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THE ANATOMY AND PHYSIOLOGY OF ORGANS INVOLVED IN FOOD
INGESTION 1IN THE LOBSTER, Homarus gammarus (L.)

by
R. MELDRUM ROBERTSON
Gatty Marine Laboratory
The University
St. Andrews
ABSTRACT

The dissertation describes the gross neuromuscular anatomy of the

labrum (upper lip) and oesophagus of the lobster Homarus gammarus as a pre—

requisite for studies on the mechanisms and control of food ingestion. Sense
organs of the area are also described. Of particular interest are two paired
sensors (the anterior and posterior oesophageal sensors) which are bilaterally
situated at the oesophageal/cardiac sac valve. These are similar to contact
chemoreceptors previously described in insects, and are classified as such on
morphological grounds and with indirect electrophysiological evidence.

The labrum undergoes rhythmical retraction/protraction movements
during feeding and can be shown to participate in both the mandibular rhythm and
oesophageal peristalsis. Its role in feeding is discussed. Subsequently, small
labral protractions are used as an indication of the duration and frequency of
oesophageal peristalsis.

Oecsophageal peristalsis is effected by the co—ordinated contraction
of the oesophageal musculature. This is controlled by rhythmical bursting
neuronal activity which can be recorded from the nerve trunks in the area. A
characteristic burst recorded from the superior oesophageal nerve is used as an
indication of oesophageal dilatation during peristalsis for studies on the

feedback effects of the oesophageal sensors.
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Electrical and chemical stimulation of the posterior oesophageal
sensors can initiate and increase the frequency of oesophageal peristalsis,

while stimulation of the anterior oesophageal sensors can slow and terminate

oesophageal peristalsise.

The results are discussed and, in conclusion, a model of the role of

the oesophageal sensors in feeding is presented,
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Rhythuical motor activity playe an important part in the lives
of most animals. It centrele such diverse procecses ag respiration,
feoding, circulation and locomotion. In recent years, since the advent
of sophisticated intragellular recording techniques, the study of the neurcual
mochanieme underlying cuch activity has increaced, Thin iz partly becauce
such sycteme control these vital processes and partly for the progmatie reacon
that the rhythmicity and repetition provide large samples of data for anzlyeis
(¥acmillang 1977)s Thus an ineight can be gained inte the comtrol of some
behavicural events. The studien %o date have tended to cetre on three main
questionee Piretly, what ie the nature of the central cseillator? Secondly,
what are the relative roler of centrsl progreaming and peripheral feeddback in
deteraining an action pattern? Finally, how are such dehaviours turned on,
turned of ! and modified from higher nervoue cenires. The purpoce of thip
dissertation ir to deseride the rhythuical movements of the mouth, the labrum
(upper 1ip) and the oecophague of Homerus gosmarus during feeding and to make
an exploratory study of their cemtrol. is an introduction to provide the
background for the work reported here, brief reviews on the above three topics
will be precented here, They are recstricted to studier on invertebrates, and
no attempi hae been sade to make them exhauctive, Those articles which are
quoted rimply serve to illustrate come establiched principles,

Zhe JNature of Central Csclllaters

The precent convention is to divide oscillators into two main
typer (Moffett, 1977)3 endogonous oscillators in which the intrinsic
properties of & single neuron act to set up and maintain an orcillating
membrane potentialj and connectivity oscillaters in which the electrieal
and chemical synapees within & peol of two or more neurons can produce
rhythuicity without the provicion of zny extermal timing cue. The latter
group ic further divided into network connectivity ovcedllstors (a epeeific
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eynaptic network fomming & eircular pathway), and electretonically courled
orciliatore (o syctem of clectretomically coupled neurons mhoce zembrane

properties internct to form o rhgtimically active wnit),

{a) Endopencur Cszeillators
There are individual neurcus wioce mecbrane potentials continually

cncillete within defined lisdte, Thic can Be experimenially indaced in
silent neurcnc,; the better to cotudy the icnic mechanirms wnderlying such
agtivitys for exavple by maintaining the seurcons in a medium in which the
caleium is replaced by barium (Cola, Ducreux and Chagmeux, 1977, There
are currently two theorier to mectunt for endogemous pacemeker activity. :
The firet propeses that the hyperpelaricetion phase during barsting activity "
ie due to the activation of a chleride=coupled sodium pussp brought adeat by
an intracellular accusulation of sodium ionc, This arises o a result of & :
hieh.‘nc'ung sodiow conductance vhich caures the depolardmaticn phase _
(i trumsmeser, 19€7)s The other hypetheric, which ie similar to that propoced
for the myccardial pacemakey potential, rugrecis that the hyperpelarising |
phase in & recult of the activaiion of & clowly ifactivating potaseium Y
conductance, The clow inactivation of thie current resalte in o
depolarisation which triggers a voltage dependent inward curre:t (perhape
modiated by rodium) to cauee rapid depolarisation sad barcrting (Darker asd :
Gainer, 157%a). Apart frem these differencer it ic generally sccaopted that
an inbherent inetability of the merbrane potential ic best evidenced by &
nepative elope region in the pleadyestate current /voltage relationship
(smith, Barker and Caimer, 19793 Cola, lucrear and Chagneux, 1977). The
sctivity of bureting pacemikerr can be significantly modified by 2 number
of environmental and chesdeal factore (Ifehin, Uainer and Rarker, 1979
Barker and Ceiner, 1975b; Barker, lfehin and Cainer, 19753 Cock and
Sartline, 197°; Chalezomitic, 1977). Purthermore, symaptic sctivatiom at
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éifferent times durings the cyclic changer of ihe mesbrane potential oconld
alter the output of the ercillator to different extentr (Chalasenitis, 15773
iyore and Telvercton, 15773 Prior and Oelperin, 1977 ) Exaiples of
endogenour oecillators are érivers of the pyloric rhythm ef the lobeter
gtomatosartric sasslion (felversten, 1977); the cardiac genglion of the
epiny lobster (Friesen, 157%a,b)) the salivary duct of the rlug (Iricr ad
Oelperin, 1977); snd » nonecpiking endesenousr orcilletor underlie: the
rhythmicity of seaphognathite beitins in lobsiers and hemmit erabe
(dendeleon, 1571)s
(b) Conmectivity Cscillators

flectrotenically ecoupled oveillaters can be dississed fairly
rapidly due to ithe lack ef data concerned with thems In only ome instance
4s an electrotonically coupled netwerk of neurcns implicated ac the oscnhm'
controlling & specific bohavicural acte Thie ir the “oyberchron" network
contrelling the feeddns of Jelicoms trivolvie, @ pulmonate mollusc, (Kater,
1574}, and it i thought to be identieal to a mimilar network described in
Plancrbis ceraeus , which is closely related to H, trivelvir (Merry, 1972).
That an electrotonicslly coupled network ic capable of rhythmical tbureting

ontp& av a result of a constant excitetory input hae been shewn by Cetting
ond willews (1074,. THowewer, the moet common role for electrotonic rynapees
in oscdllator systems is t0 ensure rapié tranemission of excitation or
inhibition between the individuals of a neurcn pocl and to promote a
synchronous cutput (see v.ge the lobeter stomatogartiriec syvtem, :elverston,
fuseell, ¥illor and King, 157€).

The simplest network connectivity ovcillator which one ceould
imagine might comsivt of two neuren: {or electrotenically coupled pocls of
neurons, which are ccupled by reciprceal inhititory comneetions and which
exhibit the property of postinhibitery rebound, In prineiple these rroperties
alone could account for a rhythmical alternating cutput in two neurone
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(rerkel and Fulloney, 1974). Thic syrtem i approximated for the network
controlling the swimming behaviour of Zritonis diomedis (Doreett, killowe
and Hoyle, 1969 & 1973, willows, icrset:i and Moyle, 1973). In this case

a penrvory input initiater tio requence to produce altermating activity in
roeciprocally inhibited wmotoneurcons which are maintained in an excited

state by & regonerative fesdback syrtem. Termination of the seguence appeare
tc Yo an active proceses Feciproea) inhibitery connections between twe
groupe of interneurens may comprice the orcillating element in the walking
eveten of the cockroach (Pesrsen and Tourtner, 197%5), and the flight systes
ef the lecurt (Moffett, 1977)s Foertinhibitory rebound hap also been
implicated in the generaticn of the gartric rhythm of lobsterz, and the
tnd.ﬁug rhyths of [lsurobrenchzes gzlifornies (Mulloney and “elveratem, 1974}
“iarler, Npiteon and Lavie, 1974)¢ The latter suthore postuluied that it
might arire ar a result of a deoresre in potarvium conductasce and a decline
in codium inactivation as membrane pciarieation increaserc. /. further
property oxhibited by the motoneurcns conirelling the feeding rhytha of
Dlsurebranchees is an endogencur buretiners, perhaps resulting from an
accusulative increage in potarsiusm conductance, Although thie is not
required to sustain the normal rhythm, it i: supposed that it may help to
terminate normal burets (Cdegler, Npiteos and Lavis, 1974)s Also, the
petacercbyal zisnt serctonin cells which are thought to be ccmmand elemonte
in the feeding rhythsm of _[leurcbranghass pocwpers two wembrane propertiecs %o
enhance the effect of a rhythmical inputs There are an accumulative pocte
epike conductance EEuwx'»au: cimilar to that demonctrated ar contribating to
the buretiness of the feeding motonearons, and anomelous rectification which
acte to amplify the eoffect of an ecuxcitatery inrut during depclarisation and
suppress it during hyperpelarisation (Cillette and lavie, 1977)s Finally,

the eccurrence of non=epiking neurone with oscillaiory mesbrane rotiontiale




{whether intrinsi.a’ly or extrimiccally produced) is boing found more
commen in the networks controlling rhythmicnl acte (Kendelzon, 1071;
rearsen and Fourtner, 19753 timmons, 1977)e

In summary: Av well a¢ the common interncurenal interactions of
excitetion and inhibition, either chemically or electrically medisted, the

follewing properties are commomly found in oscillaters: 1) a tendancy for

the membrosce potential of individusl meurcone t¢ orcillate, either undepy

noreml conditione or due to ¢ steady depolarieing inputy 2) postespilke

28 incresase and anemalour rectificaticn $o enhance the effwet of
a/ rhytheical excitatory input; ) reciprocally inhibitory connectioncs

4‘}\ portinhibitory rebound; 5. electrieally inexcitable mewmbranes such

\ tha.\ soticn potentiale are not produced,
\

The relative importance of central prograssing esd peripheral

feadback in the generation of a co~crdinated rhythmical cutpnt hac been

L & question arcueing cvome debste in the paste lithorte 2 difference of
opinien existed sherely the importarce of one process war exaggerated at
%‘ the expence of the others It ic now gmn.u.y. accepted that beth procerces
3 . have a part to play, slbeit tc¢ different extents in different circumetancee
(Pullock, 1961}, and the main arca of investigation is now im determining
‘ the preciee rcle of the periphery in co-ordinating behavicuaral acte ané the
‘mechanisme wiich integrate se.nrcry information inte the central progrrmes
It ie often proposed that those sotivitiee vhich deal with & variable sule
strate or wvhich ecperate in a hetercsenecns enviruvument are uwore likely to
naed conctant cengory modulation ‘o meintain an effective rayihm than are
thore nyetens operating under rolatively fixed phywiesl conditione (ree e.ge

Faemillan, 1977). An exasple of ruch & variable activity ic locomotion.
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irthpored locomotery eysteme such ae walking (Powerman, 1977) and
ineect flicht (wilsen, 19€7), have provided invalusble preparation Ler
thece inventigationr. Their advaninges are thaet the relevant vense orgmne
are identified easily mad their output can be charactericed readily.
There is already a wealth of d:ta on arthropod propricceptive mechanisme
(eege Cohiem, 15633 Finlayson, 19¢£; lowee, 196€; for more extensive
biblicgraphies mee ¥4ll, 1976; Dowsrman, 1977)s Farthermore the fuct that
the acticn pattem ic perfommed by a asumber of discrete appendases enables
the contribution of their senve orgaue to he analyeed by a variety of
experimental medificatione of each appendage to nullify, rednce cr increace
their sensory feedback (for example Ly amputation, use of prosthetios,
ablation of epecific orgeone, fixing of jeints, leading of particular parte,
and introducing spuricue wovevents into the norsal rigtha). (see e.z.
Bowerman, 1975, lacmillan, 1975). Total deafferentation without total
irolation of the central ncyvous eystem is diffieult, and in the latter case,
rhythnicity ie usnally loete It ic thought that thio ic due t¢ & lack of
ability to sctivaie the syetem (Jacmillam, 1977)s The development of the
techniquer of electromyography and high speed cinematograpiy .o enabled
various parameters of a rhythmical activity (such ae.gait, protraction periody
retraction perdcd, ctep pericd,y lags and phase, for walkingj cimilar pare- |
meterr can be analyesed in other rhytims, %o be analyeed in both, intact and
functionally modified animalc. . dezcription of the normal rhythm is
necessary prior to examining the effect of experimental manipulations, and
such dezerirticne can provide information aboul ihe underlying co~ordinating
mochanitms (e.ge Bowerman, 1575, for scorpion walking; Bamnes, ‘pirito and |
Evoy, 1972, for lateral wlking in crebe; Faemillan, 1975, for walking in
lodeters; Durrows and Willowe, 1007, fer rhythmic maxilliped beating in
ancmuran and brachyuren crustuceansj Yeil, Maemillan, Laverack and loberisomy
19764 and Laverack, Reil and Robertson, 1977, for rhytanic exopodite |




besting in the larval lobeter and the mysid chrdmp)e

Cne of the most common effecte of the stimulation of arpendage
chordotonal and myochordotonal organe ie the production of reeictance
refloxes, There are reflexer ''ich nctivate & muscle to oppose an imposed
wovement away from the initial poeition (Bush, 19635 Puch, 12653 Varamcto
and Furayama, 19€5; Buch and Roberts, 1568; Lvoy and Cohen, 1965)s 1 series
of four paperc on the nervour centrol of welking in the crad Cardisoms
gZuaphgmd hor i) characterieed the reristance reflexes produced ly paceive
movesent of the propoe-dactylopecite and corpoeprepodite jointe (fpirdte,
Zvoy and Barmes, 1972); 4i) invertigated the role of thess reflexes in
walking (Bamer, Spirito and ivoy, 1972)3 4ii) detemmined the propricceptive ,‘
influencee cn intra asd intersesmental cowordimation (fvey and Pourtner, 1973)§
and iv) exsmined the effectes of ablation of the myocherdotonal organe
precent at the merc-carpopodite joint (Fourtner amd ivoy, 1973)e I'rom this
work the authore conclude that recistance reflexes do nmot play an important
reole in the co—ordination of antagonistic muscler during walking and that 3
their primary function is to conpensate for chenges in the spplied lead as
would oceur during walking over irregular sarfaces. In addition, input from
one ley can influence the walking cutput of the other walking legs ar well
ar of that legy and the myochordotonal crgans sct not in responce to in-
creased load, bdbut to determine the end point of the flexion ctircke.s In
cockroaches flexion ie termineted by excitation of trochanteral hair platee
(vong and Fearcon, 1976). The role of resistance reflexes tc compensate for
unintendad joint wovement and increaced load has been confirmed for _gfacus
wvalking (Darnes, 1977)s 1t ir beldeved that propricceptive input from a
1limd ie inhibited during the normal rhyths and thus resirtance reflexer are

not generated (Parnee, “pirito and “woy, 1972; Field, 1574; Parnes, 1977).




fuch inhitition could be mediated hy a corollary dipghsrp of the motor
prograsme (Delcomym, 1977)s The diecovery of tendon ergans which respond
0 increasers in tencion previder an alternstive system te mediste the '
reflexer prodaced by imcreaced londing of a limb (Dande mnd Macmillsn, 1973)y
ae vell as dasping reristance reflexes to prevent crciliciory interscticas 4
between flexor and extensor reflexes (Macmillan, 197¢)s Tensicn afference
is of paramcunt importance in the semipulation of different substrates bty
the mandiblee of the lebeter. Variable substretes will loed the system t6 =
different desrees and a poritive fecdbeck mechanism 10 intensify the cutput
snd promete effective biting ie nocessary (kales, Macmillan and Laverack,
1976a,b; Facmillan, imles and Laverack, 1976)e

A pimilar syctem to the recistance reflexes desoridbed adeve ic
the senrery mechaniem which encurer a foreeful and effective retrection of f
the buccal mass in the feeding rhythm of the pulmonuie enail, Zelivoma
ixivelvie (Kater and Rowell, 1573)s Hechancreceptorr sensitive to buccal
mass rMetraction have a poritive foudback loop with retragtor metoneurons
to intensify their cutput, They aleo inhibvit the protractorr. The ryrtem

;
E
:
;
:
;

Qiffere from reczistance reflezec in that ite action ir to susment and not
negate the woveseni stimulating the weaeore, spart from the fact that
resistance refleoxes are not genernted during the normal rhytis. liowever,
coneidering the role of resictance reflexes in compensating for unintended
joint wovemente and increcced load, Kater asd lowell (1973) propose that &

more useful spprosch iz ¢ think of them ss acting to intenszily power
strokess Thue the reflexer can be Shought of ar similar in function if sot
in their wnderlying wechanisme. Clarae aad syere (1977) describe two feed=

bagk mechanieme which co-ordinste walking in the spiny lebeter, Palipurue
Iulgarige Poritive foedback acts to increase the diccharge of the active

motoneuron or inhibit the antageniet, while negative feedback ic only
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active at extrems joint poritions and stimulates the antagoniet muccles
The latter procers facilitater the transfer from flexien 0 extencica and
vice verrae

It ir knowun that rhythmiecal cutput underlying & vardety of
vehavionral scts can Be produced im totally or partislly deaffersnted
preparations (locuet flight - Wilron, 1964; cockroach wolking - Pearson, 19723
recpiration in Jimilue - “yse, 1973§ lesch swisning - Kristan, “tent and COrt,
19743 leoch heartbeal - Thompson and ' tent, 1976a; pyloric rhythm of lobsters q
felverston, 1577)« lowever, it io aleo known that thie basic, centrallye
generated cutput ic under cunsiderable modulatery influence from the perdpherys
This influence ie of twe main types: = tonic excitatery feedback onto the
central generatorj and phacic information to co-oOrdinate the rhythm.
wiloon (1564, 19€7) concluded that, in the flight syctem of locusts, pcriphcnl
pﬂm“opuve feedback exerte a tonic excitatory effect on the cutpat
frequency and does not entrain the rhythm, 14 has since been shown that
phagie dnputl from the wing sireteh receptors (produced by artificially driving
cne wing) can entrain the flisht roythm (Lendler, 1974)s Durrowe (1575) has
shown thet the wing ectretch receptors comnect monocymaptieally with 19&1&“
flight motoneurcns and are capable of causing subtirechold waver of de- :
polarisation in depreccor sotonouronse Thue the viretch recepiorr can afiect ;
the time of epiking of sotoneurcns end infloence the amplitude of the npatreh
and the phase relationchip Letween motoneuron spikeve A phasie influence of |
wingbeat synchronous feedback has alec been demcactrated on the fiveillar
and nopefibrillar flight musclee of flier (Meide, 1974). The role of limd
and wing propricceptors in flight, walking, song and ccuﬁuhip behaviour :
of insecte, cheliceratai and syrispods ie extencively reviewed by wpight (191‘}
Entrainment of the pyloric riythe of lobetere with a rhythamic eynapiic input :

il SNELLS




ie slso poosible (‘yers end Selverston, 1577)s Tonic excitatory feedback
ic documented for hermit erad cheliped flexion beh-viour (Field, 197€) ané .
locust flight (Cevecke, 1977), 88d a tonic inhibitery feedback har been :
described in the cockreseh walling system {“sarson, 1972).

