct it 1\oe bel~ to f !ect th rnt"~ z ;ot"hon. 

1~tly, fnr inat n~ , if t h• r fl4X pta tion w ro d· • aimnly 

tc ~otoJ" £ t1 • th n thh '! ti~ rl.:Rht oba!." ve aJ1Y •tf, n ta of otftr 

t ~ion which •i~t. nev r~hql~se , .lso b c.u tiv~ ~acto~ 1n the 

r.l"\X J apt ~i cn, ·~ondy, if fV\t:try 4 t t 1c fll"G f'eeti~th• 

r .fl x .., P 4 a t1o"a eo far d •Be~i'bed. t.h n i ther th am· ""'r'Y ..;..& tion 

1ght oba~ure th a ! eta of ;'lOtor apt n.t ion or th ra "'11ttht 'he no 

.s1 . a1 · ous otor ~" t tion bfleu.U9C th.A d ~ra" • i t'1 rEtr· ta" aeMo y 

t1 uli in the o.tfer ~nt. {l i ··ch ~ i ghi b .. su!f i c1en.t1;r er t to - vent 

the On the othor hn.nd.. if 



16. 

11lpl'o'N.Dae.., ~ .t illhibi t er f dantatiOD' lso t:)h..yc a J"("ll o i n et. ctin..• t he 

refl .X d t tion: sil'lt:Q i t WO\l.ld be 'biological . • tlrt9r.onr e J to M '0"8 - ·- .. 

t 0 d1 '\inct oehan1 tu. nr 17 MtntT"fil , M. i nhiuitor :sd :p tlon; for 

tf . t a,: tho rofitJl:. ~du:p tiOXt. 

t llf. 

r: . 62 toter fr tiane. 

-fr¥ tor · ti te of the t th 

! r ~u.onciea anl\1 ul" tio of th~ n t::i•·y s ti"t\lli u.e • Oir ct 1ti 1\tli 

t the a 

• di r et u:ou~ 1 l! ti 1.11 ow t"8 :li 1\ with 

i n . etio'll ~. ~n . il 1~ the 

i l xible wi re l ectrotle 



~1~tion and Atinalat ion of the o~on&r ~xeitor &Xcn i~ the e1octrode 

i n.,11U"ed t.'l axon .1"il9t au!tic1ontly to block tha t hr o tf!,h~f!n..,.ti n n t h 

cf t he reflex ore. 

'"ho -pl tiro wi re hnok of 

':he uae of 

n e l (\trot! wl t h a hoolt" of "t"!i -fl ntten'Jd erone- s0., t !on b nt fotr th9 ~on 

to :reut on t he fl tt~'\00. i , Bi de f~ of t~e ho"l.k w ·tld b ve 1ner t1· 8d the 

ch c•o of th1B · tnod "oei ~ itl\lcc:tnfill. 'but un:fortQMtely l ack of ti~ 

1- vta'i .t1on t:~f the bove 

• bo•evar . not tried " • to cti "'!Uluie the wtCtor on ~ter a e.,r1oa of' 

eo· •..J"G •h t"'~ :r t~ of 11 n<pt•tif\n11 !Yilt II& •ho~~~her they •ere t e $ 

i wnieh c 1Je 'Tl tm- 'f tiMl • 11.ou1~ be int" ieated. 

o •~lve thh TJr .o'hl e"!! of •n the.r '"~Otor f•ti !) wns e£ ,cu 

·• 

t ho :r9nJt i t ·thar·.ror 1>et'!t• e ~~L ..rt t o ra~o'rt to 1nr~ 1:-e~t vHence 

ll . u 1 bel in tho rll£ t o. 1 vr-.ltu.* 45 e . i:'l - .# . M 1.5 11\a&e.. )')Ul~; 

C'W" tHin for ? riode of 1~ i nutee . Jartw.t theae per i cda t hor 1-• no 

1'1<1 eati(')n of .nv f ti g~1e of th• Or>Ollnl" tor sy.t .. ., t 1a~l or JUb· 



?9. 

t th r ~lts r. ~ot ~o· ll~ co r bJ • 

In n Jtpe!"l • "'lt \1 in 

':1111 rocorrl 1a h-:.n in 

i . ~ 'a. Cle· rl:r t :er e le nn 1m,~. e.ti on or n:v' f· t!. of the tor 

~ a eheli . ' • o~~nor t.c 

e. , 1th n si a t .:11 f nto!" f t 1. 1 (1'1 .. ~ • 

nt l"efl x 

1 ib1torv ... r +. 1i 

u . . . ~ .. 
d~l 1 <'• ... 

in t h o t tr ~he "":r s o~m:J d by t • n-

017 t1 li. 11 

nte o+ 

• of thea or ' r of 11 t •l.d s ot t hfl irtHi 1 f • l"e/1 'lX el 

o~ thi~ r son. and 

~1 0 t o t h& l. .,t M i t y ot :xci t ti O!'l flf tb: o n r 

otor n 'by ·e ·JrJ t1=ul. ti4ln. it 1 unlik 17 th11'\ ttn> d 

ul t.ton. 



Ol;>fU'l1'flC ~~ bolatod clP' in s-••~-ou* to atimlatlo'tl (}~ th w'b,.,le nerre 
1~ t h.e •~rw.... 
ti~l~ : 1.5 Yolta. 40 O·P·•·• 1.~ ~ • 

!tee :!' ~~e • 
.tt -.ch ari"Ott" 'th Jtt'ftlu !rs-q-.wDCQ" w.- ~~\ali.l~ ino -...a to 1;o o. ·•· 

09<ltdn« o! a c!&Y iu r • owr t o ati l a U en of t.he O;>eun ot«»- u n. 
tl~l1 l ~.S T lt$1 80 ~·P•••• l.fi -.~c.; anod• OA ~en. 
hto : .! a~wte•: l & ae.,alld• ey,ry 1~ ••oe111tb; .! s ••eond~ ttYf1',Y' 30 ••c•. 



of t on . .ner 

atrong as 1ts axc1t tion b7 stron& sti~Jatio of th4 ~to? xon. 

otcr f~ti 1~ te di r ct ctor ~ti~~1 \ ion i a c~il hl £r 

ho.d ~ diract nd atr onc wt1 1l ato17 <'U'f ot on the enelip~ Q»'lnf!r tor 

yet• • ti~n cvor th i n-

a :>on1.1e• i n t ll iu napact. 14 in « nerc.,l f~tor. r el ati Vit to the r.du.pt a t• 

1on oftl" the sU'beflquent r 'il·.onee • d ~1"8 hiP r'b~lic, th th~ con • -

poaf 1 

·~bility or its b8inr du to ad ~tution within th~ sen ory nd/~ the 

• 



so. 

:'S. 6'l eniiOtl M . t tion .. 

ne n xt t h1 w ' t o t st w~ tn~r ~t..ti<'n of thtt t .ctile 

se·.s ory r ~ p t ors • • i nf'hJ.Snci'llt ~t< d at r u. Tli l · th'! p t ti !'It\ o·.. re-
r e-peatad aeua~ry 

f lex c • 0 ~nin ., to/ati .tli . " be t • or oin t h1a •r.nlf' h! •• 

be n to ati ~ t t~ ani . J in t o 4 1atinr.t nl·~ g • et1~ ti~n of 

1thicn JU'"~".-'uced a i il .:r r f l x u1 . roa onsea, f or e on the 

ts1<1 of the bdomen rl on the at 'tt" . 1 :pl ts .. 

wnon the on~n1 :t~ r e. 1 x ll' d r dP ted a 

in t.h• fir t pl ce strotur r fl % o· ni ntt re ... on!J wou1d · in be 

o .n1 r,_ onstt . 

r1 nts of thi t fo~ •• 
s onl y a ! • flon • 

nt r.al i!ficn.ltt" oi W.tin t ho t itill to~ fro., it "X!Git.irn for abdolln•l 

1o . w not overc 

t 

tiYOf",al . 

n !n_t t h i nwrt J 1re loo , 

vo ~ atronr retl x r.l r w ooen1 •hi eh ~tickly ' r c tet to the 



5 - 30 ae~onds c!tsr th 1~ t • 11 re~pon 6 to a titil3. tor sti 1~: 

Cl.S 

poo.lliblY to ta CJrn.r'l' 1 Ul"Y to thft aan -nr :recc t or , l_th 

titi ll tor ati~li wi~ or 

t nd tilth tA " (') n o •. n .. i"\!Jt tne in-

c ~1ag it. wiueh i VC'f'r./ tGJall. 

ter ,aeh of tb c t tJ r ~ t \1 ?'lla h· ve "tl ~n c ,rus ide.r ly l:tr r , 

be int n :for 30 ~onde -or or • 

.f'ter, sti · lut C fl, ~ the f irot ra ")On.sa tftor th.s ~~:..o-;l!1nut re t be-

tween c ond d • 

en ocy rae~-.. t~rs "ttre liJ.ely th n c nt 1 or inhibitor tilt l"t, tH:ll jn 

th1u l!l.S • 



1 

c~nt~ol ftdu.pt tio.."' is th clo!4e aimil"ri ty beheen. r1p,ht ld lett ol&~K 

in th for ot their ed .. t ticn to titill tor stiuuli, h~ther or not 

a t · tion th re "'i«fit b ~X'fl (.:tt'Hl t o b • n d l tcl"i inr.toey ffect on. 

rlf',ht and 1 aft claws • •.••• aco f :t • 1~ ( nd b ) 19 ( tb ) . 

ui il ri\y oetw& n 1 f t 

'!hie ... 

t& tru t with tb ire loop n.nd ti tilla tor stiJ'Jillns 1)1\i! nMY"~t'lin nt 

•t1. ~ct. wt a sanoor,y d . U. tion owi ng to the large 

on the ifl4ice sur! c ot tht~t Mo n by the titill tot' nd wire boo~ oo -

1 ~leetr1c 1 nr stern 1 •t~oki~ 

1lta.t1on 

cl 
X?~•i~ent~ oa ad ~t tion of r fl .x/o»S~-

•nno;ts 1!lflu ner- in the • atr ct• . 

nt • 

'l'hlf l• l"&a poet -eti tmllll& "s-rJ1ken l"'eooen e2 1n A wer$ u~Ji"""btsdly 

e£ ... "'C ta of c r.n tr 'lel"Vou.s { ot1 vi ty. QJl.d in ~11 :')r~abili ty r8 \J.l ttt from 

• ~ th"r w ao. • 



a 

b 

c..l 

e 

i.tlu «-law •p6tli-c ill J' ~•""ri)!l e t o IMtlia 1!lt-&!\•1t" t1 Ulla\ol' tUWNl&U -:-l\ 
oa tl\a 0\lt•lde -'U"tao• of the o en~ alwl011l8n .. 

a -' .l : Cl!'•~ 1; l cn.'b 2: ,£_1 n4 ,All CJ"a\ :J; .1 or«b 4. 

!1• t S-••eolltl •ti•Ali.' QO.pt a\twt a-1 1a.! 1. 3-Metmi a\twli. 

a 



8~. 

• ee of ~1r~t r s one s ot tn• l eft c • in ~1~ only tb ~~n~r OA 

it OB the 

e of e~ntrnl P c~rd-

i r.ct tb~ e lito A further- i ndi tien of 1 1 11. tencs 1n 4 1e t.he 

Pi t elr e . t i'lll 1 

nl ~':J.t l ! t el· 

a - 10. 

dn t tt~ in t ' ri t cl • af r tb. r.l •· t1v 1.1 l ng in~ 

t1 1li fi r 11 1lliJ1f" te th t e • :r l4.x ad • t U.on. .,... f'\ w t e a. 

p+ tion, 

fol ~wt · tW1 -

· 1 t.ln fro:t 1 1 , e 1 excit tion. 

t h 

1 +~by cor l et r.ba .. <!8 of 0) ni re11 o•:.. e t~ 9t1 t1 \.lS 2. 

c tral 1nhibitii')Jl ... i.n a.ll T"'"'b~l-Uity 19o the ~ ~J.Be of th• 

•n drr'~ ur 1!'1 c. "' "'!);: !O.~e. il ' nft '!)!" r~~Y"-ona• - ,z .:.: ~1 ~tf'll'" 



i~~ib1tor axou of tho 1 f t claw. 

1~c c~ntral i~11b1tion. 

~ ~•rv: \ion t ... t . ft r i nhi'bitor t.r 5Beetion only th first. rea ftl e 

• 

w t6 ion in <.; (1. • 

t h.:"Se with. 11 u r t1t1llnto\" .u l a +,ion (s ·e fi • 2~ d 

- ) . • (.'>tbtth 

o. •• r. t hi s i h i t"J1l t pe<nlati . and 

1• no\ grti n~ to tb.~ tll"Mft.nt i'lb•.rv&.t i Ml#. 
l eft :r1~~t 

he/el~• of ~ l t 1~ th t a tion ~ri~~ts ~how ~ it-

,.11!1 in 

fir.. 2l (s ). 
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lc, 1n the ~~ri nt r~orded ia f1 .18 

s:mo rouJ. ed r f lex ad.... t tiousor other v '~"iAUcn• in r~!l x :r -oon e 

tre .. ·,, occ\lr in ou.a pr3p tion ; ·1 J ;")l(lhrono Isn s .. 

e thtn" tore not ~uUt\.l"i t1 • foUI)l a r tely in f, 11f.-r nt 

cr ba. 

" r..i r y "r' .. 1 i n ~. b~t \l."t yne il"o •~d in .£. a.-.d d. · 
.!ala Wt •t. ....,ta\1 .. ln a ,_.,1 .. 
1r. or r afl .x &th. t, tiona -: .iU <J. b - ·•~•ory .0 bAtion, i n b -

• 1n Yir. 19 (a - d). r 1• tic ri t cl r•-

spo ~ l. t\ .¥ intUc :.~oJ ~ntrul 1Ul1.u~nce Wf dooa the l M't cl w re ""n•• 
i n i · T'ne ce:c.tral i:l!laenee i n \he 1· ht t!l 1"18 "10tt ins. .. th. 

1 right cl w r ' C:'llll! ~ ~ ) in.! to ~ in&tl r t·r e 1ency ~ttl u· • e 

~ red 1.0 tn bo~ n~6 of a ~ol"~Gspcn.di ·l:f' h.r a re· ons• 1n 'h 1 f t cl w, 

into ccma1d tion tno f....e U t th ti till tor !'re ttenev . • 1 -

ere l. b fore s c1 

the r • a • of f 1 •. 18 . y ·Do tAl.t fonard. In :.. and l • hi&}l 

u ;Ui , thia d~~i~ t~~ t.e rAs~n • ef both cl& • · • ln 



86. 

nttory ada,tc.uou r ,.•\tl tine trot~ •tre~r s ensoey stilm\li, ~~at• 

t la.t .l'efle:x claw o~ning 'odapt4 to l"i &bt ••na~ tiJil\111 by 'l-tnt l w.s.d/or 

i nhibitor adaj)t a.tion_ • her-. with b .. vier aeMoey at!JlnU. ••u•M'f ad­

p tatien ob• ear • any cent ral and1or inhibitor~ ad p\6\i~ 

co"elud t hat c N1 n e ,....(')\liJ 'nkibi";o!'y 1ntlucmc:e was affr.eti the 

r ••rmJtwse.tt- When l i gb.teY cht...nio-.1 11en orr st~wli •"'r s ues d , eentr•l an~/ 

or 1nb.ibttor adaptati on nitu. ed 1 t el! u tb• aaa..s- u..-. f .t n 1n the 

CNt•• : (1) to u ., 118)lt1n" ~U\i<ml stiw.li and tlru:a ttli .• ":li .nat • • 

•~TY ~ pt tion; ~ (2 > t o ellwi ~ \e the ~ robral ~ ~11on before ax• 

th C3!"'ebr 1 r.a.nglion in 1n eets ~ 1n :1t l o !.I t ao crtatace nAt hd en 

1nhi~i t '1r.7 arteet on loco tor activi ty ( the 1897; .!! &"L} • it. •• 

t a il eff t on tho ch li'Ottd ~ion in 



a?. 

•~.,..~ dl"awrt 1 t~ i f{ th., cotU'ee of tl\., exn r1"11tntn.l , rk. o tne:t ol'\17 

f fJ'!'t l'"i'"l~nta .,.,r .., dtt "tti 1 iGir~ t.'l, t wf\ ... 1'11 ~a il'l 1"\~~~~i 1'\t 1 

~·rnc~-..u--e. 

n.? 

e C('!t'~Cl\lsiou 1n tbe 1 · i aecti oa wel"e lll'Pn la t in th• c 1!fte 

1 worlr., ao th t Q!!l~.r a r • n-::loY t uey ""' ..,..i n.t1 were 

bOWl-n& the ffaet. on. rf'lex 1 tt 'l""!tl'l1 ll: of ll!l11. t~,.•l ot' b1l t•r&l 

~~r.)' r a l tra~lion f' li..ai U o I the llCCind ot t:u~ fin ex.:>GJ:"i n'• 
de el' l.b!W btt l gwr. h01Twer, tri!.n•1 ~1 <»1 of t.~4 J'1@'ht ci-rm o · • 

1 ~ I'll • . 

n"n~ Sfd'V to teat the l'lff sct of 1 sel ,. t<\r 1 or 'bil t l"'f!'l co~ b•v• 

t eention.. 

ln tho fir•\ !our of th• five s~,.r1 eDt• d~!cr1b d in th1• 

$~UOU1 li&t\t 8r !'liC.Ol tinu.lt tiOn, With +. ~ b t'l ,-1.)\\ftnftd 1'Dtt Of t}te 

l!'ac .,...li$d neu th• t 1n of th• fl ~-.." ~n 1 b o'thide JJw-"'ae • '!he 

r; J(w.)T --mec:l• t" l}n of \h e ltJllfS ..,.r '=!Ut 1n 11 x.o,-et tb.~ tl\1:1"'11 ex-

r~c.,rd'.Mt 111 both tb.• fiJ-st ltd thn seeonr'l 9XO ri!ll"'nt•• ain· e n inj\~ 

duJ"!l'l( d!saec~io:t. t he ab,o 11T od til.')t\~ on-usel' oto1" axon ot the 



aa. 

rlt!,h t claw i.\bolbh03d \he 0:!) ,t:ting .r flex of this el A. r"eor d ·~• ob-

ta;;.i nBd of ro:t'lea ol~w o·plmi tlft r ace oneetJ ai"t.flr tr ... nuecti on of tluJ apac1!1e 

op•nar ani\ comon 1nh1bi tor xono only in on~ e~~l-1Mlent. the f irst .. In 

th other foUl" e.xper1 "nts. r&c•or<.la li'~re da only with LJ.J the O'J')en0r 

"xona iutttat. Unfortuna t ely. th~ kyi:},o~;r~ph roc.orde of th!l left c l aw tt -

a na • of the fira.t and aecon.1 o~ ri ent a Y&n mil J.a.cari . ~ 

forG not v 11 ble. 

corde soon ~ter coa~l~ti n of each r.p ri ~nt. fi~!ere~~ t o poin~ of 

i o ortWlctl in tho record of' the ot.her :- -,ri n.ts t h.on followe. 

·::tm!rineut 1 ... 

.. , l.cya!o ph r oo:t'd. was de 1 ~<1.U' b f ':'J¥' 1nhi"bi t r o,:ron 

~ramJG.ction o'f r-afl. x C'1 .Jeni ng r ponsou o! th 1 ft :::1• :1r to s\1""51.11 of 

F;. itt~ r e11p.<:rtt 0 to th f irat Jlti ' t.l•a.n W II rl 11 lm.t '-herll W. ft a. l"t · 1d 

and clnarcut hv-:: orbolic deer se 1 '1. rou~onse trenrth o• r the first th!"ee 

r eBpon.sea to a veey st:all fourt h r e&}JGn-;e. f ollowea by 110 £11.rther chan\cnl 

reaponart~ to ~bao~,u nt ti uli . 1 ho\lrs after tr.·mssoatic o-f the 

spoc1! io O?.n8r ond c~on inhibitor axcn~ . trft ~1 1 wca in 8ti~ I) a tad 

• befort~: , b.-l.t for 1·) !lecon~e tsney 3C s.oconf.a fo~ 3 minllt e. '~'he 10 

aaeol:lli sti~ulus di:U"ation w a n~ce~ r.;r-r t(') ~voke- 1.1 r oon..~t.l>le sia~ ro-

ilJp.t)ns&. Th<l r ~on.se •b.u •oked. by \he fire~ atimlltts • s till s'U~ht• 

l y a · ller th.:.:.n th-. fir t r .IJ'J'POUS in tho firs t )6eocrd. t~in thttra •• 

a r ~id am e1 a:reu.t hypilr'bolio 'clol:ltation. si,i1ar t tl-Jtt i !'l th.fl record 

b•f')~ in..~ibi tor tr n a"etion. c·.ll'11nnt1ng i u 1 .ro r •col"decl l"flPJ~one~ to 

eti'1"t1u.s .4 . J o:r t.o or threa see()nt\!'1 dnrinp: '!~eh of !!H 'll.ll i r:. . 6 , ~ 1, 

a t ~'}:orary inere G') in ti t i l1o.tor f :r>eo\\encJ{ c 1UIA~ a t ettuor ry 
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d~alop~nt of recorded t ensi on slightl y l e9a th n ~hat ~f the f i rst 

reauonoe. This aha.ed th~t th~ adaptation aft ar inhibitor tr nsa cti on 

wu i n f act a tnl~ a-ptn.tion d !lot "'\erel y f a t i a , !i\1.rth~r r ecord.-. 

1ng of tho l~ft cl aw open1ng r (')fl ex • a not potd'bl~ bttca:u.ao t h" o-oenin.g 

re:f'l <'~~X gradually beeau dorm·mt and unovok :01•. 

