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It ie my belief that this thesis advances scientific

knowledge and practice in the followlng respects:--

(1)
(2)

(3)

(4)
(5)

(6)
(7)

(8)

(9)

(10)

1t is the first detailed aceount of the connections

of the ganglion cells of the cerebral ganglia and
ventral nerve cord of an oligochaet worm.

Significant struetural di fferences have been ghown to
exist between the nervous system of the worm studied

and the closely allied Me ascolides australis.

The glant fibres of the vontral nerve cord have been
jnvestigated for the first time in an Australian worm
and shown to possess an intra-nenronal sysbtem of
fibrils. The presence of such a system has been
disputed in oligzochaets examined by other observers.

The special relation of this system to the macrosynapses
of the giant fibres has been described.

Interconnections between the giant fibres have been
demonstrated histologically. ;

The portions of the worm body innervated by the glant
fihres have been show: physiologieally to differ
gignificantly from any olisochaeb previously examined.
An accurate mathematical relationghip has been achieved
petween conducbtion veloei by ahd nerve fibre size for the
firast time in any amnelid giant nerve fibre.

Variations in conduction velocity in the clant fibres
nave been shown to occur in different portions of the
worm. There is a relationship between lenzth of worm
and conduction velocity in the median giant fibre.

By continued glectrical stimulation it has been possible
to produce a type of polarity in the giant nerve fibres,
which would appear to depend on the presence of macro-
synapses within these fibree. This observation is of
particular importance in view of the large body of work
at present being econdncted with a view to elucidating
the funetions of the synapse.

The first accurate determination has been made for the
annelid giant fibre of the relative proportions of nerve
fibre sneath/axon diamebter in stained and unstained
material. The shrinkage of the giant fibres during
formalin fization and dehydration has been determined in
the annelid giant fibre for the first time.

The electronic apparabus used in this work has been
designed and constructed by me and represents new
gdvances in valve application. This applies particularly
to the cathode-ray oscilloscope circuit in vhich it has
been possible to use a gingle-beam and a doubl e-bheam
cathode-ray tube in conjunction with direct-coupled
gweep circults while maintaining independence of focusing
positioning and intensity eontrols.
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The invertebrabe Nervous gystem has been th;HEﬂﬁjﬁﬁg of close
examination ia regont years o1 gecount of 1te simpllielby when
compared with tho relatively gomplex verbehrabe nervousd gyabem
(zrosser, 1946). Doth physiologists and anatomiats have found
the inverbtebrate & rriitfal source of jnformation aboub bthe
fundamental struetural and functional unlis of the nervous system.
The invesbigabors inn the field in the lant [1fbty years have heen
lerion, bub glironolosically their wors: falle inbo tvo distinet
phases.

the first phase coverd the last .uarker of the last cenbtury,
when the morphulagiat was 1a his hey-4day, geeking ever fresh
fields for ecomparison and eontrasb. During this period, a falrly
gomnlete examination ol the aervous pyetem of Tumbricus as &
typlieal cepresantatlive of the olipochaels wasd earried oub by
friddlander (1886, 1889), Cerfontaine (1492), Nonsen (1887) and
Retzius (1892). AL bhe 8ame time Speacer (1880) djeseribed the

anatomy of Liegascolidas australic, devoling 2 epeeial pection

to the anstomy of the nervous gyetem. This was the first account
sf the nervous bBysten of an Australian earbhvoTil.

“hile in all cases the obuoervablonsg Vere m;EE mogt carefully
and eritically. the étaining msthuia of the perlod were inferior
o modern technlques, and were nob ademate for bhe golution of
some of the problems that arose. Thus 1% was only sradually
that the gianbt Libreo in the dorsal parb of the nerve cord vere
accepbed as nerve Libred. Teydip (1864) vae the firet to asalen

to them & nervous funetion, tut in the onguing years they Were
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desgeribed variously as pubritive btubes, blood vessels and
supporbting organs. llansern (1857) asserted that bthey uere
nervous in fungbion, bub Speacer (18:6) in his deserliplion of

gpgaﬂcoliﬁus angbralis still aceenbed the view thal they were

gupporbing structures, statinge that "ao enniecbion exiats
betveon the fibres and any of the nervous glementa, and 1t
seems probable, more perhaps because it 1g diffieult to sugresth
any obther use for bhem, than beeause of any direct evidence in
ite favour, bthat bthe peually accenbed idoa of thelr possousing
solely a supporbing fnebl m is the correoet one. They doubbtless
serve also, as sugsesbed by Cunningham, 'to prevent the nerve
cords being benbt abt a sharp angle, causing them alvways Lo

cemaln in curves, and so te cseape lajury during the wrigsling
and burrowing of the worm'".

from thig it is elear that bthe coanections betueen the
manzlion cellsa of the ventral nerve cord and bthe riant nexve
{fibres were nob apnreciated, larsoly because of inadequatbe
histological Lechnliyue. fevertheless, ab this tinme Friddlander
(1048) sugpested that bhey wero true nerve fibres, having the
funetion of bringing about the sudiden gontragtion of the whole
pody. This is now known a8 the "startle reaction.”

Very little subseguent investiration was carried out in
the annelid nervous system for nearly thirty years until the
demonstration by Stough (1926) of bthe prezence of aparently
aomplete segmental sepla subdividine %he glant fibres into &

series of discontinumous nortions of axonlasm., It was guggested
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that sbtructurally bthe junebion of tvo sortions of the gmiant
{fibre at the septum gonstituted a giant synapse. Stougn
observed differential staining of Lhe axoplagm of Ghe two
seetions of the gianb fibre where they mect ab the sepntum and
pugzested thab the giant fibres are polarized to conduect in
one direction only. Ue deseribed a series of exneriments
(1930) designed to prove this hypothosls.

The development of electrical mebthods of recording nerve
impulpes brought a mew and poveriul weapon bto bhe biolorlatls
aid. Eceles, Granib and Young (1933) rocorded {mpulses Ifrom
the nerve cord of Tambrigus and shovwed that conduction In bhe
giant fibree pecurred equally well in sither direction Irom
the point of gtimlatlon - thabt 18, that the segmental Bymapaes
desaribed by Stoupgh are unpolarized, This work has been
claborabed by Bulloe: (1945) and Zushton (1945a. and b., 1246
uging more modern rogording methods.

Whether the septa constitule a troe collular membrane and
conseyuently are bto Dbe repurded a8 bthe physiologieal boundaries
betueen adjacent neuronal anits, has not yet been sebtled.
Geales's theory of synaptic conduction (1946) throws sSome doubb
on bthe functioning of the gepbum ag a true gynaptic membranes.
He hes shown bhatb a significant delay is theoretically
necossary ab any btrue junetion where a membrane of the type
around the axon interrupts the conduction pabthway. MHowever,
acgording to Bullock (1947), not all nourophysiologlatbs aaceph
the view of Tecles that some delay ig demanded by the membrane

theory of synapbic sransmigsion for all poseible junellond.
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In the intensive rogearch into the nhysiologleal properbies
of the snnelid plaab fibre sepbum, bhere has been & Londency Lo
divoree the giant fibres irom the resb of bthe annelld nervous
system, and Lo overlook biwe advantages of & gombined histolopical
and physiologzieal axaminatlion. The sonnections of the sliant
£fibres vwith bhe panglion gells have been nitherto very jneomnletely
inveatipated, and much gonflicting evidence 1s presented gonagerning
the Tiner strucbure of the glant Tlbres (S tough, 19263 Smallwood
and Molmes, 1927). Bepecially has thero been a btendeney Lo
sbudy astivibty in the gziant Libres of tho various inveriebrales
without regard %o the broader bhiolopical funeblons whieh the
giant fibres serve in the animel's natural gtate as parb of a
relatively gomplicated nervoud system.

1t is the purpose of vhis study Yo examine histologically
the struclbure of the cercbral ranglia and the venbral nerve
cord by a modern histological technique in a loecal earthworn of
the genus llegancolex; ko investicate the connections and the
finer internal strucluire of the giant Libresj and to gorrelate
theze findings as lar ad possible with the achivity obpervel
with eleetronie recordling method2.

Bulloek (1945) has shown that in Lumbrigus tho median
plant Libre 18 agblvated by a tacbtile sbtimlus anterior to the
ulitalium, and that a stimulus behind the elitellunm activates
the lateral Libres. This problem has been studled 1in llegascoleX,
and the portions ol the body innervabed by the retpective glanb
{ibres found to be significantly different from the

arrangement in Lumbricus. 1t is also proposed to show thab



5.

there 1s o correlabion bebweern the lengbh of the worm and the
mazimunm coniducbion velogiby in Che median glant fibre; that the
velociby ls a linear function of the gianb ¢ibre dlameber and
shoath thickness; and bthab the sheabh dimensions 88 debermined
uistologlieally azree well wibh the sheath dimensions meagured
in the Tresh stabe by polurized iight, in sontranst bo the
findings ol Bear, Schmibl and Youngs (1L937) ia Lthe squid glanb
axorn, The phenomenon of fatipue Lln the sonduatlon of impulses
in the giant Libres under glectrical stimulation hag boeen
examined: in addition, there ig eviience bthab the fatipued
fibre showe BS0me modification of Uhe apparent 1ack of polariby.

MATERIAL AND UETHODS.

laverial.

The worms used beloaz to the ponusd tlepascoleX. 1 am
indebted to Liss D. i lleCarthy of the %oolofy Deparbment of
thig University for Gthis elasgification. She renoTLE! "This
sarbhworm belonge Lo the genus ilppaseolex and is & specles
hitherto undeseribed. Lilke obher Ausbtralian genert, this one
nas bhe conspicuous spermiducal glands peculiar to the
Austrelisn native earthworms (Bueeh, 1900). Theue glande are
lobate and situated in 18th. segment in btho zenera cryplodrilus,

lepascolex and Digasber. Jistinection between bthe thiree renera

can be made in that Dipmster nag two gizzards, the other two

only one, and that Crypbodrilus hae megenephridia and lepgascolex

vlectonephridia. The eharacteristle features desaribed abhove

mark the worm as belonging b0 the genus llerascolex."
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Phe worms oceur in spndy soil in hicher parts of the llounb
Lofty Ranges, & few inches below the surfuace in winbter but many
feal desper in bthe moister subsoil dariar bthe sumner monbhs,
They are usually found in Pburrows with their btails towards the
surface; the tail is withdriwm yapidly when touched, and the
anterior end is then thiclkened and expanded, gausins bthe worn
o stiel in the burrow and resist any attempt Lo withdraw 1t
by pulling.

sulling on bthe bail 18 rapldly folloved b7 gomplete
cenaration of the btail portion (aubonomy ). After capbure the
wnrﬁa nere kent 1n moist eaxth from thelir nablve gurroundings
until neged, bub bthey parely survived £y more vhan three vieokS.
The worms wary in lengbh Lrom apout seven bo sevenbeon inches,
mogb belnz ten Lo buelve inches long and three-eighths of an
ineh in diameter. They .are alosely relabed to Whe ciant
earthrornme of moutheashern Australia which attain & lengbh of
four or five feet (Spenser, 18it). They are dark brown in
eolour with a ereamy brovn cllbellum placed on the 13th. =17 th.
segments. This iz in ponbrust to Lumbricud in whleh the
elitellum is opposlbe serments Z6-40,

In determining the transition noink in the innervation of
the giant Libvres, 29 worms were oxamined. One hunired and forby
gix ozbimationg of conduction veloei by werc carried oub in 23
worms, and 155 esbtimablons of fibre size made in this material.
In the measurement of shiinkage, the fibre pize Wwas determined
in 65 frozen sections, and 68 nsagurements were made of the same

material after stainingz. The ratio: 2x01 iiameter/Libre dlameter




r‘;.

,in fresh maborial was meacured by polarized 1ight in 35
preparabions.
Apparatus.

The econducbion grperiments wors carried out 1n a small
shlelded cape in an unshielded room. Silver-silvarlnhlnrida
eleebrodes were used initially o piek up bthe jmpulses, bub
sabtizfactory resulbs were subgequently obtained with fine slilver
wirez plaged on bthe surface of bthe nerve-cord, providing they
vere kept clean. The impulses were led o & five-sbaze push-pull
amplifier.

The amplifier eircuits employed are shown tn Mps. 14 and 15.
The signal voltage 18 fed tn two pobtentlometers mounted In the
shielded cage. This arcangement has a nunmber of advantapes.
"hen deallng wibth very large gipnal volbugen ~hieh gould cause
blogking in the amnlifier, the amplitude of the signal can be
fully conbrolled by the operabtor without moving away {from bthe
cage. OSwinglng bthe movings am of one potenbiometer to the earth
pogition allows the ampliflier bto be operated vith a sinrle-ended
input, rather than with the push-pull input outlined ahove.

The f£irst three stages of the amplifler, each consisbinz of
a pair of type 1673 valves in push-pull, are comnlebely
batbery-operated. Tne over-all voltage gain of this part of Uhe
amplifier is 110,000, By the use of a wery largze cathode
resistor in each stnge, &8 gonsiderable degree of depeneration is
achieved, This ascists in stabilizing bthe amplifier at very low
frequencies. The negative grid bias developed across the

resistor 18 to & large extent offset by & wpueking" voltare
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annlied from & batlery in gach abuze.

The eoupling condensers hetieen all sbiped are 4 mfd.
0il-filled paper condensers. tn addition, & awitening arrangenent
allows a cholce of sither 7»1 mfd. or 4 qfd. eondensers bobueen
the second and third stopes. The freoquengy response of the whole
amplifier (Dbobth babltory and A.0s operabed) 1o uniform from 1
eyele/uee. bo 2000 eyales/sec., using the 4 mfd. condensers between
sbapes two and bureo. The high frecueney responto aould probably
bo oxbendod by the uae of some low-1 pedanco gounling device, suah
ap cathode=£follovers, to aonnech the hathmry-oaar&tud anmplifier
to the A«C.-operated part., The chielded line used for Lhis
purpobe has sufficient capacity ts seb as o gonsiderable by-pass
bo Llreguaeneies hlgher than 2000 when connesbed airecbly inbo bthe
plate eircul’ of & high-lumpedance ponbhode valve of the 1603 typne.

mhe Low frejaency cut-off is at about 19 aveles/see. with the
N1 mid., condoiners habneen sbage: Lwo and thres. The over-all
freguency may he rezarded as pdguuate for tne renroduction of
impulsesn withoub (iabortion. As & yuarber cyele of 2700 ayelo/sec.
sine wave oceuplen 7,125 millisec., bhe steop-fronted achion
pobentlal will be reproduced by the anplifier with neglizible
disbortion. This polnt iz of eonoiderable {mporbance in veloolty
messuronents, ae pointed out by punphrey and Toung (1928).