In summerys Feripheral feedback hés desn showm to be capabls of :
having & phasic co-ordinating function asad a tonic excitatory or inkivitory 3
functicn. In addition, recistance reflexes, whove prime role may be in cope :
trolling porture, can set to intensify power virckes in 2 similar wiy :
excitatory reflezes deccribed in the fesding shythn of Seliroms trivelviee
Thie fumotion ir probabdly aleo carried cut by tension affepences Focitive :
and negative feidback reflexes heve been deccribeds 3

The niudy of the resulation of escillators frew higher centres
iv sppentially the stady of commmnd neurcne, | comsand nearcn con be defined
ng & single identifiable cell which ie capable of releasinge organised segments

B s T I A P e oy ey e et

of behavicur (Kemnedy, 1969; “owermen and Larimer, 1976)s Yottt of the work
on thir tepic har been with identifiadle fibrer dicrected ocut of major nerve
tronke, Hith the notable excepiion of the resultes obtained from the uliste :
lation of einrle eslle in Iritomis (Villows, 1967), wort of the informetion {
charsctericing commmnd elemsnts has been obtained fyrom crustacesn wyridmees
Towerman and lapimer (197€) heve regestly reviewed the litercture on comusnd
neuvcns in cruetaces oo @ detailed consideration of the subject Lere would be
redundants Hhat followe iv & thori susoary of the wellepsiabiished

charscteristice of comaand fibres.s

1) The actiom pattemn produced by rtimalation of a command fidbre
is dependent on the freguency of :timmlation, :1lsoy there io asuzlly &
threchold freguency for activetion (e.ze Tevie and Feomedy, 1977
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?) Tepoated rtimulation lesds to a loie of effectivenerss The
mechaniime underlyine thir lose of effectivencrs are =ot knosn (Towemsan
and lLarimer, 1276). :

3, fThe number of com=and neurcn: affecting particular behavicurs
ic extremely veriable (e.ze £ from the suprecesophageal ganglia affecting
stomatogartric rhythicity dn cpiny lobeiers -« Dando and “elverston, 1972
20 inhidbitore and 1] acecelerateore of caxdioc ectivity in crayfish « Pield snd
Larimer, 1975}«

4) Comsande to fahibit behaviour are well knmown (e.ge londc and
Selverston, 1972; Nowerman and learimer, 19743 Pield :nd Larimer, 1975)e
Inherent in the otudy of coswend o ket of command=dorived inhibitien
{(¥ennedy, 1975)s Thie is & procese wherely cencory neurcn: are prcempuoal!'j
inhibited by o corcllayy discharge from commund clepente to prevent wMectcs
sary seonpory information (reafference) fyvom disrepting the ascticn pattors,

5) The motor patterns produced by command fidre ctimealation ave
centrally genercied and do not need peripheral fe¢ back for iheir expression
(Lennedy, ‘elversten snd Zemler, 1969)e

Cf equal importance to comound nearsuns in the gezeration of inter-
cegmental rhythome like locomotory rhaytime, is a clase of interneurons tersed
comcrdinating neurens (“tein, 1974). They trancmit precise timing information’
about the ritate of one regmental oscillztor 16 ctherse Intersugsental |
internenrcons co=ordinste the heartbeat riyihnm of lesecher ané & pocoibilivy
existe that they oot as sudogensur Gecillatore timing the rhytim sleo
(Thempuon and “tonty 1576h4e)e 4n important byproduet of this work s that

it wneguivocally demonntrater that leech cegmestal sauglis sheould be wmi&oﬂ
as identicnl only with extreme caution,

fillette and lavie (1977) have recontly chown thet comwand neurens
6T the feeding riyike of [leurcbyanchass (the Netacerebral gdant cellr) are
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intesral compenente of the netwerk they drive, Thie ie alsc true of the
cardiae sac pacemaker (C.D1.2) in the stomatogertric system of Jalinurus
yulgarie (Koulinr and Vedel, 1977)s The ¥etacorebral giant cells receive

y
3
%
3
i
1

ceniral feedback from the motencurcns of tho notworks 7¢ account for the
functional redundancy implied Wy thie arrangement, they propore that tbe
comsand rele of o neuron may derive from special sceess to the natursl sencory
input siich driver the behavicur. This obeervation coupled with the fact

that work on the na'mz;o and integration of the natural input to command
nearons is limited indicater that ctudies on the initisl and terminal coatroly -
via seasery input, of riythmical Lehavicur noy prove fraitful.

vied L tho 44
The digective tract of decmpod crustoceane pocsesses 2 mumber of
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rhytheical activities: from the riythmical biting actions of the mandidles
(vales, Kacmillan and Laverack, 1976b) and the opening and cloeins of the
mouthj throush the cercphageal, cardiac sac, zastric mill, and pyloric

rhythms (“pirito, 1975; Feulins and Vedel, 1977j Selverstom, fusvell, Viller ’

(LB L Sl Lo IR (R £ ghne

and Fing, 1976); to the perietaltic movementr of the hindgut snd rhythmic snal
contraction (Winlow and Laversck, 1572a,by0; luramotoy 1977)e It has already 4
been pointed ocut (see abeve, that there is o commenly held idea that those
activitiee which ocour in a verdsble enviromment tend to rely more heavily
en peripheral feeiback for modification and censitivity than thore thot do
note In the crusrtucesn decapod digertive tract exampler of beth extrenes
can be found. The movementz of the mandibler during biting on odjecte which
are extremely variable in sige, texture and rigidity are continually modified
by porition (propricceptive) and tencion (load) rensitive afferenco
{(Macmillan, kales and Laverack, 197€), whereac the pyloric filter eicountere

particles of clmost uniform sige, aad the pylordic rhiythm can be maintained

in the cboence of 211 afferent activity (Celverston, 1977)s The other rhythme
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mentioned are probably intermediate to these extremes.

Although most medele of rhythmical behaviour make proviecion for
a central oscillator, it ic only in a very few cares that the nature of the
oncnlator.han been demonctrated (eee e.g. Kondel, 1976, Chapter 10).
Notably this is true for the gastric and pyloric rhythm of lobeters
(Selverston, 1977). In thie instance both rhythms are generated in the
ctomatogastric ganglion. The gastric rhythm is o good example of one driven
by a network connectivity oscillator, while the pyloric demonetrates the
control exerted by endogenous oscillators. The neuronal mechanirme underlying
the other rhythme are beginning to be elucidated (Mouline and Vedel, 1977).
For obwicus reasong all the rhythme of. the intentinal tract muet be co-
ordinated with each other. A cowordinating link between the foregut and
hindgut is perhapes less important, but, ignoring hindgut and anal activity,
six rhythme remain (mandibular, orel, oescphageal, cardiac sag, gastriec, and
pyloric). In this foregut ryctem it has been demonstrated that a measure of
control from command fidbres exists (Dande and Selverston, 1972; Iando,
Chanuscot and Nagy, 1974; Hermann and Dando, 1977), and that interganglionic
neurcne play a co=ordinating role (Russell, 19763 Vedel and Mouline, 1977).
A more detailed review of the neurophyciology of the foregut of decapod
crustaceans will appear in the introduction to Chapter 4.

It is evident from the above that the decapod crustacean foregut
provides an ideal preparation for many studier concerned with the neuronal
control of rhythmic behavieur. There ic & profusion of rhythmic activities
which rely on sensory feedback to diflerent extente; are co-ordinated with
each other; and are under the influence of higher nervous controls’ Apert from
thie, invertebrates, and arthropeds in particular, have many advantogee for

the experimental neurobiclogist. Their behaviour patterne vary in complexity
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while tio neurcmuscular and rerory cysteme uvnderlying these behavicars

A
»

are readily seceveible, longelived and have a srest deal of eimil rity to
cther (vertebrote) rysteme. Jurthermore the individusl succular and nervous
clements are relatively large prersitting sicroelecivede analyeies of synaptie :-T
eventey there ie o sparveness «f efforent inservation shich can eawily be .
chayacteriped; and there ies already & wealth of knowledge about invertelsste
neuromucoular mechanisme {Atwood, 15€7; leanedy, -olvercton end Remler, 19€53

Cherman, Fouriner and ITewer, 1976}, ;

1) hen the work for thie theris wor started there war 2 cone
ciderable gop in the knowledge of the mechanismc controlling the pasenge of
food in the foresut of the lobuter, jomsrup commoaruse I[4tile war known of ‘
the comtrol of the shytimical movemente of the mouth snd the oOesophagucs ;
The project war initiated to describe thiec activity snd make an exploratory
study of ite comirel. ‘¢ the kmowlodge of the sres and the literature om
the cubject increaced, the primary zim of the work became to elucidate the ;
feedbaok effects of two bilateral chemosensory organe preseni at the junction ;"
botween the oerophasur and the cardisc sac, and %o determine their vole in

the contrel of food ingestion in Jomax It wvae hoped thut this

might yield in‘omation of o more general kind comcerning the rcle of chemoe

senvory afference in behavioars

2) Chapter | desoribus the gsros: nourcsuscular anatomy of the
1a%rum and cesophasur, snd the more detailed ciructare of the sencze crgans
st the cesophagenl;cardiae pac valve, This preovided ths necespary dasie

knowledge for investigntiens of the phyriclogy of these ciructures.

1) Chapter 3 desoride: ihe rhythuical movements which the labrws

(the upper lip or anterior rim of the mouth) wndergoer during the ohewing
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LABRAL AND COFf CrHAC Al ANATONMY

1e¢ INTRODUCTICH

A recent peper by Maynard &nd lando (1974) has done a lot to
clarify our present knowledge of the etomaioga iric neuromuscular syetem
of uecapod crustaceanse This har been amplified by lieior and Norman (1977a,b)e
Theee papers, however, resirict themeclves to descriplione of the cardiac sac,
pylorus and gastric mille, 7o obtain any information about the structure and
musculature of the labrum and cescphague of these aninale one muest delve

further back intc the literature.

Heview of Labrel \natomy

The labrum ie & small structure (4-~Cum in length) and perhape for
this reason it hac largely been igmored or menticned merely in paruing.
Huxley's "The creyfich: an introduction to the study of soology" (18{0) is
#till the stendard anatomical text fer mecrursn decapodse In thic work the
labrum ir diomirced ar & wide rhield-rshaped plate which overlaps the mouth,
and which in etrengthened by three palrs of calcifications in a longitudinal
cericrs Tor ‘upagurus (Jackson, 1913), Mephrope (Yonre, 1924) and Palaemon
(Patwardhan, 1937) the description is no betters In (ancer +.. "the labrum
is a coft flechy lobe attached tc the middle regicn of the pesterior border
of the epietomas It ic esurrounded near the middle by a calearcous ring which
giver off a median poeterior prolongaticne At each side of this median plate
iv a soft fold." (Fearson, 190€),

Paterson (1968) statee thei, for Jasus lalandi, “s.. the labrum
is furnizhed with a complicated musculature, comprising what appear to be
constrictor, levator, abductor and adductor murclecees”, end Fryer (1977)
describes the labrum of Atyid prasmc as beins “e.s provided with muscles

running largely fore and aft..."s However, the only attemptes to deccribe




the labral mucculnture in detzil have been Iy Lescine (1068 ), loequard
(1682) and Pingel (1974). lenmoine deccribes five murcle bundles in the
lobeterts lshruem without naming thems The studies of Voeoguard and Ringel
wore with the erayfich and sive eszentially the rame informetion. They
describe four paired mascler: 1) intomal labral retroctor; 2) external
labral retmuetor; ) median labrel retracter; 4) lubral lavetor; and cne
intrineic traseverve murcle of the labrum.
 ¥nowledge of the innervation of the labrum ie almost totally
lacking. The only precise information aveiladle ie that two raired nerves
pare frem the cerophageal nervour syctem to inmervate the labrumt 1) the
ocuter labral nervet and ¢ the imner labral nerve. (Mot suthors, but cee
e.ge Chandonneret, 1956)s ilco, lande (19¢9, has briefly mentioned, but not
dercribad, large and small bipolar spenzory celle precest in the ladrum of
e sussarize, at present it i: known that the labrun of decapeod
crustagenne is: 1) a zhieldwrhaped lobe overhanging the mout: and
etrensthened by calcarscus thickeaingng
?) dnvected »ith a complex musculature (with five
named muscles))

1) innerwated By two paired nerver nnd scme sence celle.

in all described reptantian decapods the ceropbagnr ir known fe
& ehort, cbitin-lined tube which connectr the mouth a2nd mandibler to the
cardisc sace MHowever, itr porition ef entry inte the cardiac vac can vary
within the group. For example, in Callinectes (Brachyura) the ocecorhagun
, entore the auterior ventral lorder of the cardium; in Jgmapus (Fecrura) its

position ic more ventraly and in Jamulirus (Pulinure) 4% 46 aluest vertical
and enters tcrards the posterior ead of the rtomache (Haynard and Dando, 1974)e



These differences probably coaly refliset the differencer in the relative
positions of the mouth and etumach 2 a revult of the variation in tie
everell formm of ench animale. "he cevephazeal walls are often thrown inte

longitedinal rideery Thoe mort prominent ¢f theve i# an astero«dorsal fold
whieh i¢ contineour with the 1obrun [(Barber and Tibégn, 1577)¢ Setwoen the
cevephngue =nd cardiac cac io & simple valve formed from the invagination
of their wnlles Thore cén Be varistion in the nusber and pocition of the

lober compriring thie valves Jaiug hac one ventral and twe lsteral lobes

{rateveon, 1960}, Zomarae hac boon Ceccorided as bevias lobse emcireling the fi
crifice exeept amteriorly (Neewusyd, 11{}) and ar baving & trileded walve o

with one dereal and twe latersl portione {Sasker and Uidson, 1577)e
e oesophngeal musculsture typically coucdete of gpper and lover

cesophagenl éilstore, lsteral cecephagual dilatorsy poctericr cecorhagesnl
dilaterr end o comples csecilafdal consivicter widh longitudinal end circulay
fibwes (Foogunréd, 1663} ratersen, 15El§ eareen, 1901} Yonzey 19784)s Yooguard
L# alsc deseriber nn oesopbugesl elevotor mnd Favmard and Dasde (1974)
ineluie in their Figare [ (& l.dersl view ¢f the viomnch muccles of Jomapus
g@spigsnue) a parrow muccle which bas two incerticas cu the lateral cecopharesl

wall at the lovel of the cerophugesl/cardiac sec walve. There ane doen no
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attaspt to decorihe tha Torr of $h0 cacophagesl]l conetrictors

The nain nervers of 4he eesophssaal sysiem have bash well daccribed
Yy « sumber of authore (for a review ree Dulléck and Teorridge, 155, and a
brief deveription of the general layout will sgrocy in the Semmliuv section
of thir chapteyr, Towever in all esses thowe ic very little detail abeut the

courtes ©F the finer branchker, inmnervoting specific evugphaseal muscler,

P ey REVIE L C pay

lento end Faymerd (1974, Lave provided an excellent review cf the
sencory invervetlicn 6f she foprsint of dscoped crurineesas prinsrily bsced on

the saply vwork of illem (1894, Ringel {1924) snd Crlov (19%6e & b, and en
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their own obeervatione with Panulirue arguse Of the eix main groupe of

receptore they describe, twe are germane to this thesin

1) Receptors monitorins movements of the lower ocesorhagus and
mouths

2) Probable chemcreceptor: on the cesophagus and lower cardiac

HECe

CGroup 1 consists of the "meuth part receptors™, HPR1, 2 and 3
(Laverack and Dendc, 106f). These are innervated elastic strandc around the
bage of the oesophagsue. The name "mouthpari receptors” hae been quertioned
(Walee, Macmillan and Laverack, 1976a). It is sugcected that ac they respond
to labral, mandibular, paragnathal and cesophageal movement their present name
ie misleadinge, It is further suggested that they be renamed peri-oescphageal
receptores This may be nececsary, but to avoid confusion any reference to
these receptors in this themic will be a«r KPR1, IPR2, or IPR3. The anatomy
and physiology of these organc have been extencively studied in Homarue
yulgarie (eynonymous with H. gammerus) (Laverack and Dando, 196E€), Nephrops

norvegicus, Astacus leptodactylus and Panulirus arzup (Mouline, 1969; Mouline,
Dando and Laverack, 1970).