It ~ bo concluded that i n t h13 one exoo~1m nt the a ~tation 

of the left alu.7 op-o~illR r ft!l x t o r &pen.tf:d t1 t11l a tor s ti'lUli w s not 

effectoo thr~ neuro-"1\tse-.tlar :functionAl 1 '!ilii'bi U o:a by th~ spOei1'1c 

opener or co on 1nhi'bi tor axol'l. .ttt empts to r A t , t i\1 exoerimont 

6nd tea t thi • conclnaio~ were unsueeesaf ul. In e&ch of th other thr e 

xp~ri onte the c1ow o'Q~nin J"efl x in. r~tJpOnG to l1&ht abdo"'\1n.&l 

u til lntor s timulat i on b eame d.on nt attar the f i,..•t em or \Yro r cords 

•ith o, ,ner axona i ntaot. 

-·~;meri nt 2 

In th1a experi iXlent the tail •a!! s t1rm11 t od frJr 5 a .(ffJn/' a every 

o~:nitl£ resnonse, the second a vaey 9Ml 1 r sl)oue. and. the anjp..rl.U 

atimuli vo~d no respon e Qt all. ~e inhibitor xons wer e not cut. 

The following obaerv.tiont and t lnt tive deeur.tion• fro~ the 

k,y ~uph record• or axDor1~enta ~. 4, and 5 of the present •a~iea are 

r elwent to the question of thf3 tr. ture of the adapt a tion of r~flex ~law 

opening t o repe~ t ed aenuor.y stimu.la ti.on. 

d!Peri&Etnt 3 cr1c. aa.l· 
1. The amall gni tude of th r spons eo of the ri&h t clcur oo 



tt~fl•x elM" <:rp n1~ J>l'l~t'il!U~ tr.~ !.$1~ ti U11a tott st1Wlli a t thQ Up af 
t he t>pe~d .abiiO¥a&~. 

Clo.~U!' t.ni~ 1a:\ut.: op•ner 4UW cl-•r a.xo».a tn~t. 
S!,j.~.a.! : Cn t~te i~lSidf> ot the ~.~Jl $t 1 \ti tip .. 

~ iAt•nai.ty, low :t~e~•fts.Ye e:rc~t •ttCI11 .rto:-.d w1tb. •rro"e 
t~hl.eb ar• hi.&h fi..,quet~eY. 

Ti M : 10 ·~Qik\ •ti~ul-1 : •"r.r ~OS•cewl• in 1-13; ••" 60t$conit ,.,. lkl. 

;ng. as. 

Cl.o1iG:V t~uaon~ cu.t: OP4M1' UtJ'U l t.tta4t. 
St111ntli : A Lcct&liw« 1!'()»\hl, •1 \h el4ctrod•• 1~ ¥ock•t$ of • r'lt.,l l'l.Ul•e t 

10 Vtr• l 't& a t(J ~. p. ... • 3 118~. 
l At tn., Up. o! th• b•i4• of th• a'WOIHn• w!th tttille.tor J 

'lew l.».w:md.ty, low tr*twtaq . ~pt e\inll S·.ll, l2 r b1P. fl'*t• 
1i.Jiltt : 10" ••o•d stivmli ~ .... ry $ t) $••01'Kl• ll! a .... ; ..-.q ~" s•.e mllh ln t-14. 

Fig. 24. 

OlGsft' t•~~ ~tt ~~nw U:\ilt\ll 1nt•{}t .. 
a t t-'1\l.l! ; At tM tip ()f th• ~~t•i«e s\U'faee o:t tM aW.tmen .• 

••fiUIIl-1.- 1n~ena1ty al\4. ~ttU•tt~ 1.~ all wt11ltU11. 
ua• : .l i ••'O~ftli • ·UaU. 1 e¥!'l':'f ~ -*e&at•. · 

l I ~oc~:M •titau.U t ~"'~:rj' ~ Ho~Q4' i tt l-5t en~ 2fJ een'b h •-11. 





-par.a to t-ho.• ot tM l•tt ¢law 1»dioate cent~ o:r ~1-iph•rs.l ,U 'f t•r­

entia ttoa bawMn right ~ lett. l eemwe of' th• co"J)lexity er thi• 

dl f"'erentitttion,wnieh. 1• 1n41oat • d. by the f a.ct that tbe l:l'\f,1dt\ld• of 

l"'ipt a.nd l td"\ <llaY rtt•pon••• flid no\ alwa,.-,s v 't1' -vneh?~tt&s.ly, it 

trna pr (')}lab)Jr e.ntt"al. rrot nt\\l"f>-atUc\\1 '\J-- jllftCUt.mal. l t is iMp!'o"b-

nbl• ttltit th 11 m~1n.d .. ot tbe ri#tt clAW l"N})O'ft4S• "~'•" duft to 

cloael' -.cle a taco•iea (tho c lostr t•ttiton be1ac intact ), •• a1lftllar 

att~t. hu no\ ildrtttn~ntl:r ba•n o'b •n«J 111 espett1aqw "1 \b. tlw elo.e1' 

t•t~n eut. {••~ tic ~ . for e~le). 

~ tollowiflg oll•.rvr.t 1ottt mer only to l J'!ft olaw J"ea'Pf)no•· 

a.. (he •pikH 1A r i cltt claw r4a;;cntJ•$J 3 - 6 all oe'C\u-ret! '00. 

oe~atJ.tion f!Jf' the l" ~·o·\'11"tt au 11. );'U)\ 4vl~ \he sUmul1. 'fhq •••, 

th3J>efore, T 17 llkslT «.u• to Nt.de fro;n 1oa f'I)!'O ot 1Jtb1b1 UM •hloh. 

:..cted dnl'1ns ·~ •ti~nt.. It i tl hi&hh"' 1Jmr~bA'hl•· i'ba t this 11\hiblt ... 

10ft wa• n•nro....zseulal"-Junct iollal., a1r.w:• it th1• 'With thtt c!d• , tuch 

po•t-at1wl'tla rqpouet wo;tld oeelt'l"' or• e G-'Il%!en'ly t hAn that db, and the 

-th. effeet W('i ltd. involve e0l\a1~el'fib11!t ~~ 1neff1c1 q . ~· 

poSJt a t bral\\t apikea were. th.,rilfore al ttoet e~tr-1n17 a.n.tl"al17 oet•· 

.Une<-l . 

;~. 'the \J'\lO ~"•ep()fta•• t o sti~tU, 3 - f, \ho,t a , exaludi l'IC \htt 

'P t -atillrtln• S'01Q u, a:r• • 11. o~. to -c"a):*!a• l , ad eona•qu-.ftt-

11' 1lhOW' a -.rked. ai&p\at.1t>a ot tb..,. rf!llttx npen1JlC 1"l!t"'))a8•· a1nee 1 t 

•aa eanellld.$Ci in J>Oint 4 that n~trtt:r•l 1l.lhibi U.on. w • al •t C&'r'b i:rtll' 

&W'l r •1ng tb.e f'NpOJll .& t~ 1t111u11 Z - 61 1t il! z:oqgotta~l8 tt' ~Mclud• 

rurtl\e'P t h6t thia e ont:ral i uhib1 t1oA •as r u :;;I'Uls ible for t be adnpt aUo• 

'o at~li 3 • 6. 



1. aft 1a tho~D \r· th lar r r•• on•• • 
m1 tat 1oft •ti li 9 and 10, 1NJ't4t't1 

c.i t,, ti oa. 

&. • ~ l"orl te eon.\ nr:r ot '\h r · pont~s 14 .. 1 • nt w i uUy 
inhibition 

controll.t by e. 'h• la!lOe "bet-.e•n eq1 t U.on en!/.t~aCe (•) tl\& ~i t of 

. , na 1. th1• i 1)"1 further e~i taU n i n. d i \ion to the nly 

' 1Hfl x exaitnti n", and. (b). ina1b1ti~, • o .rly- Mlin& Oft th.e .. S"e-

0 

• o~ell pl ct ~• * 



r non e var1 ti~nc. 

almilar to ~hoae &1-.,.n 1n export .,. t ~. point 2. they weJ"tt ln 11 

a·,1It-t• oeeurnd oaly in thft l ett nl .. 1s ele)licn.'bl t~t 1 •o fa¥" aa t 

oathl)dfl •tla on .. lUi l•tt .-1de. tM anOi'l• on the ril;ht. Jt~•• (lqr.£) 

l1oa a a.r ntly 1tthibtteK! th• reapon.•• of th• lett el u . 

wel l be ttrib\lt.'bte to inhi'bit~rr illfl eno• f th• oeHb,-.1 

.e 1n-

la-.,. 

~tl i n 

on t be tho~e1o lclion. (C.f. netb~. 1 1.) poe\-sti , ua ep1k•• 
(f'1g.~) 

in thtt ~1nu• reoord./ miaht &leo. \her for•, ha'f'• be•ft :a.e t o rebl-al 

i nhi'b1 'ion. 

~ tral e~eltati n a the tl~ a d nr ••· 

wa• ali \ 



't13 of •.m1ta\1f""1 O"rftJ" r e pon•es ~ - B, thia 1 iooti OfN\t.~&l iU.• 

fl •ne•• High sn~ory exoita\1 n ~ a\~~11 9, 11 and 12 ~n 

\rl ft(! 'ff" t. uifJti t!&n~ 1 tt%01 \oey atate, ""'d.~ th•ll ... ,. 

:rftJrJ astlw, • \: U · r '"' tJ\cs of tb-. · HVi o ~ 1'1 t . hidt 

t1 llP '1~n fr·~~ Cf ti 11 91 11 ~ ; 13 laO iai\i~t h1 ceD-

~ 1 1 1\1 wh1oh •as ,·tt t"' d d.UJ"'l v. the seb••'~u•t low 

~-<ft 

et 

l'lcY •tt \t11, l !). l~ 14. fha • tie n1~ ~1 ln 

.-ft!f•et tall0!'11rvr •Uurtllls 14 • po~a1blr a re.ult or e~trol •~-

inn-1nh1.b1~1M ant ••· 

)\ 0~~ 1.1 »1etur• i s 1•\1 ~ \a nt or 1• ' •r.,twiMJ!t t 

( ' l ow empl Uud• refl x rq:po~••· Yhicb. ~,.. eabJ et t a.,t t ! a ana 
th ;- ~ tl"a 1 T 1 caed Ytlr-i t1 a: (b) ln11d...lf.l'O of c utral •ac1t.:lU 

by th • \1 J.n. 'I'SOst1\1cm treq:\cl•u~J; rand ( ) h.i ""li tu.4• 

ntapone• • re~ultl.l\11 f'l ~.,_rpowi~~on of hi a •oq • ('it ti. 

~•lati~~lr hi ce~t~al excitation. 

!Q!ti,.nt q. (tig. ~) 

1. • ri t l aw na .,..1'\ ........ ,...,.e 11, u • \b c • 112 • ~. 

• • t ' t , u~,.,.w u tne lett 

ie 1la!"l~ 1n j. lf'l\'e a1 1f1eaJ1C.$ of thi~t 1• no'\ 

ttletll"• hW" 1 t c1 8 C'i"Ye \l'A 111lf''"et<&iO'tt t hi&b OQ~.roal 4JXr'J1 ta'\~J'Y 

•tote b-.inc l"eli!~sed . \Jut~ th• nla& ~1 :a of eitlWtJ" the l•tt r 

the r1~t cl ~r lmt l'lot 'both t-oc~th&r at each 'lnSnl'1' 1ti lw 

2. tin ~h~'401h· of t~ c atP excita.Uo 1s well 

11 · tJ", M by e. c l"iaon of the l"<tt'P •• \o tb h,le 10 •-'0 • ~ 



the fir st atitlilluu i n a tal4 the ra.p na \o th• f'ir~t !5 ••conis -
~ l a o\ 

el ~. b t they ooul4 e"noeiY :bl~ baY-• bMn flll.e \o a lot' eentn.l ..... 

cit ~.!)f'T st , .. wbieh e%11\..t a t th• tl.M of at:uatl t1 • or w r~ldb' 

1 duced by tu f il"at at1fi1Ulu•. 'bofo!'e pl"oloUC*l or 

h twok~ ~ M!ltMal i uhibi Ut\1\. 

~Md t\Lwla tion 

7 .. l 1 • • in 4'11 'J)r~o 'bili tr tt-all y aff' tc+~. by a balance of •x­

f"i te•tion d4l 11lh1bition, ta th &1M wq ~· th a1 11 r •tt t tn ·~7-

1 ent ~. ~ical r~• Oftae w • 

•~••• p r , tly 4u• to ~h• r 1&~1••17 &h •ti lAti 1nt n•t tr 

(c~ to tM rl!W1oue \we:_, txp.r1 nt.a ) cauaift« a 'A141b c"'ntr-1 

aen~ l 1M.1biU~ there 

r t g 3'1.1 ah • \be nnex o.,.niD. t"eiJ1)0J), •s O,t l •f'1 cl..aw to 

,.,~ t.a aec'ttani·.. l • ··na q at1 t.\ion. bt b1 :tl"~1.,7tCY, lo 11-

twl•, to- d- tl"'O rt tion of tl\ lo.a\ o.~ 1ru.1 a_. nt. by of 

th• \1 till to,... I\ ia 'J)hai'bl• ,'l:mt 1 't!')ba\l.e, c na1deJ!I'l t\ \1'1• low 

Yi.br \iOJt &11:'! 11tud.fl. \hat the a.tlapt Gti.O!l W dU \o 5 !'UIC\117 ad.•• \at1on.: 

tor t '1 • 



fi.X ClW O~Jlill& 1'e~n)OM-ll8 \O oth~,. f rh''tt$ Of 11&?1\ !1Ch0.'~~1W 
aen•ory at1UMla,1¢n. 

Cloa•t tendon c~t: ~ axoae 1n~t. 
S\iun~l : Vlltn\i()A of th• la&t ab GIAinal • ., nt 'ba. baitd.tJ 4nd f_.,u-4•• 

w~'b t1~1lla~~r a bi~ fr~a~. la- pl1~4e. 
! lae f 2 ~~nd at1Muli, ..-rr t 5 •-=onda. 

l11g. ;&). 

Olo••r tead~M~t et\; openlt!" a.xo:u 1!1tut. 
~Unllll : 1'1n ~r-head ot tl\illator ~ln& t~u.•Y•ra.-1.1' i f\ the 

tho~acio ~0?8 into •hicb tits t he abdo~ whM~ c ~ 84 : 
111.~ ift'Wnai fly &n4 f'n~t'MDG7'· 

~- t 3 l t!CODd aur~11. tiY r-y l~ •~0114•· 

'1&· 26. 

Cl<la•:r wn&()n cut; #pec1t 1c op•nar Uhibit(l11 u~n \ l"&ntte•ctM. 
rtttaNU 2 ~Q>okiq thAt e\.rnal plat• Wi'\b a Cl PI f'od: 1nts_,.1 ty llleii"WI. 
Tt• t 6 .... •tt Ol\Ui . ..... :\'7 00 ·~nt. • • 

Cloaer ' •nd n• aut: opener axon. iA\10~. 
st1~1 t Pi nchi n4 t be tip ot the •bdo•an • 1th tn. f ore•,-: iPt«ftti~ hllb· 
! 1• : l aet·ond . 



b 



. ..,~w centr n~• 1nflu.•nc•. wbteh .U.a 1\ prc'btl.bl., that the 

tioa wa.. at 1 t pa.r\lr. e4tntrally d•t•T' • 

• r-*»rd l!'bowa iu t i s . ~ h showe nll•x olaw Q n1 :re-

• n••• t \i~il~tor 1ti~t1~ ~1\b \h• ~i\111 ~o~ b 

l!"re!"S l T 1u the oo-.e in~o Yhieh the e•n\ral t;<Cl'tion of ab-

fita wun cloaed. *-i• 1JU ll YOr"f s•rt.mc aUwl U e it 

c m al1~t 1nJ\U'7 \o tb• e%011'b'lettm t the plue t4 •'! ul :t1on .• 

~11' th• .a te; i!)n OV.f' the f"i:r-at aix U"''UU ,_. t • ed tion 

of s ki nd : the lal"ge rst on&e 7 co ld n~t ~ l>e4m ft'ott.4 

nllt•• afwr the 1 11 rea onte I h 1\ 'bMn d'Q.e to tOI' fatil)le. 

!'he ~ i ..... .,. or the r"pen••• at \he 8 d .. due t o tor r. ti e. .. 

further oy;e 111 ~ ;reepoM• ettu.l d. h eftk•d 'b7 ••n.o17 & Uwl:u .•• 

. oint• of i:n• • r ea\ • ~ 

l. !biJ a'VItoa\ ;»e~iodic&l C ~\t>l'e~JC1t ot' HlatiYely l&~e l"Upon•N 

uw~~i"• the pM•ibl ' eXistsnc• ~r vecu• cent~•l rby~ o~ e:te1t t -

1o and i l\b.1b1 Uan. 

2. e trt ut o~~rence of s l l r••?ona•• tol1~1 th .. • 

l o1\•• • •t• eent r&al a trol o! a bfll. .,. ot 1Dhil1Uo at\ 

e.xc1tat1on. '!hia in furtbe,. 1nd14 ill th• te.no•tlCY toP tlw N -

a~on • l'i~t1f:h t• fcllw1!l a ...:tl t"ft'I10Nie \o build c;ra4 117 .. 

wa..""da a lu!'& p~n.-. .t4a1n, 111 \be nrtrrt sl7 tle.or1'b o.r-

..,. ,..1 t, th Mar·O!l!Ses of the o t"ll~ (l•f'\) elaJI' nr• VfiJ!'f 11. !low• 

n-tr. the l"H ons•s of th~ t ., c1~ •en•• h.r~t lJ' tY~h,.o ou. •h1ch 

•ucc~"t~ t t th ftl"i U.ewtc i n res~n•• bo14ht "'1"8 1M• 17 due to 

v ri · tion ~ s neO'IT exc1 tlon. wich 1 ot •ul"'QQ"1•1 cmt~i4tW1 

\~¥a •tl"()ntc Md 1Y~J't'lr'1o-u a~~J.Oe or tb• su uoa. 
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t~ l p l a te ~lth t.h end r4 

t t on. 

of 

ren ... , ••:J 9 ~ J. • . b f h.; ·-
t ,.... 

lt 11 .. , i'bl tn t 

1n 

otovo • .:mi ti o f r 'l l)h s \ 1 

'll~ t • t' ' 

m·1n 1:--

iU'lCOTI n + i :tl'\1~ • fc1 l h• \h 

r \ 
• 

OJ.. r l~t.'l" fl'"C., r~-,n ~-r ) i,J\fbitiO'\ fa-8 Cl\\ 1n t "l 105t ... q•1. 1't\ll 1 • 

<W'' o 1n l"tJIP e. !h r !)id rel xaUo'l'le w&r ~~l>~bl·r tff'!'1t b;tT 



ott am'• •xped . .ent• 1ft. ttlUOh he traa .. otiJ4 the o~saer 

t.oJ- r..xou M-Fe \rnl loeioal ••,..,u.•nc• to hta eJ:peJ"l ftftts 1¥~Yol•l t)C..-•as-

'inc. ttua bthi'bt tot' \ ae~UOA 

eJmttJ'Vt nta 11l41 '" \ha• the opeMr 1nh1b1\or amn wac• ,....-,ftaeibl• for 

th4 Aapta.U.on S.a A.t'MUt• of the J"•.tlex el.- openl rq n•• 'o p1" 

lc or repeated aeuCJry •U lll, 1\ ..... ••1re :ble t o ~<W• \hat tM 

opt.n•r i.Jilh1b1tor o•• 1 ! Get tl'rutt 1t r•tlu i nhibition to the o~ 

ole. !'hla h• clat.ea \o b ft prov · i n hi• 110\ol' uou ti" tt4•4ot1<Jn. 

Up!IIY1~~~mt•· sse •~l'i.JM ta eotuti•ted .... atl.al '17 i a tftn.Mcti.n& 
•• .,.._ .. _. . .,.. ln the ...,_ • •tlalaU.q 1t 
• I•otrit!olll' dt•tal to ln. poift\ of .. c1:1cm; tnt.• ft't.at.cl ~"'traction 

ntain by eti tl .. electr1ea11Y 

senao~ tttt~aticn, ta't ext~~~~ple, .~~nc •lectrical ttiwl tl<m with aa 

al•1;t od• 1naert.et1 bet.• ~ wo_ .. cm-ntt of the abel D Oil e1 th.w- eid4 ot 

the vett".al nerye o .rd, wu neco MI'T \o c. ••· r•tlu 1Dhib1 ttoo a t 

thia t . ._1on e~ld." o · tly •boliahed 'by rf\fl;x 1nh1l>1tiol1 ~"b)­

t tlle ••n•or7 a\1 . 1 t1¢a ot the tail. 5i~lar1T. 1t .n• ec14~ 1~ 
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tomu& wo. d..-ln}.;ltd. by the opener cl• tJtw tr •nao~tion of the 0peuer 

eui tor axort. tb.1a tonu co·\lo b• pzo~ tl:t ab(lli•hed bT tac\1 1• a ~MolT 

eti lc..Uo~ t:4 th& tall. ott: , n.'\ h.o1Nnr. :bliebec! !lc<J \!": eet ot r -

fle-x illhib 11:1 on uced in 'ff3' ot thHe thl'• • .,. .. 't'b4t 1\l Y t.reee 

ltahe lftdeh he cl• \o illut t• ~fl s 1nh1\it:l 1• a 7 t'ri of 

~ "•~ ouaa to ?8C\llarl.7 r \«l -aotol" axon st1 ·n. be which 

a\1 11 wal"• i n\ ·~t"al4. alae t -J.l >r 11rt4lrn'nla bu\ l e-.. tJ' snt)¥. 

lftc\rit> 1 • nJ 111 etiatU · litcl to the 

4 n w1 \h &». eltiOt!'Me (): ~1 t> 11 • of hff Te~tb' 1 n~• eo • 

o nin« r••:poM•• 1 edt t•lf ft>l lowi nc • awa:or,y 1\1 t w.W. ecn.1deJiot 

~blJ' • ler t! " thi: .s e:.etU Nt-oo ea, whioh i ne,-e c.,- ••1Ml7 

i ft si.IIJO uo:Ul ~· uxt ~•u017 1t ~~ u " 1.11 t""'d lA 

f 1&• aP. ""hia .tf ct ott..nu a\ t•• t " t • r •nl t of • Gl't-tr• 

err ' , ,.. acllfl.l"lot ) of r efln 1nhi'b1U , lch he _,. • u ... l et. 