The long time-constant apsogiaboel with the 4 mfd. eoupling
condensers was btroublesome whon the amplifier was {irot built. A
sudden large impulsp would chargs the condensers for several
sgeonds, during vhich the anplifier was inonerative. Very little

mghoking" is observed when using the smaller condenpers available
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with the switening srrangement ogublined above.

The outpubt ol the pabbery-operabed amplifier is fed bo
an anplifier operabed from the A.Cs mains. This ampliflier
has a palr of tgpe (7J7 valves in push-pull, driving o nalr
of 635 valves ascbting as cathode-followors, The outout of the
eathode followers lg Ted GO the cathode-ray oscilloBeopa, and
algo to a tyne GVEET valve shich drives a monitoT lond=-ghenicer.
(Pig. 15). The volbage =ain of tnis section of bhe amplifier
is about 90, giviag an sver-all voltave raln of abont ten
million. The whole amplifier has & high desree of mechanienl
and sleectriceal stability, and ghowe only slight acoustle
feed-back from the londspeaker <hen onerabting ab high galn.

The cabhole-raj osellilograrh gonslaba of tvo catholc ray
tubes, each with ite ovna foeuns, positioning and intensity
eontrols, bub vith thoir deflecting platen 8o eoupled Lorather
that a trage on one s s imulbaneously produced on the obher.
One tube, & VOR 97, has a green finorescent sareen and is used
for eontinuous monitoring. The other, a Jostor type 097+, has
o blue flaoreseent sereen with a high Letinie value and bthus
very sultable for srhotography of non-repebitive paveforms, This
tube is used only during actual photozraphy of btraces. 1t is
a double-bean tube, one beam carrying the aigznal voltume, the
other a btime marier of 50 eyeles/sec, obtalned from the A«Ce
maing.

Acceleratlag poteantial for the gabthode-ray tubes 18

sbtained from a hali-vave 1500 volt transiormer with type 2x2
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reabifiers (Fig. 16). Provision i8 made for voltape doubling
in this power-supnly, vhieh bthen delivors ahout 4700 wolba.
fMayeyver, althoush this sobonkinl & quite guitable for Lhe bype
yoR97 tube, it 1B qamewiat hizher than the maimum regomnended
for Lhe type 79J. The annnly wes thersisTe ngnally rm2 28 a
gimnle half-uave ayBLET, ziving about 200U volbs %o the tvo
anthode-ray bubed.

The gveep-ciraull (Piz. 16) 1s 1ireob=gonnled throughoub.
It uses a typo 064 thyrabron sulys ae & relaxstion-ossillabar,
with capacltors of varylag slze in par;llﬂl with the valve bo
produce eveeps ab raton from one every girhit segonds bo 5007 /sea.
The trace speed is fairly aonstant in all parbs ol the uweap
over thig wide rance, B2ilad for bthe thyratron is ohbtained from
the main ocatholde=1ay 1_-107;;91'-‘5}11'9"113 hleedar nebvorl. & Fec tifier
valve tvoe HVAG 18 aonnected bobieen ﬁhe plate of the 484 valve
and a point on an exhornal blecder nebhors mpintained 127 volbs
nositive with respect to the guthode of the GB4. This rectifier
tube can be syitched in and out of elrenib. $hen in aireuit, the
anode volbame of the D84 i8 1imited %o 120 volbej the zrid bLias
on the L8B4 ig adjusted &0 that ot an anode pobential of 127 volts
it is just non-conducting. An external pulse anplied Lo the
srid of the B84 valve will no¥ srizrer the sweep once for eaah
applied pulse. Vhen the 5V40 valve 15 switched oub of elrenit,
the 584 walve behaves ad a ¢roe-raning oselllator.

The sweep volbaje renerated in Lho 484 valve is amplified
by 2 twin triode valve bLype (3N operating in push-pull.

Poslbioning of the horizontal tracs ig aghieved by adjusbing
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the grid-bias on the first triode. The amplified voltaze is
gpnlied direetly to the horizsontal defleeting platesn of each
cabhode-ray tube. The deflectbing plabes are thus sgeveral
hundred volts popitive with respect bo enrth, In conbrast to
the usual arrangement, but no difficulty is caused by this
procedure provides that the high teneslon supply bo the sveep
elrenit is free from ripple.

The pulse generabtor for adminisberling shoeks Lo the nerve
aord (Mg, 17) veen & pair of 8127 valvesz in a btype of
multivibrator elrcuit. The wave form from the sonerabtor isg
rectangular, the durablon ol tie pulse beingy eontirolled by one
8177 and ite aesociated resistance-eapzciby nastwork, mad the
repetition rate of the pulse by & sinmllar nebwork in the obther
valve. Pulsesz can be nrodueged varying in duration from N.7n3
milligee. bto 100 millisea. and in frequenacy irem 1 to 57/zne.
The pulse 80 produced can he applied elbher dirsctly bo the
nerve or fed into a Harverd inductorium and bthenaoa bo the
stimulating electrodes. Ib in also used bto trisser bhe
cathode-ray tube cweep elrouit.

In measuring eonduegbion veloeities, btho time intorval
from the shoek to the anpenrance of the snilke wos messured Lo
within 0.1 mm. on the cathode-ray tracing. AL bhe sweep sveed
used, a distance of N.1 mm. correegponds to a time intervel of
D.05 milligee. The moathod nsed ig open Lo some oritieism on
the prounds that the eathode-ray brace may not besin ab the
instany that the shook is applied to the nerve, beecaunse of

delays in the fly=-baelk, and in triggering the thyratron swaep
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osgillabor. However, these delays have been measured and found
not to exgeed 7.1 millisec. The time inbterval was measured bo
the apex of & unipolar impuloe, and bto the cenbtre ol a biphasie
waves The shoc. durabion vias usually adjusted to N.5 milllsec.

Pagtile stimulation of the body wall i also effective in
producing jmnulses in the sinnt Libres. maatile sbtimulation was
nsually by means of & dry glass rod. The impulses in the ziant
fibres varied in amplibude From 57-1500 microvolls.

The asabhode-ra) Lracen Were shoborrashed with & gpeacial
gamera neing 35 mms film, U0 to 200 €%, beinz accomasdabed 1n
the magazine., The camera has an /2 "bloomed” lent and may be
uged either ag a rgtill" camera OT o8 4 9 rin-¥ilm comerd - in
the latter instnace, Lilm ig nropelled throush Ehc pate by an
slectrie mobor ab speeds varying from 2-25 ams,. /eee. The lutler
method wae nged ina pecarding tmpulpes from tankile sbimuli. In
measuring conduetion vclucihiea snoeks were annliszd b9 the aord
about onge ner Second, and the camers nuged as @ nggill" cansra.

In the sbimulabion graerinmenbs, btho 7exve anrd may sxposed
by & lateral incislon and the body wall retracted by pinmning the
worm Lo & Bmnall wooden tlogk. The norve pord mag aong hantly
bathed in a pool of aoelomic If1uid. Thig anpesred bo loon bLhe
nerve cord gufficiently moist Lo allav anndiekion for two or
three hours. U0 exterml Tluid was annlied to the woarm o9%¢ nerve
cord, Care was baken b0 pravenb ranture of the thin Intesbtlnal
wall during exposure of the norve aord, 28 tho contenis of the
gub @eomed to hasben the failure of gondnebion in tho glant

Libres.
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At the eoncluslon of tho gzneriments all wormse were fixed
in 100 formalin in normal galine. Portiong Zor section were
lator embedded in paraffin and staloed with lead haemaboxylin
acaording Lo the mebhod of ﬂacﬂﬁﬂnaill (1947). This stain has
been found exbromely useful in work with unmyelinated or poorly
myelinated nerve fibres. The method is aimple and reliable and
has yielded resulbs gomparable vith those from silver teghnigques,
but without their uncerbainby. "hese seebions provide the basis
for the macroscople roeorstrucbion o well a5 the histnlopical

debtail.

CEARRAL AUATOMH o THE UBRVOUS SYSTHEL.

1. Gross Anatony.

In peneral structure, bthe nervons sysbtem of this species of

loganecolex follows tno zamé proad pattern found in other

oligochaete. The nervoib system of Tumbricus has been decceribed
in eongidersble detall by frigdlander (18cd, 1389 ), Cerfonbaine
(1892) ; Hansen (1887), snd Zotzius (1892). The only detailed
aceount of the nervous syasbem in an soebralian earthworm i8 that

by Spencer (1802) of the nervous systen of llerageolides ausbtralis.

Although thab worm iz closely allied to Gthe one used in this
study, bthere appear Lo be coarbaln jmportant 1ifferonces in bhe
respectlive arrarngemnenta.

The anterior end of the senbral nervous sysbem in the loeal
upecien of iegascolex hes palred cerobral ganpglia placed above
the pharynx in the first segment. qsdiating from the cerebral

panglia around the gides of the pharynx are btwo largze bundles of
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nerve fibres - the corebral aﬁmwlssuras. Thege gomnissures
unite on the vontral aspech of Lhe pharynx with the anterior end
of the ventral nerve gord 00 the venbtral aspoct of bthe pharynx.
A% the point of union, a slizht swelling i® vloible in the
ventral nerve cord - the subpharyngeal ranelion, or
munberschlundganglion™, of Prifdlander.

A pnumber of branches arise from the cerebral commisesuren.
The first is & very small one which arises from the most laeteral
part of the cerebral gangllon itoelf, rethor than from the
commisgure. Spencer (1406¢) dsseribes this branch as arieing

{rom the commispure in Eggaaualiﬁes ausbralis, tat in the nresent

material the branch gaine atbtachment bto the laberal part of the
dopsel surface of the cerebral ganglion. It ig a very fine
brangh and 18 iissribubed Lo the mosb anterior part of tle
dorsal and lateral bhody walls around the stomd. .

Absut half way down Uhe comnlseure, oprosite the nmostb
labernl part of the pharynx, & 1upre nerve ls miven off from
the lateral side of Lhe cONALSIUTC. {45 fipres end in thoe body
vell of bthe antorior WD gementgs AL Lhe aame level an tiie
sommlsgnure, bub from 1ue postaro-lnternal gurface rather than
the lateral, arises a4 gompact mMARS8 of Tibres vhich lmmedicntely
breaks up inbo & number of bLranechet 0% inereasing Blue Irom
above downwards (Flg. 10). This bundle of nerve fibres was

ieseribed briefly by Spencer in EEEuEUQlil&E ansbralia and is

cnown as the stomabo-zagtric syslem. in the local specice of

llegascolex, tne majority of the fibres in the upper, ameller
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branches of the zlomato-castiric system pass dorsally around the
wall of the pharynx Lo enter the byphlosole, supplying its
covering eplthelium. The larger lower branches pass forwvard
into bthe walls of the pharynx.

In the lower pari of the cerebral commissures anobher
braneh is riven off and rune forward Lo suprly the ventral part
of the body wall in the vieinity of the prostomium. Two or
three smaller branches also reach this rerion from the
“ubhpharyngedl zaaglion.

The ventral nerve cord oxbtends candally from the
suboesophageal ganglion through the whole len:th of the bedy
of the vorm. The nerve gord inereaces gradually in slze ar it
iz traced back from the subossophopgeal panslion, and atining a
mazimun dlameter in the middle portion of fhe worm. It then
tapers slightly tovaria bthe tail, a1d ends more or lebs
abruptly in bhe terminal sesment of bthe worm, In a fized
preparation bthe cord shows alberaale gwellings and constrictions,
one swelling to each body cerment, Hach swelling is at ths
aite of a2 golleetion of nerve gells, forming a segmental panzlion
within the aord. The macroscoplo arrangemeat of the sanrlia ie
much more obvious in fiwed than in unfixed nreparations,

Prom esch £ide of & sesmenbtal panzlion branches are ziyen
off to the body wall. "Two branghes arise, from eash =ansllon, a
smaller orie ab the extreme aatorlor and of the manslion, and a
largor one near the posterior end., The branclies are very small
and barely visibls to the naked eye, hut can be glearly

displayed with a digsecting mierascope. The arrangement ls
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very constant. Spencer (1888) found that in Lezascolides

australis cach ganglion gives ofi three hranches, one anberior

and two posterior, the latber arisiag elose together., A Tixed

apecimen of lesascolides aupbralis was examined and Spencer's

——

finding eonfirmed, The bthree branches are roughly of squal
. gize and it is pomsible that the two postorior branches in

llepascolides ansbralis are fused in the loecal species of

llegaseonlex to produce the larcer posterior branch. Siough (1926

states that in Immhricus the noskerior twn branchen are frequently
fused at their bages bo form a common root, In %the loeal

material the posterlor nerve in pinrle ae far ag it can be Lraced
in the dipesections andi in the siained material: It woan also

noted in Wegascoliden uggﬁrnlia thet oegasicnal additional

hranches ere proesent hebween the tro nosterior hranghen and bLthe
anlerior one.

Ab the Junetion bebueen Evo body Besments the nerltoneal
lining of bthe coelome is raiped in & trengverse fold or
mesentery which z¢ls as a punport to the interranslionic nerd
of the nerve cord. The pariboneal coat iz wvery thin and

sliptening in Wepgascolex, and easily atrinned from the enyd.

in llepaseolides sustralis bthe peritoneum is much btomgher and

more fibrous in texture, producing a paritoneal feprtum throurh
which the nerve cord appears to pass., In the rerict helb econ
these partitions, bthe peritoneur is also muech mors firmly
adherent to the nerve cord than in the loeal anncien.

n the doreal aspect of the cord, %he gianb Tfihror can be

coen with the disseetlng mieroscope, appearing as dark atroalks
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againelt the whlbte nerve cord. Tha glant fidbres are visible
from the reglon of the elibellun bo withia 1 om. of the tail,
but beyond these poinbs are usually more deeply placed wibthin
the subgtance of the nerve cord.

2, Higbolopical Pindinge.

As the averape length of the worns ig 25-30 ems., 1% is
aot praclticable to cub & complete sot of serial sections. A
continuous series oi sections vas sherefore cut only as Lfar
bagl ag the posuorier end of the glisollnn, n distanco of 5 ama.
A further serial examination for a distance of 2 cma. wae made
in the region ol the tNth. sesmant %o dotarmine the shanren in
the imnmervation ol bhe glant Eibres. Agntiong were cubt from
bite remainder oi tho worm at apsropriate intervals hut shawad
no significant alberablon in the reneral pabiarr.