Croup 2 can be subdivided intos

a) Innerveted heirbende projecting into the ventral ocanal of
the cardiac etomach (Ringel, 1924). Dando and Faynard (1974) could not cone
firm the precence of these neurons with Mithylene blue staining. The
poeition of these presumptive chemoreceptors in the cardiac esac places them
outside the context of this theeis,

b) Two bilaterally symmetrical groups of neurons were firet
deecribed in Homarue by Allen (1894). COrlov (1926a) redescribed them in

Astacus leptodatylus and called them "Ceschmacksorganen" which impliec that
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they function as orgass of tarte. Their peripheral procescec pass through
the cesophazesl cu.ig'e but are not associated with any haire. Fach orgen
ie innervaied YWy a dorsal brasch of the ipeilateral superior oesophbageal
nerve. lando and Meynard (1974) note the similarity of the siructure of
there orpans in jsispcue with a prorusptive chemoreceptor on the hypepharynx
of the cockroach Zladaps (Neuline, 1568)s They alsc nete that the arrange=
ment of the orsan in [ssuliprus arous ic different, there beins no concentration
of the callr inte distinet zroupme In thie work there orpean: will be referred
te ap the anterior eesophagesl seawore (4.0s e

¢! Imnervated pese in a seriee of measory plates oo t2e curface
of the ventral cardiae gutter (Mingel, 1924), The pess project through the
cuticle and sit in ewal) depresvicnes Dande and Nagnard {1974) found them
in Gallingctep and Papulirus where the imnervating nerve is the ventrel
capdise branch of the porterc-lateral nerve. In [gmerus {(this thesis) similar
strgoturen can be found alibeugh they occur on the poeotericr wall of the
oepcrhagus et the level of the gesgphageal/cerdiane sac velve., They are
innervated by the ventralepocterior oscoshsgesl nerve azxd will be referred to

ac the posterior oesophasosl sencore (FoOs'o)e

Shjisgic of Igesreh

fs The abeove chort review of the literature on the anstomy of the
labpum reveals that very little ie kaown zbout ite structure, me—c-"iuturo
and fonevsticn. The first objeet of thir anatomical study ic therefore to
provide a1 adequate knowledge of labral anateny oo that sebsequent investie

gatiome of iis role in feedin: mizht be rendered more meaninaful,

k
| fs The ceeephagenl snstony ie better reprecented in the literature.

Howewer, prelinin ry chrervations on [omerur rhowsé thet diserepancies exied

between i¢r anotomy amd thaet reperted for oiher decsped crustaccane,s This



is particularly noticeable for the muccles at the cesophageal/cardisc sac
valve, and it seomed useful to treat thic ar 2 sepapate entity vith ite own
mucculatare, Necsuece ¢of thie and becsace of the recent interest in the
control of owrophageal peristaleis in decapod crustacemas {ipirite, 19753
Celvereton, fmssell, ¥iller and king, 1576, the second aim of thic section
ic to give an up to date decoription of the cesopbageal neurcsurcular system,
Thie mey lay the rroundwerk for inventigeiions into the say in which
perdstaleie ic effected,

1. Four precunmpii o chemoroceptors have beon deseribed on the
cesophagus of decaped crustaceene (2 A.0.i. and 7 TuOuis)e In Hopaures
there are precent in & ring arcund the cevephagesl/cardiae tac velve and are
the most obvious sence ergans present, Very little i: known asbout their
anatomy cave that thoy are present, 7The final aim of ithic secticn is te
elucidate their rirecture, the better to understond their functicn.

In sussary: ithis anatomical study wis indtisted te cdescribe the
fore ut of Homarus pagsagus from the labrum o the oesophageal/cardiac svac
velve paying pariicular attention to there siructures.

Lebeters, [loparus sonmaras, vere provided by the Uatty Xarine
Laboratory, ‘ad maintained in large tanke of cireulating, serated cea witers
They were fed twice & week, except when, for the purposer ¢f & particular
experizent (ree Chapter 1), it wae deeirable tc use animales which had beea
starved for o chort while.

The morphelegy and grose surcular anstomy of the labral/cesophsgeal
complex were examined by the dirpecticn of fresh epecimens in recmwater,

In pome inctances, the soft tissuer of the labrum were disrolved sw.y with

R«



concentrated sodium hydroxide (Nalll) ec that the details of the skeletal
anatomy could be cbtained. The anatomy of the nervoue ecystem of thic area,
including the commisczural ganglia, ceccphageal ganglion, major morve trunks
snd peripheral sensory systeme, war exavined using the vital ctain Methylene
blue (Me. blue). 4 wtock rolution of 27 Me. bDlue in distilled water wae
added to the disvection dich in sufficient quantity to cclour the sea water
light blue. (Approximctely 15 drope of rtock rolutior/10(mle rea water).
Etaining and further dizcection were alternated until maximal ctaining
occurred.

The length of time taken to stain depends on three main foctorss

(a) the final concentration of Me. blue in the bathj

(b) the temperature of the bathjg

(e) the proximity of the tiscue to the surface of the
ptaining sclutions (For a review of He. blue staining technigque, see
We Wulee, 1972)s

Sufficiently rtoined preparations were prececeed and mounted ac
permanent preperationse The tiroue wae fixed for several houre, usually
overnight (exnct timing i+ not uﬁoﬂmt, ac long ar fixation occurs for
lenger than 3 hours, and ¢t more than 24 hours ae the rtain tendr to leach
out in the fixative) in a 107 selutien of Ammoniom molybdate in distilled
woter, dehydrated in three changee of abeolute alcohol, cleared in YXylene,
and mounted in polyctyrene. The resalting preparatione were examined on a
Jeisr microscope uring both nommal and Nomorcki-interforence-contrast
illunination, and photographed with an Xi{ camers (lhagee, ITesd.n) using
Ilford Pan P filme

sspnndng _Clectron Hicroscopy

Ticeue was prepared for the pcanning electron microccope (I .F.i,)
in the fellowing waye. The appropriate plece wac removed from an animal and
pinned, with the relevant surfuce appermocti, in a wax bottomed Petri dish



containing 47 formalin in cea waters After fixation, the tiseue was

wachod in dirtilled . ater, debydrated in an Acetone cerier nnd eritical
peint dried with 02, It wae then conted with gold palladium snd viewed

rn & Cambridge G600 “tereoccan. Thotogruphe were taken with an 7ita camera

(Trapee, Direeden) uwring Ilford 714 filme

Eistelogy

‘elected ploces of ticcue wore excived pad fived in ceassater
Bouines The tiscue wor then embedied in parsffin wax, and 1Cpm eerial
eections were cutes The secticns were cut out at 1pm to fueilitate coumting
of the individual exdinge. They wore stained with either ¥allcry®s triple
ptain or Jeidenhain'c Aman ctein (rantin, 1964, and mounted in Yuparel,
togtiones were vicwed on & leits orthclux nicruscope and photo raphed with a
Ledca eamera (leits) ucing Ilferd fan F. film,
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The labrus ic the upper lip (Fige 1), and, ot rect, ite edgen lie
between the molay end incicor procescer of the maadidles, It can best be
deseribed 2 an cutepouching of the anterier border of the mouth, with
apthrodicl mendrane attaching it proximally to the epietoma, mandibler and
cecophagur, Thece attachmentes forwm an aslaort circular opesing inte the lumen
of the labrun, "he ctructure ic bilaterally eymemetrical and revembles a
slipper, vith & large ventral sclerite {the sole), and 2 dorealy posterior
loba (the too). Thir sclerite dotormines the chape of the structure, and it
e roughly triansular with a bhroad anterior bexder narrowing te a blunt point
poeteriorliy. In averass vized loketerce {(cephalothorar length -~ 10ce from tip
of rortrum to end of thoruecic carapsce, the labrusm ir sbout dmme long, and dem

wide &t itr broadest point,




Zgure 1

Antero-ventral view of head region of a lobeter to chow
porition of labrum, The mouth appendages and chela cf the left vide
have been omitted to clarify the diograme
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The ekeloton of the labrum is extremely flexible, Howewver,
although the skeletal parts can be deformed in any plone, their elasticity
seintaine the oversll chape c¢f 1he labrum at rect,

The mert conepicucus supporting etructure in the labrum is the
ventirel soutiform solerite (¥ige 2)s It hae 3 facer, on anterior face, and
twe lateral cner. These are angled againet each other to form a challow
triangular diehe The liner delinvating the three faces run porteriorly and
antero-luterally (left and eight) frow approximately the midroint of the
eclerite, "he median line iz marked by a ridge; bui the other $wo are lece
distinct. ~ wide apren of arithrodial mesbrane jeins the anterior edge of
the meutiforn sclerite to the suproe-labyal ridge of the epistomne

it the junction betwesn the ocscophngeal and lobar cuticle can be
found the Sureular selorite, Thie ie composed of %wo curved strute wshdch
run dorsally, pooteriorly and medially from their anterier attacimente with
the lateral edges of the scutiform sclerite (Fige 3)e fThece jointe are
lecsted =t notches betwee:n the edge of the auterior face and the edges of
the l:teral faces. Interpoted between the anterior end of a sirut and the
scutifors solerite is & small picce of thickened cuticle, the nodulur cclerite,
which lendc sresier flexibility to the joint. To form the furcular cclerite,
the postorior ends of the two virute are fused together in the midline of the
anterior cevcphaseal wall, and there ir a small prejection running doreally
from the peint of furica in the serophagenl cuticle, The furcular sclerite
thar forue o flexible bousshaped arch inte the lumen of the labrom.

Ca eithar cide of the scutiform sclerite are two hockelike
thickeninge of the cuticle, Thece are the faleiform cclerites (Pigs 3.
Their troad ventral endr abut the lateral edge of the scutiform cclerite's
anterior face jucst anterior tc the anterior articulations of the fureular
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solerite, They marrow dersally snd carve laterally over the medial imternal
rime of the mandiblese

The apical zelerite is 2 clightly curved, triangalar thickening
of the lobar cuticle juet posterior t¢ the scutiform colerites The sides of
the triangle are demarcated Yy thre: ridges, one transverss, and twe longi-
todinal. The latter do not meet ol the opex of the triangle, but terminate
before that point,

In additicn %o the rirvctures deweribed abowe, there ure twe more
srese of cuticular thickening on onch side, These, in contract, are merely
the eiter of muscle insertions, and play no p-rt in meintaining the morpholoe
giecal intecrity of the labrum, They are bllaterally citusted on the apren of
cuticle which joine the labrum with the epdrtoma, They are not emeily dipe
tinguichable from the reet of the cuticular membranc, and sorve as the
insertions of mucele LE (soe below).

Luscplotere
The movemenis and chape of the labrum sre contrelled Yy & paire of

exipinsic mmecles, cne nolitary sad 4 pairs of intrineic muscless 411 of
there muscler are bdilaterally sysmetrionle DBecaure of the difficunlty in
relating the rhyeiclegical actionr of murcles to predictione of their sotione
bared on anntomical evidence, the current convention ir te number muscles,

ac eprored 1o siving them deceriptive nases. This comventicn will be obrerved
with respeet to the labral murcul:ture, and the mmsclesr are nusbered ctarting
with the moet medialy and proceedin: laterallye The numdering of the curdiae
eac wusclor follows Maynerd and Pando (1974). The oricime, insertions, vise
ead shape of the muecles will be described, with predictions of their poesible
actionece Figures 4 and 5 depict the labral musculature from a lateral aspect,
and Mgures ¢ and 7 chow it from a dersal secpecte They chould Ybe referred to
throughout the following dencripticonm.
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Jigere 2
Labral skeleton. Ventral aspect

AeFe - anterior face
Inselbé = caticular thickeninge at incertions of muscle L6
LeFe - lateral fuce

“Ce - eclerite



Ins. L 6.

Nodular Sc.

Scutiform Sc.

Ant.

Apical Sc.

Right Left —1mm

Post.



Heere 2

lLabdral ckeleton, lLeft lateral aspect

Epi.
Ine os
10e

LCe

Lpictoma

cuticular thickeninge at the imserticms of muscle L6
lcbe of labrum

eclerite



Dors.

Ant

Vent,

Ing.L6 Fqlciform

Post

.

Nodular Sc.

Sc.

> —Furcular Sc.

\ Apical Sc.

Scutiform Sc.

1mm



(2] Intrinede

L1 eoee ir the only labyal muscle which io not paived,
although it ic wyumeipienl about the lenpitedinal midline of ithe lalwuns
It 30 & Broad tromeverce sucole with insertions om the antere-1.taral horders

of the ceutifore solerite’s lateral facec, jJuct porterior ic their jointe
with the nodular scleritos. The scotion of 1hic succle wil)l be ¢ comctrict
the labeum latersllye

LE aeee OFigimater on the centifors oclerite just lateral
to its lompitedinal wddline 2nd bedtwwen tho auterior and latersl fmoere 14
rune dogso=poctericrly, pecsing ventral io 11 and inssrés on the lober cuticle
Juet peetecior to tbe fupculsr celorite, Ceonitreotien of thiv mucele will temd
%o pretract the lebras, wnd petrsct it lobes 3

L3 sees Tune povierierly from itr origin oz the antericy
fa08 of the scutifors sclarite (anterice and latersl tc the origin of 1.2) to
ity insertion on the lateral eige of the spical eclerite. Thir muscle conld
rherion $he lubrus by {lexins it atoul & frooverse &= ry and by retrecting
the loba.

LT esss ¢ & brosdé muecle whifeh hao i%e arigin on the
foroulsr colerite and parces veutrally 40 insert in the midéle of the latersl
face of tao souviifor cclerites Thir sworcle will conetrict the labrur dorcce
vantrallye Ciowevery aremming 1het ths fureular eclerite i1l sove ventrally
enly vlighily, due to 1tr itagisent o iLe cerophageal cuticle, it muy de
mord accur-is o decerile it = 1’&?-".13.:'!;'{ the librume

L0 ssee hus it origin en e antevicr edse of the roubifoms |
sloerite’s luteral faee, sedial it the incertion of 14 It runs pesteriocrly, :
pesslng ventral 10 17 asd Ietoxal 10 176 It Buc o 44f'ase fnceridon in the
t6e of the lalrus with $we sain bendlers O imcerts on the sertoricr latoral

edge of the seutiforts sclewvite, oad LEb inserts on tie latercl adge of ithe

mEse s o S o -;'.H" e e PN




apical selerite, If LE of the right and left sidec of the labrum were %o
contract in concert, ihey would, simil=ar te 1L}, chorten the labrum and retract
the lodes lowever, due to the ceparntion of their oririne, contrsotion of LE
on only cne ride vill tend to bend the lsbrum towardr that vide.

{(v) Ixtrinciec

14 sens ir the largeet puscle in the labrup and ite cone
traction will undoubdtedly retract the labrum. Ite origin iz on a lorge
cuticular pes, the median spodome of the cupra=labral ridee of the epirtomas
I¢ passer porteriorly from ihic, ventiral to L1, and har o large, fairly
diffuce, incerticn on the lateral fsee of the scutifors eclerite, t¢ cne side
of the longitudinal widline.

15 ssee hae ite origin on thae rame outicular per an Lde
I$ rune doreal to L4, pecwing vestrally to L1, but continues past the incertion
of L4 t¢ insert on the apical sclerite. This nemele probably sct: to chorten
the lode.

LE esee travels weatrally from 2 wery bLrosd diffuce origin
on tho laters) anterior ocecophaceal wall, and splite into threc main bandles.
L6ay the rmallest, rune asterdorly and iaverts on o omall aren of cuticalar
thickenings in the apron of arthrodizl wpenbrene shich conneetr the labrum to
the supre<labtral ridrse. LED inserts porterior to 16e in the rame fachion,
Lée iz a larsich bundle which parses almost directly ventrally from the ordgin
and imserte on the lateral corners of the anferior face of the scutiform
velerite. Contraction of L€ will tend to rotate the scutiform solerite about
& transvsres sxis pocsing through the nodular sclerites, I it comtmacts ad
the same time co 14 this will onsure complete retracticn of the lulrum hy

bending the scutiforn cclarite.
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019 eses it 2 Branch of the lower acterior oescphageal
dilator (01, o below)s Irom itr origin on the median apodeme of the
supre=lubral ridge 01 rune posteriorly, passer underneati LG, and hac a
large insortion mincling with the oxdigin of Lée Of1a branches off the wain
nuccle, perses into the anterior fold of the cesophagus and inrerts medially
en the furcular cclerite, 01 will dilate the lower portion of ithe cesophague
and Cta will Lelp in epening the wouth by pulling cut the anterior cesophageal
fold and reotracting the labrume

(4B sses it  branch of the cevephegenl comstricter (04)e
1t pasmee over the posterior end of the Clz to invert medially zlong the
furcular sclerite, Contraction will levate and protrset the labram,

part from 18, the predicted actions of the muscles have
been desceribed ar if both musrcles of 2 biluteral pair were comtractiang tow
rotheps This may net be the cave, and there ir ismence scope fer fine
alterations of labrel mevemente and zhape by differential centroction of the
indivicual mascles of a paire The range of movemeal and shape i further
enlarged won one considerr that come muscler will have different offects
depending on wiieh cther muscles are active al the came time.