• 

~tnta f)f \hi• 1 \ to"' ••rtt •· 1 n:r l \er e1~na1 n t thl• •O?k 

1\ ia d 1r ble \ t l"l. !l.tl o-f th1• t or. ahottl d o• •· 'tl th& 

t• ooeaa1o • •~1ch a tt eJ.Ii~ntal~' t · 1• • 4ev•l oP*} in lt ope 

cle t41' \ ,. na ~t!tt 4f th• •r aaotol" u oq. t • \1 tt 1.1 •. to1t 01"' 

•• f'Y U 1 U on e l tr. h we~ not really for .,. n- s t iMUlation. 

S.l1'lcta 1\ WUD ~ n 1 p!'ocad:ul"e t() a 1l Qlflf the n" t.iol'l to .,. .. , att• 

t• ••-.cU.,n t:tf • n n befcre •xp'"'l"i •nt1 • 
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durthKbniLltn 
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"TJ""Tj""Tj""Tj ""Tj"Tj "Tj"TI "TI Tj ol ol II ol II II II II II 1rn1 1:-1111 Zeit in tO" 

,. ... u. 

ll"i«· a&. 

~p.r0dlle\1on • u r.;u;o~ ~ RcU't'nan (1014) . showl nc tnh1bitOJT ~tel"-.:!t•• 
( ti\h• iPk'll.'tl) ¢: ftleutri.I:Al tllimllli t(> ~· abto.M • on. el•• (10\IJrti~ reapo..­
~o *tilrt&l• tl r.~. of tn. "iil111 ohtolip~ ft't<~. 111 AlYea• 

>Jp~r r•• ponn• s a ~&r a.Xou in~v:t. 
1dW•r riS~aaaa f ~e•ner aotor axon t••~~·~~tnd &~t stiw~~~ ~~t~~lly. 

"'eto!'!' ~ t !:r.ll'l.\a : A';l't'lied tc 'lhfJ 14 thin D.~.,.,. in tO.~t ca.rpu:.~ . 

eemoor,. •h us t aVP11tid 1fi ' h ~· -.,l$et'!'ode on •1 th "" e1d@ of t vowal 
"ne:-v co:t-4. i a t.h~ ol'ld~n. 



"· 
th•r a\t t• 1-h.oul.d bowner be • to r • \ the er,')V1 ' 1n We 

t 1 ~ t r thttr • t~o»e ncord 1 

in t e ~xpor1~tent•. tena1¢~ 1n \ht open~to el• • nn ~to oe ton 

n\ai attar ce,asa t1on r4 & sUIIIllwa t o the ~MI" tor uo • to 

t \ a r petition ~ thi• for• of er."leri nt de l>J' ott ftn wu a lto 

ot ace - 11 b 1A ~1• ehonl4 be atWtlpt.d u tv 61' t%J)Id"1•-

\e, 'Preffll" :bl.T u1n& 11 •tt rec-o1"'d i leYV • ri • d •na one 1 the 

of -.h1eh • 

11lt ed ln the o_,..ur 

Oftl¥ tow> ~1"1 :t.a were .ueeetafull~ 4! u la •hich o ol" 

or ehanie l S. " 11 QO!l otto of '" 

0 n "'n-.4 'b1' elec\r1~ att.Mn t1 of the V.n•• 

tn 1 four of theae •SJ> ri •nta th• eeu017 

e\1 1 "" a 11M W1 th the t1 tlla\or to t \1-p ot t a oun on 

.-lther the outd4e surf a• (in b••\ th.J"ee • 

a1 surf •· '!'ho uo 1 at1 >111 nre of 0 . 00 to ~. 1 v-lta 11tllde, 

to 1 1 c. · •· 1.& a • pula• duration. 1 t o of ...... -~ 

taent• no i ic:&tion t al l of r fl•x 1nh1'bitioll , .. ob&el"Y : the t•n-

wion d•• l o b)' the o'QU.V •~tO!' axOll et~ll t 1on t 1.a 1" ... b\t\ 

no\ l ,... •ne> l&h.wtth t.lte P~co!"tU.QC l~r •r.rl ua.,. to rodu • 

1 fti of \he \tlu. A l'ftco?d. froa •• of t se two 

ex;>e'1"1 ta 1• • u 1n ti~. 39 ,a. lo we 1u the c~al l"eOe ct the 

r e ~4 (tic 29 £). l•o 1 the £1r•\ a 1 \ ot the pr~ •~t 

t 'l1" • • 'l"iM \a (ftc. 29 • .a aM. .a>. tter be1n« al•o th• 1~ at 1'-

1 nt ftou 1n is .. on. a ali \ b\tt a.ertb 1 " tlla\1 t 

ot nnax in)libi Uou n.a o'btaluea. ~rt1U1~lo.1'1T 111 the ha\ • r1• t. 



J?eeorda allowlnr: ratlu ~Dhibi tion (or ab~enoe tha~o.t) o.f' elalt oputnc 
re~:na<8t to st111'11la'1~n of the open~ flo,or uoJt. by mf90i"..a.ni eel ••nteJY 
at11P-1lt to \ h f' Ab<lt!.l~~Ult. 
Opener 110tor a xon traasaected. 

Uot~~ sti•ulu• t 0.1 ~lt•• 100 e.~· ··· 1.~ oae~. 
o~ a~1atlu t u;tia inWnttity t1Ulla.tor. OJ!t. outsid• ail!'fa~ ot .Wo-. 

fi..._ : 10 seool¥1•· · 

Op"ner coll~J"aetion ~ltri t r c• l1!t '.. 'J1C • n motoT.' axon en th• •leetroct• .. 
$e'ftaort •Uaa;lu~ f lttMlwa 1ntenst ty titillat·Of>, at tip t~'! a~o e:n 0\1\•14•. 

~i-. 10 ·~··· 

o\ot' t\111\tl'U t O.l • ·ol\."• 80 c.p.s., l .. S ~•o • 
. ~o:ry •\1amlua : low iuteui t)" ti tilla \or. &t tip of ~o~ft on ln,ue. 
n : 60 teoOQci•· 

neoorit thow1n4 1Uibitic.a r4 elP o• an1ne ihtrin& and a!t ' !'" hi p nlttt..&• 
•leatrieal at11nlla Uofi ()f the abdo1u n. !btt elu openia~,: •as •tntidne4 f'or 
lo~ 'l'icdi at"tel" e1Mt,.1ea1 abctt-'dnal e+·1Jm.1ation. trha i~hibtts.on in .a 
wan cauM b;r •troking the euttin« .rtge off the c:law at & ana. ~· 
'1h inhi'bi t.inlt in l. ~eun-sd w1 \h no ~eut •xt4!l"D&l a H.-.ul • 
TiM : 5 •eco'Od•• 





.&.lthn 

t•Ado'l wu C\lt, ol~ 1n.dicaUona ~ r•fl•z 1nh1bit1on ,. • .,.. o'bta1rutcl. 

· llT 10 • i ntact ant · • 1 th intact eloor , H • t•14oe. a 11 t 

able 

t•t 

1 ~ sprl~ • t \ 

e 

tb o ~r wolft.. \ sin.c8 th• Hr uo.na ••re 11 intact. the Itt-
been 

hibitlo ecml'* b.A"L~ithctr a een\,.r.l 1nh.ib1Uon of ti.Yity 1n tb• OJ')ft-

rt' tl"''l" ~on or l)WipMrr~-1 i tlhtbi tioll a.\ the neu.ro-omw4N.lftl' Junction 'b7 

th4 o nm- •pae1t1o 1'0hi'b1tor a.M/o~ \he o 

e 1'4tat wa o'be•:rved ill wo othfl' anJ.ula. 

1nhlb1\ol'. •• 

... 

iC• 30 .a 1• a r•eori allo 'i ft.C reflex 1nhi\1t1 ot n •\traction 

of tM oue~ 1.el• of el •1 th the opener axcna lnt t 'tmt .,_ th \~ 

clo .. ~ ten4 n cut. ln th1• 8Xl>4tl"1Mnt ou ot tta• Y•%7 li&J\t Ht1ord1n& 

1...,.. apr 1 
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40 volt•• l OO c. ;>. &. ar..a 4.. 0 ... e. lfh4 r•n •x inhibiUOD, 11.t ~. wae 

...,olotd 'by a li&b' tactile '' al ua ott t he cn\tin« ed e of t h ol • · 

"'he r et! l opaen' or t naioa attn eo.-aU oft of t • .,.*'17 aU \loa 

m:u:rv.at• t b• atter-.ff~t o-r • ..,.one ~u\nl axct\a\1~ 1'eanlt1ftC f r \he 

hi gh c.t.llpli tud• l•ctr1c l tti~lu. Dltr1n~ thl• 1nt 1 tfttd.on th• 

au.tti u.c .ace of th• cl ., • !fm lightly 1troked, at 1;. c ».dtlC arl­

other r el aut1on \M-1)\lgh rsfle.x 1ubibl. Uon, attv ,b1eh t.nei oa i n. \M 

op nv uel e "- elowlt \o :red~lo, tn.. RM"8 ft tM- 1Jlbl'btt-

i on e O':tld h :.-" b 

~. z, .1 1n ~·iS 30 l t oJ" th• o ~UJ.r m.acle tonu., 'both i u.r1 

· Ct-•r electrical .. n•orr • U 1 Uou a1 ilar t o tM•• t or t ig. 30 .a. . 

wer. ''soor~tan_aooa" • M o.o 8 no aan-.ory at1ml ti "lS C'4 U7 fo w.-r 

a~pll ~fort fl' the l • otriral •~oty ttrn\11 i~i t Gtt by tile Gi lt--

1 

·o 

er, .rui there n • 1 '\ion 1n th1e at .!• hl.a t• •oat• 
cf een Y•l i nh1b1t or.r 1ntl ~·, Ut whethe 011 tJw e.xei \&tOJT om/ Ott 

•:r t M&8 -&.r· • t'M\ll ts OR J-ef' l X 1llh1bi U tYO 00 . 'llWiOM 

be ar •a. 

1. n.tl ex 1nhibi\1 n of ole t one do~a cecur ln gt~$t~ 

2. I t 14 ••1'ble ~t M\ll'o •et~l ., jnnetlQW 1t<hl'b1 t1cm ly 

•-r ot ta. o ~ • ee1f1e inhibitor zen an4/or th• 

lnhtb1t.Or AX.oa l• poU"ti~u,. o-, whol'ty rea~~-- 011lJ1bl• r~ 

1nhibi Uon. 



Uow.Vfll'. w t ..-1 •nM thttr 1a i?oa t he e e-xp rl ntt, ft..lbelt uot 

~or:r Ci"itical evit!en.ce. 1m114&t. co\ 1 1!illtib1Ucm ot activity 1n t.h• 

c aor @ t ()l!' UXlJn, l'G.th.el- t.h...a iahi'bi'l at the l 'b7 the open• 4 /•J> 

c ~n 1nMb1tor axon~. a. ~~ c :lileatl.- fACt.tJr ln t1w Hfiez: inh1b1t1•. 

·t rstly, ths d~n or i tshibition of cl.u O';>llnl~ wu 'f'eey al1~t i n U. 

o . 1'1 ttntc with \hit o n•t utoJ" xon. t!' nsa90ted (aeotto~ ~.9a). bat 

•u veey ·.tell tv 1n tho ~.,..,_ uta lid th oo er aotol" 021 111\ae\ 

{ SQti O . 93). 7hi• c"bMrn.\ielil 1• bOWWett no\ Ylt"y rd~, ai~ 

dit'te"nt t'ol!'ld at •ota#T et1 ul~tion wore 

• .-rokod in diNar t nn, in th• two &r 

t • r ulh ar• t •tr1c\l7 ~o able.. 

eel, •m tha &i8rt•r con raction 

&f 8X(.)$:t1 fth 1 tC t 

oontly, the r•tl x\7 -~ 

eoenal" rel • "tiona i n t i c. 26 1rsr e vwy ai: ilW"" i n r:th ::r t~l" to t:N 

"apon\ l'l00\19 f'ol&1:&\1a1l• 1 t iC. 28 J!, which we~• al-.t \Wt'Jllb\~1)' 

~ te t o ccm.trttl iMf.'bl t1on (or • ' l Met ,.. .... tiofl) of acti"fi tr ln. tbe 

op<1Ut" •otor on. were , theretore, ptoobablT leo cau.ad by cel'l\tl'al 

tn.~b1t1tm. 

Cl rly. fv\h 1' •ro«!ri enta aN re: 11"~ : ln 'tt1~1 • ~ 

la whteh e su aotott u on i s tr eeected. -.n4 i nJ\tltt tioll 

ot cl • op•n.1n.« 1• ~~u.ot.tcl, 11' ~lt&i'blo. 7 \ l"'lrin« th~ t nal t' te of 

cl • 



.... 
1C~. 

1\ h • Men ahC'JWrt ( sactl 

cl 

a u • .....,..yu.\ude aat • ,~u 

r \ iou or 0. e l ... CJ:14•n$ 

s ti 11. 

~-. 
rat lT• 

• 
.. 11,-. etf \ed 

8 ' ot ttt. 0 'O!YtftaMlta W1l f iNt 

1. \12" to;' ~.-r:!l't:13 l "'!01% •• u u. 

la ttl 

.. c-uo ol ho o J\fl" i ahibi \or ~ t e • 
U o ot t h 1 HI 

n • .cl ,. 1JIC. c~l'.Ol , tll•r--f'oN. tb• 

• t ic ll1fJ"U 111h1 b1 l10!" \ b c ou 1 1,UO'r u 1• 11\-

~011' in · !"' a1 \ ~ 5 11. 

l"'!'l.,x c l • o· n1 .r,. ~t". y 91 ..... 
hll:t1tin · bo o! • 0 1 l'l)l .or -.It"" a,. 1cfrct 

o • 1a ;tat· 'WI• 

• • eeoc u~ed 1n ae4t.1on ~.~. i • al ~ nt 

ati .a ot retl~x ~l • 

i~ftA t5. 3 ... 41i. • •ftN d . W ly \ a~"'aOty 

anry • ti l 1 ut~. ~1 s ~ other 

t .. OC'!W'1' - . "n th4 otl'!U b. w. 1 t 



os~. the aeneo17 etllWl.i 'beil\C rolati'\'4~ light, uothe1' tona of 

adapt atiOJl ot reflex elaw e>pell1ftC w &l)'PtiHJl\. 'Zhe aechaical adapa 

t ation in tlwee sxperimenta waa not due to =otor ta.tt ga.• or sentsory 

adAp~tion. Furthermor8, i n the on~ critical experi•~nt ot the•• ••o-
tiona (•%p8riftental ection ~. 7), traneaeoti on or the specific o~en•r 1Dhib~ 

amn and th• comma inhibitor axon •act• no apparent <UtfeHnee to the 

mechen1c61 adaptation or reflex cl~w opening, ~ stated in ths previous 

pal'acraph• ao th t , el r-ly. tne l!leebe.rl.i cal ada:o\at1on wu not •t:r~et~ 

b7 • 1lll'Pl • retl• 1nh1b1t1on v1 thAt•• 1nh1b1 tor xo'l.'l•· ln tact, tho 

endene& frora t Ms& e.x::>&rlMrtta , al'belt. not cntical, all point• to th6 

mecbanie&l adaptation ht~v1ng be«a broucnt ~out. b,y C8ntral edupt~tion 

of •Old tors. 

Oonsid.er ti 011 of the IM&&H ezpet"illllntal IYidence aa to the 

nature t th& central adapt tion. altho~ 'h1m ittvolY .. A coneldePShl e 

a~tout ot epeculatio'ft, hu been emphaaised, ··~\o that the central 

"M&ptatiotltt lbS' 1n fact be produo.a by central illhi'bitlon. "'' the c•n­

tru qna~ ... et the reflex ez~1tat1on. J'u.rthsno.l"e. ~re appeare 

t o w ooaatdert.'bl• tle:dbil1t1 in th• ctntral ooati"ol ot r•n•x e.c• 

~1-ri ty. htila tho exponm•t• q.uo\84 in section s . 7 • then &:P'?eet" to be 

at l••t ~ ltlOftl•lf or central a4Ap\at1oll oontJ>Cl• which act a t 41f• 

tar•nt l&vola of the retle.x et210i tat ion C.:Me4 by lgis'Ory atimula.tt otl of 

th• l~•r latw.oai~ than the threshold tor senaor,y adaptation. !baa. 

with tairlt' stronc sa•orr atiaulat1on. thoueh not strong enOIJ&'II tt) 

emu• aen•ory ~\ation, •UOl't! reflex claw opening r .. po!lse. are 

"'eked. and in in•d• ~•nlly bT • 1Dtenm1Ce of a hi&h lw•l of cm­

tral azcitation with little adaptatioll, M tor example the lar&e l'HfJOD• 

••• \o biper b>aqwa~~ey t1ttllator at1aula tion 1n tip. 22 .- M . .t.t 
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lew trequ.nelea and 1nten•i\iea ot Mnsoey st11Nlat1on. ·a• tor 1utanc' 

1a tM Mall reapon••• in tip. a2 aM. a!'!. centJ"al 12UU~1t1on appSAn 

to acn on t he retlex e.xo1 tatiou, cauin& central adApta.Ua, t hia 1a 

tvA produc1-.g the m~habical adap\At1on .een in the qao.rraph rtcordiJ:iC:. 

!»oset1••• alao, with Nd1• 1ntadty r~aao%7 at1aul at1on. ~ r eflex 

re•poa••• 81"8 ma1nta1n.ld o.t a fai r l y constant l 4tTal, u ~or 1Datance, 

in t l\3 aediwa height rt•pon••• 1a fig. .34, tlU• . ~rbap•, Mine d\&6 to 

ta.1rly hip cfttrAl azo1\at1on. with a conata.11t de&He of 'bloc-ld.Dg of 

centr al wynap••• \v central iabio1t1oa. 

!be ditetn•a1on in the lut ])41'a&r'aph ia o1Tri.ousl7 hi&hly 

~ati••• 10\4. 1e 1ntan.dtd Ja.Grt u a. pos1J1'ble • .t'H1t rat'Mr liberal. 

1nt..-pratation ot the c•ntral u.n"oue s.chan1Hla iJn'olT.t t han u a 

working bi'Po\haab or npla.naUoa of thell. The • in oonol uion •era­

i nc troa the p.reen.t e.xp8-r1aant• on reflex claw OJ*nilll 1ll r-.poue to 

JMChanical •en•OJ7 • t1wlat1on_ 1• that the ad~V.tioa ot reflex claw 

ope.lliftg n•poa." to 1'4tplated •enaory ati liUli, wb.Q. ~:n.. .. are not I VODIJ 

eno~ to cau•• aen•01"1' adaptation_ i a central]¥ d.eterminetl. an4 i• not 

Ctl*l«en.t '\lPOD th• actin t.y ot •1t her (or both) \he apec1f1c opcer 

1nbi\1\or axo2S or/.-ra.d the cot1110a 1ahib1tor uon. frle ••n•o:rr ildapt at1aa. 

whioh oceun at hl&h atiiN.l&ticn. 1ntena1\1e• proba\17 •M"Yu to ••at•­
para.tt the ~11tr•l nen011• .,.,. acain• t too great exo1ta t10D. 

CU•AI"l7. turtbe aDd aore c•pnhenaiH ·~11Mnts ar• n­

qutftd. (a ) \o contil"'l thb u in cenoluaion_ and (b) to help clarit7 

the :p1ctuN of the eenual aervot\1 aecha.JU••• UJIC1~W}T1Ag tM adap\atioa 

ot renu ola1t opem2:3g to senaory aUiall.atioa. Firstl y, ut.n•1Te UDA 

tranaeect1onjtxper1een'• · alone t he lin•• of the pre•ent expeJ"iaent•• 
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abouU ') Wkde to ~O¥ar>, c~ahfiU1Yal~. all ~hs ,oaa1b1• t-,me\iCl-..1 

.... i:JaatiQRS i.llY01Y4Hl l a \a. ~\a\104. flf re!lex cltw O}>tttllftC• S•oJl41.7, 

u tiJ')&Ue-a ~rJ.••ata dt~•l«n4!d •o eU rd.•t•, •Y•._.~~~ll,-, th• rip\ 

&M../or lett la&lYH ot 8Mh of t};e c•J'&br•l, n\ouo,-.CQl, ~•U.pt4, 

walkinc lea, and ahd.OIIiul &amalia, tre\ll4 help \o loc.11•• tl~ c•atroal 

ne!'You •l•~ut• l~olnd 1ft ~ acl.JiP,&Uo-u or nf'lex ol • (r)~l'lltte• 

.And Wrily. til• •.chanita of he att..p~tion • eu.lli bC\ ('\O~toi4~ftb-lt 

t.."t• •l~\r1eal ac\iYib' 111 tb.$ psner III\1.$Cl.-, 1 tlHt e )•ntai'" ~tt)l' Em~ 11!l'hllt• 

1 '\or -.!'ld ao•oa illbi}o)i t~ axe11u!. in th• "entral ~11a, &.'<':.~ Ut t!\e •.Uell'Y 

ne~ fi~r•• of the alaw ~.-. r oll•¥. ~. i f th8 aet1vi'Y el1a1\el 

01" l'~},'ltfat-' te1\tGI"V' •U• "tllc.tt.¢!l. a.ne. if the!'e 1~ no t i lNlU'n•e··ttt 44lcnu• 

1n u~iv1 \y in th• l'•l.,.•a\ attUI)J7 fi'br•, t~~ t~ ~ cb.Mie.t:J.l elaw optall\f 

aii~t•tlou ~- w!tft c•l"Wllt)" b• attr.l'bnted t .... e.•"' -a.l at! "?t a t1en. 

l nhih1 tion via t h.& 01Jftft•r :l.nhil>i tor or co:o - '!'1\ i nhibiti>r" n~o.~ ia wo\ .a 
ope :tUng 

i ort..nt utU~~t•ti"f footo-F 1n t"M ebanieal/1rom~oit1oll wb!eh 1-J eou u ... 

r•tlul7 prmuettd b1' •it~oXT • ~ill'tulati~tt- h~t littl.• axn n~ntal m"'••• 
\h•~•\" iadieat•• th&\ *t.Y :rt,tfl u inld.'blUo:n. GL e. ••pontanttout• oP Htl•x17 

el1e1..,_ op~ con.traetl~. ~t atcbt rHtl\ tr-n t...UO'I'J' •UlZl\114\.U Oft 
l 
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1e 1n t.ll pf'O"be.bility e•ntraUy det•l"!ld!ie4. 'l'h1a fbllt)wtd f~>e t'he o'b••"•" tit 

-6;hat ( a ) 0111~ "'"rf •lt~t 1nh1'h1 tio ·, of op•ntnc rHU.l.W froc alia lnal 

~htet" i~bi 'inn we• l)Y'Odw.:.a . lr.r •trok1~« t~ cu\tin« "£t-4 <'1' tlt~ clew. 

lt'ht t t)t;)•ller nx<-n waa 1nt.&etl ant (•} tile C}l$nAa1" r•lua'\ian i n (lt) wu 

"~'.:Y • 'l'\iur 111 clt!U'a.:tttt" to .u\!!J&Q\1•~t rttlaxat! t'•n• whillh ••r• o; ~~a\l.T 

ill. rlitw £1f ~h • T;a,w:i t:yfot t +'"'V•t.e&, thi-s oe ~-ely b'! '" '"""t'Y ~entat1.,.. 