2). The Jorebral Canglid. Phe mast pbrikinz festure of the

ganglia (Pig, 14 and B) is the relabive absonge nf nerve cells
in a replon in whleh they are 89 abundantly corecmtrated in
higher animalg. Th=o senkral nerve gord anreare poneiderahly more
gompliecabed in the arvanganentof itp saoplion arlls than the
corebral sanglia. Anpsrently the domlnanea of the head end 18
not a5 well esbtablished, nor is there sueh srecsine need for
gomnlebe and imnediate sontral of the ract of the hodr by sn
integrating organ nf the 2alibre of the hrain of hicher animals,
The giant fibres of the ventrol gord, which are sugh an intepgral
pert of the animalls mnool affaokive probeetive mechanism - the
withdrawal reflex - have no pasy accols ks bhe egerebral manzlia.

Indeed, they appear Lo become 1ogt oven bafore reaching the



10,
cerebral aommlissures, 8o that whatever comnections do exist,
mugt be very fine unmyelinated (and henee slowly conducting,
Tibres.

The eerebral ganglia are encheathed by a layer of coelomie
epitheliumes Unlike bthe ventral nerve gord, they have no smooth
musele sheath. ithin bthe epithelial layer, bthere is an
exceedingly well-developed hyaline membrane (Fiz. 1B and C).

Thig membrane stains a pale pink in the lead hoomatoxylin
preparations, and appears dovoid of any internal structure.

It can be treced as o dofinibe sheob inbo bhe cerebral commissures
and bheaece lnto bhe subpheryngeal ganglion. Deyond bhis polnt

14 gradeally fodes away in bhe anterior part of the voniral nerve
cord. -Ibe rsradual disappearance colnoides wibth an ever-increasing
development of bthe smoobth muscle zsabt on bhe exbornal suriisce of
vhe ventrol nerve eord. The mosb anberior part of bthe venbral
nerve cord has a well-ieveloped hyaline membrane but no layer of
emooth musele. The omoobth musele coab is very obvioua ia the
ramﬁinﬂar'uf the nerve eari. Sponger (LUUL, notel Whe presonce

0f "a definite development of connecbive Ligaus, forming 4 sheath

for bthe whole nervous sysbem" wibhin the coelomle eplbhieliun in

legasvollides gusbralis, bub did ool menbtlion any apecisl
development in relalion Lo the cerebral ganglia.

The nerve celle withla Llie cerebral ganglisz are eollected
in bvo melu groups, an anbero-venbtrsl and a doreal groun. Ietween
the bwo sroups is placed &n exbensive gomalsvure ol transvasrse
{ibres gonnecting bhe Lo cersbral ganglla (flg. 1A and B).,

The aells of the snboro-ventral group are gonaenkrated alose bo
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the vontral aspecht of Ghe ranglion. They are of medium 8lze
with exceedinsly grunular eylopladi. Thoir arrangement iu
irregular but in genersl Lholr azons are directed doraslly
bowards the overlyins commigsural fibred. The fibres
~immedistely overlyinz bthe nugleus mn trangverzely and are
more derwely crovped than in the rest of the flbre mase. Some
0of bhese overlylng Lfibres turn ventrally o end adjaceat to
the gelle of the nuglous. Laterally bhey are aonttnuous with
the fibre traets of the cerebral sommisaure, 1L 1s roasonable
bo infer from thelr puslblon and eainecbions Yhaat these fibres
are afferent in funetion.

The most medial cells 2f the anberoventral nmeleus aroe
larrer Lhan bhe reosht and have thelr axons dlrected dorcally
through the broasverss Libre mast. Dhe axonus onn ba traged to
the reglon of the larse cells 1n the medisl part of Lhe dorsal
nuaglous.

fhe dorenl nueleus (Pize 1A and B) can be divided into
two glearly deflugd parts, a lateral gnd 2 medlel. The lateral
part is bhe larger and ia Lformel of small gells whileh extond
lubercily, as & wantle Lo the zacngllion, elnoant an far a8 the
soumencemnent of the cerebral gommlusirIt. mianing to them Lrom
thelr ventral side 18 the bulc of the Tibres of the cerehral
comnissare, These Llbiee are aluo probably elferent in funetion.

The medlal part of the dornal nueleus oconaiste of muoh
bigrer cells with large nuclei and conieal gell bodless ™Mhe
apex of the cone ls dlreclesd veitro-medlally, and Lron i% bthe

axor of the gell runs downwards and medlally in 2 smooth arg bo
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erocs the midline. The decussation with the corresponding
axons of the opposite 8ide rroduces & definite commissure mldvay
botween the dorsal and venbral aspects of the cerebral ganzlia.
Maving erosged Lthe midline, bthe azxong can ve traced bovwardes Lhe
commencoment of the opposibe cerebral commizsure, and in one case
could be seen bto enber ib. They are thus eiferent from the
cerabral ganglion.

A% the posterior cxbromity of the cerebral gangliua, the
lar e=-celled medial purt oi the doreal nueleus expunds Yo oceupy
almost the whole extent of the gangllon from its doreal Lo 1ta
ventral walls. The axons of ulkece eclls aro short acd cennobt be
Lraged farx beyond bhell aclls of origin. In the swme part of
vhe serebral ganslis, bLhe laterel  small-celled portlon of Lle
doreal nueleus 6XLEALS iasterelly as o bread ilure Lo bthe 1oo0b
af Lhe cerebral gommisoitles '

bys The Venbral Lorve Gord (figs. 1F and 114) ""he anbtorior

end of %the nexrve gurd 1u {ormed by Lue union sf Lthe two eerebral

gommissures. 1In his accounl of Lepascalides austrnllis, Spenecer

(108, statesn ecabe orieslly thab "the eommencgemerl ol the
somniesures is indicated oy the absenco of ganglion ecells, none
of whieh are found in the commipsuren, nor as far as oould he
azegerbsined by a long series .of gonmecubive geetions, in Lhe
gtomato-gasiric sysiem.” vxamination of the comnlssures in
iieguscolex ghows that at Lhe lower ends, the ganglion golls are
econkinued for sowe distancse jnto Lhe commlssures (Fig. 1)« The

colls are small and darkly staining and are moBt numeroud where
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the branches to the veniral boldy wall are gziven off ILrom the
basal part of the commissurs. The Libres of the brangh apjnesr
o be direeted btowardu these cella.

In serial pectione of the suboesophupgeal panpgllion e
sueccesslon of three to five branches leave the panglion on each
gide and pess bLowards the ventrsl body wall. The interior of
the nerve eord mt this level is largely ocgcupied by & macs of
narve fibres in the form of a dumb-bell placed on ite side - the
neuropil mass, Ab its periphery are grouped the gunclion ecells,
seantily distributed at the astoriecr end of the panslion, but
inerensing repidly In nunber av ecch succonsive nerve leaves the
ganglion. The eells are radially srranged and thelr axon= enter
the neuropil. The axons of the meore dorselly slueed celle roach
the midline and apsoeer Lo Join bhe medign ziant fitre vhieh isg
excoedingly emall ard deeply rlage? ina bthia repion (M. 1F).

Typiecally bthere txe three slant Lidbres irn the venbril nerve
gcord, a medien and buo lateralss The medlan Jinnbt fihre i first
vigible in the suboesophageal zangllion onusiplbe the poinb o
exit of the second of tho mnnll seomatic nervea. The Tibren of
this nerve are direated dorsally btouwzrds the ganzlion enlls at
the edze of the upper pari of bthe neuropil, and it ia btho axons
of theso geolle which can bhe braged medially bouazdn tho antaerier
extromity of the median glant fibre. The laberal ginalb fihraes
are not wisibdle until the sectloas reach a poinb gonzlderably
further caudally. A% firat they are very small and anparantly
diseontinuous ~ appearing in a fer asctionss and then thinning

away %0 a condition in whish they can no loncar be roenmizod.
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Prom their oriping the gilant fibres oxtend eaundally to the
posterior end of the nerve cord. The median piont Libre is at
firgt a tiny Shread plaged in the centre of the neuropil mass,
which interveries between it and the dorpal surfece of the cord.
In a more eaudal nituation, arproximabely opponite the seventh
segment, the neurcpil mass begomes divided inlo two almost
completely sepasrabte portions, only a emall isthmus of neuropil
Commegting the tvwo masser dorzally. The separablon ig effected
by &n inerease in the number of genglion eells end nerve fibros
wWhieh appenr on the venbro-medisl side of the Uro mazzes. AL
the same time, bhe medizn plant fibre is esrried dorsally end
comes bto lie lmmediatoel; mwnder the dorual emooth musele
interument of the ceord. It 1s wranved in a very axtensive
aonneebive Lisene sheatn, and has increused conslderably in size.
The lateral ~ant Tibres, although 56111 smell, and syparently
disappearing at intervils, oseupy ro=ibions hesilde the median
wiant Tibre and are similarly wrarped i1 a2o-qcetive bisaune,

U

Thers ig, however, & VoxryJ distinet septun senarabing the median

giang fibre from the afdjmeent lateral ziank fibhre on each 2ide,
The epparent discontimity of Shoe latersl gptunt flbres ab
the anterior end: of the nerve gord is ol intereat in viev nf a
8imilar discontinulby in bthe lateral piant fibres in the
erustaseans., Johuson (1923) found in Uambarus bthat s single
pPortion of the laberal plant fibre exbenda aprroxinately tuo
Begments, ending anberiorly in a faw whort blunt branches., Hach

portion ie arranged o overlap one imnediately erznlal or caudal
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to isself. It is aleo physically in conbuctb with theooe udjacent
overlanping portions. Sohnson remariks: "It 18 therefore o fide
to pide agwsosinbion of flbres ng consrasbed wWith tlie abdbuence of
conbact of axie eylinuioere in the btypieal synapilec. It i a
relationshic ecibther parough very ahort lobed progestes of one of
the fipres involved, oF wibnont any subdivizions af any kind as
opposed Lo the numeroud fine progesser of bobh of the fibres
congerned in bthe Synapses And it i5 & condibion in vhich only
Yo fibrer are involved, aiffering £rom the interminelings of
the Tibrillakione of & number of nouTons 1n tho ecaze of o
Bﬁﬂupﬂa." e alsgo nobed that the latoeral einnt fibre may and

in conbeot uith bthe nedisa zieak fibhro, The sipnificanes of a
gimilar findingz in ﬂcgﬂaqulgg_in 1{gaupned labter.

The lateral glanb 4 pres lncroats in pige progressively
bowards the ball. Tho modian planb fibre inareayes rapidly in
size in the middls sorkion of the worm, and thon deerenaen
alipghtly in She posherlox third, Throushoub Hho gord Lhe
lateral fibros sre subjech ko prectar fluatuntion in sige Ghan
the medlan. '"The wo 1abors. rinres ava Lreoly interconnesbad
bhrouwshous tho gords The {rbeprconnet blons sl vonbeel to bhe
median plant filre from shich phoy are gorarated by 2 pmall
amount of pouropil. \ aimilar iaboroon potion WaS lamonatreted
hiatolosienlly 1n Luymbrics by gtough (1926) axd funclioanily
by Bccles (1933} and later Y lliacs {1945}-

wighin esch genglion 5f the venbral neTve gord the zlant
Pibres are eomplobely sibdiyided by sn oblinuely plaged =eptum.

o wngb found in Tmubrigus
Phis arrangement is 1dentioal WIEE ¢nab found i Tnubriens By
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Stough (1926). (Fiz. 120). ‘%ypically the septum in the median
£ibre ip placed Lransversely and mnas from bhe ventral %o the
loréal wall of the f1bre an it is traged candally. The septun
in the lateral fibre =ung In the opposibe direcbion. However,
the septum Ireguenbly runs gniral ecourae, or ia obliguely
placed.

The precize arranzenent of the ranglion ecells within sach
sanslion of tho ventral aord is djealt with later. The flnerx
fontures of the ziant fibresz are alpo econiziderad in She Li~sht
78 some of She physiologleal findinza.

BYPRERLITAL RESULTS.

1. Tagbtile Stimulation of the Clant Mbres,

Bulloek (1945,- nag Shown that ia Lumbrigue a taotile
stimmlvs anplied Go the body in tho anterioy G=40 sopmontn
i1l excite the median ziant {ibvre and the immmlsae 89 prodnged
15 pondasted onuslly well 1n both directisne irom bthe polint of
ahimilation. Sigllarlg, a sbinulos applied beuind the 35th.-40th,
sopment will excibo Uhe tva lateral piant fibres.