Ingoryetion

fhe innervation of the right cide of the labrum is chown frow a
medial sspect in Ficures © mnd 9. Mgure 10 depicts the total fanervstion
from & doresl arpeot. Two paived nerver comprise the total inwervation,

These are the inner labral nerver (i.1l.0.) and the cuter labral narver (Celene)s

Farther detaile on the relationship of ‘heve norves with the ossophiagonl
neyvour syrtam may be obirined from the roction concsrsied with the cescphageal
innervation.

Imner Labral Meive

hip ericinster fron the inferier oceserhaseal nerve (1.Cane
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susculatare, laft lateral aspect

capdice sac muncle
tpistoma

lobpal muscle

lcbm

maniible

ceropharenl muscle
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fgere 5
Labral musculatuare. Left lateral sspecte L2, 3y 4 and J resoved.

Abbreviations ar befores
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lalral musculatures Anterow-doreal aspect.

Pure te. -
=  Labral muscle

«  Handidle

=  (esophageal muscle
-  mpra=labral ridge

‘Ce - Palecifors solerite

Farcular cclerite
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Fur Sc.

Right

L6
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03
Ola

01

Post.
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O4a
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Fal Sc.
Mand.
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Sgere ]
Labral mucculature. Iorsal acpecte Cesophagur and cesophageal muscles
reszoved, L1 cut.

Ape TcCe - ipical sclerite
Fale ‘Co = Palecifors cclerite
Pare ‘Co = Parcular vclerite
L=l «  Labyal muscles
tand, - Fanditle

Node Ce = liodular rclerite
‘cute “Ce - “cutiform sclerite
CeleRe - ‘upra=labral ridse
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and cnrriee fibtrer from the commissural pasglion and o fow from the

covorbagenl ganslion aren. It travels venteally from 1.0.n4 Over the
eapface of the cerophagun, to reach the doreal surfage of C1s Here it
eende off bpanchos to imservats U1 and LC before preceeding into the labeun
en the mediel cide of 01, ihen it reaghee the level of L1 (the labral cone "

stricter) it bifuroatec, prodéweing two Wranchess These will be designated
felanne (i), the medial root, and 1.d.ne{l), the loteral root of i.lene {5

telene(l) =~ carries moct of the motor exons innervating é
the labrel succulotures Juct after the bifurcation it brmohker to innervate

oo Mg MRS

15 and L1e 11 15 isnervated by correspending nerver fyem the right and left
eides and rome fucion between the branches from different sidor may ccour

in the ridline. The ielene(%) proceeds pocteriorly, mediol to LS ané 14, and
ventral to Lis It appenrs to imnervate sach of L&, Liy 14 and 17, twlce with :7

LAV '

proximal lpranches vervine ihe anterior endo, and distal Brancher corving the ‘
yosteriey endr ¢f the mucoclesie

+ $alene(l) = carries the poncory informeticn from the labrume
Frou the bifurcation it runs posteriorly under L1 and lateral to 14 and LZ. i-j
Ae well as repving three groupe of sencory cells whlo: will be described J
later, it incervater LT and the Soreal and ventral bundles of L

‘

(v) Cuter Labral Nerwe 5
Thie is purely a soncory norve and it originatesr oither 1
dirveetly out of the cosmdsvural zanzlion of st & vontrel bremch of 140406 i

It rane antero-sediclly fresm ite orizin towarde the labrum. On the way it

sives off s rmell grewp of sencoyy celle (4=f). Theve innervate s divcrete

'l R e S e e

etrantd of tdiceue on the sandibular rim and the orgun has bedn termed WrR1

{Cando and Laverack, 1960; Lavesagh snd Desde, 1968). interies %o thic the

Celetie nters the lumsn ¢f the labrus snd becomer 5 tegumental neTve




Digere ©

Labral imnervation. Medial aspect of the rigzht side of the labrum in
sagittal cection to show the i.len.(¥). The arrow indicater where the
ielene{l) hac been cut to clarify the diagrame

feleis « 4nner labral nerve
Celents = ocuter labral nerve






Sigeze 2
Labral innervation. Hedial aspect of the right cide of the labrum

in sagittal ceoticn to chow the if.l.ne (1)s The arrow indicates where
the i.lene (M) has been cut to clarify the diagrem. L2, L1, 14 and LS
bave been removed, and L7 har been cut to show tie peripheral procecses

of & group of nerve oelle passing lateral to it.

ielstte = imner labral nerve
Oslefie = outer ladral nerve






Siguze 30
Labral imnervation. Dorsal aspect of the labrum to chow the total

imnervations O1 and L6 have been resoved, and the arrow indicatee
the region of branching whence they are imnervated.

islenne = dmmer labral nerve
Gelells = cuter labrsl nerve
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innervating the apron of outicle which jeins the seutiform sclerite to the
erdctomn,

Zenge Craspe

Aw previeusrly menticned, the lateral root of each i.lene imnervatec
three groups of censory celle (Pige 11)s They are Mlaterally syrmetrical
about the sddline and will be decignated a,b and ce The cell: conteined ib
each group sre eimilar; being large bipelar eolls (50-60)-1 long axie of eell
body) with leng multitemmina) dendrites,

Oroup ae (Pige 17 anéd Fige 13b) ic imnervated by s veatral baanch
of the S.den.(l)s It comprises =6 colle whove demdriter travel ventrally
wntdl they reach the floor ¢f the labrume A% this point they branch to pacs
snteriorly snd posterierly slemg the floor of the labrume

trouwp be (Pige 12 and Pige 13a) hae about the vame nunber of cells
ag grour s The dendriter of ite cells paes posteriorly mnd ramify extensie
vely t¢ immervate a large portion cf the labhral lobe,

After immervating group by, the i.lene(l) tarme back on itself to
pace lstorally areund L7 aand innervate group ¢e (Pige 12 and Pige 132)s This
last group ic situated laterally in the labrum at about the ceme level in the

anterior postorior axie as group & It 4= slightly larger than sither as or be

and eontain: 610 neuronc which fmnervate the eide of the labrum,

The dendrites of none of the celly descrided slove (frem asd or ¢)
can da reen to interact in any wsay with the labral cmticle, and no obwioue
cuticular wodifications whioh might be associated with the denérites are
apparent when the surface of the labrum iv viewsd with the scanning clectiron
micresoope.

In susm.ry, therefore, zll thore parts of the labrum which are
14able o deformaticn by external forces (viss the floor, lobe and sider) are
inuervated Ly large bipolar sense cells ubich are contained in thyes paired

groupse




Scars 11 .
‘ensory inservation of the laobrube Fedial aspect of the 1 groupe
of senve celle of the right tide of the labrume Croup o innervates
the floor, greup b the lobe, axd group ¢ the ride,

felene{l) = lataral ruet of ithe
inner labral norve
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ddgure 12 ,

lensory immervation of th; labras, Fedial aspect of left
half of Yes Blue rtoined labruse . roup 2 imnervates the fleor,
greup b the lobe, wnd sroup ¢ the side of the labrame Selene(l) can
be ceen carving laterally saround LT

icale mark - Yome

o ¥ R K
rensory immervation ¢f the labrume Fee blue etaining,.
a) Yagnification of groupes b and ¢
®) dagnification of group &
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8, Choiymaou:
. I'li .A
The ¢esophscue ic & short tude of thin, flerible euticle
cemnecting he mouth vith the cardiac sae. The anterier wall folds dmsards

16 zive the lamen & YWi.chape in troncverne secticn, d il the 4ex of the
b 34 pointing anteriorlys Thic £ol2, wnd thue the antsvior oasorhagesl wall,
connecte ventrally wdth the fuppular cclevite of the labrume The lateral

salle of tho cerophosur are astischad to gyroows: tn the ianer pisw of the
mandivlec, Pertericrly the oecephaganl cuticle abincher %o the metastonal
plate of the ventral w:eleton {:x;u;gt:-:m, 1952), sad giver rios 1o the pirege
aathe and <he 1ot mexillas, YThe dorssl lisdt of tibe cestphagur io defived

¥y h,uwMdeAec sae valve (Fire 14)e Thic &= & sduple valve -
,j_ v pousd of 4 loberj eme acterior sbiel in coniinuous with the amtericr feld of
1.- 7 tha eecophesury two latersl (right mmd loft)j sud ene :mall porterior lobe

whieh ir citunted st the sofercwvenirn) limit of ihe ventral gutter, Yetwoen
the ventral onde of orcicler ¥a and 111 (Mogmard sud Tande, 1974)s The
postarier lobe would appenr te play ne mejer part in ccclwding tho opening
betwten the oerophagur ond the eaxdisc cees Thic function i performed by the

thres renaining lober (antericy and latersl, which sre invested vith $hrse
pairn of extrimcic dilator waselen (C1/V 1,8 and 3, coe belou)e
Eovements and pevistalsir of the etsophecur are conirolled Yy
feur padrr of extyinsic cuscler (the dilotere), asd one complex tutvincie

puscle {ihe contricter). Thers sre musberef ctarting Wik the oort anteros
ventral, and moving dorsally, later=lly and corterdsrlye The cesophascsl/
cayéiae sao valve ir comtrelled Ty o padyr of cxtrinede diletore gné the upper
1tmite of the porterior ce-ophageal dilater {(Sz) :nd of the cecoshucend
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Hauze 34
Cescphageal/cardiac sac valve
Le Interior aspect fros cardiao sac

Be Iimtericr aspect
Ce lLeft-lateral aspect
(S5a -« oesophageal dilator muccle

CLiVee = murcler of the cesophageal/cardiac sac valve,
Hatched areas indicate the positiomsef their insertionce

0'e = ossicles Y& and X111



A, ant.

OCSV 2

0CSV1

OCSV3b
DCSV3a
0 5a

Oss.




conririotor (04)s The C.0.7.V. muscles are numbered from medisl to lateral,
The above museles are portrayed inm Mig., 15 (left latera) aspect), iig. 16
(anterior aspect) and Pig. 17 (cesophagus split vemtrelly mnd flattened),
Included in the diagrems are the curdise cac murcles €4, C‘,':unlﬁ;t\n
ventral eardisc musele, (V1) and the cardiopyloric valve museles, CPV7p and
CF¥8be The origine, ineertions and rcutex of there suscler are ﬂmﬂa the
came ar thowe deseribed for ihe hemclogour masclec in Jemarur smperica me
(Faynard and landey 1974) sad tiue need 26t be redevcribed for [, gamsaras.
Alee shown (Pig. 17) is the peregnathal retragter (icles, Macmillan snd
Laverack, 197€ in their Mige 1), shich originater from the medialy anteriop
cuticle of the ipeilateral manditles

|

{a) CescphageslMusculature
€1 « {gee alvo Figre 4, 5 and G and deveription of Ota im
labral masculs tursy extrinsic, ie the lower anterior ceseophageal dilator.

It rwme fres itr origin on the medisn apodeme of the supraelabral ridge,

T TR YA T 1Y LTS Iy coriem o SN

undernenth L6 and the oesophagesl cometrictor (04), te & large diffuse ine
certion on ihe lower anterior wall of the oeccophsguee At this insertion the
individual muscle fidres intermingle with thoee of L6s The small bundle (0ta)
which enter: the aaterior cecophagsal fold and iaserte cn the fureular
selarite of the labrumg has alresdy been deserided, M
02 = iv the upper anterior ossophagesal diletores This ir a
largioh muccle originating on the medion apodeme of the cupraslabral ridge.
1tn postomlc: and pasees between the fibree of (4 to imrert on the anterior
oenopha, eal wall dersal to the incertion of Ote
€3 = has ite origin on the posterior margin of the epirtemal
plates It ir a large wascle and it rune peocterce-medially to a broad imsertion
on the lateral oerophageal wall, The superior oescphageal nerve (o.c.n., ree
below) rune through the posterior end of O3, effectively separating ite




N )

inecertion into two heads (upper and lower)s Thir iv the lateral
ossophagasl dilators

04 = 4z the intrincic muwcle of the cescphagus « the
constrioter (Fige 17)e Although the mojority of thic muccle cannot de
morpbologically divided, there will o functional divieions depending on
ite dnnervaiion patiern. Ite various sttachments are aes Tellowste

Ixtrinsice (i) 2 paired ventral nonesuscular ligements,
anteriorly tc the labral falciform sclerite,and poeterieriy tc the
metartonal plote.

(44) 2 paired ventral mumcle Wrencies, snteriorly
to the labral furcular selerite {(1a), snd pocteriorly to the anterior
cuticle of the paragnath,

{(144) A loose porterior conuective tissue attachment
to the 1¢t rternal apodeme of the endophrazmal ckeleton (the cephalie or
head, upodeme.  nodgracs, 1992,

Intrinsdcs (1) 1 lamge, diffusc, attschment on the amterior
sur’ace of the cardisc @ac on either side of the midline and in between the
incerticns ol Che

(1i) 1 puired dorsce=latersl attachment to the
eaticalor thickening at the insertion of CCiVia (ree beleow).

{114, The pavsage of the fibres of the extrinsic
oesophs sal mnd (C'V wascles to thoelir iasertion on the cuticle, threush the
fibres of (L anchere C4 to the cuticle ia three arears Thece occur 2e well
defined lonsitudinal bande anteriorly, laterally and poeteriorly (hatched
speas in Pig. 17)e 4t theeo bande the filres of the extrinsic dilatore tend

to run longitudinally up andé down ithe oesophuguse It is possidle that fidbres

fros ©Ff sleo insert on tha cuticle in there arear and thue contribute to
ef fective anchorsge,
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0% - can be subdivided into upper (C5a) and lower (C5D)
componsutre Poth parts hauve their origine cn the cephalic spodeme and the
¢iret portion of the msjor mandibular adductor apodeme (K7 of Walewe,
socsillan and Laversck, 197€)s (%a has a broed diffuve inzertion om the
doreal porticn of the porterior cezophagenl cuticles, Ite limit is defined
by smell twanches at the level of thy ossophageal/cerdiac vsc valve, C5b
hae inesrticne direcily oppocite the cephalic apodeme, it then becomes &
broad {lat mucele whideh rune ventrally 1o inuest on the posterier ventral
rim of the ocererhazue. (5 is the posterior cesophageul dilutors

{(b) CuCei V. Huroulature

COI¥1 = &o broad in the dorsosventral plane ané
asrrow laterosuedially. It ariser sidwsy along & narrow ligsmentous virap
which rune between the median apodeme of the supreelabral ridge, and the
exoekelston on the ipesilatepnl side of the cerebral sanglion. "rom thie
origin it paseor posterierly to itr inserticn in the anterier cesophageal
fold, smet Belew the anterior lobe of the oswophagesl/cardiac sae valve,
Contraction will opon the valve and dilate the dorsal linit of the cenophugur,

CCV? = originater on the suprae=labral ridge latersl
t0 the medisn arodemes It ir & vary narrow smecle vhich rune postero-
dopsslly %o iter imserticn on the cerephagenl cuticle =t the lateral edse of
the (O V% anterior lobe. This murcle will act to open the valve hy roe
sractine tho anterior lobe.

CCIVE = o divided intc doreal (CC'Via) and ventral
{CCiVih, portionre They have & common origin on the porterior margin of the
epistosa lateral to the origin of O3 and medinl to the common originm of V1
and C4e CC V3e ineerts on & caticular thickening ia the dorso-lateral coraer
of the lateral lobe, and its mction will be to open the valve by retracting

o TR S 100 BtV



Jizere 10

Cesophageal musculaturs. Left l:teral aspects

Lo -
Py -
Co' @ -
Vee -
indoe’k -
pi. -
.. -
Lige''t -
Eand -

Cardiae » ¢ mawcles
Cardio=pyloric valve murcles
Capd!~c cao
iral cardiac muvcle
1et riernal apedeme of endopiragmal skeleten (cephalic apodeme)
piztoma
labral puccle
Ligamantour sirap
Fandidle
Covophageal mueclen
(esophageal/cardise vac valve swcles

Cesicler Xa + 1IN
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(erophareal maseulaturs, -aterior aspect

Coe - Cardize cac muccles

(o BCs = Cardiae nae

Vae - Veutral cardiac wmuscle

lee - Lalkral muscle

ige te = ligasentous ctrap

. - (srophageal muscles

(CiVee = Cesophagenl /cardise sac valve muscles

eiiole = upra-labral ridee
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Hare 11

Cesophageal mucculature. The cescphagus and the lower porticn of the
cardiac sac have beenm eplit along the posterior midline and flattened,
The right side (left side of the disgram) depicte the total musculature,
and the other side depicts the intrinsic susculsture (04 and C6)

Jote the attachments of (4:

4 paired ventralie (2 non-muscular lizasents to faleiform eclerite
to metartomal plate

to furcular selerite (Cda)

2 muecular attachments Moo paragnathal caticle

1 median posterior attaciment to the cephalic apodeme. (Conn. Tise.)