9 e!'!Clil\lio • 

howovtt:r",. tllllikely l h&t th1a Will b!t J>0#'$1"b14a '& ~T •tgn!.fi1;".nt emnt. 

a1nli ' "3 oal.7 cone~i'9'•'b1 • r ,~tion. of ren<JJC. 1nbi b1ti()ft ~ue~ 1" 1• 

t.lua elP inb.lbi i• 0]')4'a.r f!J O!i-t.l' Qt1o~ n•n all tn. .. Q,PtJJ1~ t\Xi)l\9 W"• .ttr\u l . 

lf tFM•a•c\1o.n or ~b.$ o~Mr tU.i/o~ eo-.aa 1nhlllitor xon.(e) 4oes not ,.,..,.,. 



thi a r•fl•t: inhib1tl~n Df ~~11.,. CC!'&\··o.ati· ~. 'lnlt t., '1\SfHtCti~ of ~he Op•MP 

~or axcm d.~. th•11 t..~• l'efl•x i 1lhlbition produ.c84 by $tl>aki·~ t 'h.e utt1-c 

.., o! ~b.e cla•. o! "epo-t~\an~uJI or s- flexl.T • Ue1 ted ~· «r ~ontr•o"t\l)ft, 

axol'l actin tT eau..1D& \he op-an~r ~ontracUon.. This cer\t-rl!l-1 i al:lio i t~l? 

e~iiM •ff~e\l~C Rr•flex inbib1~1on~ •~la \hen alno~' certalnly b• tb• 

\ h• cliiti~ eq• or '\h8 clallr, th-. et 88.'!"11' t.ne ~!hlfiirt« i :Ohib!"' 11')"\ tll'o,hle•l 

1n this wq l'!ill 'I;'Je 4.\UJ ~ s i ul• . r4:fler:t inb) ))i ~l t1 v1 ~{fj ~nftl" l.'Dhi'bi tot" 

• · on. It this 1• ~ • nd. i ii b. M1i l'm1)roba.'bl•• :!!'"~ lJ,J.Oh ext)fl<r1~ental 

~eol•. l t ~*~ ~aibl•, thar•~are, t~t r•fl~ .1nbi bit1 n f +bia tt-4, 

~t ~t~~etie ?•flex • eto? ~·~~e. 1• tha prl~ f~uetion of all th• 

And ts'ni .-d).y. u in \h • m-fti.c-u~ aection em lt'!t;.pb.ti.e.'l, appropr1at• 
~£ 

" ctil l opaph r-to-ornt.c-1 ~r~~•~r and ~l¢•• muolo ant JIO\o~ w i1\hib1 tor uoa 



6.1 J , j!lt!IO.f. 

r1Ag the oou.l"te or th(l athttpt• to repe t lfof'_ '• ellq»1"1-

nt•• Ya.1"1ou• fro~~• of elttetrioal •t1.,ht1oa •ere t!"i f'Hl i n •~in« 

fo.,. JNi 1• ••~HCJ'l fJti 11 to evo:M \he ela- "'P 1n« Hfl L '!"hH• 

tn. .,_ of •l•trlftat aena()JT tti !aU n ftro f't7ilM to • t"\Ceesstul 

111 "ali w'tlat app ed to bo f lex o nj of th& c1 ,.. 1'h •• ..,.._ 

l let 

• rt. nd Ui• 1;• "&en.r • to vUwli 

11~ with tbe ~leetrO<.loa IS - • "!l. rt. 111. bllth l oc~11ael UMl 

to u r.. •\8 Of' eeul.r athttlfiU<>n 01"01' a. ll ~(tific Hl'i rtr ?M!" 

. ,. 1 ttft't7 l • r reelcm t the bod.T• Ill the ~~ t•. 1ri 1.l h 

111\M 0\lt. l\ 1• otwn •tt~mabllt • t •hethe:r a ~l• .on.e• ,.. 

o to s it1e M~ 0'1' ttt tx en.ln unoua oaelblT l o cular 

tti tl Uon. 

·Alao•t \ ltft?i bty with ee.ch arab O%.P4t'ri1181'lt \\l)OJ\• exe t ira the 

Si).l'ly e:nlor tory • • Mcban1cml •~a•o..""T sti 1 tlt'\n wu trl. fit"•' 

nAJ • of n"cki n uit bl7 cl hl"ec)lt 1~ 7' fLx• lt' "ho ~ 

th.u fa ilfJd , Whte wo.~ not 1nhe un\J.y th. c ga {about 7 .t'l .. 401 o-f the 

Ani I Used}t lJict.rtoal tJM&~ tti illA~io of TariOUI& f"oru ... ~­

t!"1 .. • l"tt-afet"\ f ~ t~ft& · •cbaftieU ot U befot-• • l eetr-1e.n1 .., .. 

thllt the .hi.ai\ 'r"llt ot eleatr1eal :lt1nm1i \1 lt.,.lly N ired '" won e:ttY 

olrur !V'nit\C ..-~ro aa wM •or• liklll f to n,.ocluee e:dr· et"M&J et~f -l!ts. due 

f'O!' 1tutu~e•. t f) emor•nt w~vin~ •1 thin th• aT\1 1, than ••~ t.lto c~ 
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rea~lete4 .eab4nie~1 $t1~1. !h• ~•.nta~ of •l~etr!oal ova~ 

~Meh eal .ttl 11i.Uon, on the oth.r b.a:lll, tit'.M th~t the cl'lv c\a1"'1st1ca 

(:, . .. &liPli~•. 1-r •t'le7) of \he elec:tl-io.l •U 't'ff • allY 

n\Polabla t~ thoae of t ~~. ~his di s-

~ ot1be ea.l •\1 tion waa c o 1 a-r«l t o "N ontw.i 

bT 1 t• utnntese ~•• t"il>ed ab"OW"e. 

1&. 31 11how• ope i of th• richt elGW i u r apcmd tOe t:tleetrtcal 

l o 11•ed roatftl wt1JtU.la'\101l 1n crab i ll w ich ~ sl i flt&t r&tlex m)ell• 

i n« ~\14. 'M nohlt 1a r ~·& t n t lt.U 1 tot" tt1:m14t1on oa ~ ou.t.ide 

•uri" ace f4 \l\11 'b!~. .5oth tl"l\.,_1 W9H 4e W1 th 0!11;' \he 01'J 1" t~Jl" 

~n i:n\I!Ct. ttfora th ooe~ i nhibitor amn1 ••~ t tuut~t-'• t>M ., ... 

!l4x o n1~ r ~e to tttill tor •t~letion •a uot •~fie tl~ 

4 fferent f orm t \ ahown. h1t • 

~« ~ ab • two r • ecrd• tr at tt !' t ~'b-e 'Jt1"'h cl~ tfrrxl· 

o • 111 o·t of ch.• oponlh& 1n J"e• a• to loea.11aed !'ott ''1mlaUtm 

of 1UC1" .dus ~1tnA.••· tn both. cla:n ol ®.t 1n~ oeeUH only at 

11ttl-~• '1•~. 'll&131Y 50 v lt.e. ltCf'ft'er thia d not eli-.. 

ti~lty o! th• cl~sa~ ~•el• havin«b~en $Xo1t&4 to traet 

a t lcYttr 1'Ql t • • uince the 'b&ne-line rnprftll b Ct:HI' l,et-6 or 1 t eOJt­

l~te eloeure. 01 rly mor~t c pl te cl lttt'e d i rl Ol!tm!' in '\h rl t c l atr 

t tt\1 lu ao. i l'l ,a. It 1• po•slbl~ t~t in th1e el.- th- ettrlty f4 

t b• cloe•r :ntscl• ))I' s•ed the ct.iYi ty ot thtt n.,. ~cl . • 1t't h. all 

\lUt l a2'10 13ft el rNpnli••• xce~t 1illaponaes t • 9 c .n:C84 ('il'l stati;Oil 



Cl t.: o 1 l)l ~"'= rfl$vr:n~.,~ ~~l ttlct'~.hn&d rost.r'.\1 11 <tl otd.e;' 1 et.i1!1' 1 · t 1 "'· 
U ""'21 tin~ Sl:l~t-'~"o~ !! plqoi'!rl ~..A. lll • Jl l't on tho f 1 1:. uu: a ""'!."o-st.r l 

esoai . 1 tal t ·;;.rf, ell . 
~i~ ; '·e~o~nd st i mlli • 

.. 
~ . 

;)loa r t a'lllen aut. : "' ~n.c;x- i !Jili 'hltor t o:-1 c;.t t . 
')t.1"Nl1 ' ,t. :l; to11u"''l int~~itv Ut111~t0l!" ot:htuJ~~ticm on o'lt• i ile nur f e 

o:t 'bd()"' n. 
,Q l e t r io.al eU h.tion ~n. Tcn l t"'l.'J t :'T~ v cll t a . lt)l e . o . s . t 411t1<:9. 

. 'tl ':'!Uli t l"ot~.r-&1 Jl lf' •2~ , ="01 4-0 v ol t s in $tiJ&UU l.7 (j • ·j , .; . N- • . ctivel 5-"t a nd 
~"' vo1tll in .ou.-.Ui i;- 17; 1 "' c . p • • • : F ..,aee. 

' l • ;'1~. 

l ~.~.~~ vol t o 1n ati 1nli l , ~. ~. r~o~J~tiv~1Y, ~ 
~'1 Yt1ltc i n Ati 11 ~ .. 9 : l f\1'\ c. r. ~t . : ~ •tte. 

~ti~t c l t"sal" t,.wi '" int~t; lt~ft e l(Yser ' nd.r')l" mtt; O"')GJUtt" ~ no a.:t1 i 1lt act . 
t1 ~tli : a t:t-' 1 ~ 1 ' -v.,lt, , 1 ,., c. ·>. '! •• ., ,., ~~ . 



b 



lU. 

~r ..ah at1 lus. Tbit oc~~~nce ~t ~o•t-ati~ul•• ? • nt•a •tro~7 

.u...191[oowh- !'$le • 1'1!<111. ee.,tnl 1nl\1'b1t1on, an~1 nJe&ll• th• po1t-w'U lu 

t.n l"~ t fl'toe ro.atr 1 •'111\11 \ion woo.ld be inM.bt tioft bf' th• e r ib 1 

g i ~ •o th t \ hi • h'1d(UtM po1~t• t ti7 e•?J.t?.a l 1 .1'b1 UCD wbicb 

,.. s b•i~ ee:rttl» 1. 

11 . • ,.. 

'1\l a!Sd ol 

of 'tft~ in 11&. ~ &).'"e : ( a.) th$ craa: 1 mt11 

t b 1 r lett cl !'ft""®.H 1: (b ) t he oct·av1 

l l rq .. : (o ) t h.e ()lo ;a iKl rtt1 1n 

"'t er p 1at• 

o~ ................. se hei#ltt aft• 

ot the 1ar 

nin~} . ~1 1 ~ 

f'facta qy o'ba~ ln ve1CMa l"oi"lex ad ri nt.11 th 

tiUll tQJ" eti!!l\0. tiotl ( a~tion s.u . f i «- 21) . l c•• 

T'ltYJee t)f eial e f ft'J ta .up 01"ft t 1d cr -~tl" l. inf'!Jutnce. 

" t • f\trtb~~tl". .t the eere~ral . ncliotl ~\Ar,., \(') ,,. extflnt , ~t 1 t 

into thi • e• t t'al intlu.nc~. 

, 'f a r~ #bewtr 1~ t i c. ~'.\ .!a ~f l"Htxm " J both e1 io 

J-'()a~,.a.1 •ti tl t l.on o.t l ') Y~'lta. ah•• th· t anoh ati b-UoY\ <-.a·1 ol'.t<ll 

ol~~ t op~n1n~ Pas ~·e~ ai~l•? ~o th ~• ~oked by titt11at r ~ om-

on the 



l.tt, \hat it on tho ,_. aide aa th• claw whieh Ti •lded the 

post-st1whle so1k••· !his i a in aa:rtement w1 th the i dea 

that tb• e.r•bral ganglion hu an 1nbibitory effec-t on the 

Hst of the ctmt:ro-al neryou• .yst•: that 1•.!! the 'DOat• 

stimulus •ptke• are tU.. H$'$u.lt of releaae trOlll 11lh1bi tion 

an •a• S'l sted (8eet1on 5. ?). 'l'h1• • tun. 1• f'm-ther 

evidence f or ~~ atYong central inhibition which Mi~t t 

on t he claw o~o:1i:t18 r • flox b6ing <let emn•d b3' the ee:rtbral 

ganglion. 