‘"he first ewrnorirents were carriel onh Lo asce if a pinilar
arcancement was prosenb im 8pnionlex. The rerve 2ord wWap
oxpoded in the sosborior pag~third of tlie worm ard light tonch
stimili anplied in front and behind the nlecl-np elecbrodea. The
nerve eord was then expoted Gowards tke anterior end ol the worm
and the obzervabtion reneabed. Selmnleblon beran st bhe anterior
end and wag earried propreugively in W candal direcilon. The
irrulees were observed oo e pnlhode ray Berecn and nloo

ronroduccd by & loudspeuior. fhen the impwlues are picied up
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from the posterior end of the worm, stimvlation of Uhe anterior
end produees shorl burste of 3-10 impulses from each stimulus.
They are small in amplituie (150=370 microvolis, and lagt aboub
1.5 miiliseconds, %o the ezr Lhey produce 2 sharp eligiz, almost
metallic in qualiby., A8 the shimulation ip carried caudally
these nre gnddenly repluaced by bursts of lapulses of mueh larzer
amplitude (500-1500 mierovolts; and lonrer ﬁgr&tiﬁn (ahout 3
willigeconds) wibh She guality of & dull thud (Pig. 2E and #).
The chanpe-over novmully ocoure ahruptlx; with vegy Litble

Eh. and GJrd. sognents, and 2eems 0 boar

Wt

overian belvecn the 5
110 pelation to the Lolal anmbeg ok sefmeniu in bne H0rm (table 1)
Ropenbing the progess wilh the pici-ui oleclrodas near big
antorior ond of the worn (uwsually jusb behind the olltollum,

Which lies on the 15bh.~17%h. sezmenbs, & gimilar ahange in bhe
anture of Lhe lmpulses was observeid vwhen bie siinulabing rod
crosped the dividing regplen Lo the viginity ox Lao G0 sement.,
Where the impulses were pleield wp Leon bug nerve eord anberior bo
tho olitellun stimulabion of any parl of bwae body producsd

impulues of unlforn pize and no point of Aemareablon gould e
found, The podzible airni flcunoe of this Lhuding will be discussed
later. The pite oi ghanpe-ovar uas sareially marked and Yhe worm

nreusrved Lov Sectlon of LIS region.
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Table L.
Total segments 94ite of change
in worm. from emalil to large imoulse.
153 5t
166 61
189 63
192 61
191 b5
216 63
192 61
Lk 6
te b
b9
196 61
194 30
167 05
191 54
148 57
156 55

S ——

In the liyxht of Pulloelk's work 1§ seaned reasonable bo
infer thet tho small fasb snikes ohtained from stimilation
antorior to segment (0 ave dus Lo impulnes sravellins in the
median Eiaﬁt fibre, and thab the larger alower Bpikes Tron
benind eegmentd (0 are conduaoted hy the 1ataral fibres. This
view 18 suuporbed by the Lolloping experiment, whioh in o
wodifieation of ane enrriea out hy Lunhbon (1945h)l

In & worm of 197 sogments, the rerve ooxd WaB exnoned
sosteriorly, ab sezment 129 sproximately. The 1ine of
degmargatlon bebvear bthe smuller pagtey impvlaes and Lho lorgel
glover nnes was found A% segment 65. The nerve gord was thon
axnosed At segmant 94, and a veIy finely charponed nanile woa
inkrodneel iato the median dorsal rasion of e gord nniny the

Aiarenbing mieroscope with the objeeb of outting the median
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-iant f£ibrs. Ths ple<-ud alagtrodes were reannlied to the
aord ab pozment 129 and it was Lound that thors were no
ceznonses to Gouching btho worm antorior to the line ox
demareation. BPehind this line, bouen produced tho larger
slower impulsesn. The pnigic-uD glectrodies were then transferred
to sarmeant 68 and the worn rantimmlabed, liow the smaller,
faster impuloas aprain anneared from the anterisr end of the
worm, and the larrer, slower imnulses conld 3till be recorded
ifom the poaterior ond, having troversed the damaged rerion
(Fizge 3)« ZSerial sewtinz ol the damaged rerinn showed Shat
only thne wedian fllre wab injrred (Mg 26 and ).

Rushton (1946) found thab in fambriens tuctile stimilation
nroftuaed mosl remponges ay odcn pad on the worm, S9d bthat the

middle portion was relutively inexgisaslo. in llazaseolox, all

i

mrbe of the worm hody aprearsd bo be uniformt, sxcitauvle, with

the tin of btho tail and tﬁe tia of the proboselz @kl -atlry more

sancitive than the remeinder. 'The presezge oL bns srnios

plitellum 3id not sees to influence She wvxeltabiliug in bhis

n reriors where tihe longitudiaal

e

vacian. It wae notionsd bLhatb

susele Libres were sonbrusbed, Ghus ghortening and Ghickeninge

tne body, She worm booame somlebely inexeibtable and remained
an uibil $he conbracbion wavu rolanzed, when bhe revponsen Lo

tough becama normael. Yhe rosnonss wes renldly sdaptineg, o

wrst of three bo ben imnulsen folioviae eagn S5Sush, bub 1L bthe

nrosoure wWas mainbained, no further Yeinonia arrmiet s )'Logk
in Tumbricus vibration eounld myove an

(1945) haa sugrested thod
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adeauats stimulus: in liepangolex wuch TesnOnbes ware diffieult

tn produge, albnough i some oveparablons tuoping the tuble
proved sflecbive.

2, Elegtrical Sblmulatica of the Glaak ¥Fibres.

Previous vork on Lhe ziaab Llbres of annellds and cochalonods
(Pumphrey and Young, 15%J; Bocles el al., 19333 ullooiz, 1945
haae if’liﬂ&t@d thak pounduavion sgours unh '?._5-'3§ 'li‘abrﬂﬂfﬂeﬂq in the

average eage, Salg osroblen has been suundied in Hemaseolex fTrom

fuur agpeetsg Liratly, b {abarmineg hae rTalep of eondustion in
virisus parts of the Asne wormy weconcly, bo oo liteny eonaestion
exlotad bekween the Lloarth of Lhe wora and the rate at Whieh
inmmloee are eonducted by ibte gianb Livres; baiwily bo eorrslatbe
ag far as noscilbls Lhe Tube of wondachlion wibh Jibre eive; nnad
finally bo examine the relabtlionshlp of vhosth ShickneZs &o
conduetion wologiby.

“stimstions of aonduabing voloeity are lishlie i ¢onsitorable
error Whara Lthe nnryous pathuay 18 dnorb and s bine iutaervals
gongeyuently bried., [z the sLrblworn the welual length 0 Lhe
puthtay cen slber sonsidesably whexe bun plaby on ne POy ure
fixed Lo & woodom blosik and Lho iatervening resion ts ires o
longbhen ue shorben, DBulluek (1945, has eiovi Whiab alberakions
in loneth of bhe worm ere ugeompanied by arproginble sllerations
in the speed of bpancmission. Lesaseolez exhibites much muswular
activity when firet pinned Lo Hhe woouen Dblocs, pradneing
variastions up to 257 in the disbance bolween Lle fixed pointe,

Hovever, nfter a few minutes bhie movement ¢ceuzed and the length

begune steady encugh bo messure Uo withdln 1 mae 4 minimue path
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distance of 4 cms8. WAS used, and wherever possible this was
inereased to T-10 cmd., S50 that errort in measurement did nokb
sxcoed 2-37. Ab the gsonalusion of the experiment the worm was

fized in formol-saline, eroat carc being taken not to streteh

or modify its chape in anj WY .

Gradually inerecasing abrength of sbimulus fired f£irch bthe
median pisnbt fibre, and then, a% & higher threshold, the laberal
giant fibres. The 1eperal glant fibres alwajeo fired bLogabher
producing & more slowly oonduebed impulse than the median. ALl
nondnation gxpariments were anrried out in both Airegtions oVer
the same path. Imonlses troveiled at eansl speeds in hoth
Aireactions, and 2t freouencies up ko 10/sac, bhere was MO
aridence of nolarization in the fibree aven when gtimlated Lor
many minnbes (Pip. 4).

a). Oonination Rates in Different parts of the dorm: I7
determinine gonduoblon pates in A1fleront paris of oach worm The
norve eord wan exncsed near the Lin of the tall, gh the junchlon
of the middle and nomherior thiriz, ot the junehion of the middle
6nd snberinr thipis, and ab 570 antarior ond of the WOXm, namally
at. or inst in front of the elitellum (Fire 5). 'The speed was
then mesenred ovor sach norbion of the path in both dlirecctions,
I+ was found that repardless of worm =iza, the median giant

fibrs oondueted most rapidly in the middle portion of its course,
1eag rapldly in the rosterior nart of the WOXM, and 85111 more |
glowly in the anterior third. The slowing ab the snbtarior arid

segmed to increage very rapidly as the nigk=-up noink anprocohed

the enout. ifheress in many angen conduekbion as Tar forwardi as
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the e¢litellum was only slightly slower than in the middle of bthe
worm , bLhe impulses alowed very considerably in front of the
glitellum. 4nite & di{ferent disbtribusion of velogities 18 Beoen
1n the laterml fibres. Ilere condaebisn oceurred most rapidly in
the nogberior third, less paplidly in the middle third, and
alovest in the anterior third (Pipg. 5)« These findinge are
correlated with fibre size as 8een below.

1t hae been previously iamarhad that in thelr normal habitab
these vorme 1ive with their heads ab the deeper end of the burrow.
Any external inberierence ¢rom bhe suriace therefore would
approach the tail epnd., Stirmlation of the tail, by exeliting
the lanteral giant fibres, elicite the startle reiflex. It is
therclore nob purprising to f£ind that the impulses in theao
fibres travel fastenh in the part of WYhe worm to be withdravn
from danger most rapldly. lloreover, stimulation of the tip of
the tail produces & 51iehtly more numerous burst of impulses
than does sbimulation of other parts of the bail regiong the
sensitiveness of the tall in thig rerard has been noted in other
earthworms (Bullock, 1945).

b). Delabtionship bebween Conduchion Veloeity and "orm Lenzth.

drom a funcbional viewpoint 1t would seem desirable thaet long
worme should be acquainted with happeninge ab remote pointe on
the body surface as rapidly as short ones, otherwise mere lenzth
would be a very material disadvantage. In correlating condue tion
veloecity with worm length a number of problems arodg. “stimation
of worm length is difficull becauss of 1ts variabilibty from

moment to momenb. & Worm whieh has shortened 1In a gtartle
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reagblon is but btwo-thirde or less of its previous lengzbh.
Therelore in measuring the leﬁgth of bhe worm the following
nrocedure wes adoplbed. The worm was placed on a smooth table
and allowed to recover from any startle reagtion. Vithin half

a mimate its length 1n¢re&saﬂ.cunﬂidurub1§ and normal progression
began, After moving 2 short dlstance 1t was founl bthat the worm
length hoeame reasonably constant, and that as the anberior end
vas elongabted, the tail was drawn in by an eguivalent amount.
Thig length was measured as ageurately as possible withoub
interfering with bhe progrens of the worm, bub could not be
estimated more sccurabely than %o within 1 om.

Since velocity varies aongiderably in each giant fibre in
different parts of the same WOIM (sae above,, it wWas decided bto
compare bthe maximum sboorved velocitles in each worm = namely
in the median giant fibre in the middle part of itn ecourse. The
mean rabe of conduction in both directions in this part of the
giant fibre was used. The resul ting zraph (Fige 6) shows
conslderable scatber in tte polnte bubt bthe inferenge can
reasonably be drawn that Lherc is an approximately linear
relationshlp petveen median fibre gonduetion velocity and the
length of the worm. then a similar comparison ig made bebtween
worm lengbh and veloeily in the lateral fibres in the posterlor
part of the worm (bhe fastest part of thelr gource) no such
rolationship seems bto exisb (Table 2). Thab the velocity
mesgurements are reasonably gorrect 1s conflrmed by measurements
in other parts of the worm and by measuring the veloeity in both

directions in each case.
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Table 2.
Jorm length. Veloeity in
(ems§ Lateral Ciant Pibres.
(m/sec.)
17.8 5.8
2116 13"5
Ej'? 3-1;:
23. .
Efu? Sel
27.9 9e 4
29.U 12-0
59.4 E"j’
3‘116 ?'9
52.9 Ue0
j{,"';.' 14.4
59‘4 8-6

|

e), Relabtionship betveen gonduetbtion Veloelty and Mbre Siza.

A portion of the worm's body abont 2.5 cms. 1n length was

removed from each parb of %the worm used in the conduebion
experimente, afber tHe whole worm had Dbeen fixed in formol-aaline,
This porbtion was embedded and geations out and stained with lead
haematoxyline The secllons were projected onto the ground-glags
screen of a phato-miarcgraphin apparatus at a magni fication of
390 or 760 dismeters. The meacurements were then made directly
from the ground-glass screen. Seetions were cut at intervals
{rom the bloak to cheei for gudden and significant alterations

in Tibre size but, apart from the reglons of the segmental eepta,
they showed only a very pradual and uniform inerease or degcrocase
in size. The meagurements were made about midway between the
pointe of stimulation and pick-up. A8 in the majority of cases
the fibree were oval in outllne, the maximum diameter in each

direction was measured and the mean diameter gdleoulated. The
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mean dlameter has heen used in the graphieal representation
(Fige 7)o

Hursh (193%9) working with eat nerves found that random
variations in size of the fibre constituted an appreclable
souree of error in esrrelating size with veloelby, Thue in
100 serial secblons from 0.6 mme of nerve Hursh found the
standard deviation of 2 single measurement of a Lo 5 mu fibre Lo
bLe +0.47 . Duncan (1934) {ound even larger variations in
measurements of spinai root fibres from cows, cate and rats
fixed in osmic aeid. FPortions of the nerve oxamined after
teaping in plycerine varled in fibre diameler as much as 507,
the Pibres belng indented opposlte the sheath cell nuoleus,
faylor (1940) in wmeasuring the glanb fibres in Lumbricus in
the fresh ntato, obperves thut a fibre having a diameter of
75 . at & segmental partition measured only 52 mu between

sugeesaive partitions. A4 large medlan Libre examined in situ

had & dlameter whieh varied from 109 to 163 m. In Hegaseolex
conslderable inercase in size ocours ab bthe partitions but it
was not usual to find slterations in fibre diameter in the
rerions between the partitions in exceas of 105 over & distange
of 1 eme This distance usually involved several body semmenta
in the fixzed worm. All diamobers were measured In parts of the
sord between bthe seymental partitions. The glant fibres showed
n gradual tapering in 8ize over many centimebres rather than any
sudden large inerease or deereass in the eourege of a few

millimetres.
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It will be seen (Figme 7) bhat the veloelty/flbre sise
relatlonghip 18 very nearly & linear one, and the same in both
khe median and latersl glant fibres. A larre number of
measurenents both of veloeity and fibre aige in different worms
have been uszed, yebt the ralationshin holds very closely at rates
varylag from 5-45 me/soc.