1 large sedian anterc-dorsal ineertion on the cardiac sac

1 paired dorso-lateral incertion on the cuticular thickening at the insertion
of CC:'V3a. Hatching indicates where the insertione of the extrinecic
oesophageal and OC'V museles anchor C4 to the cesophageal cuticle, and also
provide dendr of intrineic longitudingl muscle fibree.

ole - anterior lobe of CC'V
Coe - cardiac sac musclec
ConneTisce connective ticsue attachment to cephalic apodeme
o1 ~ ventral cardiac muscle

- oo% -lmapon
CliVee = ruscles of oecophageal/cardinc rac valve
Parege = paragnath
fletePara,=- retractor paregnatha
a4+ 111 ossicles of (ardiac rac
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thie lebes CCVIb hae a diffuce incertion on the vestrel bemder of the

Iatersl lobe and on khe gecophurus vendral to thise 1% can be dezcribed
e an upper latercl cesophageal diluters

(4 - ilthouzh clcours ¢f ke valve will Yo paceively
induced By the relmuation ef OOV 1, 7 and 3 and by the weight of feod
eaterdal $n the cerddac sacy €4 will plry = sigmiftosat parde It otn be
potn that the derenl lindd ef € coneintr of & ol of sacele roanine arcond
the cerorhasur ot the level of the valve sad incetine sndevicrly, laternlls
snd porteriorl:, Contrsetion wil)l wuetrict the valve and thur effect

cloruri,

Lingryasicn
The cesophngeal norvour :yetem iv shown discramamaticells in

Pigurse 11, 19 ané 70, ané very schepaticslly in Pigs 2%e The nesenclature
uped follows Bagmerd and Dandle {(1774) with one ezmcerticm. Thay desoride in

v Losaryp spRziesnes oad Dapliypc spgp the porterce
lateral nerve (pelsne) arimins ac a fusion of the devenl pectevier vescphasenl

nerve {despetane, and the ventral powterior curophasenl nerve (ee=peOufis s
In Hogeowe somcarus there appsave to b little, if uny, Jusicn between the
corvespending novvee, ad oo the pylenie in conridarel sr aricing directly frem _j’j_ |
the rupearicr os-ophazeal nerves {S.0em4), ami a desDecens moOtion iec not
deveribed, The coursen of the maior narvas in thie sres huve bHoen well dace
cribed in o numder of amd=male (A1lan, 1094 Ledm, 579§ Voscuamd, 18833
Pataprcn, 1961 ) l'earsen, 1507, but 4he  are decoribed here to provide a
frapework upon which %o base & sore detatled dssoripiica, ‘8211 marve Tibres

innervating cpecific steclas hsve 2ot loen named as it oay be Letier 4o wait

E until more ic Enown aYost the motcneurens travellins ian Yisem,




(a) Ceneral Layout
The motor inucyvation of the labwal cerophusal conplex
orisimates from the pedred commicoursl panglts {Coute.) and 406 osscsbegeal
ganglien {C.7.), The commissursl ~onglis are ritucted ventrslly on ths circums
4 ecesorhareal cennectives (€ Cu.) wiich ran betwsen the cershral sanglis ( t.&.ss.‘)’jf ‘,

ané the suboecophaceal ranglicon (1.0, on sither =ifs of $he sessshagurs

Portarior to the cetophagus and anterier %o the .0, the comnectiver are jcud
by $he post=cvergrhazesl wt:fure {peCsCs Jo The counduvcural zamglia rive
rive to three majoy mm $runkst= the inferler ceverhogeal smervar (4.0u880)7
the supericr cerophazeal nerver {neC.nes [} and the veniraleportericor cesond
BOIWEE [Venpotenite)e The idbene, travel setislly from the Coslizs on the
saterior curface of the Gecopharws, 1o meet at the oesophngec]l sanplion which
14er in tho amterior =idlines The r.cens. fravel in the sase woyy doreal
0 the i.0ene., and mest in the anterior cifline, frem thiz junction there
ariter the rhort thick cesophagoel nerve {(oefe) wuich ithf ventrally wish
1he $e0et /0.0, junctiony and the ctasatorartiric neive (stene) shick travels
dor=ally t¢ connoct the seserian msl nervewr syrtem vith the ricmatosactrie
RETVOUD EyIiGHe The VewPeCefite run coreally frow the (oulie, 2n€ come cut of :
the dores) purface of the ciroumecerorhicns) comnestiver, Uvom there they ram
mly and provteriorly on fhe sarfiee of the cerophagun and terminste in
CRNROTY .ﬁiﬁm at the lovel of e C.Cy 1Y,

Ieeuio* fren $8o cecoplageal panglion sre four oatjor

trunke, Tho 1.CenEe g OeaN. are described aslove, from itc antave-dorral

which poseor amtericrly, tmtween the lisamantows ctrspo, o the cerehpal

sanzliage

(b, cConmiecural Janclis
These are rearonably large ganglis, asd opart from the

io0eling Helolie Al VempeOaliey Sutl (Qee ;o odteer twe tmalley norves, COne
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‘ innorvater the lower bumdle of (3, the latersl ocsophacesl dilator, wnd the

other rune ventrslly to innervete the lower lateral and pocterior region of

i Cdy the ceroph=peal constrictore
I (c:; Cssophapconl lion
|

Thic 1 loovely racked celiection cf about 19 nzurcne
prevant gt the jumelivn ©f the ie0etirey 1eVente ANfid Cefte The majerity of the
oell bodier cre ritusted in o slisht cwellins ad thic Juncticn, bdet it is not

gaeonmon ¢ Tind tomm a6 chert Cigtonce inte tho nerve rogtce Llso coowon it

the prasance of twe poorent in the ileovens dpproximately smidway betueo: the Cule

and the cercbral junzlia, Theres neurens Lye moncsolar witl: their azcas

ranndns toward: the tel, 1t ic doabtiful shetaer their presencs is acsociated

with a reducticn it tie nomber ¢ neurons in the (0. ‘mall asrve brunchas
from the (.. ares tmmervate 02 (right 2nd left) and the lower anterier region
of Cde

{¢) Infersier Cerophagesl Warve
p ihe majordly o Tibpoes in the i.Cene aprear to deal with
the labrum an lover ceacphaguses 11 aricge o ths sort veatral jcint of

4
Coelie “he first broneh frem it ic acoslly the outer libyal nerve (oelens),

B IR BN RS bl g+ i s gt i e g o o

althours this con peee divectly imte ine comwiecurel sanglion without connecting |

with tas decens The celens Muns maniorcepadiclly toward: the labram and

3 :
inrervaten T befere enterin, 50 lumen of the ilebrage It nas alpresdy been j

dereribed (ree the poetion oo tne labrenl ianervotion)s “
\ % the 'level of U1, the isoen. bifuarcater, sending a large é
: :
. veutrally dirceted hrasch, the 'Snner Jabral nerve (i.lene,, into the labroms 3
t Thie innsrvater C1 and "0 {thw 10\~er antarior cosopdimoes] dilator and the labm) i
levator, before pacuing inte the luesen of the labma 1o innervate the remaining '1

lebrol muscalsturs (oo abovele The i.lens 2l:o containe o feu fibres from

TP TR
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the .0, area, Vapiel. o cetwoen animelr in oweh that ot cne oxtrene the

fitres fyon the U.U. dnmte the labrun con be concidered as 2 separsie nerve,

and 3t the other extrene thay travel in i.oune and lesve it in 1.le.n, with :
the fibres from the (ouls Juct before resching the (4Tyy d40ene ziver off & —

J(

emzll braneh vhichk dimnervater 02, the upper ovucphaseal dilators 3
() ‘upericr Ceccrhesssl ‘erve

Tha netette iv 4 suboiwniial nerve uliich exite antericrly i

fron the Cpelfie s ~arrer VWraglh ths ciddle of €y vepar=ting it into two *L

tandles, before comtinuin: tc he f.Genie/ Oeny/tlene Junction, ¢ it goes
shrongh O3y the ceOette giver off 2 rmall branch dorsally to incervate the

from the wedsne and rune ventrally wud sedially Yo innervnts the lowep £
anterior region of O4. ‘prroximeisly widwny alonir ths c.0.ie ¢ 2 region
whepe four nerver originste. These are: the pocicro=latersl nerve (pel.ie)
a ventral bBraach whiich izncervater the anterior niceresiea of (43 » =mmell
anterior branch which imcervater (€ V2 ar it renr in frent of the recents to
ite insertion on the laterel commor: of the CCV': aaterior lebeg a cexzory
nerve wiieh serves the antepior sesephaceal memser (A.0s0 . (Eoe below).
Inddviduel variation mey slter the relotive povitions of the origine, from the
UaCeley OF thecre nerves,

The paleniey 8¢ 1ts nane stggestis, ranr gesteriorly =nd
laterally from the ce0ens It passge ihroosh moscle (V1 and eoniinuser .o
become part of the rteomtogasiric nsrveus Gystem. .cn the way i1 pgiver ¢ 7 2
sadial branch shich innervates the woor mterior vegion of 04, and twe lateuxgj
Lranches which innervate (0. Via awd 3,

Jurt befere wecebing the widline, the s.0une giver off o

emall aurve to damervate COiVle This muscle d¢ also imnervetad from the :
stemstogartiric nerve (stens) as ie 7y g
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fure 12
Cesophageal innervations Antero-dorsal aspects The axtrinric muancler are
indicated Wy the poritions of their incerticnse The arrow indicater the
branch from the 8.0.ne which immervates CCIV2 as it pasees in front of
thic narve.

tbhreviaticar ar before
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Sagre 20
(esophageal imnervation. The cesorhbeguc and the lower poriticn of the cardiac
sag have been eplit in the posterior midlina and flattened. The risht side
(left side of the d@ingrenm) depicts the ianervatien of the extrinsic musculature

sad the cther side depicts the imnervation of the intrinsic surcnlature (C4)e

sbhbreviaticne ar before
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Sigere 21

“chemaiic represeatation of the imnervation of the right
eide of the oescphagure

Abbrevistions ar before plusie

Coelie - Corebral ganglia

oun - cater mandibuler nerve

«Te - uboetophogeal ganglien
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- anéd lateral suprects Buired on informniion obizined from Fes blas peveaneni

(£} rioal - Ferterior Oesophagenl Rerve
leJove topminating iz the three  roups ¢f senvory
endinge of the postericr cosophagesl senuor (T.l.i.)y the Veepesene sondz

"
of 7 mmall branches io imnervaite Of 7ia zad b (the apper 1steral cosophasenl
dilators), and (Ss and b (tae porterior cesophisgeal dilatope)s O5b ir alse

tc the Soolle

G CRBLE OF B L CPYIURAL/CEDIAL IAC TALT

The azderior mra-"w%ml TENEORT \helele ) are cPErTonterhized
oFgans cituated on the cecophague ou eiiber cide cof tie antericr midline and
at the level of the GLN Thoy sre syrmeotrigal wilh emch other and oocur st
the Istoral ldsdte of the antorier lete (A.l.) of the U.0,%V. %52 position
of the vensore in relaticn o tho nepvous wyotem of the uhole gescrhsgue Bae

bean chows 4o Figre ¥y 15y 80 mnd 21 (o9 cection cn cevophigeal dnmery ;tzaa)u',_'

{a] Hetiylens blue |
M 25 aad ite fhcet are ﬁm}‘amz of the £,0,:4 fo08 mm"*

preparations {Pig. F3a,% & o) ¢ prelisisary sxamination, saeh sence orsan
can pocdily be divided inte Ywo corulatiome of mwoeptor vellsr {2 ¢ b in
Piges 77 mn@ “3a)s Cagsp ¢ (Fige 731, i compoacd of 250(=3CC small
{15t - lon: axie of o2ll body) Wuclar neupronc, They heve ghor. de drites
ané aye situsted in o narrow and af the lateral odge of Avle

The sceend gopulation, créup by consirie 6Ff Tledl lapeor
styuctares wiich incervate s wde cwpving o along the dopec-lataral berder
of ieie Clover imvestigoticn rovenls each one of these tc bo & hundle of 3= :
soall (15-00pn lomg awie of cell bedy, bipoler neuvems. 7hue the tots) number

I
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TR, St o

ef neurems in syoeup b ° Uotwesn 170 and €, The nemvens in esch bandle
are closely assscciated Wil they déad to otuin as A cimgle oirectores The

upderlying composition wae revealed in prepavatiens uhicl had eitter rtnined
poorly or darctadacd duriny fixation and meantibgs then the preparations ars

wieuwed with CEerrideintoriereane-contirct 1luinstion the denfiriter of each

(s SEIORN IR ol e iR b b ) it e, Ty Y
e e e R . R 4

buandle. can he czén ic he acrcoiated with dinerete ctructuyers 01 the internal

eurfape of e oevsoshague (Vige 24a a8 bj. These were exanined further wis
the comnndng elecvtren microccope {ees below)s The cxone of hoih greup o and
group b sourcar devel ventrally im o lares buable {ihe Reefene) snd join
158 0eQulie

The areu arcund e .. $0 Heawily Siwected with connective

At

tissue (C.%. in Pixe 77 inret) in shich the f.0. . ir eeheddsd, This
Mﬂ ticeue fome a Lridge betwesa the cardise se and the cesophsagus
and affectively sccludes the cpeuning %o the lumes of 4.0 1t alzo remifies
apcund the varions pavele incertions, raviicularly thess of COIWE and (4,

Were de = further oroce of nearen: whece swens plee treovel in

Sl Ol tadied= g bt it v e a0 82 SRS 4

BaOplialle 30 toells but which iz 20t olascified as Yelng pard of the antewior
cesophiagosl sensore This ir & ewall susber (B3] of large (Gl=lfipm lomg 2xis
of oall body) bVipolar msurens prase;t = short distasce dorcal to the A.l.0,

0 ke R G i

{Mige 27 and Fige £3c)s Their 021} bodies are net alings in clese proximity

with ¢ne ancther; @yl their dandirituy are loms {several mm)y snd anbrenched

e g

for ap Tir ac Ly touds he tracod. Thie dendyditer {revel over the zurface of

iy catdiac 150 4nd senophasus in the pegion of the Cal.i.Y,

ﬂ,:a» gl |

(%) EHistelosy

52 1 RO

;.
Fige 25 showt shetoprepss of 1:11; ceotiooe throsrh tae :«nkriaj&"*
e

well of the oetenhcour in the pegitn of the Lefy'a AlZhensh 31 4¢ 2ot cleay
' whother the catermest epicuticular layer {eaBpm thick) is penetrated, it ie
evident that the caitin layar (ceSCpm thick) is penetrstod in two dirtined
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wayse Miretly by emnll pores which are between 1 and Jpm in diameter.
These contain ctained filamente which ran from the epitheliem and whore
distal endo appe-r to be avseciated with wmall nodales on the epicuticular
surfaces Socondly by larger poves (S=fpm dismeter) wiich ccour in regions
wiere the enitin layer hes thinned conciderably (down to ce20mmje These
large pores are ascociated with depreseions {(e.Spm decp and o.2Cms in
diameter) of iihe epicuticle and = concomitant Shinaing of the epicuticular
layere everal filaments of the type ceen in the emall pores can be peen
entering esch large pore, sud the underlying epithelium seenz to be
ctruetured in a globular fashions

The distribotion and nunber of both typee of pure were
studied in serinl sections and thie ir shown in Fige 264 There ie o large
number of smell porer and thoy are confined to 2 sharply delineated band
about EOO=10C0pn long and ol 10Cpm wides The larger peves sre fewer in number
and dirtrituted with a concentration tewarde the dorssl end of the opgmng
The aves $¢ which they are confined is not ar sarrowly defined ae that of

the szmell pores.

{e) Sesunins Llectron MNievoseopy

The internal surface of the cesopharas in the region of
the A.1. i¢ Boovily invested with o large number of cuticular haire ranging
in length from .00 to 50Upm and with a bdasal diameter of le-1lpm. lowever
at each dorro=luteral torner of the A.i,. ie & crescentesheped ared which is
devedd of there long hairse Thess areas correcpond exactly with the poritions
of the ‘.(. + &r demenrtrated with Fo. blues

Pige 27 (= and b) shows the left and right (respectively)
sider of the A.L. from & ventrel aspects Imedistely obvicur on the latepnl
ualles of the i.l. are numercus small, reunded hillocks whore bacal dismeters
are spproximstely 50pm and which appear to have mmnll depressionr in thedir

cenirese



Cloner examination of the whole ares, moving laterally
over the A.L. from 4ae medial edge of the bare putech, reveale the following
structurer,

1« 5070 of the rcumded hillocks menticned aboves These
commonly have depressions, 10-15pm acrosc, on their raised curfaces.
Avsocisted with esch dopression iz o variable small number (1-4) of cmall
nofules (feipm dicmeter). Ceoaciomally cmall depressions cax be seen in the
centre of each nodule (arrcwe in Pige 20b), Detween the hillocks ic a
epares covering of brictles which are T-1lpm long and t=-2ps in dismeter. The
hillocks themselves are devoid of haire (cee Figs 2082 and b)e

2¢ Lateral to the hillecks is a long marrow area which ie
aleo oclear of haire. The epiecuticle in thie region ir not obviocuely
etructured in any way; save for a prefusion ¢f rmall nodules similapr in cise
and shape to those deveridbed above, Ir thie case, however, they are preseng
singly and @5 not form recognisable groupe. (see Fige 20a and b),

3 Rumning alongeiae this i¢ o marrow band (4C=5Cpm wide)
with a dense covering of brictlemes ‘monget there can occacicnally be seen a
oingle line of pits, or pores in the cuticle. Mmmtunyl-épw.