Mten 1n~tea4 of "botb. ~•thode :nd &!lM• b i ll€ nl~t!ld 

1ri thin ~ c • ot eae1 other on t.~e r ostl' r~. th t.noe• 

l)l ced 1n s~ aoft s~ot on th., 1' ~r 1 aut-face of the nimal 

~~~t•rior t& ~· e·thod• on th• rost~. ~trkedly bie ~.,r and 

mo~• ele~~t ~•~ing r•$?~ns~s~n ~otb cla s 
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wen-• Q-bt~ined. 'rtti s ia ~eetill-6 sueh Mao•!'«l rQitl'e.l" • Unlatica rio .. 

in 11 p~'b :bil1b". ba.Ytt a -..n•ol • t1 Ua toey eff'eo' n til n r~ .,.., ... 

-..~ th#nlty etimulat • 41roctlJ tu oh•ll~ •"••· cw.•lng \h., OJ"• cn_.--

cu• ., ~ nrtsa. 1• b4rne out in th• ob•e" ti~ -wh1eb 

toll ow. tfhe u~l"l nt• from tt: 1ch tJ\eH ob .. n-atioaa HN • :te t a• 

1\1 l lT co.rri t4 t to t •t th• pot•n\t•Ut1 • ot t.."l.S.. r~ of •ae"lt,J')'• 

1 t1 ~.a.l t1 oh tor ftf'old ng reflex cl lW o ~ni • , tm. 1\ w • oonol ~ t 

•'tr.h roatr 1 •'lml :tion ..,.,. 111 fac-t neal & tbare.foro not n.'i l»le 

for tb1t o••· Ofil or tw~ furtb r •~art~ ta we~ & to '~lo~ the 

err ·t• of thi• oe of •Uelatioa. 

In ur • Tm-•toP;J &~riMn\ tho r • n~•• of th.., o.h:elinef\ 

r.c~yli • r• obt IIIIi . bu.t ot l"f~Clrie"' • ~()r •l•e\rie l e.t1 U.Hon ot . 

l" t.o . C\ v<~l b , wUh a elttotl' • cm t' r-oa n. m the tur ahetrod• 

•yc;u n th9· .... tr 1 rU'i""' ce- d tb.• cr • 1 tb th~ • 

( .,-\.h) on tha r 1 t not l41bl• \o v okl.t ~• ~e of the 

cll'i!l.i f\act;vU nc ttttr where the oa.tboo on tlu; Cl"'lb. ·t tb the 

c thode on th T- · tn.w · he tUWCi&t on V J rlous .,. lt!" 1 Gofi: r~ ~t• t t · • 

po.-uible to ovoke e1 ~ o;>ening o,. eloain 1n e~ .. ot\ el .-. ~ e eh 11 

dactyli r 1\pnnaet ware st lm4 ..non th M.llod~ as 11'\ o . o! tl-1.,. epcu , 

ly in tbe setcket in •h1eh art1cul.utea the CC'J!l of ei thf'lr 1"1. t or 

laft eh911n&d, or on th• in•i de aurt~c• of the l~~t ~bd~i 1 ~• at. 

9a Ol'lteiJ With t he !il'\Od$ itt O~h<tr 8 t1 ...,... )~I c1~1"0\1t Y' 1"1 tit"n Of 

tb~•~ th~e~ tYFe•, ·-d ~111 n~t furth r be enttoe.e . · ~h ~e~n••$ with 

\hEt nod& in 1!t«1-0h ot the thre -ol : ~ ~ :nenticn~ ""e 1\.t nett t 
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Yolte&h of 30 to 50 yolt•• nd they did not Yal"Y -ctthin \hi Tol~a ,. ~; 

b Jlf>'lr 30 y l')l ta the ~ -ooase• 'lifer~ •· 11•'~'" :\d • ti &e !) • •.1e d 1\et 

c1 cut. iar1at1on• of v~·· rre,ue 
t.y~ ot :retpOll ... 

ostr 1 t\il~Ql.S. with t an e «)tt t he lnaide .Ul"f • of th8 

b4 c .u~ed o~td of both l eft and x-i.Pt eh 11~ daet711. a th 

th~ node in the aoobt o-r the r1t;ht cllel1 ·.a. 1 ue4 'n*n1a.c 

ot t l«tt ol w and closi~ of the r1 t cl • Con~a•l7. w1th t 

· • t the t()ebt of tll lett ea.u ~. a timlU ee& in t • 

r1 t ol~• n el 1~ ~t ~·left claw. 

'::11 r~ter.on•• ot th ol•• with t he nCIC!e 1a i t• ao.ck,t b 1>~1t 

ill r • ~ s 'h Y.l. bn dll4t t tH.l"-.ot 1\t 1 tion. ot it Jl • pply• 

1 ~ inal'"l 1 .u ~Yl•• of at bM1 t1~n t o th• el a Mrv• r r Si"!»! 

~£:.2• .. e.n\1~ !19:¥) ftN.Ild ~ t \ l o. 1\Wlt • the o"' trr cl• 

c ('l1l a • t hi~~ 11 Wd t hie 1Wt 19 1'bi ~ t. e ~loser 

•el.e eo'l\t'tact~. tluan 'bot'h cl~••r nd opener were 1M.ib1W·. a 

t hl l1 '-'14• th• cl c er • cle b'r'Oke th1'"~ Uta i 1b1 tio 1a t 

a ttl' contr&t.cUGD. A ailtilar ln'aak-thl' \ftl f'ro i!'Jbtb1t1on 

f~uvl at bout l O Y'Ol t• 1tt • 1 11 ·~l"11N!lt i n \be JIM snt wo.-:k. ft 

.. ottt!!9n JZ!l"l SUI· lt h pceei'ble that thia 1• th~ eft t or th J'nsthl 

ati 11 t1o • 1t t t 1\ sU1lu.l .. t•• th Wl\()1• culi-oed. ne ' bt&h 

li tude aboYe t he cloe1~1Jlhib1 tm"J" Y&J.u••• tnua ~1 cloalnt'• 

tat1en ot how roatral tiUU!ation .r~ecte t he c~­

t la. l"A1 ol ., 1& 1 sa 81 l•· 'fhe opel\1 l"~e co·tl be r•-

'P e to dtr et sti l• t ion of ••~r.r ner•e• (i •• •• ~efl•x tel ~) or 

to oir at •'trtulr Uoa tti \ha eh .. U p ~11on or o\he.r 1"ta of' t be c.». ,. 
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-
t~ a e biu.s.tion of these. I &."'I !l?.pl:Uud•'IJ ot lrlbou\ O .. !S to 1.1'5 vol.t• hG.a 

p1"0rlously bao21 fmtna. 'tQ ~., opening r•e~e to d1J"e~t olaJt norve 

a ti*lle.ti!)n. ( n., f. :--M\in ' ~ O_peJiin& :rerspon•• a.t low Lc"!ll'l1 tua.ea !n "'W11!1• 

l\ iu p ;Si'b.abla t.lu.t u. 40A'bination oS th.f!lae fac\ot-s ,.aa 1avQl1t4t1l,. tdl1ee 

thftro wu pr(\b :bly o. e-cmdii~r ble cv~ent •proed, ~!lt curr rtt d1mai\y f\a­

Ol" ~J1U£ witl\ 41ot ~ f1'01t tbtt t'lft.) l~et:rood.e:a, MM 1\ woald 'be grthot.t6•t· 

i~oofO:V " for th• ~een\ l?'t:t1"'ftOIItt 1t wtll \e l.ldequa'f! t~ aa.eurto tho a i leal 

of ~hea• to'l:U" alt6't' tiv ~ to 'be th~ ~OM" eo-t «>•, M lJ' U\ t the el~ 

':'he ea1n ot bo\h cl&YIJ in r fJ#Ponao ~c r'l)a\?-'11 11t1W1latiCJ't't 

w-1 \b th>1l node on t~e· ll\Bide Q't tb.• l ll1J\ ~ami 1 tJG l'l1\t w-ill r~,. 

preo~t r~o••• l•o b• .:r.u ® '\~ 'b e:t ply u d!Htt t M1S}~1\ tt t~ <tl•~·t-

ri.CQ! ti ttla.U.on of t.lut op.ens- t 4!l'r &:fQll ot e.l!t'h elaw. 

1111. 35 sb.Oli'U tlM roapouo ot th• two olaw'l of erab wl- ich wu 

\1 11 te'1 with th• eathote on the -ro.st.J"U:l'l c.nd tho &r't0t1• 1 the {U.ueot.a4 

. l'ir.ht o:\()li]Mcl ~eNU, both wit.\ (aS S) abt! W~ ~ut ( ~ A ) tM . tt 1•\-

1~ fil'dJ,;f'l\UJ t•n4ottn Q).,tt thr~. 01 tm11'lC ~f tae ri~t Cla.Y nne! O~>m1nc 

twa.~n 10 .. 4nfi 5!> voltu. 'l1l• ~.it:UU 7t&~red T"'lt~ h~tt<~ 1e a.t'kedlT 

lQWM" tilen \ \ of th-e pr&rlou 8Xl)'8-r"ill\ent, owing. pl'o'Oa"bly to th ane>U 



Cl Y' Of n iH , '· olo•.in,; r\la.,on . to ac . . r ··l rc .>tl t:T ' 1 ctrit~ 1 ti •· l ticn , 
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llt. 

t o "1 r l!!lct tttt"N.l tlon of the olu nerv ~. ':theM f>l>e \lone M in 
M 

• t.ec~d~ -.ri t h tho•• nt t tle t'l1"1tYlCU..l¥ <\•sct-lbed &xPQr1unt, / wt tb thoft 

1 1a 1• 



11'1. 

l~ft rut in 1v i n S• 

., t· 't~ •:t i-t~ ~i>te · \ 9ti"llllu..u s. n ulJJ q-J.,"lt -o,t"!""' l '!ii· Ltl•· 
WOJM4 PI' O]Mid .. ... J'OMel nb...-nt aU.U 4&4• 

i e ...:t1 ... U1! ali";ht f·tr- '"«~~ c:o1r 1r • 1s i e co-.,. ~r~tidft:lfte th· t the 

11 Jd'O .bill ty bl 

on \ ita point ~r ~"~ at w1tb t.h~ ~·ectr :~ 

... 1 ~ 1 point or nt.ry i nt.o t.ho ~fr1i"l • 
cl ... er 

/t ... cJ t:. ..... n r t'\l"'JO xbna. fti- ?.,. t l y 4! 

eli at e ·tro el~e-lr• of \ hi 

\ra.~Un cl<":••J" l&ei !ts b t w 

(';~ • < t \••• p ;11 

ttl ~·l'f' \. Q. W+ 

th:' ill c~ (r 3'-~11.1 £', f"':' the cl-:. ~ ~o ~t~ac•i~~~Y t~e .,.," 

p~i t~· i-:-n. ·.1rt~ r e·r1!l nc• f~:t' t if'~ t err e• "!l 

C'£ th~ • -
.i -'~1 ,. ot 

.,.din 1 VM' 

h ~ n...,. 



1.18 • 
... he eli 'ilt ~if: !'J!"An~e be~\'fl\·:m th• tw~ r"tflt ,.t 

t~o loft cl • in A db h -

.,. p irl ~it pta ion in A • . ~•ts t t heN ~~in. "f1 t.' onlv the o. no1" "tntor 

~o~ int~et ln the ~lt, the genarfl eti ~i xc1ted ~ e pe~ r r,~~~ 

cWt0n tlir ctly 1 

- -
r~fl x. inh11:1 tio~ ria th tdt1b1 orv Xf)na, nt 1· "' in a(l etnd 2) nft b 



- . ....;.!':... :t£ ... ..l • --~ 

unc ~ti~~l,t~c; 
tir,1t·l i l ' C'" ·z. .. l 

"<>to.:- , 
:it.~ : :-:..- ~c 1, 

!13 .. 001 t;.: t.:fiio 

a ~: v..;: t , ::. 
.1 v,..~v , lC ' 
n 111 f; _,. J: . 

, vub. ty - 1 
.... l o:..a.r t; ; ..... on c;.;t , 

, • .., . ..... . f ' I ~:)(.;O "' 

a.r • • , l . i ~ oc ~ 

o~ ~]_ .x , . .... tl ~l t tit;ll , 

(. ;;no: tttlt01'" .... r. c:nt 



119. 

Olrft'N' t be n spte" ahown ln,a(~). an~ ala i)baerv· tiona ~· l 'l }WW1ou 

• o\i M.a of thlt eftn~t• both of \b1ttf ((tn•ral l"Qatral • ti· 11 ( •~t:ioa s.a) 

loc&-11ae4 11. tot7 

eff~et. 

1 _(i 

l.n ,}(' .i on c. '!J. f 1 .• . • h .ra 1 .1~ t i oll ot 

c tltr. 1 i nhi b1 trr.-y e+ te" 

1 1U 11 

up o .. 

,_~ s t J.Wli 1. '? {i n a.) , unt1 4 i n ,1!. 

r ·1 ~altO fl! u. Cf!ntr 1 inh1'bi. t ory 9t"' t•. 



uo. 

t, to 1"e-

f lex 1nhibi U on rl \b& 1nhih1\m"Y 7:'0 • · lt i a not, however. 1ntend 

involv • 

n4 ditfi· 

c~lt to 1scl t e. I t t he thin aott lnt ccver1 c n r ·.l DOrt-

t roa \h t horbei e 

n 

oat of th•" 
sti 1 te en the 1 de 

l ... ,ro"~t •• 1 or- at1 ~l tine •1 1• I\Otol' &lXOUS i n \lli! ch li ad . 

n-dmbw of e:. t t · · t a wel'e • t o ey~ r af l ~ ')4) ,1 f \he 

c l ' G y •, •ctri~Rl tti~l tton. c! th ab1o. l na.l ••!l.Se:ry .Z:::J!\ • I • 
n11.-.b !" t>f (K.S")II th t wc '1 otrootla w8J"e t~ly inae~t~ 7 t r nv t.'lr 

tlle ft int• 11t int~ th. U#Y C. .-nd. cl 1 in tin c n~r l · on a.t 

t n . ,., or th. ....... 
.... ·4 1 a 8017 



131. 
w•re US$~ fo'f> the dirf!et •tt~Gal.a·Uo~. An4 of (). '-~ to fiO '9'01 te fr)'J" \h• 

1 .1r ct ati l~tioa. 

fl• .x op ni r pmse a.\ 11. T.hiw a ma did . but 1 t b 

l1QC or t h& • maorr 

n ne ifbre• WU toet FOil&b f01' the T"1'7 4e1tca~e an4 fine fi'bNe:, / tJ'f' 

t t -. e"n-tr al l •ctrical t ti l\l• 'o 11 th., &W{\ 1nal ne~e fi'brea a• 

wu yen here eJC01 t*l • lar n.u$er of r • tltt.x a,-.M and thi 'l t:rf' rocle 

s 1~ ~hich t1ttll tor ati 1 t1on ~ b8~ 



~. 

t nat hi ~1 • a.OdO"'inal til1\tlat1on wnlkli y c aTa'!.1n 1JlO't'«flct • 

o! b..e walk:nc lep. •·h1oh au a ot the. c ~l) v1t.h light titill•tor tttiw.l­

rti~n. alth~ i t so atim~• oceurred with he&T.f titil &~r ati l~tion. 

~1«• :H l a :.. l"''C~r4 of cle.w Ot>6tl1!'1R l'6SJ'O,Ilt4D to 91 1¢ · 11oM 

:Cdc inal s t i u.1At1on 1fi t n two t'ileotro:!e~ 5 • ~ on !' • 

1nsirl• aur.ft&Qe of' th ! l.'lst abdOQi 1 s nt.. · • cl e>aar t~rd•r.e =-~rs 

bo\h CU • . YO.l fP' Cf 4 \ 1 tt aboU\ ~0 Vol\& .... F~ ,tll'" to WOU 

'!f' o; ~ni4 !"6t1 Msa t Ql l . at arq f r ~ 'JeY'e th• h1 .,.:la thaat-

io ,~s lao n~cA•sar.r. • t tol l 1nc potn\s re of inta~ t : 

1. lhi) lert el · !"fHIJ.-Ouded c1eu"l)"' onl t t{) tha ••r.ond 4C ?C>1 t 

t1 :t1.e. lt T9tr.ondltd v~rt ali~ily t o the tollrtr1C4 tiT~ 40 •"'1\ 

ati 1l i • nd t han r Q~ond.,.. oo or-e. 1'bo1 t~.l:aoat ¢<l 'Ol e te :b 

r eor '!d r r,!\ttae t h " be ll etue to ~tor fi ' i g.:te. c1noe t i• r e01"d 

>d.O 'dtill' fi'¥'(1) l"lte"Ol"dl Of l'ft~HillS&l) tc. Qk • ..r:tic•l •t1 l tiO'!l; or 1\ 

i h t :t.ve: b .. ~n - fut t <' sir Oft t>:"a.l 1nhib1UoD. Cen\rr..l of'. fr;:r thAt 

u~r. :r•l"il)her al 1nhib1 t tou emll.l coftce1Tf\'b~ ht·ft -...n C(j M i n one 

c 1 :w ~ not t he 0 h r by th• \1-~11)!"11 r.ol . i , , y,rtrftte' or not'tt nd 

c ~hod ., ll'l1nr N1 e1t h6r e1d4 or he ~et' • ~o tC! ot i nhi'hi ti n a ... 

n Ulr~lyo t'M.n t or ! ti t&• d.M· 1 "t\ r 1&ht cl a wortt ns-vonUq 

3r 1"•• o >1all~ t n ahdo "'-~1n~inr. stt l i wl1ri 1r 1n.t t • moe­

vi WJJ ly. 

1 b;J.il~ -u-, of xo1 tAU o-n. 'nl"o-& b l y cua\'lt r r.ll vo. rw~r t'fY!l"l~•• 

~ ~ontlr n•caaaG~Y b~for~ a 1 t'C& ~•s,G~• co1l f b• Jve~et 

:'l.,ig;ht Cl\d '\hl)n fatig ..:.ed r apidly. This looks l i ke blocki ng of csntra.l 



.1 t...... ... A C.. }J it. ' -~+. 

:_'J.c r , t I t -r;"; in v c+ ir:. ! 1 

1.1. ;! t ... co-•. ~'L . . l . ..v(;_ ."3 l•L:_ 

ti -ulr t it:: ~ er~tl"(.CO~ )-~ • 
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ti .. h 11.': t ., ..._ v 1\ ~ l OC l:>·to •~~~ 

:t. :.''1 .. 3. .. 
f:i r-"' : c 

~"'r.. ... :o . 

i u-.1:.1 tion • 



d 



c1 

l. 

oec'.lr~ . 

<·~~la8_, Ql !. T~tt " nit\ au n lni 1.1~ roa';)OnH, tollOYed cl:.u'ir th• .-e 

!tH 11~ t-ton :f ~ tr ~ ~ loau.r ~. s,, -.r.d s). 



s) 

-:t,. o•U•• the 1n1t1 1 cp-m.q t'ea)>Olla• 1helt • ft~ll 

1 i~t.l¥ by •nat1c &ltM' \ e opel: _ aM clos1:ns <.-). • 

!1. t :~:t t 'u "mae of the 

.. 1 tt-1-

• 
~ili.R: :r@-ponao 11' b th 



*' io recol't! ot thie •• ert ut wa o'bt• !ntd. 

"· 
or tbB c.'bd n. tnclmlinr. •l"l" Uc f\et".wiiachal"c- ~~Jif:lf! • of ill 1v1 t )f\1 

eti 11. ke ttflutt clea.r t ' c•nt 1 1l'lflu.sn.C4a 1& i ~ol• ·~d. ·' 

oorna •bnwn in !1 • 41 aJ>e t i~"lY typl eal. • "•t 11 erf~t r<~~-

r«al 2 tt the 

01\ waa '1\ \ 0\lt. • 11'l t1 • 4~ o ttl' t.Sel• o atr• t.icn. 

fire\ <Jh:lr.l-.; ot~ ni reano ea of R~W14•• w r1 l:\ n t by. 

~ lYt elb•or %eit~tio • 

e ne • 110 

oot ... i • • 

1n&l eU ut. 

nstt o 

o.Uon fottr aue s ive 

ll the 

1 



~ r: Ol--.Qn n.. ronronacs ·to re. o .t·.,. .u( oc.jn 1 L 1 otric 1 
;.:',.otKt!" . xc.c:.c !1 i ntrct; l:..oe: t "' n :.. i, ~ . 4~ b, in .. ~ich tt 

t io-.U. t .lou . 
G., citic ~nor 

i.tl.tl. l t <.r~ X:l:! L .Jt • 
' .1.0 r ~ nee~-: in~ ct i n !i ... 11 ' !l · r J t out i n la~ t 
l.i,.;'1t t•e-c··:.r('! ~ .• ··~ l ,vo.r r· ri!l , 1n !.1 1~ ~c·~r! :f1._... <t ... , 

··'-'r& u.. vrl. . 

o l o.·!:L;; in iig . t;:.: .. 
in ''" 1<:-L h• .. 1"i8.:• :,.: .r:·in n 

t:t~~l ti~ .... f. l f10t!'od.& .3-5 run. ,. ••. r-t on v .ri ..:•U.'l r a..:i <-11!1 <11' ~he tJOit in i r 

nr .. , oe <rf th~ :! :::~ t•. o bt,f i ~ 1 . c ...,o; .... t • 
':; i· .tl l.;<" ~ "' C- ;)C \Olt!" , l fV c.··· ' .~-) ,":J)l""' • 

.i.:r. ; .J t. ..oon~ • 





tal. 

\ely on G••• \ion of • -•t ~tral ~ l•e• t~ th• 

1nh1b1tioft wh1oh ~ted 1\l?i~ th• st1 llu• . lt b • ~~ th~t tb 

oa1t1ve 11\hi'hi\1011 d.Urlt14 h •t1mt1 a• e n~r 1. t ny ,.. t'.'l lt was 

1 n,t•"t l'Jt t:t. ~l\ inh1lt1 ~? " m-ob bly Ill • ~ th -;~Eti if' 

o :.1: "' 17\l't1b1tt'P. Clar.:tly tH• 1• eu.r-~tiv-4', All +'d. t 'DC\ ,J,.1 ~ir. • rt• 

1 f ~" ct c&. t'.' 1 1 obt b i t1,. ,. • t f)r t~ 1 n_hthi ~ 

n l"hi'&)itlon 1, iM' 1T4d. 1'1 th• 1 il1i tion t'f•"'tin~ d t1 :11 t 

1, l • 11n't'1' at1 1 Umt. 

11 ~ 1~ ~1 • ~ s r y ur of th ft~ ~1 .rr.~t nf ~1 •~l\-

o1~~tr1oal b o iD l at~lat1~n • tt e1 \ ~ th~ no 

in 1"' cort1-,; 

!le .r el w . - 1 • 



trb h.i~ -rolt a uo 117 n · asaary \ lh'~ cl...., O"l-.n1n a.n 
\hl!J diver 1 t ... ot flff ecb <lCC"lr1nc iA the eo'"' tl1~ olnw pe'l')1 ,. . .. 

t i on ~· 1n tbia 

1 Uou. 

" eou.ol lii•d t t, .,ith • l ctr1ca1 :br1 .nal ti 1 U on. tbC!l'• • 

•~,r• C1 of • 1 otri,.. l ?Ot•ntitkl. rr o the point ot • ti ~1 tion n the 

t 1-r y 

( fi.:. ~). Cl ~ ~vi no• f~ c ntral i nh1b1t1on w~a •• n 1 ~ • o t • 

hib1tor ~o bud been ~1t. 



~$pcna• at~e~~ w1th ~~, t•d •t1~~1t, th 1ncr • 

• t•Jl•r a · r· t•d o~ eonn~t~d in th~ tor or at pa; · 1 ntai n na" ot 

~1~ even a buil~~ or ~ atro ~ apon•& bet••~n a•i ~11 (!1«.41). 

ltl th• 11 t of the6 e¢nela1o ~. 1 t 1• cf int •t to ooll-

eiaer totf~n' • e~ri nt on ·~~~. 1 whieh h• ti~la 'h• 
a~to n v nt~ 11T with An l•atroda on e1\h~~ a1~• of tn• n.rve ~~~ • 

nlat~-

• of ~he i , uction coil 

n rv~. 



~lt r~. t~n~ ~rent at i ~lu• of l - 1. ~ ~ ·l'a to th~ h~l1~~ n~e of 

S( r~inua op. ev nk ~ o~rt1n • ln. thl!l P'"• 1tnt ·~~:r1 nto on :'e!tx•~!h 

l- 2 T• l ta ~11 d t~ th• wn l a nerva eTo td ~1=• o~~i with t e 

cloa.r t• n ••nr•d. r r thea• fi Fa.U"•• i t it re ao!\a'blw to a. 1'1 

t t &otf •a ati 111 ot ~5 unit• to the thin eh~l1 na~ •~ or 

1 - 2 'tol ta, 1 •hich •• the c t i 111 t 4-n'> tnt a to t'h Tftnt.,. 1 n rYe 

eord w•r • 16 - aa ~oltl. ln the p~ · ~nt ·~·i gp, a 

t\1 'ill.\lt ot 20 - ~ Yol I t o th ;w,_.l't 'W i.la\lall.T ed.eq.llate t 

flp4UU%11'!• •hicb, u • b n qonel :t44td, w 6 a :1" ~ponae o 

ie iJtill'.ll• Uo ot the n~u tlfs • lt 1 therefor• .c eibl th t \he 