Very little definite information is available %o indicate
the extent of shrinkage in the annelid ziant fibre duoring
seabtioning and 16= effect on nerve fibred of varying size.
Previous workers have bended bto ipmore this when correlating
Libre size with gonduction rate. Thus Gasser and Brlanger (1927)
in thely work on the frog, ignored Lhe faotor of shrinkege in the
material fixed in 1)) osmie acld. Dﬁuglaa, bYavenport, Heinbecker
and Bishop (1934) used 175 formalin and 3. mcetle acid as @
fixabtive and alteruoate portione were oither steined wibh oenmie
acid or embedded unstained in paraffin, bub the degree of.
ohrinkeage was not determined. pumphrey end Young (1938)
examined the fibre dlameter in the gianl axons of the sguid
mantle nerve directly in the fresh stabe with an ocular
micrometer and compared the measurements with preparations
fixed in saturated pleric acid in soa water and stained by
liallory's teechnigue. ‘hile observing that "the glant fibre is
1ikely to shrink proportionately more than the smaller fibres,”
no figures are given for bthe percentage of shrinkage. Capaor
and Grundfest (1939) found bhab the conducbtion wveloeity in the

rabblt nerve was approximabely proportional to the axon diameter:
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their material was fixed in osmic seid. VWhile quoting the wori
of Hursh, Arnell and Duncan on nerve Libre ghrinkage, they mads
no esktimatinn of the depree of shrinkage in thelr own material.
Nbviously shrintage eauses btrouble only where it is
differential - affeebing large fibres to a greater or lesser
desree than small Libres. Tursh (1939) examined the problem of
shrinkapge in cab nerve fibres vhose gonduction velooitien were
_ known. He concluded that it was nobt differential for fibres
larzer than 10 mu when fixed in either osmlie acid or formalin,
and embedded in parzffin., e gonsidered thab a large propbriion
of the shrinkage during dehydration of a nerve bundle is due to
the gonnective tispue elements., Shrinkase averaged 10.31% L
0.16%. There was no correlation between bthe percentage of
shrinkapge and the Libre size. Ile also ITound that "the besb
curve relabing velocity and diameber 1s a straight llne. 1%
holds egually well 1n all parbte of the raage of velogilies.,
Curves drawn in accord with the hypobhezls that the veloelby
varies as bthe sguare or gquare root of the diameter vary widely
from the observed poinbo." Armmell (1934) also noted a shrinkage
of 17,5 1n formalin-fixed spinzl nerves from men and dogs. Young
(1948) using the nerve to the medial head of the gastrocnemius
in the rabbit, remarke that his technigue of fixation in Flemmirng's
#1uid "is esbtimated to produce & shrinkage of ahout 1045 in all
dimensions, but this fipure is a puess. There is no reason %o
gsuppose that shrinkasze aifects the axon and the myelin differently,
but it may well do =o."

Thus it vas necessary in owr maberial bto debormine as
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sgecurately as pomaible any error in measurement due Lo phrinkage
and to ascerbtain whether the ahrinkaze was diffsrentlal. A
aumber of worms verc therelore divided into portions aboub 2.5
ems. long, bthe sut removed, ani frosen sections eul immedintely.
Particular carc was baken bO mount the nerve cord vertieally on
the miorotome bable, Six Lo ten seabions were cut Ifrom each
bloak ab 20-25 mi, and examined and messured jmuediately. The
remainder of the hlock uWab then fi.ed 1n formalin, embeddaed in
paraffin, and gtolnegd and cut ina the weual way. The stained
gsecblions were measured and the resulis gompared with the Irozen
sections from the same bloeck. The frozen~section method iteell
iatroduces some dlétortiqn of the fibres, which swell elizhbly
in the freezing process and may aot ropain bhelr original
conbours when placed in norral apline, However the distoriion
ig far less than with any method invelving Pization and
dehydration. Frozen gealions were uged in nreference o the
direct exemination of teased provarablons, becalse the Irapility
of the teased and ungupporbed gient fibro makeg 1t unpultable
for subsequent dehydration and puraffln—amhedﬂing-

1t wag found thal thg Ligsues showed an inereased Lendeney
to fragmentation when fized and embedded after freezing, and
measurement of the glant fibres was more aifficult aeg a resulb.
lowever, 1t will be soecn that shrinkaze in fibres ranring from
20-75 mu in diemeter averaged 105 and was nob differential
(Fig. 8). 1In view of the inevitable slipght variations in
teehnicue during paraflin embedding it wag surprising %o find

gugh correspondence in the extent of shrinkage in different
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blocks of bissuo.

i), Telatlonsiip bebtween Sheath Thickness and fibre Diegmeber.

Friddlander (1889, showed that the armelid siant fibre sheath
could be stained with osmium tetroxide and occunied about 575
of tﬁa axon diameter. In this regard bthe fibre lies intermedinte
in position hebtweaen the sanhalopod giant Llbroe havine a sheath
about 17 of bthe axon diametor, and the heavily myelinated
vertebrate fibre with a sheath 25° of the axon diasmeter. ' hile
tlie myelin shesth ol & vertoebrate fibre can be measured in
stained preparabtions and 18 easily disbtinguighable from the
adjacent aonnpativo tissve envelopes, the more thinly sheathed
invertebrate fibre has presentoed some diffioulty in the
assenpment of true sheatn thickness.

Examination of the sheabh has been mainly condueted with
polarized light and more recently by L-ray diffraction methods,
The optieal properties of nerve fibres - comorised on the one
hand, of the heavily myelinabted vorbobrate fibre, and on the
other, of the so-galled unmyelinabed fibres - vary widely. The
unmyelinated fibre when vienad with nolarized light exhibits a
birefringence of the same sign 28 typioal protein fibres, 8uch
as musele, i.e. positive with resvect o its length. The heavily
myelinated fibre i=s neratively doubly refragting under the name
conditionz. Ambronn (1897) recopnized that gradations between
these two exbtremes existed, and bthat the nepative birefrinsence
of a well-myelinated nervas could be gonverted Lo the positive
type by the removal of ite myelin with 1lipoid solvents. The

observed birefringence is the resulbtant of these two onnosing
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effeets. Oathlin (1913) showed that when inverbtebralec nerveu
are imnersed in a @slubtion of high specific ecravity, sueh as
glyeerine, the birofringence changes from the positive Lo the
negative type typleal of Gtihe more heavily myelinated nerve. Ho
named the reaction mebatropie, bHo indicabe the reversal of
blrefringence, and shoved that 1% did nob ocecur if the Libre
had firgt been exposed o some lipoid solveat, He erred in
believing that the lipold formed a cemenbting submtange hebween
the fibres, and that the mebatrople reaction was an arbefoet
produced during dehydration of the tissues by hypertonie
solutions,

Bear and Schmitt (1937) roinvosticated the problem in the
crayflsh nerve using polarizatinn optiea. They employed the
minimal congentration of solutiona of metntropic reasenbs
compatible with reversing power, thus redue ing dehydration
d1istortion in the individual fibres. The parb of the iibre
8how ing the characterietbic Lipoid birefringence Wab found %o
lio olose to the axis cylinder and inslde the gurrounding
connective tigzue layers, in & similar posibtion bo the myelin
sheath of myolotropic fibres. Bear and Sehmitt showed that
the positive birefringence, or, &8 they named it, "form"
birefringence, resulls Irom the shape and orieatation ol bthe
protein micelles, which ars probably arranged in a glronlar
fashion., The negabive birsfringence igs due bo the lipoid
micelles whieh are radially arranged.

Peur, Schmitt and YToung (1937, exaumined $he gheath

‘eompononts in the giant fibres ol the gquid by polarized light,
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and found that the metatroplc sheath lay inelde aeveral wrapnings

of fibroug btissue Lrom whiech it was h stologically indistinmishable.
in the earthworm bLhe nroblom of ditierontinting the mobabroplic
sheath by histolozieal methods doez nob seen to have besen
satisfagborily sebtled hitherto. Thus prlddlander (1LU89) found

that the sheath shbuined vitn esmie acid and that it oceoupied

about 55 of the dlameter of tho axom. vore regently Taylor

(1938, 1940, 142, 1943), using only polarized 1irht studies,

found that in Jumbrious Lie roelabive sheath thiekness ingroases

with decrease in Iibre dinmeter below 40 s In f£ibres larger

than 40 ma, the ratio axon diameter/Libre diameber approximated

a gonstant = = 0490,

lieagurements were therelore made ol the mebabropie sheath
in Lagaaﬂnlax as fur as 1t could be dlsocrned in the stulned
preparailon apnd bthe reorults compared w1th sheath measurements
made in fresh Llvres ander polariszed light. In tkhe sections
asbained vibh lead haematoxglling, the axie eylindor ig seorn bo
be surrounded by &an excootingly darkly eteining sheath of
feirly uniform bhiglness. *mhig gheubth 18 easily Aifferentinted
from Llhe mueh looser areolar layer: surrounding it. It Wae
considerod that thils inner sheath ponsblitubed such & dofinite
entity in the steined maberial that it would be wortiwhile bto
compare 1te dimensions with the optically acbive gheath in the
frogh state., Thils inuex shoath was measurcd in tho stained

gections in & number of plecec in each fibre and its mean slzs

plobted againat Tibre diameter (Mgs 9, The gheatl thiekneons
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i approximately a linear funation of the dlameter for fibren
bebwsen 30 and 70 m: in dismebter, and occuniscs approximabely
5% of the fibre diamster. In the 20-37 mu Tibres the sheath
thickness diverpos somewhat from this linsax correlabion, the
sheath being somewhat Shinner bhan would bs axnached Lo fuliil
the above relabtismshin. However, as tho sheath 18 leas than

1 mu thigk in theae fibres, very eonsidaerable errors mush
inevitably ogenr in the measurement, and it is consideredl that
-bhﬂ resulto may be unreliable iq.ﬁha:e fibhren.

The sheath dimsngions were then determined wibth polarized
light, A Watzon phatgmlurﬁgraphin.apgaratus was equinped with
a Zeisg polarizmer and analyzer, and bthe glant Libres were
prepared by Seaning s portion of the nerve gord in mormal salline
unﬂér the dissecbinr mieroscape. Zarbleuiar eare was taken bto
preserve the continuity of the glant fivres and tom framments
were rejected. The %eused preparation wos mounted in nomal
2aline on n woll-slide and muiekly examined and moasvured in bthe
photomierographie apnarabns {Fige 12D). ‘hen plotted apainst
fibre diameter, the sheabh thickness is apiln a linear fungbtion
for fibres between 20 and 77 mu in diameber (PMig. 10)s Hor does
the proportion of sheath to fibre dismebor appear sirmificantly
difforent by this method from the resulbs obtained Lrom Lhe
stained preparations. Thus by the stzining metbhod, a 50 mu
fibre would have an oxpnated sheath thielnees of 3.2 mm, or
5.3% of the fibre diameter:. In the fresh stake by polarized
1ight, & 69 mu fibre would have a sheath thiginess of 3.6 mn or

655 of the fibre diameter. It is unforbunate that the linear
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colationeghip belween sheabh dimensions and fibre diameber
procludes eny eonelusion being drawn concerning the relative
imporbtance oi the gheatlh and the Iibre diameber in determinlng
bhe eonducbion velocliy. Tlecently, Sanders and Whitterlidre
(1946) found in rabbils that nkhe eonducblon velogity depends
i the first instance upon the myelin sheabh Uhicknesa: fivres
with a thick sheath aondugbing faster than {iures of a sinmilar
or even preaber diameber but with thinner sheabhs.”

3. Pabigue Phepomens during Stimulation of the Gilant Fibres.

When ebtimulabed aleetrically, bthe rsignt fibres of Lumbrieus
will conduct an impulse in bobth directisns irom bthe point of
pbimalation wibhoub any apparent polarization (Beelen, Granii
and Young, 1933; Puliock, 1945). here the rute of stimulation
i3 betveen 25-51/p0C. , LNE fibres will eontinue U0 conduet in
both direebiont fLoxr many ninubtes, Sullogk ZTound that in
Lumbrieus, each shogk produces one irpulse (or Lvo above bthe
second Shreshold) up Lo & freguency of 250[/sec. \hen favipgue
oceurs, the splke drops oub, at firet occasionally and then
more often, bub with a labenoy bthal inereudes up to 205 just

beiore gouplete gessablon vl the response. In liepaBoolex,

fo.blpue occurred alber 5=d minubes stimulation at 30-37 per

second. The impulses asrrived graduslly 1ater in time (but

unel tered in appearance, in the case of the last five or six

impulses befores the cessablon of the reeponse (Mg. 13E and ).
4 ourious phonomenocn Was nobiced when using the nosterior

half of the nerve cord of llepuscolex in these fatigue
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experiments. Il was Zound that when bthe directlon of condacbion
vas enbero-posbterior, (i.e. siinuleting electrodes placed
ankerior Lo bhe pici-ugp oleetrodes) the laberal glant Iibres
ropularly feslgued earlier bhan the medisn glant Libre.
Conversely when ctimulabed posbtero-anberlorly, the median piant
fibre fotisued eorliexr bhars the loberals. JFasigue was produced
in all cases by stinelation for several minates at 30=50 abimull
ver geeond. Bearing imn miné baat the labteral glant Libre
sysbem ie probably 1abended primarily to subsorve anterior
conduction ol gtimutli from the tall, and the median fibre
posserior eonduclion of impolees from bthe head end, it would
apnear Lthab wish called upon bo gonduch shat mlzht be rerparded
as anti-dromic impulses, bthey Latizue more readlily.

This obeervabiosn pives polnb Lo Stongnts (1926) olaim bhat
in Lumbricus the axon aaberial in bhe glaant fibres ahowe
41 ¥verential sbalinlag on e4c. gide of the gomplete segmental
sartition. 'He found bhe mabterial od 0nc gide distinetly darker
ia golour than that on the obther. In the median fibre, the darker
naterial oocurs ia biie posberior part of GLhe anterior sclement,
¢hille ia the laberal fibres, the dumriel material eccure in the
saberior part of the posterior elemenb. This arrangement was
constant turoughout bhe eord 1n Lumbrieds. Ytough VYhersfore
inierved that tne nerve fivres .cre polarized and thai probably
condne bion oecurred in only one direcbion wibkin the fibre. 1%
is now known that thls lnference ia {ngorreet ander normal

physiologieal conditions, 8ince the lmpulse btravels equally well
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in both directions. Tossibly, however, bhe relative absence
of solurity in tho fibre i8 agnnelderably modlfled nundsr streca.,
The vregults of fakirne experiments with the anberior half
of the nozve eord vere mmeh lesd conshunt, Irequeatly both plant
fibres fatigazad si=ulbanmously, or cunilietisar results oecurred
when impulsesn pusused 1o the same direction over the same nabhway
at intervels of & few minubes.
It zhould be poinbted out thatv the lead boemaboxylin mathed

Gaes nob show any differsntial stainins in llesazcolex at She

sopmontal sepba. amallwood and Holmes (1927) have donied its
sristenee in Iumbrigus ‘desplte Stouzh's deteetion of darker

ctoinings in Lumbricgua terrepbris, Le Tabellus, Bivenla foetida,

Helisdrilue galiglnosup and in the lateral zlaats of Hereis.