The brictle-band deceribed adbove marke the lateral angle of
the A.ley and the remaining area of the beld peteh doer mot appear to be
structured in any waye The information deceribed alove ip sumwarieced in
Fige 3Ce




Figure 22

Right anterior cecophageal senecr, sutericr aspecte Note two
groupe of recepior matorial (a & b) comprising the organ, 2lro a small
group (two shown) of large bipelar cells whose axone aleo run in the
Be0ePelle

Aele ‘nterior lode of “nphacnl/ cardiac eac valve

ReQefe = saterior cezophageal cencor

aon - nerve innervating the A.C.l,

4 - cesophageal consirictior

ocave - a dilator of the oesophageal cardiac sac valve

Inset - Lateral view of the 4A.0.l. dicplayed in longitudinal
cection to show the a.cet.ne entering A.L, to
innervete ite walle, Also the profusion of
connective tissue bridging the openming of A.L.

Cu7e - comective tissue
Cone - cercphague







Ziguye 20
Nethylene blue staining of the right anterior oesophageal

Censcre

8. Hhole organ, Note two groupe of receptor material, Oroup a -
numerous small bipolar cellee Uroup b « smeveral larger structurers
which are bundles of =5 small cellre “cale mark - SC0pme
Be0stelle =~ nerve in:ervating A.C.0.

bs ’nlargement of group a, Scale mark - 0Cpme

ce Two bipolar cslls whose dendrites travel over the curface of the
cesophagus and cardisc cac, and whose axons run in A.0etelle

!ulonuto”OPo
o







Jgure 24

Nethylene blue rtained preparetion of the A.0.! . viewed with
Nomartki -~ interference - contrast {lluminatione.

Re = lccucrced on & dendrite from one of the bundlee of
group be

be = ‘ame ares focurced on the surface of the cesvophagus
tc chow the divcrete rtructure (arrowed) associated
vith the dendrite.

Conle mark - 100F






Deers 25

wp-zmzm'wmuwmmmum
AeCu’, stained with Mallory's triple staine “oale mark = SCpme

" Upper pair - Large pores (indicated by dote) through the
chitin layer, There are arscciated with & thinmming of the chitin and
epicuticular layers and a deprecsion of the epicuticle. lote alro the
globular structuring of the epithelium,

Lower pair - “sall pores (indicated by dote) through the chitin
layer, tained filaments travelling through the pores from the epithelium
are argocianted with rmall nodules on the epicuticular surfaces "0 recoge
nisable structuring of the epitheliume

The mmall pores are tightly grouped in contrast to the larger
ones which are precent i: a wide bande






Block histogram showing the numder and distribution of small and large
pores (upper and lower grophs respectively) ia the right 4.0... The invet
(eircled) showr the direction of rectioning with regard tc the whele organm,
and the thicknese of the sectims.
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Eigure 27

Seannings slectron micyographr of cuticular struactures

associated with the left (a) snd right (b)

Lal e Note numerous hillocks

with mall deprescions over the 1-feral wallc of the anterior lobe of
the Celel oV,

‘cale mark - 2CCpm.







Figexe 28

feanning electren miorogrephe of cuticuler structures
associated with the A.0.f, - Large hillockes with depreszsions on
their raired surfeces, Lach depreceion contains a small nusber
(1%=4) of small nodules arranged in groups. There ie a sparse covering
of bristles between the hillocke, but the hillocks themselver are de=
veid of hair. Arrowed in b is o deprescion in the ceatre of & nodule,.
Thie may indicate the presence of a pore or a region of thin cuticle.

Seale mark - a: 4Ops

b  10pm
Hgepe 22
Seanning electron nicrographs of cuticular structures
associnted with the 4.0." « feml]l nodules (come indicated by dots)

on the vurface of the epicuticle. These lie in & narrow strip beside
a prominent band of bristless Arrowed in b ic a depression in the
centre of & nodules Thie may indicate the presence of a pore or a
region of thin cuticle.
‘oale mark - at 4Cpm
b Wpm






Siasze 2L
Ventro=latersl aspect of the left lateral wall of i.L. to show the three
arear of eiructural sodifications of the cutieular zurface of the oewephagus
in the rezion of the A.0.0.

1« large hillocke with groups of s==all nodules in deprescione
Z?e Harrow area devoid of hair but covered in mmall nodules

3¢ Band of bristles at the lateral limit of the 1.0, ., commonly
having 2 single line of pores at its medial edges

Cetag - camdiac 8¢

Cene - Cesopuague
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Sigure 21

The pocterior cecorhasesl sensor, porterior arpect

Lela
C4

S5a
Pele

Falale

ve=pon

lateral lobe of C.C.!.V.

oerophaseal conrtricter

doreal limit of pocterior cesophageal dilator
poeterior lobe of C.C. .V,

posterior oecophageal sencveor
ventraleposterior cesophageal nerve






Metiylene blue staining of the V'.Us's 2 and b are photerruphe
of parts of & I.(.8. in different animals, t¢ chow individual variations

ohle DAYES - ?((pm







Zigurs 22
Scamning electron micregraphs of cuticular etructures
sesoeiated with the I'.C.is = one amall group of the 7.0.'. to chow a
seattering of ©,50 depressions and a patohy covering of bririles in a
well dafined area,
tesle mark - 10Cpm

Zigare 24

Seaoning electron micrographas of cutciular strugtures
aspocicted with the FuCe’e = & and ® are closve-upr to chow the deprecsions
in the epicuticle 2né the emall spherical noduler in their centres (some

indicated Yy dotr)e ‘rrowed in b ir a nodule not confined 4o a depression.

Ceale mavke = &4 = “Cpm
b~ 1pm










anatomical data, it can be helpful to formulate a wodel of their pornible
coecpor:tive agtion for two reacens: firsily, ar an add in elucidating the
posrible role of the whole riracturej and secondly, to provide a hasis for

the development of future experimente. It i pointless and porridly hammful

to wait until all iz nown before makins the firet tentative conclusions.

It suct bo rememberad that, bdecause of the attachment of the labrum to the
anterior cevophageal rim hy the furcular =elsrite, gross labral movoments

cannot b divorced from mouth gpening and elowings “here sre only two jodmte

in the ladral ckeletons Theve are the couplex hilatoral attochments bDetween

the faleciform, furcular, nodular snd veutiform cclerites (Pig. 3) and they

will play an imporiant part in the repertory of labrol movemente YWy acting

as pivetz, ¥ith two exceptieme (11, O4a}, the extrinzic and intrineic murcles
are orientated in sueh a way an to sither retriet the labrum; roiste it about
the jointe or chorten it and ite lobes All three of thezo moder of acticn
could be used to sffect mouth opening. Yor exmmple, Cfa, L4 anc .0 will pull
the ladrum and the anterior edge of the cercophogur toward: the suprea=labral
ridre (the posterior cesephagesl rim ic firely attached to the metastomal plate)s
the bundles of 16 will cauce the aprom of euticle to puchker inwarde and will
resove the lobe from the mouth area by inwnrdly rotsting the anterior edge cof
the scutiferm scleriteg and L7, 13 und LE will reduce the lobe and shortean

the labrum Yy folding it about a transverce axise The flexibility of the lahrem
will b important in sllowinz it te be reduced in volume and crumpled agzainet
the gupra-labdral ridge, Closure of the mouth wdill be effected Yy the elacticity
of ite cirveture and the comiragtion of (4, the ocevechagenl coastrictor. OF
paprticular interest is L2, Thir succle would arpesr to de eapadle of different
sctions depending upon the sinte of the mouth ot the iime of ite conir-ections
With the mouth open and the labrum poiracted, 12 will have the effect o
chortening the lobes Howewer, ii the mouth is closed and the cescphague cone

stricted Wy Cd, thea L2 will pivet the soutiforw volerite about ite jointec de
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protract the labrum. This would aid the probable actione of L7 and O4a.
Unaccounted for in the above resume iz L1, The action of this muccle will
undoubtedly be tc mediowlaterally conetrict the labrum, making it narrower,
but the reacon for thiec remains myetericuss It iz unlikely that it wdll
play o part in labral retraction, ac altering the chape of the labrum in that
way would militote againet effective retractions The alternative, that 4%
playe & part in protraction, is more attractive. Cne might speculate that se
the lumen of the mouth ie iteelf narrow then labral protraction would be
helped by a narrowing of the labrums It ie also poseidble that contraction of
L1 could blow out the lobe, or ctiffen it, hydrostaticelly (Baleh, per:cnal
comcunication)s urther discuemion concerning the labral susculature will
be found in the next chapter where itr active role in feeding ic conesidered.
Comparivon of this deceription of labral structure with others
must be limited Ly the paucity of reports on this sudbjecte Aleo, care must
be taken when comparimg thece results with those obtained without the benefit
of modern disvectich microscopes (Lemoine, 1068; Mocguard, 1663 and iingel,
1924)s However, of the five musclec which have been dercribed in the ereyfish,
two can poeitively be identified in the lcbster, Thave are the transverse
mascle of the labrum (L1), and the labral levater (1L6)s The others are ree
tractor musclec (internal, external and medial) and it is of little value to
try to compare thece with thore of the precent descripiions The labrom of
incects io botter dercribed and it ic a much simpler riructure (i nodgrace,
1935 and 1952)e Although it varies throughout the insects it remaine a
moveable preoral lobe of the heads The musculature consicte of - aired
(or single) median comprescor which in the majority of insects rune cagitally
(in the cockroach they become trancverce), and two pairs of long extrinsic
muccles (the anterior and porterior labral muscles). In faet the labrum of
Uomarus comparer more favourably in itr ecomplexity and potential for finely
controlled movements with the insect hypopharymnxe This may reflect the
importance of theve structurer in feeding,
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Intevest in the esencory funotions of the ladrum degan with the
studies of lemcine (186€) and Newrick (1095). Thece authors likened the
labrem to & vertebrate tongus snd concidered i1 ar the sent of the vense of
tantes Herrick's $eiotive preposel that the tegumental glands perforwmed
thin function wme refuted Ly Yonge (1924) who rusported that they nizht be
involved in chitin production. ‘ince then o role in mucus production har deen
ascribed to thess zlands (Barker sad Cideon, 1977). Imade (1362) hae done
goribed smnll unditemdnal ponse cellp in the lobrem and 2o propumed them %o
be chemoreceptive. ilowever, thic cannet be conlirmed 1y the precent ctudy.
Nethylens blue stuining did not reveal wny risdlar cellr and ne outicular
modifications which mizht be arsocisted with chesoreceptor endinge could de
found with the (,.5.M, lemoins ¢istsd thet behavicur:) responses could be
obtadned YWy opplying ealt, pepper, tolacco, vinessr nd asmeonia o the labrame
Thaese rosulte sust be called info ¢uention becnmse of the difriculty of
applyin: the stimalating compeund direetly t¢ se small a2 styocture as the
ladrue without contominating noizhbouring organes (hemereoertive recponses
have been described fron the ehelse of the perciopod:s which srasp food material,
and frowm the Jrd maxillipeds whioh cut and msmipulete food moterdal {“helten
and Lowerack, 1970). Tweaws (1970) descrides o vapiety of setse on the mouth-

parte and labrum of jue pes, & oroyfish, sad postulotes
that some will be imvelved in chemoreception {the labyum of cduwlt [oserus
bears 0o retno)s There are alse presunptive chemoreceptore in the cesephsgur
(eee Molow)s In fact 1t i the proximity of these other orgune which indicates
that a chemomeneery rele for the labrum might be redundant, Aleo the alvontage

of tecting food juxrt s it entere the mouih, uhen it hae alreedy been tepted

hy recepiors on the monthparte, ir dubicase




The large bipolar cells of the labeum (Dando, 1969) can e
divided into three bilater:l groupej imnerwaiing the floer, the lobe and
the lateral walle, They have an eppearance similar to that of the abdominal
cutanecus mechanoereceptors described in the erayfichy [Ipesmboruc clazkil
(rabet end Kemnody, 15€7)e In thic case the dendriter of individual ®ipolar
&nd tripoler neurcnee (50=7Cpm in longth) branch extonsively in the hypodermis
of roft cuticle. The mechanowyecepiors of the ladrun conpare well with thie
description although deteils of their arvcciction with the hypodermis are not
availadle, Their dietridution ip ouch thet smeet of the curfuce of the labrem
i:. ie dimnervated, Although the lalpel flcer,; the scutiforwm eselorite, it not
: exactly soft cuticle, it io capable of deformetion in my plones The ladrum
will de deformed hy feod bedng purhed inte the mouth and YWy any active part

it may pley in feeding. Thece receptore are ideally situzted tc soniter such

defornntionse The lobe ir the mortd whlnerable ares und while ti: sumber of
celle tnmervating it ic not larger than for the other grouper, the Ywanching
pattarn ¢f their dendriter irv more exitemcive, The lorger nuber of gells
in svoup ¢« (innerv tins the side wllic) say indicate that more detailed
information coneeraing the point of stimulation is required for thic aveas
The verponece of the labrum te mechanicnl dofermmtieon are inmveontignted elsew
where (Chapter 4.

The genemal fore and smecclature of the cesephagus of Joparns
differs little from the deccriptions for cither decspod crustaceanc: Lptscus
(Foequard, 18834 Capgep (Fesrsen, 195C); Hephrops (Youge, 1574); and
dagus (Fatersven, 1968). The anterior, lsteral wnd porterior cescphagsal
dilators are all precent sad their courres are cimilar, Howewver, it pioved
aseful in this cdudy to treat the cersophagesl/copdine se valve (ol oV 28
& poparats entity wdth ite own diletore. Thir concept aroce after following
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could prevent the lose of food material from the posterior purt of the mouth

ar has been sugrerted by Farmer (1974) for_Hgphropse ©4a will pull the labrom
over the mouth as it closes. This will be discureed further in dnpter.l
(1sbral movemente during feeding)s The ligamentous attaciments are mort likely
gimple aschorage peinte to prevent the ventral rim of C4 from riding up during
contraction. The anterior limit of O4 is firmly attoched to the cardiac roc
by & large median anterc-dorsal imsertions This will also aid fool entry into
the cardiso coes TYonge (1924) and Barker and Cideon (1977) have described
diecrete bande of intrinsic longitudinal muscle beneath the comstrictor. The
bundles of lengitudinal musclec which Barker and Cibson portray in their

Pige 2 lie cuteide the consiricter and are probtebly dilator bundles whiech

wvere not cropped chort enough before cectioning. Cxamination eof the cecophagus
ip gity before rectioning would have made the interpretation of their cections
more underetandables There are, however, dirtinet lomgitudinal bande anteriorly
laterally and pesteriorly where (4 is anchored tc the ocesophagur by the
incertions of the dilaterr, and muscle fibres run longitudinglly within there
bands. Khether these lomgitudinal fibres are contributed by the dilatore or
by the conetrictor would have to be discovered eleetrophycioclegically due te
the tangle in theso arean.

Thie stody aleo provides o map of the finer imnervation of the
oe.ophaguss It adde only a little to our precent knowledge and ir of little
value, dune to individual variation, vave t¢ show approximately whence the
muccles are imnervated. 4 beiter approsch would be to determine the innervation
patiemn of the muecler electrophyriclogicnlly without regard o0 'ha specifie
nerves in which the axons may travel,

Large multiterminal neurons have been deccribed imnervating the
cesophagus of larval Homarus (Allen, 1694) and jmtacue (Allen, 1094, Crlov,
192624b)e Dando and Haynard (1974) were unable to find large nombers of these




F-—_“" N 3 = r pu — s -

o

celle (se desoribed by illen) inm Papulirus or liomurus but could cenfirm the
precence of mmall numbers imnervating the gut, In thie theris o wmmll group
of meurcene with & relatively consiant porition ic deccribsd, They are
innervoted hy the se0evene cnd their dendrites travel over the cetorhagus and
cardiac zac in the regien of the ClCel.Ve Allen deccribed some cslle ar wnie
tor=inal but deubt war card on this Ly Crleve The dendritor of the cells
described here arce wbronched ae far ar they could bo treced but thir is not

.

conclusive evidence that they are uniterminals Thove cells are prodably

mechanoreceptore responding 1o streteh and are coitably pleced $0 wonitor

P sovenents of the Q.0 wV. They wore not studied in detsil ar it wor concidered
pore weosful 1o concentrate on these organe which are sore amenahle to
phyeiologicnl] amalyeic due to their sise and conctancey of poritiens Thece sre
the ecesophugenl censore ((uis, comprizdne the A.0,0 and the Pul.ls)e '

The ¢4, axre prerent in a ring around the cesophagur at the level

of the C.Ce V. Although the crganisation of the 4,0C. .« ip comciderably mope
complex than that of the 7.0.0., the individual receptor elemanis are the cese
in both orgesve That ic %0 way: & small (10=20pm long) bipoler neurc: with &
unitersinal dendpite waich passes through the chitin layer and is acscoioted
with a rmull cuticular nedule locuied in a deprecsions In group & of the A.Cule
anG in the 1.0, +y these clesents ccour singly. Fowewver, in group b of the
Belefs %he clumentes 5re orvgavised into bunmdles of =5, Thie cam be cesn both
vith light niervorcony of le. blue gisined preparations of the neurones and with
an Gellel s exavination of their cuticulur endinge., In the laster ocave the
noduler are srouped inte the central depression of o relstively lerge hilleek
(‘5(‘1.: beeml diameter)s Souline (196f) geve 5 worpholegical criteria for
claseifying organe ar contuct chemoreceptors. Theee aves
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fe The gimilerity with previouely descoribed ergans. /lthough
edmilayr opgans have not been demcribed in crurtacean decspeds, the O.i. are
comparable with the epipharyngeal and hypopharyngeal organe of the cockroach,
Llabers orspiifer (Foulins, 1566, 1971, sad with the A1 seusilla on the
ios (Cook, 1972)e The former
have indireetly been shown to recpond to the applic:tion of chemicales (Roulins,

elypoo=lsbrun of

1971)s In there cuser each "cone" (oquivalent in sise and ehape to the
"nodulec” deccridbed for the 0.5Z.) har been chown Yy trencmiccion <lectron
ndorcocopy (Te oie) tc be imnervated by 4~5 bipolar neurons, In the C.! . the
numder of conce cells stained with Fe. blue appreximates the nusder of nodules
poent ¥ith the [.E.Ms but Xe., blue staining ir known to Yo capricicas and enly
a preportion of the celle present probably will stain, T.E.0. ie snecensary
before a definite st -tementi aboul the nwiber of cellr imnervating eanch nodule

oan be given.