!S\lf'nl"'-t 1on t tn opt~tnl!r oontr cts.ona in J>eronl• t o dlroect. mot ti~-

u.latl<m, ahmrl!l 1n th reco~ JY'lb !a}\et! 'by rioff ( ti ·• " ) • .,.!' 4\t e \C\ 

c~ntr 1 i ht it1~n, or even di~ect azeit ti n of 1nb1blt r 

-xon, ot&UB "bv tb~ l eetr1c• 11t1 1 .,ion to tit• abd ~1 nt-r n'!n 

col'"d. I t tbit ltftt>• a&, h n c l.,, ly thft W ':)'t')1"1 •ton .,, rt'J ~ o .,.. ... 

f'lez i nhtbl t1 ca vi.- h.e cHn.,- il\h1 bi tot" on, at 1 taii'>~ by f of# 

!I wtWer , even 1! thit ••~"• eo it Yo;lld sUll be . • i'hl .. th t ,-.tl•x i n­

llibi-ttcn v1 h ()p,.ner inhibHo,. ax n at . n r ~ontr cti r. <1 01a f>oo':ll' 

i n r•s onae t o !lh 1c&.l •\1 ~. U on of thr. t 1 t , thM: n t; t o the 

electrical sti 1.1la t1o"l Ut-.d in r io 1ns tu\ t hll 

•• t .ml1kel7 aine• Uotf 11 lt.h~ o11ly t 1t • ley ie :reoori 

er.·eet . 

• 

At »A'!f r • t•, th pr tt nt o'be•l'v Uo~ tnt-ow• d mt'>t OP\ 'iof.. • 1 

C'.)nol·ll•1on, tl\at th.• 1nbi 'bit10J1 Of Clfllr or ~it'll" in / G,tp.:-M!! f.l'UV\~ ti lift 



01 rlY, 1t 1• ft • R&r.y t~ r~. 4~t t h• ~~~·~1• nt tr whi~Jl hoff unn 

bt i ned tll• r .,co1·<t r l"pl"O'\uc 1n t i «· a , 

tlHX~Ji11~, si~ a r• o1 ?ly ~•t1nab ~ ••naorv ati lus tn th~ 

1>1 n. 

6. 3 , that l oea.l.Uttt :l"oatra l. • i l t!.on alao an.uaftd cl 'fl ""?ttni 'by 1 \s 

una eoittc et 'i1\Jlo.to1"Y eff• t , un<t n.o\ by refl u t%ci+"ti~n. ':"hi t it 

sho n, in~8r ali a bt • e ~iaon of ~h~ ftffect ,ar ~ •nc• o~ ff•~t•, 

of ~1ti11 t~r Gtjaal \io , ~ th« ~tt~eta or ro•tr· 1 •ti~tlation(•. 

fl • ~1). he etr ct of lOcA11t~ roatr 1 •ti 1at1on ?e div1eibl 

ln\o ~ ~ t ~tttet' l s t1.t:Ml ry f f tteta, which r tN.l t•d ft"o • hi 

lt ~ au 1 t1c_,n. ( ~r .. '50 v H ), •h1oh ••• WJ llar req~d.r~ t o .,.i% 

allt o.... 1~ res n• t~ t all ; and t.U:tft" l'tn,i W. &H latt)ry ":tf'•ota, ,htcll 

oc~ t i " 1ly 1"4 1\ ~ trO"l low .., .. lt c a 1"'ftllaUon (lfl - ~ Yoltd ~. ~tt 

'IO.'!tl'tias, ·md~r f'el"tt\ln •.ro•rl~rtte.l eonditiont, fr h!A'!h v" t 

•tt.~1l Uon (• •• f i ! • :tl - ~n v l t a}. "1ut tn J" etfe t a ••re i n &l!l"~tt 

f 



lotte.,.. v~l ~".- at ''lltl.1 t1 n ~ 'b att'r'ilN.t~d t.o ~1 ft.,-l'el'lti 1 exc1 t ~lo'l\ 

ot t h Oll""n ,.. 1otor nnd 1nhib1 tc-r u na · ·~ 'bv o1 l T'ltOt •~1 tt')."Y 

"'.vt e t by th • l•otri co.l ~"t'm 1aJ on tha ab. l i <1d n•l!Mt. ln ti • 

·n. the d in - t l"\\tr·r t'tX01t tion 1a attributo.bl~ to \lt • .,..,.eifie <tpMltl' 

nd a~~on 1nh1~it~r axone h v1 b n ' r n •ct~; 1~ t l g. ~ • •ith lo~-

t~t:t V" l. 111 1 u.l· tion ( 1~ vol t • e.r .. ~ vol'-n in f"i • '11) , S.t . h ~• 

b •~ effect ot d1tf~r$nc•• 1n \h• e n~rAl •1 tie \hr.shnl~e. 

he i>p nin~ tl' •llo.na•a t -r.) l vol :-~•c ~e .. ~ioaolly •howed 

afteots which co~l~ r tadily b in~~r•t~d only ~1~ d • to diroet 

st :J.l-.iifl?t or· th_. otl"ebrul ~ion. h\\$ 1n fi • ?~. t hA poat~U 1lu.s 

e;?U·•• oee•..trt1n& i n th l et\ clo.lf 'b\xt not U, the right &r a tf1bu'\e4 •o 

r •l 'fH' h o l!t 1nh1'bi tiM ot th l • f-t r!h"'li t lion "b:t t •• 18ft eel'•b,.al 

by tl\e ooth~ie 

sti 1ta on th~ l ett ai· • · !'hi e o'he•rvAU~n enhanc • t h8 o•. i 'b! 11tY t 

th• Sl. i l ~ov t-at1 l u.• ap1ke«. ft>ll !'!Wln~ li t t1 t1lh:. t or 1 ·1 •ory st1 -

u1i {,. f i • ;t!}1 h Tin« b••~ du t o r tl• •e fr~._, e r l!tbra l i"'tM.'litl&tt. 

J.o wu e!:Ynb~•te•d 111 9te"ion .. . 1 . " nera1 rostr- 1 o+i • t ­

i on ' h., et. f irly ,. "'~ r 1 eti t latf'lnt ft.ff • t on hs 

!" c<trd ope~il'l~ r-e~non"t '\() auch 'IJt 1• \ion , • .,. ... u ally n~t. nl ~ t , 

d.ue to th• r h ltnat1 e1f1c !SU:Nl4 ti"u or ""i(l1a ne,-.,.eou.e 1• t•1 1n 

tic~lcr of otor inhibitor x~~ of th• o~n•r 

rz l osi!W , s~l• "h•n th1 c1o r t na~n wr-t• not euf\. 

o1• ( .n' o:r tb 

tor• o:l tJnrcut onenin 



oluw in wb1eh th o ~e~ ax~n h~ b &ea tr~»Gc~ad • w~a oonol~1 d to 

"be . n!f"a-et ot ~Ul"eet atiw.1~t1 011 of the <lnll\n•n• i nhi'bl t (lr \ttm. 

"'110 d1ff rentia l e··t JCta of \ e gener 1 J'">a tl' 1 ti"'tU.l c ti n 

(19~"') 1 • 1 

::;r·r nt• . liftd/tt{\11• 
nde. 

J"'lat~<::"a. l!nl ttp'PP!l•!!t th .v roun-l 'b t ib •m a.U411l (1 . ) \o 

r act to longU udino.l carr t Btil:\U.latinn. with th ooad towe.1' ss the 

eath.f'\lie. by fl. non ot tbft :bdQI"Sen .,ntt 1tth. 11 ib pai~, ana x ~f\c1on ot 

th• th1rd li"'~ ~1,.t with rev ra Cl11'r"ttn • 1 "t r tao wi tb th• osU 

iller 

( l 9u7). •orki.~ on u. o fioh, ~nd ... ch · ~nP)t (19A.3 ) on ~ i n11•rt ~F t • 

D ee1~•. t o\tnd th t a ron~ lon,eitudin 1 ourrent. wi th ~ ~hode tow~l• the 

tt~ ~. e ua•d c\iva4;ion of all th• eel· • trber a.• • t:ron,r ~urr!tnta in 

tho p01 1 te di:re¢tion o•'l.B84 d~re•a1011 o:r Ulll :Y*18 ot O.C~1Vi \T • ). 

t ;x •"' Yorkers co i daf"M hea• •"f'fae"• to h. v .. b t!J$ 1'1 ?r l')ducer' by sti ~~,Q t -

1on ~~he e~nt 1 n~rvo~• ~ate • a~ il1• r conaid~~~ th•t ~irect eti~· 

u. tion o! U1 ~tor n:tenK w · t lso i ttvolTod. l.oe'b nd ~ ~,.11 lilt !lt d 



that the o•ll bod1ea of the flexor and ~tensor ~oto~ n~ona; were di f-

f~r~ntly or1anted in the g11a, whi lg Hughoe considered that the inter-

nu~eial neuronGa eonnoctiny n~r~pile rer.iont ot flexor and extnn or 

ayll6ptic en". in a were npeci f i oul l1 Q14i ent e11 within tho nv,l iou, 4 au .. 

a•ed that th• eurrent produced itn di ffer ent i 1 effeots by i ntlu• ' ing 

the exating gt>adittnt of -potttn 1al elo~ thffte 1nt rnnnei.o.l nMU"on~s. 

t n lhe p ~sent work on rol~~on, aq\~e-wa•e repetit1ve pulee 

!tt1mu.l:l. of 10 .. 15 vol tt , with t h& o t.b~e on th~ r <HJtr u: nd. th.-. anod$ 

on the l aat abd~1 ~ent, cause~ oponina (i. e. ext~nsi~n of the 

da~tyl.us) i u bo'Ul olawa.. 'tho s • • tiwlus , wi th au~ode :md cathode re ... 

v-.:o~ad, e-roked no rf.tSJ"l)OnQe 'ft"01l tb ol r.:rrs . :'1 th t h cnth.o~e on th~t 

roetru , th l oft cla~ cl ot!e1 when th" ano1 • • s -olelc --d i n th . soe~t or 

ita own c~xua, but op~n d when the ode wau ~laeea in th~ . oaket or tb• 

ri~t co.ms : a.nd o nvero&17 with t he ri t el ·.w. 'that 1 • con 1deri · 

thia ati~tlua aa ~ t ranaver ae ono. closin~ (fl x1on) ~curs on the ~~1-

tiv~ • ido and op~nine (ex~naion) on the ~ore ne t 1v& aid&. ~h•te 

.t"l cts ar the og 0-91 t ' o those 9bsex-vod b)" fiu~ a 1n 13,~ri14l "\&t n.. 

However. thr; are not t t rictly oomnar a.'bltt, 11 'lee il118'~ "' wna 'Yorldnt; C'll 

isol• ted e t a thT'r ::.eie nre1){4r a 1l')ns. lt 111 u vorth• l u c <"nc 

e ~\1 limply to 

the m-e!lenee of th" in.ta a cere"hral ~n..(11on in ';he cr bt, 1• t).J:Gl"tin& 

r4!Cil"roc tin,g inhibitor~ effect on the "flaxor-eJ~rt, nsor b lA.tU!~., (c . f . 

1·u.~"* ) of the li'lbe. no"eyer, t hG t!"Pf""etr.r o'bsllrYad i n th1!1 c1•• of 

:nta.tiOG 0 a1m11"-l' to the a~'fect& or Btl''lut: 1orutgut1~1 0"\11.''l'('lrtt 



tiJ.Nlntl'}tl ebt ~f"V by •ill~ ...nd .ch l'.fin tky, 1n the tU·1rll&U n • 1\h 

h" , th a ~n h~t 1'\:wtt1"':t.m • cUvr..,.cc! tt1n Cl)ell\\X" or o1n1Jet- !1~1 , h11 

•tth tln ano4• <m h<t ro•tr..w t tl lt-i.ti~"'1 ovok· f\ n.o rtu~..,,,n.o fl' 

aU llat1oll i t' ""tt nu 1n ~c1H1"' t o i'ttJ 8tf· t ¢rl th• ~~·n>t l n ,..,tnt« 

qat • ha.rl A i11J-eet U tla.\ol';t (tff(\ct n ~h$ e'· ., " .!l:" , ll!l 1: \o ro 

-.xl)na. 'Uuta, -!'it.l OT.t cf .,M•H• (lbu r c"lf 

ot~r •o~ "~' on o~r ep ios1 1-. a f\trthm- ,.J, .. tJrt t, th., e, e t1on 

tY/ "ttl g n•l'P.l · i: 1f(wt'Wt-1ul •ff ~til of bh...' l a 1 a.l t ion 

ue n t h r~ 11 trol" ,. 
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? . 1 

lfh.ft fi l"'tt\ ... . 

h t 

ni • 

npeo1 

• brain l i&a 1 

th 

l Cl 

o tb.e n ~• 

110 ~· -

1 t~lTt or b7 \~an•••cti botl1 1reu 011ao:-h ~al co i s \11"ee. • 
'\h 

11\ t ter OI"OY' tA i>~l· • dif!icm1 .. and r hit.b'le thnd. •• 
th~ 'bri ,,. tH d in section 4. ~ (1 • l'lny rw '1"~-

11 1 'Vl1'"1 • ~nte 1 h·in~t nfl'll!.'hl"~l n«l1on ~11-tn•tlo~ " 



111 

elt<U ti 

~ refl x ~~ otill no 1 ·~ \ha a~p~~i 

.tt el!" tl"aMt~Utm of both c1rc 

•• 

l of t.)l., lett 

D~rl~c the d1«••ot1on ot \hft ~1gh\ cl • ~• iu t hs ~~ A•~t ex• 
t 

1;1"ri~nt. th• r1bno. lJ.T pl cftd op 1\8P lloto? &XOB eo ~tcctith~tlv s\r1'h ~ 
cl~ 

&1M • • vel:'ttd. 1n \hl't ~. I :r.ox1 1\~lY' ~t thi• '\ba. -\1\e /...Q "li'ltf! r•tl •x 



137. 

l ooks lik• .n elf•~t of d•~r•••1 o~ tb1 •xe1\a tor,y • t ot tb* 

•1 Ur..r a.ff ot, ot a'l.lppl"4tJ•1on t the e~ntl"t.a.ltltttrel cla.• 

!l• ""t ob••" i" an,y othe-r •~r1 n\ . 

.,. tor 

Cla -1¥ th r"'~ 1 ta ot th • o «x""..-1 nt<~ "~"• nnt Cl'"i t1 al. 

unll titral oo lnU" tr • -

1 t1 t1 affects tM i fl t~ U't 

ia•.eUo • 

lA OM e .,!'"1 .. nt only waa a r4H'ord o ro.tl•x c1~ 

0 • obtai not ' " 1! a.,... 1ll \hi 

1 t•r 1 Cti i • t rc.fiat totion. ttUh cu~t cl~ r 

of t cl i ~ ' · bu.t t. • 0 o•w \ nd n av cu.t. 

o.f r•!l .1 o . ln r•:~ On.ll t l# r te 11 ~i t1\il, tor 

lA 

b •• _ ~ th•r c 1u1 ,.. • \l" ~n.a1tCtttd. but th cT' b tt a 

.h • •r1s•nt, tw• lw.n• 1Hti"Cl t rt-c«'•~" i u r•fl • ~1 w o 

f \ • l eft cl 

;J:t h oth• 

oth th~t l..t-t 

- · th-l 

t"·· 
• tnl-

rd1 • A.ll 

ptaUo'l 

t.l 1 ., 

..t'M'e 

•• or 

no'\ ec:>el~cl. n i l'l hiah nei-l}h•r Of). ·i &~ll.l'• ••• tr !iiiAc:t•d• ln t l!t 

which a i 1lar c~"~!!Jli U en. t •Uwl• ticm JVl r•corli 11& w•r u•a. ah t4 



rHp · •• 1i - 8). 

eo lil'V" • cu.ld be at1ll 

' th• 

••lkin~ l• ot \be i pe•la\er t s 1d ..r f ~~th aid••• r •a1 ~1v.ly. ~e­

net viol• t1J by • tron& ler te fl ioac •n1 ~t• • ion of 11 ~1r 

~11 ..... 

"be b~ Ol"a tr • • • a l n. 

han. in ead\ or two u:p~trl n t G in h 1cb bot l'! d • 8!i- r • hac1 

b 



f<"~t'wa.rd ¥~a tew1ng1' 11~tlvi tF. t his r 'llUlti \& in eli :ht, unsw~y fo:rw~. 1>1"0-

gr ilrs1on. T.'tl.e( then b~.'!ft.-n• ~~tia11T f l&xod , t~o- th'-\ t h..! 'body s hel d •••bat 
r aitt® off th s u•fAe•. t: ffr.tJi Al .-;:lffmee r till& o:-t tlt"!' f1 7.J'Y' <!h.•llpe4• a..S 

tQ() po" teri~!" 6.!t'i t-ala il.P• Thl ,. posi t i 'in -.~ ·~ "tntain:sa e-,:c •t for OCfttl oaal 

uhort p .. rioda of slt.§\t ~.Jpiu.... ,..":iv1t r 11\ !"''"''"'"~!le o t "> p:rcoi11 i l:!.f: th• nina!, 

until Qea.th. ":'hia co:ndi \ ~n -""~~ails t:t~ cmldi ti "'~~ k..'W n ., e •. J>i!b!'• t. 

r1gi{1i ty11 in 1n wM~.h ton1uit1" is de?iJlo~·'t ~· "!!!::.tnt 1.~ 111 th• 

e:tt•u o., li'!t'b l$"f\atlles (Crottd.. nanny .. !'~a, Jl.!l, !')~~}. 11 1~ e 1 ilar Cb 1UtA 

i n th t cookroach, in •hi oh toat e1t ;r d thJ itep1" ~N" 1 ~ Mh ~.l-1~1 ~ 1• • 1ntdll ... 

bJ h..~ ,.acU•lt3 o.f 't'.h, ~talw'' ota:r ne.,."-s tib!',..t. (Prin.l1;1 • 1'l4.'"') . ln th• era~. 

however , \Ok1•i ty h ·~1!.\t.~~ l !\ t b.;! !J.GXO!' 11mb U.1J ' "' " · Th•j t ll"e• CO.B(}.i tlOJatt 

t-."l"~ c~r&bls ln that t hq l'.ll r esUlt in !laintai nance of g ,.- ing po•\v•. 

:tn tlr'O exp<tr icants in which ~Jaly t l\e :right. eo'"~ i 'J t.u-e •4l' "trt.Ut410Wie 

the r i &ht WAlk i ru:c legR .,.._ toA .C/!".ft ~tiva.ly ah tbe l oft crto1tt~• when th4t 

tt-?1i 1 n B f irst p..,a.c~tt t\n ~hG ~ble. aud URaifl Yil n •b.e ;s'"l.i 1 l'td pro44M• 

. hi • V.Je.t~r activity in. tna 1'i~t wiJ.lki na l Ggs rcault~ in ru:rti-<:loekvt•• 

r ot t 1..,n ort' cirC"~ ;.ov-contu¥. In ono or these 0l'u"bs. \h~ l • f't c · · he~ 

1u .. ~ st.ib~ 'L •~l.,.,~lJ tr :n.cs ch~:. . 'by ·H• •acUrm !ru'"l t l> ao·(a•l 'l' \l"f"\Ctl. ns.ereaftw 

tb~tre wa!l no a.L fat·~ne 1. 'le tiv! t r ' tr.:!~n left 1\1'11 l' i l"ht ., l' t ~;: 1•.-, aut 

f\trt'.:Jr ah~rt p~rS.~• of otivi"';:- ~a~ not r t $Ult i "l .. i:rm.u ?V'\!B"lti \9 • 

• U.,il<U' •11ff fl.t":tM~~ ln l r.u::o!Jr..t t\r &e tiTity bet;<~3n tb 1 a ot th• 

t • o side~ of t 1.~ oooy ~.t:ft , ... ~ t>ti.b.taral e•""''i}r.nl ~~ lion li::-..i:'l" tie>Jt, 

with €f'0Jt t "''r .o t 1 1'5 t7 on t: ll OJH!l'3t a •• $1d a , hal' b"'tm r~oo:·rl l 'by Yar lo'l• 

•~t-keT'il in varl1H S C!'>l.st:Sc&~~on 3JlC 1'1S :::t:t~ ( •tha, 1 97) . It ~ ol now 



14.0. 

h 11-n. inh1bitQry 1n!lu~• oa \h• 1ps•l ter•l \hor n1e n«ll ( Po.aw. 

19!53}. ! t 1• not 1 · ro'bcbl• t hu.t ths e_.t"brul !".liOt\ in ·l"'l t "cea Jn 

. neral. 

en t..horMic . n~lio ec.Uvity. 

1 l nter l c ho t hit (si. 1 tt1'lo e~ :b~ \'b . ~n 

\ 1" .,. w~vi n th.. a!" 'b t'l"o" 

r . · tt~~ T~m~~l -or ach of t l ~ r•s nt enib• !~an , ter, ~. 

t· 1 sr. }lolt n . f;h! \A( :a} C'l tt-, ilide(o) o.rt w)lia'h \he e M•~•u-•(• .d ••n 
tr · ft~ct~ couti~ . to b t . 1th ceo oi o 1 int r tt1nt c .a t iona 

rlf r; - 1: :.J !l~"i.l a r.uru\1nx<, Wtt14 ~ "Pc:tt' ohi~ d• h. '?hi s • to be 

!1r: t1l 1- • ~lfest~.u n f l"!!l ~• fr( 1 oltl" ln:•al irfuioitt~n bv f'l."'~<l'l'lt ~Jtre 

clr(;'U s:";fMeph~ .• 1 e ;1s:..tll:'P. ·y,c e'* 1 t•l7 t.r a.n $ .-ete;t "v or a 

.,. .i -h"''~ ,;:iea,.ctin n.e 1 ~. oo th llfi'\ ce iaa"W"• w o D!,-."ll""'nt:ly l"t-

of th~ inairl~ cuttin~ •dge of ith8~ th d ~~Vllt or ~hft 1~10Y~ble 

o:f l th.ft't" cl r. 1i ch i A li. nnr al C1'• 'b Q '.l.S·) _ h (' ;... r .flftx c!c 1r.r Qf' tb.• t 

~1 ~~. i ft t h1 eft~• a u~~ .~~p c,p ~1~e of ~hAt ala • ~trGk1 on ~• 

c~':.aMtl ~i~ of tith~r Te. \l.!l ()! t be el \vr. ~ich nor l'ly c .. "!l~•e _,1~ 

onA:.ti nc of tn""" \ cla.• • i t.'li• ~~· e.;u.~'Jd s l &.:~ clos ing of. t :tM. c: 1 • 



141 .. 

op ing or b b\b cl w • ttt.\ 

ll tlla ~o i')fl n il7 . ... 



ua. 

!t ... 

V"'b&~ .ytwli~ f ~ll!t. 11\1'. 't'h• 1! .. t:~t • :::lot 1d of t .. .... 

Oft1'~b 1 D~~:l i~ on t .t1Yi~ ~ th • on~ ,_ .. .,!' 1 lrlkil' 18 • 

"""n 1• n .... t eJ• t>. ,, in • . ,..,.t.~ :r:-

~ ... :1 ... t!'l "" 7~ t bf\ti. • 

• i"'niftc.· nt"• trr \ n.- l'"GV' l"" , o! \h~ (I~ i -:1' .n"t oll'\ ~-



8.0 DISCU!Il 

ftle pMUilt a\wly ot uapta,lo• ani 1Jt.h11tit1• ot l"dl•x clu 

o.,eniDC 1ft l!P"'M wl&IM ( lU ar4a) 11M 1a41ca'ed tb.at Uwae tn 

p»a ..... ue ert .. t.a U4e}*lileat17 of ~nph•al ~cular-.fuetl-.1 

tDhi\lUoA )T ~ iu1b1to~ ..-u bmenatl.a 'be~ aule. \1".._ 

Mcbaal•l ..... 17 st1a\ll&\1oll of \btl a'W.oan eau.. MJ110!7 .a.pta\loa 

whiob tn t:wrn cauo .a&!>tat1 of the IMOhaaloal rMpont e• ef nnez cl• 

~l'\lnc• tlpt •ehaA1otd ••uoJT aUBUlatlo~ •n tlte on.tP hA!. oau .. 

what appeal'a to h ••\ral Ml"ftWI .t~apta\1 n. thi• ln 1 t1 turn caul 

a&ap\atlel\ ol ~· r.tt.z hii'J)e"tel. 1\u'thtlMIOH• toM ·~•flu" 1nld'bltloa 

ot aa e:.dstac opa.r cent1' .. tlo'1 \7 ••uoi'J' all~t1oJI appean to 'H 

ettMtM tar•17 )F ouVal 1Jallib1tl0Jl. as~ \o 111h1bltlo11 •la the 

opeaer lnbl\1\• axou. It b :poaat\1• that oatral 1ftb1bltto'!1 ot \hie 

Jdlld i t !P"poul 1• tor- eftectt-c \he d.apt~tle1l et Hna ot. opeBlll& 

n apoaau te r.peated .. uoq •Ual.l. It aut be UMa\IJl'ed1 holr..-er • 

tba\ tul~t oeaelul~ are ••17 wn\&\lye, owiq ~ the pe.uci v .t ~ 
elqM'I'lMn tal .n.4•••· 

!llu• eoululou ea Powon m1a!!t 61'e In cUJ"eet ceatrut \o 

\ h• oOAOl-.lon ot JtotfJJ~aM (1914) on utM!' A!Df\111• UM. • 13' tba' 

actaptat1on or J".tl•.x clu oPftlnc r..-po•" \o prolo~ or- HJ~ea\ .... or'7 

a\1wl1 ar• ett.-cWcl b7 si~aple Mtlu 1Nl1\1t1oa •1• \he ope~ inblbttoP 