4, Illgroseopic Plndlage 1n the Nerwva Cord in Helation &
] it I o

Certain hyelolozlezl Yhservalions.

a), The Ganglion Cells, In vien of the fugt that the ehan-eover

Prom median fivre sotivity to lateral fidre actlvity from a taotile
sbimalue sould be schermined with conpidersile acourdey, 1t was
tecided %o ezamine the regzion of trantitinn by serlsl bSransverse
ecetion. The posibilon of changeover Wab datermined during 1ife

and sceurstely maried, The worm wWese subge nently fixed in
Lormelin, steined wibh 1ead haematoxylin, und serial trarcverse
sectionn eout Jor a dimtance of 1.5 ems. on each side of the

srangition point.
It wag found i~ each ganglion 0F the ventral cord behind

Ve bransition point, comprising tn 211 more Shan btwo Shirda of
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the btotal manglia 1in the cord, that there are altosebther Tonr
main zroups of eells Iorming parts of *:'-im affarant nevron
sysbon §0 the lateral zianb fibres (e, 11A-G, Groups I-IV). At the
posterior end tlhere are two war, larre eells placed venbrally
in thoe cord near the midline, one iyins 8lightly enterinr bo
the other, 2o bthat they are seen gnecessively in bransvercs
soobionn. The eell bodies are vesigular nnd show a neculiar
dappling with the lead haematoxylin staln. The nuslens is
Bmall, round and intensely St&iniﬂT; The axons of theve cells
appear to run ub fireb in a dorso-luberal directlon Lo enter
the neuropll mass, bhen turning medially in a smooth arc, bhey
pass venbtral to the median ciant fibre to enber tlie onpaeite
lateral giant fibre from 1%s ventral aspeat (Plg. 11B and o).
This sgcords well with the nceount by Smallvood and Holmes (1927)
of paired eolle similarly sltuabed in Tombrigus and also
eonnectod with bhe onnopite lateral ~iant fibre. Thoze eolls
appear to recelive sfferent fibres dlreetly from the holdy narves.
FfMine fibres can be traged from bhe nolnd of embry of the dody
nerve slong bthe wentral aspect of the nervs nord %o the rezion
of the cell, and although small globules rosembling boubona
terminaux can be seen in conbtaet with the cell in Boma gechions,
their eontinuity with the fine afferent Iibwes Was nnt nraven,
The axon of the glant eell in bthe first pard of 1ts esourse
appears to give off a number of fine branaiies vhieh spray ouf
1n the neurcpil mass and canaol he traced further,

Immedinsely snterior to these ~ilank cells is & rroup of

three or four smaller eells, wWibh & more uniiormly ptaining
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ertoplagms They are situated in a similar ponlbion ko the
giunh collp und also sprid bhaly axonn dorao-laterally befors
gurning wedlally bo o083 the midlino und roesgh the opposite
latepral giunt fihre (Pigs 1104, & 11461le farther forward
thore ig & ruoup of 1pherally pluced eellz, fonr or five in
numher, arraned “i{sh their long gxo® pagenbline the spokes af
& vheel, the axX318 enaverging on & soint et the rim oi the
negropil. Tho azane of these eells form a slagle pandie of
fibrea vhioh pass {n an nbrolen gourne bragsversely throuzh
the neupepil ant decnssate senbral bo the median gindb Libre
(Pigs 11E and F). Mnpally ab wns anbaricr end of the ganglionn,
the venbtral asd laberdl aupecbe o Lhe nenzosll mess ars Iringed
vith & larie numbor of amall eslle whoRe axons pacs dixeatly
into the asuropil {1z 116G). Thelr axrons gas only be bkraced
Yo7 a shory dinbinoe i mast eaned o t e of VYhem appear Lo
run dorpelly Go enber the 1ateral ziant fibre 0f the sams side.
mhe arvanzecant of the gell zroupa Lo the alfarent neuroim

il

pathways in bthe parl oX tha eoxrd zateriow Lo the Sronslition
point ghowis Pandamanbally bthe nams anbbeon, AL Ghe poatarior
and nf eagh zeaglion 18 2 sair of rianl eclls vontso-medially
plase? and wibh Lheir axonsd dtzghar-in:, nok trito the lateral
fibres by a gironibong roube, wt i2ta the aadian glant fibrs
(PMigz. 11D). The axong ran dorsally wijagant %o one anothar,
and appesr %o e aonneatel Wikl one anotheX by a yoke of
tigsme some diptance vanbral bo thelr verminablon 1a tae

madianr ziant fibre. They anber bthis fibre genarabolys The

ziant cells in this part of the gord are nolb a8 larze a2 Lhose
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hehind the trazsition point, and btheir eytoplasm ghaine mora
deaply and uni formly (g 11D)s The next group of nells lies
tmediately in frot of the gient cella. Tholr axons nass
Ainrsally to roach the sedian giant Libre. The third and £onrth
groups 2% cells are Vary gimiler to the correspondings groupa
ia the nosterior pert of the cord. The third group is mede up
af enlls lyinge in the 1otoersl part of the gord. Their lone
axes aps redially arraaged about a Focal point at the edre of
he nenropil. _Thair avong aonverse on this point ani paes as
a eingle mandle cf ribres throurh bthe neuropil to enter tha
median glant Librs, The Tourth zronn of gells lies azainay
the neuropil and send:s short Lxons inbto 1%. In all parts of
the oord bthere iu a viriable amount of overlap bebtween bthe
ogll Sroups.

the apronenent of the offerent or motor pathway is by no
manné as alear a8 the afiesrant system. Posterior to the ralired
siant cells and glightly more laterally 1ls 2 large column of
sells which extends for a short disbance bhehind the rest of the
sanrlion. Thess cclle are in Bome eaBan rmulbtipelar, g
frequently are unipolar with an axon npeging downwarde and
laberally towards the adjecent gesrmental nerve. DBefore reaghing
the body nerve, hovever, the axon divides inte two branches,
one of whigh runs dorsally around the nouropil to the resion of
the giant fibres, and the other enters the body nerve. Tt is
conceivable that these eclls aro parh at least of the eﬁfﬁ;ant
rathway to the mingenlabure of the body wall, mt 1t Beema

wnlikely that it ie the whole, O¥ necessarily a major part.
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There remaine the grisma of the pnouroril mess, composed mainly
. of longi tndinal fibres, bk vhose gonnecbions are unkrown. 16
segnples such & 15X nroporhiion 0% the btotel volume of the
mepyn aord bhet o BYY ko Imild © nomnlete funebional pleture
A Tha arnelid neryous swghom wvhile 99 1ittle ig knowin about
it vauld he fublle.

b). The gemnrofibrillace within the Gianb_g;bra. Smallwnod and

e A ——

Holmes (1927) deecribed in tambrigus nearcofibrillae running

fpam the point of anbry of the afferent Tibrils within bhe
spbetance of tho glant fibres vowards the cegmental seria. A%
the sontum bthey yresi up inbo "an lnnanssly complex bratehing

of #ibrils.” The sourofitrillae wexe 366 in Levadlte sections
and also i the paterial shained by the fnbravitan nebhod of
Tyawany. The neursfibrillae 00ewDy the oankral parl of Lhe
napye oord. wpila 16 o aoh absslutely elear from the btext, 1t
anpears thet in the Loyadite prepersblons the Libril withis che
Flant fiTrs WRE either ginzle 9T carposad of elosely inbertvined
£ibrillese. Snollvood and Holmes B4y fovever of hhe Lroaweny
preparations thet "in pome rarlonag bthere WHE more bhen orne
£ibril prerent, bab bhe meoliiple ayrdature ci tre zenlral sizand
won not uniformly cluﬁr. In hig preper=tlonsd the fibrils cre
confined in roreral %O she genbrsl region of tbe plant Lihre."

In lepaseolex, using bhe 1ead Loemeboxylin preperabions,

the neunrofibril within the gplant fibre popeLre in wneny of the
longlitudinal sections. It ie at ell tLimon single and anpours
g5 & very dark digersie throad epikinst Yle paler buokiround of

the axoplasm. 10 runs & very toriuous coOurse in the cenbtre of
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bhe giant filre, and seemns Lo be tvwisted on iteself in an
GrbrLoPGinury way (PMg. 124, B, 0). At the soptum it breaks
in%o e peculiarly branched mass described by Smallwood and
Holmes. Therve is cerbainly no eontinuibty between it and the
il jecond mees on Lthe obher side of the mepbum. The moint of
enbry oi Lie Librillae into the giant fibre is seen in verr few
lonpibudinal segbions ol the nerve cord, but where it ean he
coLerved, woe rivrillae, having entered the rlant fibre divide
Ly pass bobth asnterierly and posbteriorly frém the point of entry.

Ib ig ianteresbing Lo speculabe on the possible role of suech
an swrrangement. 1t may well be that the Tibrillae sre "tri-corgn
wiiloh by Gheir tiny acbiviby adjacent to the septum are resnoasible
for Lhe mueh lurpger activity in the giant fibre as =2 whole., That
biue appecrance waey be aa artelaeb cannob be excluded, bub ite
prucents ln diflerent wowrms with different staining methods makes
bhio ualikely. worsover the presernce of bubt a single fibril
within a vory imzge Libre cun ﬁurdly be explained by chemiesl
ehangew in & larpge mess ol axcplasm. Dehydration and fixzation
ehangos would surely produce & mass of such Librils. The
QO s banyy uf bhe bracching near the sestum is also diffieult &,
aggrive Lo an artsliacth.

e). Inbereonnecbions betueen the Giant Mibres. Sbtourh (1924)

statou Lhet in Lumbricus "it is po@sible, as has been menfioned

by & number of iuvesbtigators, that there is a commection bet.eon
the median and lateral glant fibrea." !lore recent work eoncermed
witi bthe physiology oi econduetion in the giant {fibres has thrsun

couslderable doubt on the posaibility of 8Sueh & gonnection. 1In
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stimulabion experiments, the median giant fibre behaves as &
disarebte unit, and btho lavoral glants behave a8 an interlocked
pair oi Tibrus. Joestruebion of one unit in no wey slbors
coadquation in uae obhper. Howevor 14 sraninlng seorial sranivorsse
seavions barouxit thne elibellun ib wan wwhold 1o one series that
ab one poliunk btne Lozt Laboral glunbt Libes asprosciiod the mooian
giant iiore s 1L ran anteriorly, fused with it Lox o shordt
Uisbaroe and bnen rogaised 1ty ldenbiby wb & oliznbly more
anterior position {i."i.:_:‘. 1544 iy ;.':}. If bthe 1luberal glaat Libre
agtually joins Ghe mediw glant Lfibre ia thic situatlon, the

implloations are NUMoTOGS.

=
[
=
=]

1% means bhat the median giunt Ilbre in thies pos
nugt possess a gervain polarity whickh will proveny a ulovly
gonduc ted impulse goming frow the posterior ead of Wac woma In
the i&tﬂrul giant Libres Lrow gnberlag buo wedian giuat fivre
and being goudue bud souboriorly agela ut nigh speed o7 the median
rignk fibre. oSush 4 plheaomenca el never obsosved duxing
sbimulation of tho pustorior sud ol Lig 16TVE goxrds Converaely
stimulabtion of Une median glant £ibre anbsriorly would heo
expeabod Lo produce impulses in bhe Laboxsl clant fibraa at
bire posberior end of tune nerve cord. This Lo eerboinl,y noal

been obmerved ia Lhese experimenis in lepasoolex, and sug;echs

that the apparent junclicn, though convinelag in appearwnge,
may be an arbeiuat. uhaugﬂ (1926) vrepoxrbed cne cuoc in
Lumbrieus histologloally skowing "dlresl Iusion Vetween the
median and a laberal giant Fibvre. These Iibroo remalned

gcompletely iused over & shori disuance, then separaved, and
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bobth resumed thelir ordinary positions.”

9 the obher hand, that the fualor may gomebtlmer e a
fanobional as well az a gtruetural ane is muprenbed by the
gimilority In shane and duretion of tie fagher and plowar
imrmulaes recorded from bthe nerve cord snterine to the alilellum
ar nosterior #himlation of the nerve cord (#tge 13D)s Ouch a
Einding is relabively eomion ia regordinz from the aerve gord
antarior to bhe elitellun. "hen unsiny tcebila stimalation and
regording in this rerion, 1h la ofter tmoozsible Lo datest o
brangition neint from wedian tn lateral I1broe enaduwabion by an
examination of the form and size of ilmpulae,

DIS0YSSIN.

The meneral sbtruebure of the nexvons ayster 1n bhin sveaies
nlirochaets, Thers are howevsr important differences bebreen the
nervous a7sbtem of this worm and bhat of bhe clomely releted
ilepageolides avsbralis deseribed by Hpencer (1888). In the
loeal meterial, the brancheg arisins from oeah ganpglion of Lhe
ventral rerve cord show a very constont arreagement. Thare (g g
Bmall anterior braneh mnd a large nozterior one. ™The nosterior
braneh remeins undivided ss for as ibte terminal dimiributicn ipn
the body wall. Ib Ls inberesting Lo compare bhis arrangoment with
that in Megascolides sustralis and also in Lunbricup. “ponger's

finding hes been examined and eonflirmed that in lernsenlides

sustrolis there are threo brancher of erproximately ecounal gige,

one &t the anterior erd and tvo elnue forether at the voslerior
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end of each manglion. Stﬁaghttkefgj gbates that in Tunmbricus

the postarlsr btwo hranghel aXe frooneatly fused ab tholyr hasaes

vy Lorm & gommon w00 Tt i Lupreiore sarcepted thal bthe two

nogabtorior branenes in l'nl:&:-_.'-f.'f_ggﬁ:’p.‘iig_.'-_‘.__;j_:_::_1_*:._‘:: 1.1_11 ars Mraad in A

Lacal @neaies of LiGrageolex ko praduae Lie larrer yanbseior

hranch.
fzaninatina of Lhe aerebral asrliia “ibh a lead haemalsxylin
stain indlagates A ralative absenes of narva aslle from o verlon

tn whigh Shey are 89 ahnadantly goneenky ted 12 hizher anlinalse,
The siant Librom Laoer renld@ly &E?:thriﬂr nad o€ tha venhral
narve eoxrd and aapesr 50 be aonreched wibkh the aorabhral ~naplia
only by the fine aamyeliaated Libren af the eerebral anunipanres.
Such m eonnechion srovides only & alos-eonduation patinway bo bhe
serebral gunglia. ig the plant fibrer are the madlators of the
withidravwal reflex, thp animal wonld eprsad to relw oa the
intriasie reflex paithways af the venbrsl nerve cord her expoped
to exbternal danzel. The eerebril marlia woild thue ayppear %o
play a relabively minor part @8 Lnterrating sreans at a dominant
head=-end.