2¢ Iirect contact of the dendrite with the axteornal mediume
The sresencs or abrence of & pore throush the cuticle at the apox of the nedale
ir o debatable question, Cook (1572) could not identify porer in the A1
sensdlls sdih 456 T.i.le, but che concideved that emall central depreccvions of
the conos obeerved with the " .L.N, were indicative of poress The ncdules of
the C. . bave cvimilar depreceions, lowever it ic possible that thece ave
regions of very thin cuticle which have collapesd during the daxying process,
Cther well described orucrtucean chemorecepiors, the antennular asecthetace
haire (Lavorack and Azdill, 1965) have no pores (Laverack, 1975) and Chiredellay
Case and Cronshaw, (1968b)-laim that the permeability of the hair wall is
pufficient to allow ‘coecp of the etimulating cubptrnce to the dendrite, This

may be the caee for the C.l.
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£) "Ihe pandibalar palp eee. 2ided in the movement of
food intc the mouth, ar A48 eee the labrum (the

apper 1ipje” Caine (1974) for (ypliper spadulpengis.

€) “eese the entrance of foofl into the gut seee ie
facilitated Yy dilation of the wmouth and the slter-
stion in poriticm of the lobrum." Lawvereck (1974a)
for deonpod orurtagennt, sepecially the lobster.

T) "Soth padre of maxilleas seee push the food inte the
caping mouth belos the ruiced labrum,™ Barker and
Civeen (1977, Tor ligmarus gsmearuss

€) "lhe labrum ir provided with muscler running largely
fore sud .t that enable it to defora its porterior
foce and ihae, by movements akin to thoee of perisialeic,
perhape t0 aid movement of the feood, though ite pert in
tids rerpect can be only minor.® Fryer (1977) for
Ltyid prawme of lomindeds

Yenze {1904) aleo piver & brief descripticn of the feeding

mechanio o withoul deseoribins labral mevements in

detaile aseer (1974) in hic acoount of the feeding of Jephrebs neslects
t¢ mantion the labram at all, bet 4n thic case the ctudy wae primarily cone
coarned with the structure and function of neathpart zetas,
ipard free the above dwseriptive etulies, the work of Laversck

and Pando (1560, Fouline (1949, and Soulins, Dundoe and Laverack (197C) oa
the meutipurd recestory is of some relevince to a study of the function of
the labrom. Using coveral decsped orestuceans (Joperus pammerne {156E),

s.d3gupe Hephyepe perveglons sod p¥acus Jeptedactylug (197C)) they
degeribe the thres meuthpart vecoplors, EIE1, 2 asd 3, and charsoterice
thnir responver to mandibular, labral, parognatihal, buccsl and ceveophageal
siovenente., Atk reference to the labrun thoy state that "It i capable of

diverse povenente of large ssplitude due to tho activity o¢f dhe intrincie




macculature™s Three typer of labsal movesment during feeding are describeds
Type 1 - sovoments tovards the mouthi Type ! - movementc away from the mouthj
and Type ) « chorteninge of the labrums ihen theze three typer of movement
sre imposed on the labrum, the activity of the mouthpart receptors ie
wodulated in wvarious woyr. The concluricns are thet minimal sctivity ef

MPRY indiestes 2 ithdrewn poeition of the labrum (type 1) snd inereasec
activity occurs when the labrum is zoved asay fror the rest poritiony oither
forvards or awey from the mouth (type 1 and {ype 0)e Aloe the EFR =3 syctem
{conmidered ar one receptlor) chowe more seucitivity to type } wovements cince
it inercarer the mpulne' frequency of & tonic unit at clow epeedsj recruits:
& position unit at faet opeedr; and introduces & phavic unit at very fast
epeeds, C(brervoticme of the anstesy of the labral /‘cerophageal complex

(ece previour chapter) show that it ic doubtful whether pacrively imposed
chortenings of the la'rur will not aleo wove the south, ond it ic wore likely
thet on sctive shortening of the lobram will have no effect on KI'E 23,
Howover, the informution avsilable on the movements and fumetion of labram
car be rommuriced as followet the labram can underpo various typesr of movesent
and protably scte o facilitete food ingertion.

It ir enuily « sen $that 1itile detail ie known about the fanction
of the ladrum eof decrpod cructacesne, despite ite prominent centrel poritiom
and complex snstory. (The rovements of the other scuthparte have bdeen better
depcribed, and = deveription of the gemeral feeding sequence will appear in
the resultc cection of thic chapter)s Alvc, thers has recently boen cone
piderahle interert in the cemtrel of foregut motility inm decaped crustaceans
(for & review pee elverston, Muesell, Killer and king, 197€). It will add
to thipr work 10 be able to charagterice the sensory input to the variocus
nearcnal metworkc during normal feedinge The wark of Kouline, lando and



Lavorack (1970) hae pome & long wy townrds thic end for the labmun,

However, until more i Imown about the actual movemente of the labrum

during fouding little can be zuld alputl the amcunt and nuture of the afferent
input. For this recson, end to i1l 5 2ap in the knowledge of the mechanics
of feod dngertion, the asim of this projoct wes to doseribe the movementns and
poseible funciion of the labrum durdng feeding in the intact sanisal (Hemarus
Goosgruc)e nfortanstely the proxisdiy of the ether mouthports and the sise
of the labrum limited dhir tc & sdudy of the aterior/posterior {opeming/
cloudns , woverontos

A lobeter shich had been starved for sbout & week wae stepped t0 2
rigid porspox frome with elsetic banmdn, A emnl! hook, fashioned from an
insegt ring war incerted into the scutiform colerite of the lsbrum and the
animal war then saspended in o perepex tonk (Mem x 28om » 20cn deep) shich
wor eupplied with = continuous flow of frech ses water (Mge 35)s & longth
of taresd ren from the heck and wae sttached to ene ond of the recording srm

of o kywographs. The thresad thus lay 48 4 poezition valmarable 10 intorference
fres the chelae and the varicur mouth sypendagon. As o vemult, it wae found

necessary to revirein the chelss and resove the mandibular palpe, In the
latier case, the palps were exeised at their jolnte with the mandidler, and
the holes thue Sorsed were pluzged with emall wads of tissue papers There
preparetions were wiuclly suffTicient to snable relatively imterference—-free
recoréinge to bte obtained, althouvgh the 3rd maxillipeds did ccoasionally ceure
spuricas movewents of the recerding arm.

After leaving the animal for about * hre to become accuctomed to
its new situnticn, sntericr=posterior (openins-cloring) movesente (Vige 36)

of the labrum were monitored, Twe mothcds of recording thess movereante weore
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fet=up to recerd labral mevemente during feedinge A 1¢h ter
is strapped to a rigid perspex frame and ruspended in & tank rupplied xith
& continucur flow of frech ten wnler,

A e side view with Fymosraph (Xye)

P « Top view with photocell (Fhecell ) recording syetem




Ky.
b
Lamp
= /1
2 7 Ph.cell—




nteroeventral (A) and left lateral (B) acpects of opening

and clorin: movemente of lubrume

1« Protracted (cloved)

Ze Retracted (open,
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Co=cperative acticn of mandidles and 3rd maxillipeds
labe = lLabrum
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rubber access to the lumen of the cesephaguce Thereupon it closes as far

ar it ic able, and beiween bites can be seen to0 retract a short distance to
allow manipulation of the cubetrete if this is necessary {correlation between
wovenente of the labrum and those of the other mouthparte wac detected visually)
Piting and manipulation are perfommed by the mouthparts as described above.

It is doubiful whether the labrum exertc any prescure on ithe rubber wien it
closes during the biting phase. Iach bite $ypically lacte 4-T7 secs, and 10=15
biting cyecles are usually sufficient to terminate the seguence before the

rubber is discardeds The frequency of biting sterte at about Ouf cycles/sec
(¢/5) anéd slowly decays until the end of the sequence. After esch successive
bite the labrum retracte a litile further, until it retracts fully to aid in
dizearding the rubbers The final clocing sovement of the labrum is substane
tially clower than the initial opening movement, mnd can tske 10=15 sece, It
can 8leo be veen that the labrum doec nct close fully, having approximetely

s wore to clove until the original resting position ir attained. 'n
important point to note ir that after sequences whem nothing ic ingested, there
are ne further cloeing or opening movements of the labrume :

dngesticn of Iood igterdal

(a) "Chewing®

When Hephropr lege or kytilgs pieces are being eaten, the opening
and cleoeing movements of the labrum are basically similar to those shown when
the inedible rubber is chewed. With o Nephrops leg, bdting and menipulative
phaces can be seen (Pige 38(%))s The labrum liee near its resting pesition
during & bite, and retractes between bites to allow the food to be repesitioned.
With pieces of musvel (Pige 38(c) and (d)), the labrum simply retracte to let
the ioner mouthparts push the lump into the lumen of the ocecophagus. Large
pieces of musvel are tomn apart b the same comoperative action of the manditles
and 3nd maxillipeds ac previcuely deccrided, and the labrum can be peen to







Instentancour frequency plots of the cyclical activity in 4 chort
duaration "suillowing" coeguences are showm in Pig. 5. The freguency of a
cycle 1s calculated ar the reciprocal of the interegyele intarval, whick ic
measured from the otart of that cycle to the ctart of ihe succoeding one,
it can be seen that the initial freguency ranges betweea Ue3 and 0.5 C/:,
ank thiz fairly rapidly decayr to just over Co1 /8, For lomnger segquences

5

the initia) frequency 1s Jower (Ol = €23 €/ ) btut the decay iz ot ax

roapids This ir shown in Fige 40 wideh ir » Block bictegram, for eight sanples,

¢ the nusber of cycles in ruccespive 30 second binc. The larger standard

error bare in the final sinute are due tc the cereation of cyoliesl mevensnte

in two of the sampler after 4 minse Thir would alsze necerearily reduce the
woan values in the final minute,
A kysograph trace of the longert recerded nctivity iz shown in

Fige 41, and this is zrapbically displayed in Sige 42¢ It ic noticesble

in Vige 42, (not depicted in Pig, 41), that feeding towards the end of cyclical

agtivity will rectisulate the eyetem ¢ a higher frecuenaye. Thic Treguency
(Ce23 ©/L) 46 nct as nigk ac the original post-fesding frequency (026 C/v)
and decay: within & minute $0 & stesdr Troqueancy of Cet%S €/l

%0 sammarice - Y wallowdng® sequoencer in sfarved snimale sre of &

chort duraticn, with o high imitial freguency which rapidly decayes
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“Iwallowing” cequences in 1ad, but unsatisted, snimale ave of 2 longer durationy

with & lower initial Trequency which doss not decay cr quicklye.
it i dmporiont %0 notiee that the frequency celdom, if ever,

dropped belew (o1 (/. without ihe subeequent cessation of movement, C.1 554,

iz thar to be regarded ar the wminimum poreible frequency of cwallouing activitys '




Zigexe L

Labral movements coring fesding, & downsard movement of the
trece indicater retrsction (opening of the labrume.

(a) Chewiny cu & pisce of rubder: lach hite of the mandibles
i¢ acconpanied Yy & proetrasction of the ladrum (arrowed)s At the end of
the trace the labrum retracts to aid in discardin: 1ia rubberes lote that
the fins) cloring movement ir slowy, thut She orizinal resting poeition
ir not attained, and thet there are no furtier sovements of the ladrum,

(b) Ingestion of a Jephrcps leg: L complex chewing (biting
and manipul tive) phare ir followed My rmall protrsctions (ewallowing)
superiogored en & level of closure prester than the orizinal resting lewvel, !
Iotr indicnte where there umli protracticn: can W ceen during thes

chewirn: reguences

(¢) Ingestiem of @ emall piece of jgtilur: Cpening eses brief
manipulation esese Closing, ie followed ly a short cequence of swallowinge

(@) Ingestion of a largs plece of jytiluc: (cemtinuous trece)
The details of the chewing phave cannot be seen 2¢ the labrum retracted
out of the raage of the recording systems Hanpid closure ir followed Yy
prolenged ewallowinge "he level of closure during the swallowing ceguence
40 ceoimmn further than the resting level, Thie decays to the resting level
within the sudeoguent | mince

(further dotails in text) '
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Pizere 19
Swallowing activitye. Instantanecus frequency plote of 4 short curation
swalloving seguencoue

(Detaile in toxt)
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Figure 40
Swallowing activity. BElock histosram, for € camples, of the number

of cycles in 30 sece dine, Dare indicate standard errore.
(dotails in text)
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Zgumre 43
‘wallowing aotivity. ¥ymograph trace of longest recorded secuence.

Dowmward deflecticon of troce indicuter retraction (opening) of the
labrum, Ingertion i followed by 2 long peried when small pro-

traction movemente of the labrum can be esecen.







Sesllowing sctivitys Block histogram of the number of cyclee in

succersive 30 sece Mins for the longest recorded swallowing sequence
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recorded in the w.o.ne and correlated with cesophagen] peristaleir (oee mext

chapter)s ’% ir therefore porsidle that the emall protractiens of the labram
sre produced by cescphageal movement rother than any actividy cof the labral
musculotures Yowevery ecch crele ie biphesie which could suggest thet 2t
lenegt two muscler are active to preduce it, I1f this i# the ceane, then L€ ir
the most probebls conte:der for thiz action of aiding C4e The novencnte re=
corded during the chewing vecuence are toc large to be accounted for merely
by oeeophaseal sovements and active labral movements musrt be incorporated.
The problem can only definitely be resclved clectrophysiclogically, preferadly
by the implantation of extracellular copper wire electreder into the muscles
of the intsct snimale Thde will be virtuslly impoesible to sohieve for moet
of the labral succlos due to their cige and poeition, Alwo becauss the wires
will be feuled Yty the mouth appendager and by the food matericl snd $heip
prevence weuld probably prevent natural feeding, This etudy har chown that s
pin with an atteched thrend cam be implanted in the labrum without inters
fering vith aorm.]l feeding, but the only murcle scceczible by the reute uved
ic 1:':.. the large labral retractor, There would be 1little value in recording
golaly from thic muscle.