axon. Bof1W&Ba olalDd \o h&ft ahon, f\u"\2lel'. ..._i opeur COil raotlon •• 

lt• ~tlexl.T iahllll ted Yl• t b OJ)-mR iftld\1 tl)J' Ulft1 'b3t hta ·~~~--~~ 

-ttP"OlY1ft& t!'aMe~t1on ttf' the ~ ate!' axmt. lfonnr, 1t bas beet! ·~~ 



1a eH•tcn 6.ft(l)• \hAt th1a ·~_.. 1.ahi'b1 Uort IIi.\ h«we 'b~n aba)lf' a 

H_,l of direct •tilatl e\1011 ot th9 o.-neP iahih!.\o~ axon. ctu to \he •• 

..-ol.._ of talettt!'loal et!11\llaUoa uel. Ko~. tu to~ .,,_..._.,~•et of 

inh1ll1t1o.a. .lhOJn\ ln Bof t.ml'a nc-ori (fi.c.al) nue•t• e:ntrall'&th•r \baa 

~ph.e~-.1 1$1~1\lea.. ·•• ~,_uJ" ooa\J'.actton 1A t.hl• ~M•r'fl -. .. • till 

ftP'P~••.ct to 2/S ot 1 \a ~· lwi&tht. ao •.ecelWl• .ttu ~ s.eoaa ••amy 

aU.It'llbt• of 4 ••-'• l vation; •UI4 atJ • a.cel'Ada aft.T tt.• thi rd tume~ey :eUalu 

ot 1 Mctnw.b ~•\loa, \M •*'"" eootraotiMl ._ 'tt-11 n ppreao.t • 1/B 

of 1 u Ql:DW.l)i t.l 'hl-.. hmnt aM. lf1.r•• (1938) oowet. 1 a M!•SH 

Jb!lttdal _.!elm! tltD&i• that. wbveu i totttllic eewtrao~l.{)~ at 

tn• ~eMI" --~l•1ia l" .. po..-.e- tt1Jelat1~ll of \tle ~·r 110~ axoa .. _. 

n iU hl!IPl-'•17 ftttJHS .tt 3 oe()l!lla an.r •twn ... •'\i w atla_ for 3 •!•'-•• 
ot \h• o.ptll.r lda:i'bi ter &S'ftl 3 •I!OOall af'*t' 1 .tm\e e'f 1l0\1'bito? UOll 

at!Jr!lla\1oa1 \hw ellft\!'&etiOll wat 01113' JJlicltlUJ' tllJtPPf'$1Ha.'lll; ard ~ ae.~DAJ 

at'_. a 3-•~Htt tUro• ot th• ·1~b1 tor a.Mn. \he eoat~ticm. ._ ttot 

n~oa*l at all • .,,tw lfllat 'WM P~"H~l' a lon& ilu.Pa t1tm ttinl\ll to 

Ul• 1nhlb1t• aun. tM 1M.1b1Uctn et o,-hr eonthatlon \l&ua •li cited wu. 

howM'tr. •l•'.tlltcl tw as lollC. u S5 .Un.ttt• 1a •• ) l'eptar4t1oM. It 

•Yortuln• r 1a• un11b1T Oat \he illh1bi'U~" f(tllowiq •.u whOilt 

•Uwli in ttc.aa ... du •ol•l7 to ~n.re ... •"•ftl r-J·l&')tiomal hahtl~it10lt. 

At all eYnta. thi• tl'l tta(Jlf dt*l 11t0t «fftMt the ~141tT o.f R.tt-..n•• 

COI!lelu.t~loa ~\ \he ilia, U.Oft IJJt r a1ltt.J: Ol~W Ol)e?A11i,£ ln. t'M~M· to tactil• 

w.nao!T • ·ttMU.l&Ut>n. •• •tt-.e~ by 1rth1)1 t~ AXOn 11th1 1 t.lon r •nl till& 

hM ~ ••n•oq $ u.illll.\1at1on. 

flln• -.,p•..,.•• ~~ ......... \o 'b• • •=•14•ra'bl• 41:tt • •ne• 'b•W..J1 

Pgteqn u4 A!'~ la their ph7ai$loctoat -.h&l'\laM tor • ffoeU'ftJI 
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.a..p'-\ion of :tidlex Clfl;..• OJH~J:lin.« t o l"o.t~ted ••••()J"Y stiiMlaU.9n. I• r.t!t!H. 

\hi& ._hlu\~hl it e.PPQ"utly eea..tnl. w'h.re&~ 1ft itSM!! th• ae.ohatdl• ta 

ap~ntly pui.pher•l· 1·' iw acn iaooae.,in'ble ~-- thie ditf'~nc• wu ia 

,_. ctitfc-,,nce in.•speri•ntat eoadiUou widoh wu :ao'\ &~1awd at •• 

t1•· Oonai<l.r'11lC onl¥ tlut OM •1 \ical • %'9a-r1•wnt •1 th lipt •"-••1'1' •·U._ 
\llati~'l 1n VIe pr•••at work. the 01l17 4itt•r4NJ• 1D •sp'll1;ae'\al .,_nt1oa 

fftw tnat ot Hotr_. • • .,..,."'• _. ~:t ~ li'he4• M¥"V• •soept tb• 

o~r a\or P.On ..,.. w.n.•ec'ed ill \he Ml!WJ ta ordor to tran••~' 'm. 
e:f.ae.t' l!lhibltOJ' ..a COII!Ieft iahibttM- uou. wh•...- 1n lt:otfWlmtta •••~llU 

th• thlck n.ft'f'• •• V&rut~•cU~ 1tt Uta ~. t'bu lM'Yl'IC tlut el61.,.a\ntch_. 

. tl'lh1'bltol' aaa an« a,. ltc'UAl• of •ena~ axou intact .. wel.l u \h.e 

OJ)ieMJ" •• ,._. •~n.. ·tu ia\a ... t clot.._.\8\chB 181\1 \V c«Nld ntt~ "-• W 

.., fl'i'n\. a1noe ttM olo.er t•lll1ou ~ Q\tt: aM. it te Wllllte~ th-.t the 

la~ct ••o~ .uou W ft.nt •t feet oA ~· t-.t'l.x rapou ... fh\1& tu 

esp~S..O\a.l eoDI.i,ioM ••~'• e~ll& tn.}dlr•lft&n' ~'""· 

......-v. c-.iaac \<t t he J*tc1 '' of the •xpal"lata\al m«.•aoe • 1 t 

•~111 r.,...,u pea•U•l• U..'l 'nia 4if'1"., nee 1a not. 1\\ faot.. nlicU it • t• 

1ut.-o•. 'ht f• r "t \tltt ot ih ~-.ntt oa Pt'"a• 01" of tho.• oa , 

MtH:M• are no\ t)'pt-.1. el~lY. ·~ f'v\li :r ~1-SJ.\• ean an..-

th.t...t tft••Uoa. ·••Mhel••• tor- the diseu~Jt1ol\ follod»c, ~· • S.• con• 

clutt.Ju or th.• »~"•••• wo~k: o& !d!Jis, an4. t)t ltOf t fafAn.a'• •xpet'"S.:.tttt oa 

Aat!la!• M to "'-• natu.?e of ~·"'*tl()ll of 't>efl•x ela opqtq, will 

... &!IIi,... to 'b. Y&litl. 



1-d. 

8. 2 " i2•f1blf byia 'SJr' l}le d1tter xw• "b•'!,.! ~otwn IQd ~,, .... 

.A.aiU'lli.tl« the concl\\tlion. of nor~n tf!' b• ftlid. t ha.i .a.aptaUon 

or r .,fltx claw open1ltC in u1f¥n.Yt· 1• ff'ect~ b7 r•tl•x i:mibition ..-ia the 

opener 1nh1"bi \Of' axon~ &ad l\lt~nc t'U conclu.l.ol\ of tb pl"'ftent work 

al•o t o u ft11d, tho,~ th• eaM tidapta+loa ia 21etn lt -·-teet .. r.tD~rallT. 

with 11&h aensory sUnlli. 1.a.n \bia cH.ffM'en~ 'M\Mel'! !f\tcil ud. f•'MD 

t be • XJ>lained. 

ln th• tir•t plac•, ·~ ~to c l or f~tion&l basi • fo~ ~ 

4iffel"ft~ lll&tlt be fO'lJ.$\ ifl. a ec>1ipU'11011 Of h• Q OJ'J. iDJW.rfttitJl -p&\~el'nl. 

ince ~. • \01" axn 1J:tn~U•• of tb• .latant-a and 'B.ra h7Q'~ t.rt uahllt ... 

ea.l lT 144ntloe.l. and. \hft op~~net- ao\or -.xollt f'iu..c\tonall1 not d1••1•U.ar. 

there can be no bu1• for ~ dit'fe1" 'lc• 1ft \he o\ol- exont. ~~r110r•, 

1t 11 1 rob&tl• t t he value or th• op•ur Uh1'b1tor a..xona ot 

~·t~j! .u4 fe\f!oa ~11~•~ ••fl1c1en\ly for ~it to be ~1• tor the 

ditto ~ace. $110• tt ·~·· fro• • .xp r1 .. ft\1 \hat traa.t•ct1~n ot 

the ca.110n i1lh1bi tot' aaa, N well • \M tpto1!1o ()Jl&!l•r 1nhi 1 tor uoa. 

do.a not aff•c t th • r•tlP. ctlaw op niq ,...l'Oillee o,. ~•1r adap, • U"A• th• 

presence of tb• coa9.!l 1tth .. bUo~ S.n Potyoa Ud t1et in A!telu 1• al•• 

Mt ~ 'ba•1• 1'or \he ~utrer nee. J.ett'Wll Waat the o,>etter 1nh1'bi tOP u:ell 

in oteoB, a. in \h IrA~'~ e\\tdi., ~ 1•r•a (1941), 1 erYatea aleo 

t he ne:zor cl"• this alent ~euU~ta a :11aadn.n~• if opsniac IA•ptaUOil 

..,., \o \• eff ctea 'bT pe.r1ph1tr•l 1Dh1'b1UeJ!l1 • 1.- pn-1ph al 1ubib1Uoa 

1f0\ll.d ~ur- in ~4 tlex~r $i11U.l \uetnal7' ri ~ til4t 1Jl th• opft..... a ...... ,.. 

trlUlh ifthlo1t1on. oottl~ 1n all .J)J"'\a'h111 t7 be t10'.tlinated bT \ho qu.ad.Npl• 

ao\or 1¥ll'\~t14tta\1~• o'! 'the tluol'. !h• r• 1• '~ no batb; rw \hll!t &rJPar.nt 



4.lffel"cm.4e M\wttel) AI$MU pd \:9\eO~. in tho &-.t or41ool or t'uaoUoMl 

~,.,. ~ th•il'" S.m.,...tl ~n. pat\ern• · 

1\ titeHtoH bee~ aecatss.:7 'o sa~ th•ltu1• tor the dltt•%'._. 

'Hw .. n At\M:!J! and £:dal2i in t.u oen\ral nenou •Tata. 1 t. hu. been cea­

cl-ude4 \h t ~· ailap\-.tioa ot nflax ci• opeatnc in Pa!ea i s etfeet.a 

by a.de.p\AtiM •~ lh ee~ltrAl *7ft&~•• of , .,., op•~ 11t0tor axOA. !hil, 1t 

w..a aucP•'~• tl1p\ " effaeUd 'bJ procr .. •iY• blookt.nc of t hea• ttnaP"• · 

'br oe:n.tra.l 1J'Ibi'b1 loA. 

S01MJ o'ba•!"f'aU~ oa iat~t orabs er. e£ iat•rNt t.n tn •-.-ttiD« 

e••\ral iahi'b-1\ion of r ef lex .atiw-ii7. l twn aa w-.1 saa- .-~na.a \lfl"ic'lt 

by a. ,..11 &}ud oa to the top ot th• 4.1at"tlJ'a.ts•• lipt tt\.~lfi Qf ~he •t.rnal 

plata uallallT e.wtecl cl• ~nne. and. 111 adt\iti~. fldion &rlli })en41AC et 

of the chal1~d.•· ~· \lne eo11poun'• a! tbi.a ,;- flex ~ponae e4ap\e4 

'~\h.r • aid w.nt-uall7 c_..a \o r~• •• it th.e attoki"aC •• "P•'" 
a nu'b•P of U.11u. s wokift& oa Pother • ot wh1oh uuall7 nobel • •11l1hr 

ra•poD#•, ~or i~ataoce, th• flat ~tero-r~tr 1 .~ ... ot the chel1pl4 

••N•, lid n.t ~·J\ -.o'te a ,...~o:nae, •o \.hut th• adaptat1ttn wu appu-en\17 

no\ t&a.OJT, ltoMv-er, etrokto.r on \u• ahttl"o-icl"•al t ao• or t e prO')IQe .. 

usual, c;.,ued. •&te9lon tm4 •~•tchln& o1 th• ct.Upectw, a»d aubae~-nt 

e\Htiac oa \ be surual ),11&~ e.oktMl the O'P niq, fl.ex.icn and atr ctchi :a& 

re.-ponae a;r.1n. Js.~nn,-. th-e exci \ ati of a. au·rer ... n\ r~n~x bad til• 

•tteet ot 7n tor11'1« c•nual exe1\at-o1'7 •t••• which had been a» U•Md e 

a t l•aa t tolllaatu )y e ~t~ 1 i :MlbU-t.on which :rOlllt~ f1'c~ t he "pea\ed 

a troki•c o-r \h• awJ'ftAl pl-.w. 

On \he otl\er laUd, in AI!MB•• •lu~ \ranptet\toa ot \h• ope,a~ 

inhibitor aJZOn. appventlJ' a\ol1•hec1 t lle a4apt.tlQn -ot r~tlu o1aY ~'Ptnlq 



1'•~-pon #7Q tC' :t·e-p& t~ •~•t'\r.1 H~H. 1t :h ; ce1i"ble t~t thta d pt~,U :11 11 

ef"f~etoa fmt.tr•,.l r :.>ari~h"r~lll'; t ilnt is. i f st\Ch •~ eooi'f'e a1:n1 eUJIIllu 

evoll':~e, • ilar- !le,gr•ee <>f c.th it.:r 1 ' the cv · nfu• motor i\.r.:on, 6 r.o al. e 11\ the 

o~~.-r i 'nh."tri tir A'.Ken .. H it als-o ;~~lfib\~, h.o·;o-eyG):'• troa\ it 1• ~tf~t•d. 

e•~ rallJ'. ~Y 1acr.- B.Ylnt: aetivit)"' 1:· thd o}""!ner 1mu'bitoi' &'tOn !'tith :-.pe•~d 

ti \11 . · 1.teh irtcrc.t s i.(;s~ u~uc· i nhibitfS-r c 1vi tr cii:ht cone•1T. hlf be affeo\84 

oy n 8lCW ~~"• uf f&e1li,a.tic,n at tne C4tutr•l aymr.;.at.tt or tne o nel" iJShibiur 

axc.n. '\bU 111 t'-11-n, perba.pa. !tintt tl•tel"ll!inod "by an i!le'ralW i e $ t.:ra l •xtltattt:r 

tJ\at• t14t:· .. :14 en theao a~ •· If. i "'l fact. ~h• trtll•~ adapt ti n i n r otea 

111 eff ~tad etmtrtJ.~. nb ~•t\llawn. then ir • ould ••~ re ll l.;f -;lut.t the 

adapt ti · 1n 6-iSn®l 1 11 alio • t.et centrolly, t4e.thtr thai! ...-1"1ph~rally. t~• 

:'l~;.n1a eu.~t$"1 ~bOYC. ~r increMi.llC ~\1Tit)" ln tno c ·n~l" inh1";1tcw -.~. 

we·lld th~reto-re eo1m t ' ., ~or,. l1kal1' of the tlro a.lt•TMti"Hs, ~m we-u.lcl abe 

ex 1 <.ill ~h• Mtrermte8 be;waen Al"'ic e!ld stCpoa. 

!n PetQ:MPn t l.e coJlo: ned r ~flA% of o nin& 'b&nding. Itt flexi 

.ra t o btt p:ri1flm~ly uefen-aive in ctv.r&atelt'. ;!hitS aould •ell nuve bonn 

t'. e pritdt.ivs .,.l.neti ,.. ot •1ch t ... retls.r. co\\p1ex. Yi\h +.hi& f\mo"" i c:m i\ .-rulA 

b • d ittt: 11Y&n~'l'l fo!" the n'sprJ)l.S a t o bEJ W,o ~·'J"!J<l~ tt' intl~»b1•• 

a~ crntr~r~1y ~c~: .. •.;rollai lJie.~> •6ti el•arly has 1ft' &.tQr ';.1(1 ~~:~-U~i ttae f&r 

fl•x1'ts111ty than hai ~Yipl'1 !al 1ahib1. \m:r u.d&pt tir.~_n. r urth. i al'"rMtAt10G 

1• :r .<:,uir"Gd on tht) rt'lJ.e.tion of th4 claw open111£ rd'le:x 1n M'DQtt~ t o ite 

khe .. v-1~·,u- to b~t a bllh6JI.'f'1 0'~.1 .fuu.e~1on ftll" tt. It. ia dii"ti calt to • e 

h0l11' t he retln c- allin& rt\ o ·~ cf f.he olAW to s'Ur'lu.la.~ion t)f ':hF.J ... bcloUft 

COUld be def8l\61Te 1n t':!'neu.~ , \utle-:_a 1 t .tt part of a refl41x. co~J~:r: wh1elt. 

1J:wolwe• \vtdnc I'O!lftli to f a- the atllllll.,.. •t-. ,..,w, B1nM> ~~~ ~M~ 
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18 proba.\lT fJ~~ft\17 t\1alat8'.' 1n ~ Mbal lit• Of tM ..nlJitll, t• l•t.att• 

whe. \l'•• an1•1 l'et~•:ts bubal"cta lnto ~ r"Hkr Ol"Hle•, 1 t '1FGUld .... pret•l"a'l• 

tor- th• atl1aa'l to \4t altl• to aa.-.t ib.e i'UiJOBM •••bat .<\re 1Nl~li!1T a~ 

ttaut~Ue llytt than nr• lt depend•nt m)"'ft •o• nl"ia'ble fofts ~~ eO'l\trol. 

•Wlh eo 1!1hi'blt0!'7 hlockite of a~ptio eo1l~~uc-. 'rM t~tachan1• •~W 

,a\M" • • or • elmr lfteilltati.on er \ he •nval ~- ot th~ ()"' !l .. 1nhllllt•• 

axon. ilht be a.."l ans-tr~ \o this t'~qtt11"fMOnt. 

t» rola-tton ,,. th••• llaJJ•1"111tietJ, i\ welild 'b.e t!4 1nt. .... \ to e.,_• 
:r-,tlk claw opMllq ill \ht AnMU.ra. both. 1A \be henU t- o.r~ .. wlwae e.'Woaeu 

ttt into tbalr (attti'Ofal sS.ll•, ar:.d 1a the nr~lWi<t ~ • w'h a• a\Aoun 

1• o~l•Wl,- Net~ lik• that of tl•• J.-uh"'I'Wa. 1' is wo..t t,~\&ltlt tlaat 

bo'h tn• A!\!S91 and t'- f otJ!t! t~ o~ ~~flex elaw op.~1~~ s~A~ t l$C ... 

pMHUt 1-n \ru. oa. trik. A stwt:r er the AftO~ adaptta.tt.~n wcml~ alo 'h 

of 1Jlt•re•\ 1n Hlt\ttem \o th• 411 1'•"~' inn~tl "'1\ pa\t• Pn, 1 !\ 1)-.t"ti~Ol" 

•.t:.~H \ l,ta Aa~ hAT• \o\h a oo--'.1101\ 1nhlo1. -tor &M a. ~H'ie ~81\er lnhibl '­

.XOA •hica illl'ft"t'• t•• ao o\llv aucle 1a the U':llb (ft•Hu M4 !U:l>lq, lt~a). 

~ l\nl&tttlte.ets ·~t.ct j,}'l ~ootlon 8.2 ~~~ tha ll.tte:hu1t mt or .tap\1\.U.&• 

ot 'l" r l.Q elcsw- o anill• in Po\.'!!J:I. an-t !!tH!}! is el..,l? ver·y t•~te.t1Ytt, u '*• 
-~ espwlaM .. z.-xt•naiye e%~"-r1M1ttt a7~ ,. et\'t1l"94 t " tfttt t t1tt11 h~o\ll ..... 

F .d tQ elueid&t4 IU!'tller the il~ehani• B il'll'~l..-ttd. A.a int!i~t\tM i n. ~tl ! . 10(1). 

"' ~ r i!M1lts 1ll n ich eltte,rleal ACtiYi t y 1& J'ac~ e.:J i n. t h tt0t~1-. etelltrat. atl4 

• .. t)'f"1" •l•~•nt• of t h• cl~ o 'ltl'ti'l« ttt!f'l "'~ ,..,.~. •~'tB b t~f ~:t"t """'llat ft.bl.e 

1 tht• J'eWJ)~t. It •~.11a, !or S.nt'tdce, "ba pott1"&1• 'o d 1cide • h• th ~ tbe 

dapta.U,~ 1n Mtlaa .... a'~ r (•l"i.»hftal a.fe.pt +tett: tr tJat• nn eo, th-11"• 

wO\tltl w littl• l f aq ift.Cr.-e 1n 1l'lhilt1tor eUvitT. or deotea .. in ~tOJ> 



pi')#~'JlaW. 

! .._t-t f i'QJl tlut IJXfj&l"\JHn'h Gf Ri>ff~ (lfll4} 1 \hel"e 1& llO ~·O~'I'dM 

.vro•••"' (l.t~) found in. \nee el"q!ieh thai t •ntile ·r pl"OYJ'1ocep~ive tti.Gl.a-\1• 

of i n• an'\8'JUae, !lrtlpotla. «h•l.tpM.a, an& walk1n& l•ca. olteitM ol.ctr1~l 

act1Vit1' in tha cirCUI:lOft~ n tr.:daaUJ"•• aM f.'ft tla f\el"''T&a of the ulldac 
{194{)) 

'1~. .M-.o~t \ he i .rutec\8. h iJll/).$/'!a.u'Jl. in. t1le a~kr~h th t tb~ ru~·nq 

of elee"'-2!'1~1 4i aohe:t'4'!t in t b.• d&!ll"dUit{)l" -tr<ooba.n\•1• w•cl• in. l"'$lov-na• to 

atf'()n& pro:p~1ooep''*" atln1\laticm iec-Un.~. lfi'th oont:i~1ad at.1.'i!Ul 'l..t1on. at & 

rate "lo•l7 e?Uftpt.W.'Ung to t b& Adap, Ht10Yl rl\.te 4f thtr tr~b.A.."'ltU&l c.paa. 

et:t~N ••n.d.llrt, tto that tM n fl4J: ll'lttp~tion l• thh tta:a• WM clearlT 41W 

t o 50;MOf"T ath~p• u~u. flht.a r m.J.ls th~ a:r?-.pt tion ot r etlu. elA ~·lli•C la 

~~J'I~>M to tJ&o.vy ~'ho.n:1oal ••'M.~ q\1 la.\ion. 1n P~. 

Pn.ngl t 41~ f~W... durin& a. r "'t"l•.x r m;o,~na, of t l\e <lapr-e:~~r t~ocit&-utt~rls 

Du.rln& t~Jflf-:;c eM~ra•;UG . o! t;l\ levator tibi ae 1lllliiJlO. t "l6 •l.-otr ical di•oharp 

tre~'l:o.-enCT 1n til& two !l'".t~eltll •u1ed ft<(J1il t bc nor-'4 itt th~ o·pi)ani ~ a11nsas. 

!ho.t i~t, '!tate t•o aotal;oni•ti~ ~~d'l•x•• &l'~ r ec1p?CJC.ally inhibi t .,a.. 8i.Me •• 

nwrve fibl".._ haTin& lU't iM.i'b1 to't.J' e:ti'ect on llrit•<t~lai' ~t11J1 ty ~· 'bfHt~ t'oUDit 

1ft th• !nt-M' this HCi'Prooal inhi\1 ti.(\1\ W :.a J;mf!t\l~bly c-elltt'a.ll.r d•t•.ratMI• 

a.tle~ i~b.i•ion of Qp.ning by ~~~•orr ati~l~t1~ •hi.eh tvok~ o1~•1nc 



lfil. 

h.s lh•n o\au.~ 1 e..-..-..-al \i"les S.n .ttSM9fl (•• ••c•tol'l f).t~) . M •• 1J~Heat.t 

i n a.ot.1e!l 5 . 10(2}, '\hit 1~lt1tio~ fi1Ab\ han 'bM e:!f ected •tth6'!'" a•ntrallT. 

Ol" perl~raut •ia. t ltc o or d/ or co on. 1nb1bl ~r axon.( • • Ol•aJ"l7, 

tmother upel'i•au an ~aqW.rWt.. 

t he relln 1" _ noe n! ola• ontmill& is :n&' .t'feotM "'1-phe'r ll.T, •S.th•r in 

l'ete!.M o;t tn A!l~aga• . 'but u et:r•c ..& <Hn,tral1:1 1n 'bt\th, a'tboi 'b7 attt•ea' 

ttaRtral aeoh ni t•, \Mit it iw to bit ~t~t~ that thls ada~ 1-- 1a •tf~W 

central17 i n all i~ and AltUc-ura, G.nQ ~aol7, 'b. :r-~fM"il, !.n all 

"'•ca~ocla llentanu .. in w'ht.,h \ hltt r n·· ~·· !f thie 1• .-o, thn r'l•.rlJ' 

• t mo;:i 'l&l siCrtS.fican.c• ar pal'i})l\4Jt"'t.l 1:M1~1tcw axon i~bi \ion t u th• 

C:l"\la~'<e b ltot \o b• toand in -p-trl.ph..ral e:a"ltrol a\!ld e;nto.tl') t of ?4fln 

rettpona••· Other \heozol• ~n \he :t\!11.0\it)U.l • iltd,tle&M• ot rl.p!\$!'• 1 

1nbi~tt1~n a · st ' tnerefa~ be conei4.r.a. 

\fi n ~)lq (19~} ~~t t hat t he oMci fie 1nb1b1tM> UCII\• 