The gercbrazl ganplis uro ansheasied in a hrallne membrine
whioh ean be traced inlo the cerebral commisonres, it whielh fades
away in the gnterior perd of the vonbrsl nerve cord aB the suter
siiooth mugele coabl cn bthe gord hecomeB inereaningly dovelonad,
This membrane does nob appear ko have beon daseribed reviously
aé & @pecial development sround the asrobral sanplia, albhough
Sponcer (1868) noted 8 gheath Mavonnd the whole 720rvous ayatem"

in Lepascaolides auptralis.
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The cells =ithin the serebral sanglia are clearly groupeil
iako an antero-ventral nueleus and a dorsal nuicleus. The tuo
nuelel are separabed by commissural bands ol fibres. LThese
£ibres enter the cerebral ganglia irom Gne gcerebral eommiboure
or cach aide and terminate in bhe cells ol the anbero-venbral
sieleus and the labteral part of the dorssal nucleus. The ftwin
e fParnnt pathway from bhe gerebrel geoglia 1s couposed ol Lhe
axons of larse aells in the medial oarb of bLle dorsal nueloilu.
The mxons pass veabro-medinlly vo eross bihe midline and leave
the gerobral meanglia by the onnoftl te gerebra. CoIlsEULG.

The gerebral commlgoures pass round bthe walle of tho
pharynx snd unite on ita venbial acpeckt to form Lhe venbrul
nerve cord. Oroups of ganplion gelly are cleariy visiole in
bhe bagal poarte of the cerebral sommigsures. These ganglion
eelle appear o receive fibvwres Lrom thhe brenehes Lo bie body
wall ariging from bthis part oi epen commissure. Jponger (Lob8)
skates bthebt no cells ars to be Tound in bhe corebr.i eouumitsures

of Wegasaolidog suspbralls.

The giant ILibreo of bhe venbrzl eord nave been glosoly
ahudied at thelr unterior ends. Loe meaian giant ribre sopoars
£irst in sesbions ab the postorior end ol biie BUuDOEZOphLzGal
manglion opposite the point ol entxy of the seoond suall somatic
nerve. It inereases in size in a regular foehion a8 1t 1p
traced posteriorly. The latersl glanb ILibrov firat appear
pomevhat further caudslly and are alb Lirst digconbinuouy.

Johneon (19@3) noted a similar diseonblaullby in tine laberal glant

f£ibres of Cambarus.
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The piant fibrez in this evecies of Lgmmecoler have been
shown to innervate roxbvlons of the body plenificantly dtficvent
from Lhoue deseribed by Dullock (1945, Loy Tumbriens. The
median giant Tibvre {ymervabes annroxivately the anborinr 69
body sesmentn.  Ih mient reasonndly he leforeoed Hhal the fdoom
rrotving habi bs of tals worm auring ths dry monthe of the
Avetralian svwmer demand tho veo af o ro-id genduehkion ayalan
sver more of the snberioe end ¢f the body Shan in Immhrieud.
The dinvositicn of the a1itellum end %he mabdiicent ser vrnng
dosa nob anneui tc he 2 fagtor in debaenining the xalabive
diptribubions of the nedian and latoral giant Fibres. 1In
Luabricus Lie alitellun iz mituated 00 grite bhe 3I7nd.=3(th.
Seomonte snd accordin® o Jwllogk the nediap fidre it innervaboed
from btne antewlor 35-47 sarmenb, ta Ugrasgolex, howovuer, bhe
olitellnm s situatel opnuulte she 178 -17%h zermanty, and s
vory goapiderahle nowl o7 bie body behind the oliiellum iy
conneated with bre median glant #ihre. o guriace parkinge
eonld bde fourd to indleate the rerinn of ehangsover, Wk it
was nobted that the worm Seened wnsble to wibtonomise Uhal snpy
of bhe body innervating tne medizn rlant Lihre = She enberiogy
67 cegments behaved as s unit anieh the worm w28 unable ox
unwilling to rupbure when traptizn wman excrbted om the tall =44,

Tacbile ebimaletion produced burobe 0f ifmpulsee 1n this
worm just &8 in Lumbrigus. There did nol arpear o be any
diminubion in sensitivisy to teueh in She middle porbion of the
body, This work was done 1n waanaecafheblzed worma, and the

findings differ from those of dushion (1946) in Tumbrioue,
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Fephton uzed araoshhold mad worms and bhie may have affected the
exoitublility., T11shily mores nuMerouns brerts of imrulaen
Pollovwed Gaskile shiimulation ol Lie “1n of $he nose and the Hip
of tre teil. Tho ressondc Whe IW 411y pdontine and alsannesred
1y g Prastton of . oo/l BVe4 Vith gonbirved arengnre, 'anmning
a2 oblinr vibroilon otinull algo evoied s reopyase, Mt vioual
Bbimuli grbﬂuuﬂﬂ an nfﬁcct.l 1igial Btimili #ill prodnee immmlses
o tho semmental nervas of the carthmorr (Progser, 1935) wt do
nol geen effeciive 12 firinz the giant Lfivres. Ko response
f5llowed bHoetile etdmnletion of a parb of the worm which was
goukroctnd,

In mengnring bthe seagl 0f asnduebion in varlions parts of
tue worm 1t war Lound t.unk bhe nadizn riant L£idbre gondnets
faglenst In the mlddle nart of the worm, rora alowly at the
soptorisy end a4 sloyest el the arterior ed of the worm., A%
all times sondaucbisn In the maligs olant f1bra was 2-4 btimes. as
Papt as fo ta Loboral Armb fihenn 14 the pame part of tho aord,
Jopiuebion In the labaorsl elant dibras ogours moat raptdly ab the
sogborier end ol the worm, mo¥o glaovly in the mlddle, and alowest
a2t the anbariny ond.

The anerelatisn of condneblon veloeity with f£ibre size
shsws that the relabisnship ig very rgorly 2 Linear one over a
range of 5-45 metromfeec. loreover, the seme rolationshin holds
for the laterzl and median glant fibren, indiecting thatbt their
mofe of conduction is identiesl. In the pesbt yarious
relationehips have been sugpestad habvesn fihre dioreter and

asnduction velneity. Douglas, Davenport, Telnbecker and TNishop
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(1934) found that in bhe vertehrate nerve (cat, rabbit and
turtle) the conduetion rate varies az a function of slze belbween
the linear and the synare of the diameter. Erlanger and
Gapger (193?} found that the velocllby of the impulse in a Ifrog
nerve fibre varied as the square of the diameter, to the
nearest approximation. FPumphrey and Young (1938) found that
in the gehalopod siant axon the velogity varled as the sduare
root of the axon dlameber. Offner, Weinberg and Young (1940)
obtuined & eimilar relationshin for this btype of fibre on
mathematical grounds from a gonaidaration of the anra-condv. bor
theory of nexrve impulpes. Gacsar and Gropdfeet (193%) showed
that in mammallan A #ibrec the voloeity of condnebior ia
anproximately aronorbional ts the oxor danmetor, "t £ nlisht
aurraturs in the sraph aamneating the two wvarlables may charg
leas ranidly than 3¢ the relationshin were shrictly llpear.”
Hursh (1927) eomsiderel thut in gat narvas the hepd curve
ralating waloolity B0 ayameter iu o ptraisht linc.

Carves drnwn in secordamee 15% the hoonbthesis thet
veloeity varies sa the sguare o B wara root af the diamelay

vary videly from the obaarved noints 1a lersseolex. The ond:

= e e

nrevioug attemnt to 2ehieve 2 aorrelation i1 the amelid giung
fibre has been by Fecles, Awanit and Younc (1933) vho ohates

that the pate of gondnotion 18 approximately reavarlional Yo the
digmotor of the Tibre. They give no Fizuren Za7 the relationship,

however. This relabionshin has been found Lo hold in lisgnoenlex

vithin narrow limits. 4 earainl examirabion of the amount of

shrinkage in these ziant fibres whon formalin-fixed and narnffin-
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embeided indiecates that it is not differential in the range
p0-75 mu &snd thereofore cannob distort bthe veloelty/fibre size
rolobionship. The amount of shrinkaze averages 107

The unnﬁuﬁtian veloeiby in any fibre would appear Tto be
determined jointly by ite diameter and it%s sheath thigknens.
Sanders and Whibtteridge (1946) have shown bthat after lesions in
the rabbit's peroneal nerves, the largest fibres proximal to the
lesion conduct 11,7 faster than the gorreeponding fibres in
normal nerves. Sueh Libres have thicker myelin sleathn than
the gorresnondlins normal £ibres. In leguveclex the sheocth is
poar in lipoid which ogounies 5, of the Iibre dlanmecle: in
8tuined preparations and sliglhibly more vhen exuﬂineu Ly
nolarized light. Yhe “noain thiokness is u liﬂear funebion of
khe fibre diameber and bthe relative imporbangs ol shezth
thiernese and Tibre dismeter in defermining veloelty is
imnossible to asssss in Chis case. Janders and Jhitteridge
gonaluded bthat as there ig an asproximately linear relationshin
betwesn myelin shoall thig.neus and axon dlamever; there ip
bthigkness would aleo ~ive an ndequabe reconsbruection of the axon
sobential. It is aloo posslble that abeabths of oqual bthiciznenms
may show diflerent veloeibtles for other reasons. Yhus the
larrost fibres in the peroneal nerve in Lhe cabt and rabbit are
of the same size (20 mi) and have the same asheubh thicknewss
(2.5 mu) yet the maximum velocity in the oalls nerve is 110 m/sec.

but only 69 m/sec. in the rabbit,
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Tbe finding of a single neurofibril within the glant fibre
is in azreement with the findings sf Smallwood and Holmes (1927)
i TLumbriocus. It differs fundamentally, hovever, from Stough's
(1926) deseription of the nenrofibrillae. In his iron haemaboxylin
sections and vom Zath preparabtions, bhe appearance oi the
erops-secbions sugrests that the giant fibres consist of "a
larze number of slender, parallel axons, &0 closely appressed
48 to make their oublines hexaronal, and ezch one vith a dark
central point.” He detected this in Lumbrieus, in Lisenia, and
in Yereis. Such fibrillae had been reporbed by previous workers,
but Pri%aleader (188¢) could not detect them in the earthworm.
Hamaker (1898) found polygonal areas in llereis which Ashworth
(1971!9) deplared Lo be artelacte. The appearance dsscrived by
Stouzh resembles the lladings of Richurds, Steinbach and inderson
(1943) in squld glant nerve axoplasm using the electron
mieroscope. In air-dried and frozmen-dried smears of axoplasm they
found that it had btaken on the form of fibrillae 15-50 mu in
diameter made up of smaller elemente, mot elearly vizible, bug
orobably composed of oblonE sarticles in linear agoreration. Suah
an appearanee is highly guprestive of a fixation arbtefaet. In the

lead heematoxylin sections the axonlasu of the lepascolex mlant

LiLres appears a hyaline pale blue without strugtural detall
apart from the single darkly-staining, gentrally placed neurofibril.
Thie neurofibril breaks up adjacent to the sepbum Iin bhe fashion

deseribed by Smallwood and Holmes.
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SULLIIARY «
The zeneral anatomy oi the cenbral nervous system of

lerascolex 18 deseribed.

The dorsal giant fibres of .egascolex are so arranged bhatb

the median giant fibre is excited by a tecltile sbimulus to
the anterior 55-60 segmento of the body. Stimulation behind
this point exeltes the lateral giant fibres. The point of
changeover is relatively constant and bears no relationship
4o bthe total number of segments in the body.

A tactile stimulus to any part of the worm's body is
unifornly sufficient to produce & glant fibre response. A
loeal contractioan btemporarily diminishes or abolishes the
exeitabiliby by @« bactile stimulus.

The conduction veloecity in bhe glant Libres reaches a
maximn of 45-55 me/sec. The veloclby is & linear funetion
of fibre size and sheath Bize.

The veloeibty varies in different paris of the worm. In the
median fibre it is fastest in the middle of the worm, slower
nosberiorly, and slowest at the anberior end. The lateral
fibres gonduct progressively more slowly Lrom behind forwgrd,
The maximun veloeity in the median glant fibre is
approximately a lingar funetion of the length of bhe worm,
Under physiological sbimmlalion an impulse in the glant
fibres is conducted egually well in both direebions. 'Then
fabigued by conbinued electrieal stimulation, a type of
polarity eappears in the giant fibres at the posterlor parg
of the nerve gord, The laberal fibres cease bto conduet

posteriorly and the median fibre will not eonduet anteriorly.
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The sheatli of the giant fibres has been estimated in stained
secbions and in fresh preparations under polarized light.

It is & linear funetion of fibre diemeter and approximateo
5.3% in the atainad secbions and 6.7 by polarized light.
Shrinkage during processing has also been estimated at 10/
of the diameber in the fresh state and is neot differential
for fibres betveen 20 and 75 mu.

The finer sbruclure of the giant fibres is discussed. Iagh
piant fibre appears bo possess a single centrally placed
neurofibril. The poasslbllity of 1aterconnections between
the giant fibres abl the anterlor end of the nerve cord ig

considered.
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The left cerebral ganglion, showlng the dorsal and
antero=ventrul nuclel sopurated Ly tranavernely
dlreotbed flbres. These fibrew are more densely
grouped ia the venkral part oif the ganglion.

Lagznl fleatton 50 diunmebers.

The leflt cersbral vanglion. 7he well=developed
hysline nesbrane within tue coeleomic epithelium is
clearly visible. UlLe gelle of tue dorsal nucleus
are of two tyree - smaller laterally and larrer
med1ally. The axone oi the larger meulal cells ;
can be seer pasuing venlrally und decussabing in s
the mldiine. The sxona of the medlal vells 2f the iﬂ
entero=ventral nucloua pasz dorsally towards the
large medisl cells o1 the 4nrsal maoloue. ]
;
N

Hagnlileation 75 dismeters.

The lefl corebral panpllion and the adlacent part

of the gerebral commigsure. The hyaline membrane
arcund the panglion 1z esatimued ints the esulsimres
dagnifloation 57 4{ametnrs,

The left gcerebral comalasure and She larger branches
from 1t forming the JSomato-gastric syatems Theo
lower branchas ars lucszer tha the - per. Thesa
branches 1iec close $o the 1linin: epithelium of the
pharyux. Pibren from the upper branches eun he seen
rmnning around the dorsal pharynzeasl wall into the
typhlosole. lagnificztlon 57 diunstbors.