ot t ht\ li.S'b t!IWh;l•• ol \nt Doto.'tiO& Cl"\~\~ are 1u.r1l7 t n nb••"• 
l occ=aotioA, ~,. ~·1~5 t~ ~\Q • i n di !f'*'.u.\ •att l! ctf.l"" ii l n · • ditt~ 

lribee. t 'ltJ ' h t'•tr i o.ti -m 1 110~ upo 1 0E!01110ti4n b7 .. '!'!., l'>r61 " ftd of the 

eo IOJS ~ul" .... v•t chv l~Otor- ~on. Ca!'ef\1.\ ob....,...\i ' Utl tJt ~ •.:r i n • lcll 

t u t"Ml• walk. n.nd in p J>t.iMo.r, e! tlt f'.mctt~nal ¢!\'t•r ~J • 04e 1n 

wldoh th~ 1ndi'Y1duel Jll1fiOl4• . N ua~. W"$l d n ~ •ale 1n.4t '\1(1-., tJ f 'he 

a~t•nt ~tl vt 1t:h ~ q n• ns• t.ha op1net'" e:.nft 'ltr.t'\ehel"' 12\1$01Gt i ~094lwl~tlr, 

~ i ght a'~•t tur\~et' t . ..,~1tiC~ f\lnetions t th~ 1~1'9!«!1\al i'lhibltor- axoa~. 

hrth$1"1101"e, i t ia concc.1~le t ·l t \he ditt•r~nt iMl~l\o? a..~ n IU'""'Ql1•• 

of' t lt . .Utao1Wa and •hehT~ U"'J r elaterl to '\':.' dU'fe!' t ~M ot walkiJC, 



trib~*> ot t .h .... eftl\.;-;n.4-, . ttt»-~in. ~.-1'" f'11l tih-ve,....o.ti'J"'IJ nf t h 

1 !')~t'!So..ticn will hl"'l p . 

! t 1!! t~ t r .., ~~ t ~e b.lt i ~fl~ .. n~ ~1 -z> "Y t , t th.~ 1 ~lli vi:ta <\1 

1nhib14;e1" a7!';M ~C'I1Y"ld .t'ro1't ~o t:-"::"<,1tt n 1·' ~ ~o11 +~'! ..... ~ w" o '11 y n ~t)f~Oil 

!. tth'tb1~~ • -Y-h ~ ... ., e -; ~t,~11 ~r.~.'bi ~or ~ft ~t ,.., r n t ;u~, l !\ n m-'·1 1 ceo o\cr:f 

cv sa~"• ~,,_t f'-..ll'~f;~ "'"lelt o l)'" ~nr~n rt('Jt 1.ti'1'l69 -l'M ~·L1'bly u.lJJo t n 

"'po.o~w~'a.Y't~ ( 1•!"8 • 1!~~), 1-t r~l -! 1n o ~l+in · 'bn~ dtl1 ~lr>c " r t18x 

O® .. a~t! "~ r >\1. H · f.Y"t~e t h 't'l$~t 'tf t c~ntrr•1 net"V'()'IJ.S 

.,. ~tw.tt a.t thi " 'r h i!IS.l u f t h' ftJj,htJjlJl 'tif!)!1. ! t ·J :" 1 'tlal ·ib1& t h:.t 

t h 1Mi-~1tt\lal 1nhi.'h:i t{:),.S 8Y 11'•1 i n ~:").' til"Ut }'), t,.ne nq A .• il'l'\1 t 0 1' ht!ir 

&A•nnt ft9 in IYf\l k t !1y l~c~ ot.lmt .• ! t "l\1.1 't be of lnt&rtrt\ i.fi h1 r. l'U\AC't1on 

t 1• rn ~~ n*' t 'l-\ '1 nllt~itm:y inn•~atil.'\tUI nr t h• 1i ibn _.,. ~h·1 'n ~Un 

&: th " .~phaM$1~A•t. 

i.at>~ ( 1949) $~-*lt<fd trL~J.1. p <ri'j'f.'lunl '1.nh.i:oi tion "'t:ii'thii ~fll"V• \6 'Win« 

a"b~t ~o1 r 1. ti )M o.,; the ·~l.acles i t,r.!S"r">h't.'W<t . by 'ba~me of !.nl\i bitawr 

U d ·l~t"l" i -lU'U aft• • : !ll.!\'ti~ (19,g} 

te o'l"i ... ~ t :'l e·::ld: llonf.l"Uctiol\;.! e>~" 

by tAt• ~.r ~ff ~ f;.Ct.i¥ upon u em"'·1t~nt ~lrr-.l"fiWltl'i. 61i~eht:r ,. 1 1 H1* ootoP 

fib~. J oth t ·~ ~ ti:.~t·tttn CC"ll·! -r ~o. ~l;r b~ :..~t\~l ~, ' :\tp1.:f ~..,:xy to the 

1!\t! i.vi~l. 1\,hib~t.oN . ~ .... i Jfll i n ·.u•l c.~wiug l l\'Oo!'IOtion nt (').hf'l 1.;"~~ l\C 1rlty; 

a '10t het- ~'tllt~flt1Qtt ~~ttld. 'bt! r~llir~ t~ ~c(ft'!'l~ t or th~ eo.,- on. 1 ..... i b itor.l. 

'lb h~&fln~e flf' a: c. fie ~ Mil).itOf'• in t ~ ~~c,_es ~h1~ l~\Ck t"tt• tak~s theae 

t..~'JOl"i~t l'"f t lt 11' i ·'lil.,Oba.bJ.e. 

1;lb. ~ n1."i .,t,..f.l:l ·tn~tln~v ~n. fhtJ JJig'!'l.i. fi".AA'~~ o1' p~ri,'h•r~.\1 .tnhi'b1 +.i n 

wae \ut 1 t ~ to 'h.ri~ "boat 1"ec1pr~o '\l. inh1bi tion fJt Vtta«on.i • 'bi.c limlt 

auacl••· tld• , •• 0!'1'. 1ntot.r ., it i.,lie th t thiS oCWlJn•d 1o. •11 tu 



liab I!Mtcl••• s,,. '!lnt81J4,1,• 1Jt new or th• &ne.t-o~1eal r laUc.f\1 ot 'the •••• 

Yhich. h«ft" s~ae beeR wns-ket'!. ()\1'· 

l'r'o. the «lxperS.DAta d&• cr-ibtK\ in 1eeUona JS. 92 and f:l. t!l, ud tU.•ftlf••• 
in t.oct1":n s.lO(a), t h- P"'•l'b111ty ~•••· •ithcut •2JI&l'i•ntal f!Yi4•o.c• 

•1 th.~r fo-~ or an.1nat 1t. that tht IMl1tt tunctl(m ot the o Jttnttr 1l'lhi"b1\oro ••~ 

t.s to 1'J\h1lt1 t o.J~~ntnc wh•n ~lot in& i s ~~l•xlv ovoke.i, the or. sr 1at'btt1on 

"\-ri"'lg reflexly •vo~ by tl\e ttdt ssuotT tUJllll1tl u ~voh• alc•iftl. lf 

tld• w•r• to, + en it •tcbt \t t4 t &ll the inaUvi&ual lnbiot \ o-,.. ax•e• flf' 

\ htt liJibs ot tb• 'nece.pd Ct"Q•aa.a han «itt1lt.·P f\U\otll",l\J• M."li\tl1 to 1Mib1t 
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irih.il'Jito.r•, atnoe i b.e e oa 1ah1b1tor ..wlcl iM1bt.t all thfl l.el••· It 

ltNQ" wtl l 'b• \hat loc0116t1oo. 1~t tll8 1»c:ap~-.. 1n paz'tieul~ •alkinlf l~eut•Uoa. 

1M.1vldual 1Mi'h1\or axoat. tiN• it is c<:tno•in.ltle \hat th• ~U'f'el'"•rtt 1-Mibit~ 
R•p\aat1a 

a:xc»n i~Wtl"Vt\tion '?flttt-:rrta &''U)11etlt the D&ca-oOtt•/sYolv~ i n rt~ o.U on te th• 

I\ 11 tan\at1Tfl17 oonel''"'"~~ t t lldaptat1-·n of r"flex olaw op&llbl 

1• not •f1'ecW4 at U.s UlU'n....w.cc~r-ftlncUf'ta, e1 tluw 1A Pot&..'1!Jl or 1• 

!•Be• but 1• •trtto\ed e•nb'al.lT at \he~· or tU ~la openinc 1"'8n.: 
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r~ft•xly-e¥~k~ vo,~r ao~iYity. e~iph~~1 1nhi~t~i~n ~7 +~ ~~~ o, tnbi~ito~ 
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9 . 0 SUMMARY . 

1. The fresh- wa.:ter cr ab, Potamon per latus (Milne "Edwards ), 

has been used in a :Preliminary study of adaptation of r oflex opening 

of the claws l.n r e s:9onsc to sensory stimulation of various forms . 

During this study an attepmt has been made to nepeat the experiments 

of Hoffmann (1914) , who, working on the fresh- water crayfish , Astacus 

fluviatilis Linn . , found that reflex claw opening bece.Me ada.ptP-d to 

proJonged or Depeated sensory s timuli , but that, when the opener inhibitor 

axon of the claw was transsected , the response did not become adapted . 

Furthermore, if t he opener motor axon was transsected and stimulated 

p~ripherally, the opener contraction evoked by this stimulus could be refle~ 

ly inhibited by sensory stimuli. 

2. A mechanical hammer stimulator ("titillator") for applying 

sensory stimuli to any part of t he body, was built from a Du-Bois 

Reymonrl induction coil. An electronic square- wave rP.pet:i. tive- pulse 

stimulator, modified after Bernstei n (1950) and Ripley, was built 

for stimulating nerve bundles and single axons. An electrode micro­

manipu lator was built from parts of a microscope • 

. 3· The anatomy and function s of the motor anf inhibitor axons 

i nnervating the fou r mos-t distal muscles of the chelipeds and wal 1dng. 

legs of P .perlatus , ar.d the anatomy only of the three muscles in the 

merus , have been established. The motor innervation pattern of P. :perlatus 

was thus found to be similar in all major investiga iBd respects to that 

of othe:r Brachyu.ra studied (c.f. '"iersma and Ripley, 1952) . 

4. For the experiments on r eflex claw opening, tre crab was 

mounted upsjde dovm on a specially constructed mounting board, with its 

abdomen held open for stimulating. Mechanical stimulation of the 

abdomen with the titillator was found ~o be the best fo rm of sensory 

stimule.tion to evoke reflex claw opening. 

5· The reflex cl~w opening response fre~uently disanpeared 

during dissection a nd separation of the opener axons . Appropriate 

-:-xperiments indicated that motor fatigue and antidromic depression 

of 'central excitatory state ' might have been partially responsible 



for this , but that cerebral inhibition was probably not involved. Cooling 

the crab before an experiment was found to minimise this response 

dis appearance . 

6. No consistent adaptation or oth-er effects of reflex cla' opening 

in response to long duration mechanical sensory stimulation were 

found. 

7. There was a clearcut adapt::t.tion of the mechanica.l responses 

of reflex claw opening to heavy r epeated sensory stimuli to t he outside 

surface of the abdomen, appli9d with the plasticene hammer- head on the 

titillator. ~his adaptation varied directly, both with the stimulus 

r e:peti tion frequency and ' .. i th the duration of t he individual stimuli. 

No consistent or significant differences in this adapt~tion were found 

between claws in which the specific opener inhibitor axon and/or the 

common inhibitor axon were left intact, and claws i n which in which one 

or both of these i nhibitors were transse cted. Per~pheral opener inhibition 
' 

was the refore not invo l ved in this adapt tion. lflxperirnental evidence waR 

given to show that this mechanical response adaptation was not due to 

motor fatigue, but that it was due mainly to sensory adaptation . Central 

nervous inhibitory influence was sometimes also apparent, particularly 

with lighter sensory stimuli. 

8. A different form of adaptation , less clearcut or consistent, 

occurred in reflex claw openi.ng responses to light repeated mechanical 

sensory stimuli to the tip of the abdomen , applied. wi tb the bare end of 

the titilaator hammer rod . The results of four e~eriments in whjch 

light sensory Rtimulation of t his ki.nc'l. war-; us~d , and of four other experi­

ments using other forms of l ight meohanjcal repeated. s nnsory stimn.li, 

indicated that central nervous inhibitory control was largely responsible 

for this adapta tion , and for other V8riations which occurred i n the me 

mechanical responses . In these eight erper iments t he opener inhibitor 

and motor axons were all i ntact . In one criticsl experiment of the fi~st 

of these +-wo s~ries , the opener aPd common inhibitor axons were trar.ssected; 

there was no signigicant difference between the clearcu t adapta tion 

before inhibi to:r transse:ction and that after transsection . Th,ls refleyly 

evoked p :,ri:phe:ral opener inhibition was probably not i~·wol ved in 
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adaptation of reflex claw openi ng response~ to l ight repeate mechanical 

sensory stimuli . 

9. In three out of fou r exper i ments in whi ch the opener motor 

axon was transsecte0 and s timulated peripherally, the opener contraction 

t hus evoked was slightly inhi b i te0. by ti tillator sensory stimuli to the 

abdomen, applied for short periods duri ng the motor stimulus. In the fou r th 

record t here was no inhibition at all . In four other experiments, in 

which the opener motor axon r emained intact , t he closer tendons being 

intact, strong inhibition of claw opening occurred in r esponse to stroking 

the cutting edge of the claw. Thi s indicated that siwple reflex i nhibition 

via the opener and/or common inhibitor axons did not co~monly occur to 

any great extent , and that any ' reflex' inhibition that might occur was 

mai n ly centrally determined. 

10 . It was concluded from the expe riments with mechanical sensory 

stimulation, (1) that the opener or common inhibitor axons are not 

involved in effecting adaptation of the mechanical rs sponse '"". of r eflex 

claw opening to repeated s enso:ty stimuli ; (2) tha t this mechanical ad.Jlp­

tation was effected mainly by sensory adapt~tion when the s ensory stimuli 

were s t rong ; and (3) that with light sensory sti~lli the mechanical adap­

tation was effecte .. mainly centrally. FUrther , three 'level s ' of central 

control of adapt3tion to light sP.nso~~~W~~~ pos~<lated : 

(a) rapid and clearcut mechanical adaptation to low sensory excita tion , 

effe0ted by incr easing central inhibition of the reflex excitation ; 

(b) constant height responses , with no mechanical adaptnt:ion, resulting 

from mediu.m sensory excitation, and effected by a balance of central exci­

tation and central inhibitiwn ; and (c) slight decrBas in the height of 

f ai r ly strong ~esponse~ to high central exci t ation, resultine from 

slowly decreasing central excita tion ~ this boarders on sensory adJlptation 

resulting fr~m heavy sensory stimulati on . 

11. In searching for suitable sensor y stimuli to evoke reflex 

cl~w opening, three fo rms of electrical stimulation were found to evoke 

claw openmng : abdominal, locali s~d rostral , and XIi general rostral stimu~ 

lation. No claw openi~e resuonses c~uld be evoked by direct s timulation 

of the abdomi nal ~erves . 

12. Abdominal electrival s t imulati on ,with the high voltages 
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(30- 50 volts) usuallw required to evoke any claw opening responses at all, 

produced no consistent response variation effects . The responses obtained 

·. ere attributed to general unspecific stimulation of t P. e central nervous 

system, and possibly also mf various elements of thP efferent nervous 

sys tem, re sulting from spread of ltlhe electrical potenti al :from the point 

of stimulation on the abdomen to the body. Str ong central inhibition 

was sometime s manifested in post- stimulus responses . 

13 . Vith localised rostral stimul ati on , relatively low vol t ages 

(8- 20 volts) were sometimes effective in evoking fai rly clearcu:t claw 

opening responses . These res.~JOnses were attributed. to a direct stimulatory 

effect on the cheliped ganglion. Certain post- stimulus responses were 

c>.ttributed to release from central inhibi tion . Hi gher voltages were , 

however , usually required, and t i.ese had general and inconsistent effects 

on the n ervous system, not unlike the effects of abdominal elelctrical 

stimulati on . 
l4o General r ostral stimuli of 10- 56 volts , with the cathode on 

therostrum , usually oe.usP-d opening of both claws when the anode was on 

the soft inside surface of the abdomen, OJ· closing of the anode- ipselateral 

claw and opening of the anode- contralateral claw when the anode was 

placed in the basal socket or opened merus of one claw. ~hese responses 

were attributed to a direct stimulatory effect on the opener and closer 

motor and inhibitory axons, the differential effects resul ting from 

dif ferentila axonal thresholds . Lifting the opener motor axon out of 

the fluid in the merus of a cla':. localised the electrical exci t n.tion on 

the axon, this r esulting in large, clearcut opening responses to the 

rostral stimuli . Effects of stimula tion of the central nervous system were 

also obse rved . 'l'he results of these experiments on Potamon nerla tus were 

comparable with t h ose of other workc~rq on other Crustacea . 

15 . In a few ~reliminary exp~riments, unilatera l or bilateral 

cerebral ganglion elimination , by transs~ction of one or both circum­

o~sophageal commissures , resulted in greater locomotor and scaphagnite 

actiVity on t he operated side(s) . This was attriblltBd to the inhibitory 

influence of t he cerebral g . nglion on the t horacic ganglia, and is 

comparable with similar results of other workers on various Crustacea 

and Insecta. 



16. The main cor..clusions on the nature of the adapta t, jon of 

reflex cJ aw opening in Pota.mo:n were C\.isc.uesed, i."l reln.tion to tbe 

concl,lPions o:f Hoffm~trm (1914) on the adaptetion of the sa'lle refley 

i"l .A stR..CUSc A possj.ble explanation VIas suggested for the. apparent 

difference , in the mechanism of this adaptation, bP.t"veen :Pot amon 

a:rtd Asta.cu!: .• The significa11ce of peri pheral inhibition in the 

Dl3capod Cru.stacea. was discussed in the light of the conclusions 

of the present work. 
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