The lower ends 9f Lie cershral gommissures. Imall
ganglion eolln aras oloarly visible ir the medlal part
of eaeh comnissure. Hrunghes nre pea: lowving the é
commigsure Bt this level. lapullicuilon 57 dianmeterss

The ventral norve cord at the slbe of gomugncement of
the median giant fibre. m cueh side v brunci leaves
bho nerve cord, The fibres in the branel ond unedlally
In the vicinity of the small panslion gelle in the
dorsal part of the nerve oord, from thoue gells,
iibres run medislly through the neurapil to bthe deeply
situated median glant fibre. amifigation 50
dlametera,
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Fig. 2.

A,B,0,D. Glant fibre responses to tactile stimalation.

1, F.

8,1,

Time Sracez in these, and all subseyuent regords -
57 cyeles/sec.

Giant fibre resvonses piexed up from the posterior part
of the eord. [PMig. &, shows lupuloes of large

anplitunde and lonz duration gondusted by the labteral
glant fibres, and produeed by bouching the body behlind
segment 60, Fig. F. shows the smaller impulaes in

the medinn giant fibre from stimulation anterior %o
segment 60. Both medisn and lateral recporises were
pleked up from the same poilnt on Lhe nerve cord, and
vwere produced within a few seconds of one anofher
withont alteration In wmplifier gain or electrode %
position.

Needlinz of the medlan glant flbre. In fig. He the
median giant fibre has been damaged, The doresal
Smooth-musele intesument of the nerve cord hag been
disrupted. The sheati 3£ the median ziant fibre is
frapmented. Fig. G. shows a portion of the adjacent
normal nerve cord.
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Yeedling of the median glunbt filre. TWhen this was Aouafls
&G Begwent 94, no impulses from bhe maberior (5 segm
eould be obbained belind bthe poinbt of damaze. AbL poi
inmediately anberlior to the damaged region, impulses @&
be recorded from both the anberior and posberior ends 0F
bhe worm,

those from behind have bruverged the damaged
reglon in the laberal glant fivres.
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Pig. 4.

Mectrical stimuletion of the aurve eourd, using a
brigzared calbhole iy BWesp. Mhe shoel: apulied bo the
nerve gord alge starks the bracst movingz from lelt Lo
right. Tuo impvlaes are vieilble in gach btrace. The
Pirab id carried hy bthe medimn, und the second by The
tvio latersl glant Ihrosz. The First impulss is
freguently smaller bhan bhe segond. Since the path
length was known, veloeiby could he estimeted. Time
mariker 50 cyeles/uec.

«¥
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212 5.

ielative conduction velocities in the piant fibres iB
different parts of the pame worn. "he median giant
Libre comuets fastest in the middle, more slowly
posteriorly, and slowest at the anterior end of thﬂa
Worms The labteral fibres conduct progressively mor
slowly from the posterior end of the worm.

k.
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Fi!”l. 61

Graph showing the relabionship between aonduction veloelty
in the median pglant fibie =nd the lenghth of the Worm.
Veloci bty in the middlo part of the worm (i.e. the festent
part of Lto course, was uged In bthis detorminabion.

#orm length wes esbtimatod while The worm Was progressing
steadily serosa a smooth table.
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Fiﬂt ?l

The relationship botween conduction veloeity and £1DFe
diameter. Mibre diameter was debtermined in stained
preparations. The same relationship holds in both
median and latersl glant fibres, The fibre diameter
was esbtimated at intervals slong the gonduetion pabbs
and a mean figure obtained.
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Fipe 8.

lgtimation of depree of ehrinkare in the stained
pryperations. + porbtlon af the nerve gcord was
examined by irozon sections in the frech state
and the dlameber of the plant fibren determined.
The remalnier of bthe Samo piega of nerve cord wag
bhen Iixed sand stained in the uzual way, and the
diameter catimated in the atained material.

Shrinkage averaged 105 and was not differential
between 20 andg 75 mu.
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The sheath thickness was esbimated in stained
secbione and plotted against fibre diameter. The
Bheath ia approximately a linear funetion of the
diameter for fibres bebweon 30 and 70 mi in

diameter, and oaccupies approximately 55 of the f&hrasﬂ
diameter. In the 20-30 mm fibres the sheath thickne
diverges somewhat from this linear correlation, thﬂd
Sheath being somewhat thinner than would be exzpecte

bto fulfil the above relationship. However, as the .
Sheath is less than 1 m thick in these fibres, very

conslderable errors inevitably oeccur in the
measurement.,

&
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fige 104

The sheath dimensions wore determined in the fresh
state by suspending a single teased gzlant fibre in
normal saline, end examining the fibre by polarized
light (#ig. 12D). 7The sheath thickness is a linear
funetion of fibre diameter and averages 6.0 of the
fibre dlemeboer.
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arrangement of ganglion cella.

Ae iYypleal traneverse segtion of the nerve cord.
deepnlificstlion 75 dlametors.

Be Ventrzl glant cells, with swall maclei snd dappled
eytoplesn, discharging ltowards the glant fibre.
The axone of groun IIT of the sanplion cells can bé
seen degudusting and then mnnine Jdoreally to the
oppusite latersl glunt libre. .arnitleation 225
diumolord,

Ce Ventrally and to the left of the midline, a glant 17
gell cur bLe Been witk ite axon runcing dorso-lateral
into the neuropil. 7The axon Lhen tams medlally
erogses the midiine Lo enlter the opposlie luteral
glant fibre. To the right of the wldline, gangllon
gells of group II occupy a similar position %o the *?
glant coll on the left. "The axons of these cells osd
be seen sweeplng in an are dorso-iaterally and Ghen

- medially to eross the midline., uapnification 150
dlameters.
Da

4 ventral glant cell discharpling dorsally in %o med1an
glant fivre. A trunsverze sectlon anterlor to the 7 the
transition point. (Compare with Pig. Ce which 18 o 255

cord behind bthe trunsitlon polnt), Iasnification
87 aiameters.,

Celle of group ILL disposed in & radial clneber at tbe
edgo of the neuropll seniiry thelr axons medially 40
decussate and enier the opposite latersl risnt fibrés
Ventrally and %o She ripht of the midline, cells of
group II gan be meer vith thelr axsns sweeping oub
into the neuropll. iagniflcation 85 dlanebers.

of group III passing medially shrongh ;?
Lagnification 150 diamelerte

¥o  Axons of gelle of
the neuropil.

Th'ﬂ nunarous aﬂllﬂ of STou P P v bhﬂ

: L group 1V at tke edze ©
nevrosile Thelr short axsns enter the nevropil and in
Yho mnjority camnot te trnced furbher. In o ToW cased

the axons agpear the glant fibres. .apnifleation
15 diameters,

A longitudinal section of a gﬂﬂ;li-n‘n&ur the mediah
pléne. %o the left at the g

nogaterio d of Lne
garglion, a large ventral giant otli ::n be seens g
Anterlor %o 1%, the slipht y smaller cells of grovP,
are visibles In front of thew are the nunerous Bﬂ%‘?
arikly stalning cells of group IV, Lorsaily i 08 O
the latorsl glant fibres. imgnlfication OF G)amebe
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A,B,

De

heurofibrillae within the siant fibre. The fibril 18

eenbral in posltlon and roms & bLortuous courcee
Vapnlfication 730 dlaneters.

fortlon of & riant Libre In the repion cf a ﬂﬁ.&'mmm
septuwm which appears s & aarc line runnlug almosh
traneversely aoeross Lho piloture. DJoursal Lo the
peptum, a Libril gan be sees approachlng it end
breaking up Inlto a bungled skein aguinst the septume
Hagnlification 730 diunelers.

Teased proparation of a single plant f1bre suspended

in normu) ealine, showing sheath dimensions by =
polarized light, f
Hegnificaticn 580 diameters.
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A,B,0. Inbercormections between the glant Fibres. Succesaive
sgetions of the nerve cord anterior to Ehe elibtellum,
Mig. A. shows the lateral giant fibres normally
dlgposed around the median glant fidres. In Fig. B,
the left lateral glant fibre 1s approaching the median
glant fibre. In Pig, €. it appears bto have completely
fused with 1t. Magnification 80 dlameters.

D. Impulses in the glanb fibres at points ant&rjor to the
elitellum produced by shoek stimulation of the posterior
part of the cord. The impulses are small (50-170 microvolts)
end the spike form is very similar in the meiian and lateral
glant responses. This close similariby is not seen at printe
behind the elitellum. !

E. A comparison of s singzle shogck to the nerve cord wWith the
effects of repeated stimumlation ab 50/sec. for several
minutes. The median glant fibre has cessed o conduet {in
the right-hand tracing. The latsral glant fibres are
fatiguing, the iwpnlse arriving graduslly later in time,
but unaltered in form.

M ELeft). Patigue in bthe lateral giant fibres.
Right). Patizue in the median glanb Llbre.
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The babiery-operated wuplifier-used as tic initial
amplifier of {mpulges fxom bie nerve cord. Thle
ampli fer feeds blie A.C.-pporabsd ymollfer and
moni bor soeaker of Pig. 15. Mhere ip 4 shioico of
eoupling condensers bebvween bie second and third
Btages, Senolbiviby ig coabrollsed by bhe
pobentiomelers at bthe iaput as well &8 by bhe

abbernuator bebtween sbages btuo and Lhree.

e
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F 1"”11 l‘t'r

The finsl amplifier used %o drive the munitor
loudspesicer and the opellloscope. The cscillescope

ls fed from &JY cathode-follovers, and the lond-speakel
from a type OVILGT valve.
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141,
42,

+ 1007 ohm wire- wound resistor.
r 0,01 me =0

+ 0,28 meponm

t Oul mezohm

Q0«5 megohm polentiometer,

rasiabor,l watt.
recslstor,l watt.
reuistor,2 walta,
resistor,lwatt,
resistor,l wall.
resistor,l watt.
resistor,lL wuit.
! D«00 mepohm vesistor,l watti.
t 2«7 megohm potentliomeber.
! 240 megoimn potenbiometer.
resisior, 1 watbt.
potentiometer.,

¢ Ol megohm reasislor, 1 watt,
t Osl megohnm resistor, 1 wats,
: 001 megohm reeislor,i watt.
t 0.1 megohm polenbtlomeber.

t 750 ohm wire wound resistor.
5700 ohm wire wound potent-
lometer.

t 2«05 megohm
t 025 megohm

0.20 megohm
0«6 mezonm
1.7 wmemohm
2.0 mepohm
0.06 nezohm

t Oul weponm

potentiometer. -
poltentiometar.,

i 0«25 megohm reeistor, 1 wabt.
i De5 megohm resistor, 1 watt.
: Ou5 megohm resistor, 1 wabt.
t 9«04 megohm resistor, 1 watt.
t Y50 megohm redlstor, 1 watt.
: 3¢5 megohm regiator, 1 watst.
t %25 mepohm resistor, 1 watl.
t De25 megohm potentionmeter.

: 0«05 megohm potentiometer,

t 0e25 meonhm resietor, 1 wats.
: 0e04 megohm reslsbtor, 1 wabt.
t 795 megohm realsbor, 1 =abt,
t 1«7 megonm resiator, 1 watt.
? 2.7 wmegohm potentiometer.

P 2.7 megonn potentioneter,

t le® megohm resistor, 1 watt.|.
t 0e25 megohm reslator, 1 watt,.
t %205 mezohm resigtor, 1 wabt.
t 6.0 megohn roaistor, 1 watt,
: 925 megohm potentiomeier.

D« 5 mfid. paper candanaar._
20 mfd. ﬁgeﬁbralytia cond
enser, 25 volt warkinshd
¢ mfd. eleatrolytic cond=
enzer, 525 volt peak. =
t 0.25 mid. paper conﬂanﬂsr-
Ye25 mfd. paper cﬁnﬂanﬂa”-
: 6 mfd. aleqtrnlrti;k?nﬁd
onaer, 525 volt peaks L
1025 mids condonser (paper)
¢ 0.1 mfd. paper uﬁﬂﬁanaer;:'
GPe 3 D004 mfd. paper u:l,'lﬂaﬂﬂr-
GlJs 13,03 mfd, paper ﬂnnﬂ.anﬁgr.
CLll.:9.25 mfd. paper condensd 5
Ul2.:4.7 wid, paper eanﬂunBE‘
012+ 12e0 mfd. 0ll-f11led con
anaer, 5]]1 v'.‘)lt- j-u‘d;ﬂ,
Cl4e:1e0 mide 01l=-filled O

™ h )

anser, 5 00 wolt Daeieeile

41l paper condensers are 699

volt D.C. workines unless obher=
wise epecified.
T
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Fig., 17.

Pulse generator used in the velocity estimations
and fatigue experiments. The wave form is recbtangular
and the pulse duration can be adjunsted from 0.03
millisec., to 100 millisecs. The repetition rate can be
varied from 50/sec. %o 1/sec. The output is adjusted
by means of an attemator whieh incorvorates a
verni er potentiometer to sdjust the stimulus strengbh
Over a narrow range. The outout impedance is low and
the alteration in pulse amplitude due to parallel
loading by the nerve preparation is small.
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Plg. 18.

Genernl arrangement of the nervous pystem in
Legaseolex, :

The anterior seqtion at-the level of the
cerebral ganglis indiscates bthe main cell groups
it theee gangliam. “he two principal nuelei are the
dorsal and ths antero-ventral., The cells in each
nucleus are larcer in the medial parts of the nucleus.
The mein efferent pathway is from the medial cells of
the dorsal nueleus whome axons eross the midline bo
leave by the opposite cerebral commissure. #Arom the
medial side of each commissure s number of branches
arise, forming the stomatogastrie system. The
dorsal ones enter the typhlogole,

The middle section shows the typlgal arrangement
of a ganglion in the ventral-nerve cord in the
anterlor 60 segments. llere the ventral giant cells
discharge dorsally into the median glant f£ibre.

Group II cells also send thelr axons dorsally inbo
thie median fibre. They are jolned near the median
giant fibre by the

axons of the laterally-placed cells
of group III,

. The posterior section shows the arrangement
behind the 60th segment.

The ventral giant cells and
the gelle of group I1 pasas in an arching fashion t0
Ega oppodite lateral giant fibre. OCroup III cells

20

send their axons to the-opposlte lateral glant
fibre,

In both anterior and posterior sections the
fumerous gells of group IV are placed at bhe edge of
tiie neuropil mags,

into whieh they send their short
axons,
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