The above’sttenpt to deduce whioh muecler produco the recorded
labral movemantis §¢ redundant when conridering the porsible functione of
the latrum. That the lzbrum doees move ic indispurndle, how there movements
are effected iv to & certuins exteat irrelevant in thir centext. Before dipe
cuscing the rele of labral meovements further it ic necesenr; to emphasice one
pointe labral movemeais cansot be divorced totclly Trom cesophagesl movementes |
The ventral limit of tho oemophagus is thoe scuth smd it i bounded by the
lobrus, sondidlee and poragnathes Thas, retraction of the laYzrun ic open the
mout: will dilate the cecophaguc, and dilatation of the cesophesguc t¢ cpen

the wouth wdll retract the labrume The cume is true for labral pretraction,




mouth: eclosuye end cercphages]l conrtrictions FPerhapes therefore, the results
revorted in Liie chopter are betier dercridbed ar pacordinge of the movemente
of 4he south in the enterior/portericr plane, incerporating mevements ¢f the
labrume Thir concept of the ladrum and vestral cesophageal rim cerving simply
e paprtu of the mouth her been touched on by Houliney Dende and Laverack
{(197C) with refeorence fc the FP2 syetem. They state seee "It can de arguad,
therefore, that thie (the recpomser of the 177 syctes) reprecents o nomw
specific form of insat rezarding the position: of the mouth, Chamges in the
labren, paragnatihy buceal malls e candible al! affect the cutput from thece
organe.” However they oitill retein the dirtineoticon between the novements of
pagrtes of the mouth Trom that of the wouth itselfs. lespite tis fact that
FPRT and FT w3 "constitute different functionasl groups™j “respond differently
to different uovemento™) "give infommotion via cifferent pativeys to different
pate of the (i, "] "reipond ssynebroncusly io the came movencnt™§ snd “may
alzo reepond in epprowing saye®s it is porrible t0 g¢ further and consider the
mesem ac o sincle receptor monitoring the vige and shajye of the mouth,
with different cell groupings being primarily concerned with different pagts
of the mouihe ‘euring this interpretation of its funciion in mind, the naming
of the mouthport receptor system 1o sccurate in that it monitor: alteratione
in position of parte of the mouthe Unfortunsiely the torm mouthpart har come
to be amcocieted spocifically with the mouth appendager (1ct ond “nd maxillue,
1e$y ind and 3rd maxillipeds) and thuae thie nwwe may be mirlesding. The
preposed name periosscphagesl receptors (valer, Maecmillsn and Loversok, 1976a)
aooupitely reflects theiy pouitien dat givesr ne indiecntion of their functions
It ie doubdful whether it ic necsssar; tc change the name of this rydes, but if
it ieo then the sisple nsme “mouth receptor™ cay be appropristes. The concept

outlined above undoubtedly hae its limitations, but it ir ueeful in ithe context
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2 of thir chapter Yy erndic-ting the need to divtinguish betueen movements

of the snterior psrt of the meut: (tie lshwuw) sreduced Yy the cecopbageal

sasculaturs, and thore predvced By the labmal mucculatures :

The 1sbral movements duping chewuing are eanier 1o #nvisage by an

LA de 4

snalyeds of the trace proiuced on an olastic suletrste., The labrum retraots
raplidly to accommodate the end of the substirsie amd then protrascts to held it
in place, Therezfter the movamente are linked to thowe of the mandivle Wy

protrecting during & mandibulapy bite and retracting between bites, in the

mandpulative phares #ith reference %0 mandiluler activity, Hacmillan, ¥ales
b and Lavepack {197€) have eshcun that the substituticn of food with a sisilar
elastic subsir: te tendr tc increase the duration of euch biting phace and
3 rednce intervenins manipul tive phases, They further chowed that the mean

ceycle time {mescured from the rtart of mandidular abducticn in succecsive

ik ol Gy e ddards St S NGRS CA Lo i e b Dl 8 v A

cyoles) imcrentes from 2.19¢ (f.ds (e62) on rtandard sudetreie (Jgrhrope leg)
0 Je1in (2ede 0077 on elaztic sudeirete, and thet there war ¢ften a decrease

in dite fregquency ss the secusnce progresced. The resultis reported here for
the labrus oonpare well with thece with the exception that in the precent wosk
the cycle tike cn an olactic sabrtr te ctarte elightly higher ot ced vecss
Thie Qifference 4¢ of little importance and ir probebly broochi abeet by dife
ferent axperimental conditicns (e.ge the nature of the elsetic sudbstrste)s
Apart froi: the fact that swellowing metivity can be seen to be surerinponed

on labral chexin: sctivity (indicated by dote in Fige. 38b), only two further

= 43 e g LR 5 6544 iy, ¥ 2 -
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differcncer need be noted, Miretly, betives bitee oen a food zudsirate the
1zbron retracts 2 long way, precumatly to allew & mew portica of the foeod
access $0 the mouth: and secondly, the final closing sovemert with n food
cubstrate 1o active whils that alfter &n elaciic sabetrate har besn discarded
ic probubly paseive and brought atocut merely hy the elasticitly of the struotures

To sunmpriee: it o.ch mandibular bite the mouth closes over that part of the
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food whieh ¢ internal to the inciror proceswes of the mandidlece Thie may 3
M litate fracture of the substrnte Yy oxerting prossure on iY and probably =

3

/ helpe to push the frogwente of food into ihe mouth nr they are broken off, . ﬁ

/ hepe that there wmall pretractionr exactly sirreoy cach peristaliic wawe of

f

1% hee alyeady been mentioned that the enllouin; activity of the

/bram has a simil.r freguency e cssopnageésl perictelsis. It ir Believed

canstriction of the cosophagzuer. There iv an olwicur advantage in thene proe=
trecticne Of tho ladrams Ao the meuth cleser and a peristeltic weve is
inidinted the ladran ic pulled over the aperture of the smeuth, occluadins ity
and preventins the escape of any food material, it may alee help in sctiwely
puching piecer of food inte the ocesophaguc oo thet the pericinitic wm=ve can
have itr effects ~ dircuerion Of the freguency and durction of thiec represenw
tation of cevophaseal perirtaleio wlll heave more relevance in the next chapter
whore thece experimenty on sn intact saim:l can %o compared with these
attarpting to elacddrte the inddial and final control ¢f pesrisialeisze.

The pestilic mperied here are ossentially scaitorinse of the cpening
e cloving smovementer of the south Ly recording the movemsnts of the lalrus,
I4 hme Leen shown that the labrum co-cporates {either setively or pasvively)
in two rhyttoiend procosser (mendibular chowing and cecophageal perietaleds)
which oceenr -1 differant freguencies, ‘cmetises the labrem iz inveolved in
both nyocerver sisultanccuslys There has recentily been a lot of interest
in phythmsica)l sotor sroprsames ab useful preparsiions for snalysor of the

control of belovicur patterms (for reviewn see offett, 1977 and Facmillan,

1977)« Yor a coneideration of lalral activity in thece torme it ic not really

necessayy 0 sbandon the idea of the labrun zr merely the anterior part of the
uouthe Thie is a functional concepte Hhat one muet anslyre ir the contrthtﬁd;'
of different succle groupe (and thus poesidle rhythmic wolor cutput to these

gvoupe) to the cheerved movements, and not ihe effect of there movements,
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T™he foregut of decapod crustacemne compriser a short cesophague
joining the mouth to an ectedormal, chitinieed cardize sace The cardisac cae
containe & complex gastric mill for trituration of food materin)l (see ooz,
Balee, 1941)e At ite posterior limit ie a pyloric press and filter which
diverdts mmull food particler into the hepatepancreatic ducte and larger food
particles inte the mid gut (Venk, 1960). The anatomy of the labral/oescphageal
complex is precented snd reviewed in Chapter 2 of the present work and that of
the gactric mill and pylorus hae been desoribed in o wide variety of decapeod
cructacesns hy Voymard and Dando (1974), Neirse snd Norman (1977a,b) and Fryer
(1977)e Food is transrorted peristaltically up the cesophagus ané ctered in
the eardiac pac before it ic broken up by the action of the gastrie mill, Thie
ir claimed to de an adaptation to a sedentary exictence, enabling the focd to
be swallowed firet and then cheved at leicure when the arimals are safe from
predation (Fatwardhanjy Reddy inm Venk, 156C)s This chapter ir primarily cone
corned with a small part of the passage of food through the foregui: the ceontrel
of cezophageal peristaleis. PFurthersore, evidence will be precented that
contact chemoreceptor: play a major part in initiating and terminating cecophageal
peristalein, !"or_ thece reasonc, and t¢ provide a framework from which te work,
twief reviews of the foregutl neurephyviclogy and chenpeensory mechaniems of
decapod crurtaceans wil! appesr here,

Waynard and coeworkers pioneered the work on the ctomatogartric cyctem
(Haymard, 19566} EHaymard and Burke, 19€6; Maynard, 1967; Maynmard and Atwood, 19694
Eorrie and Naynard, 1970)e In there early studies it war suggested that the
ctomatogartric eystem of large decapod crustaceans war an ideal preparation for
the analysis eof a emall meural network which controle a welledefined dbehavicural
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acts fince then a great deal of information about the system has been
obtained from a variety of decupod cructaceans. It har beem tacitly ascumed
that the eysteme in there animals are cubetantinlly similars

1) The ctomatogastric genglion comtains 3C meurcne and centrole
the gastric mill rhythm (for triturating food) and the pylorie rhytha (for
filtering food) (vee esge “elverston, 1974 - a review of the system in [anuliras
Angerzuptus). These rhythme ore produced by altermating burste of setivity im
soveral neurone acting on the etriated musculature of the rtomache It har been
cuggested that local subthrechold presymaptic depolarisations ae well ar spikes
contribute to the normal funetiom of the genglien in Pagulirue argus (Haynard
and Walton, 1975)s The imnervation pattern and newromusculsr phyviclogy of the
foregut musculature has been described for Cgllinectes sapidus and fanuliras
argus (Govind, Atwood and Neymard, 19753 Jabromi and Covind, 1576), and evidesce
hae been precented that iocetyleholine acte as the chemical tranemitter in at

leart zome stomatogasiric neurcmurcular junctioems of fanulirus interruptus
(MP. 197‘)0

2) The gastrie mill rhythm of Panulires interruptus ic dependent on
a network of 12 neurons whick can be functionally divided inte two subsets:
4 motoneurons driving the lateral teeth, and € motonsurcne driving the medial
tocthe There are twoe interneurcne conmon to both subsetss The mynaptic coupling
botween these neurcns has been elucidated to a large extemt (Mulloncy and
Selverston, 1974aj telverctem and Nullemey, 1974)s Reciprocal inhibition among
the neurons of the lateral teseth produces a pattern of alternating burete in
the abeence of all synaptic input and without the provision of un endogencus
burster or any neurcn which cight wet ar & master clocks Thie pattermn affects
one of the intemmeurcns common to both subsets, thus causing activity in the
neurens driving the medial toothe (Mulloney and Selversten, 1974b). Alse it ie
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saggerted that the temporal paraseterc of asccomvodation and poztinhiditory
rebound ¥ill determine the duration of the durcte asd the repetition rate of
the patiern (Fullomey and Helverstom, 1574b%). Comparative snatomical rtudies
with Pepases jepenicus, Ealoewon gerratis, lalipus = velgaxds and Jomares
apericsuus show that the 12 meurem gasiric mill peiwerk iv present in shrimpe,
ae well ar the larger decupodn, although szucciated with funotionally and anoe
tondcally different muscles (Sudyie, 1976)s

3) The pyloric rhyths of Panuliruc jadercuptus i« ceatrolied v 2
network of 14 neureonz, 13 of which are know: to be motoneurcns. The exception
iz the antericr bdurvter neurcn. The dectination of the axen of this nearom is
unknosm at the present time. Thie nauron pocl iv functionally orgeciced into
dilators and comsirictors which preoduce alteraating bursting cutput to
antagonistic musecles. The bueic rhythmicity of the pottern ic set by a growp
of } endogencus burstere which can produce cyclio moter cutpui in a totally
deafferented prepuration. The pbave relnticnchipe in $he other neurcns are
maintained YW thedr symeptic comnectivity. These ayaapiic interactions ave
either inhibitory or electrotenic (Maymard and telverstom, 1575).

4) By comcentrating on the motor output of the stomstogartric
gasglion, Powers (1973) (vith Capcer mazisjer and C, productus) and Hartline
snd Neynard (1975) (vith Papuliree argus) have investigated the functional
implications of the generated patterus.

5) Kerrie and Naymard (1970) and Powers (1973) ueing electrode
implantation techuniques studied the rtomctogartirie output in intact Homarue
smerigsngs ond Cancor sppe recpectively. They chowed that although the recorded
discharge ie rimilar to that described from isolated preparstions, the rhythmic
patterus are also under the comntrol of modulating inmtermecrcns from the C.N.:,



”

and probably pathwaye of reflex asencory feedback, Larimer and YXennedy (1966)
dezoribed an unusual mechancsensery bipolar cell which ie lcested in the stomatoe
gaetric ganglion. Ite autogenic activity iz meduloted by sovements of the
gagtrie «ill cssicles.s These movements are alec womitored by groupe of renve
cells located in the porterior stomach nerve (pesens)(Dande and Laverack, 1969).
The effect of pevens ctimnlation on normal gasiric and pyloric rhythes in Cancer
pegupep (Chanusrot and Dando, 1973) hac beon decerided (Dande, Chenussot and
Negys 1974)e That there effects are compatible with the theory that perene
etisulation reflexly activates command fibres which met enly on the ;" ric
dilator pucomaker neurens has been confirmed by Herssan and Dando (1977)e They
propose that the modificatien ia the pyloric cutput may be associated with an
opening of the cardioepyloric vulve sad o papid propuleion of food through the
pylorie filter into the midguts The oconmand fibree derive from the commissural
ganglia snd say be cimilar to the commirsurel gasglion © nemrons demcrided Yy
fuesell (1976) in [asulirus interrugtus. There, however, aot on the medial tooth
neurcnal subset, Rusesl! coneidered that the forece exerted YLy the medial teocth
of the gastirie mill could be adjucted by central and sensory wodalation of the ©
neurcnse. Hedulation of the stomatoguetric ganglion output of Fanulirgs argug,
can bo effected by ctimulstion of the two inferior veniricular nerve throughe
fibres (command fibdres froom the ceredral samglia), although the fumction of these
changee ir unknown (lando and Selversten, 1972).

6) MNovements of the cardime sac of Falinurue velgeris are controlled
by three motoneurcnee, C(me (AM) immervates the imtrineic musculature and the
other two (CI1 and C12) imnmervate the extrinsic dilatore. The cell bedy of Cif
is contained in the cesophagesl gamglion wheress that of (U2 can be found in
the stomatogaptiric ganglion, HMereover, CI2 has two spike initiation rites, one
in each of the etomatogastric and cecophageal ganglime It ic proposed that it
“a) might be involved in various motor prezrammes” and; "b) could be considered



ac @ "twoenay co-ordinating system®.” (Vedel and Houlins, 1977)e

7) knouledge of the newronal mechanierms co~ordinating oerophageal
poristalais in limited, It has been dooumented that the covophagesl musculsture
ic innervated YWy rhythaiesl dureting setivity (Mouline, Vedel and lando, 1974
for palinurys vulgariss “pirito, 1975 for Lroessburus olapkiiy Pasvell
(umpublished) in felvervien, Russell, Hiller snd King, 1976 for Iapulirus
intsrzuptes)e In Pplinugue vulgeris the cesophagesl musculature is innervated
by 3 dilator (Culs 1,2 & 3) snd 2 conetrictor (C1 & 2) wotoneurcure The oell
body of at least one of the dilator motomsurcns (C.D.1) ir located in the
cerophageal ganglion. The cutput of thirs cescphageal netwerk on: b modified by
activity of thas cardiac sac network, ecpecially by activity of C.D.2, which ie
concidersd ar & commend interneuron as well as the pacemaker ef the cardiac sae
network (Honlims and Vedel, 1977).

8) Maally, Sussell ((enpublished) in telverston, fussell, Miller and
Eing, 1976) has shown that riimulaticon of an cesophageal chemoreceptor nerve in
Lapslirac interruptus can modulste Loih the gactrie and cesophagesl rhythme.
Thie taker the form of » 2=3 fold jacreare in cyeling aad cuggesie that the two
rhythas may be coupled in some invtances. It i¢ worth mentioning here that this
chemoreceptor of lanulirue interr-ipiue is poecibly homclogous o #he Adl.i. of
Hemsrus ggmsarus. 5videnoe will be presested in this chapter that riisulation

of the n.0evens of fomerus gassorus decrecces tie frequency of the cesophagesl
rhythme Recseons for this will appear later.

The above review i¢ not particularly detailed, Selverston, Nussell,
#iller and King (1976) have proveded an extensive review of the rtemetogastric
nervous system (with emphasis on Jspuliruc interruptus) and kalee (1976) hae
reviewsd arthropod gut propriceceptors which could provide modulstory inpute to
the system,
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mMMnorMMmmm:dquu for decapod
crvstacean chemoreception (Laverack, 196f; Lindetedt, 1571) Laverack, 1974a,b}
Kuokie, 19753 Laverack, 19753 Ache, 1977) ie such that a detailed considerstion
of the subject here ir umneceszary. This section serves rimply t¢ susnarise
vome of the available informations :

Laverack (1974b) defines chemoreceptors ac "ese receptor cells
specialized for the detection of small changes in the chemical compezitien of
the envirenment due to subctancee volatile, soluble or electrolyte. Cuch
cells are normally constituents of the nervour system, or are directly
acpociated with the secondary nourconees that sct as conduction pathways to
the C.¥,5." This definition ¥ill be used here. Two types of chemoreceptor
are propoved: low threshold (elfactory) and high threshold (guetatory)
(Laverack, 197%). The former are typified by the antemnular aecthetacc haire
(Laverack and Ardill, 1565, for fanulirus argues Chiredella, Cave and
Cronshaw, 196fa, for Coawbita gompressus;’hiredella, Cronshaw and Care, 1968,
for [agurue birsutivcoulus) and the latter by th on the dactyls
and moushparte (‘helton and Laverack, 1968, “helton and Laveraek, 1570 for
licgaras gomearap)e The strugture of these organe ie essentially eimilar
but that of the 05 (Chapter iy thie diecertation) is markedly different,
resenbling tc a greater extent the contact (guetatory) chemorece;tcore
descridbed in incecte (Moulins, 196€; Moulins, 19713 Cook, 1972).

To date only ocne type of chemcreceptor his been extesrively studied.
Thie is the satennular aecthetasc haiy organ. Dach filamentous hadr ic innere
vated by 300-400 dendriter and the stiimulatory materiale probabdbly gain aceess
to the dendrites through the permeable hair wall (Chiradella, Case and
Cronehaw, 1966bs Laverack, 1975)s Cheltem, Shelten and tdwarde (1975) frem
rtudiec on the infection of the serthetasc cetae of Cprangon ersnson by a
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filepentons, episvoic bacterium, precect evideuce that, in these animals,
serthetase rotae do 2ot bave & Sexwimal poree 1ho anteanules have bean shown
electropiyriolegically %o bte sencitive to the lower moleculsr weight components
(aminee and emino acide) of food smterisl (eeg. levandowsky snd Hodgsen, 1965)e
Pehavioural rerponsen, which are -itluiod in part by the antennalar chemow
recepiors, also show that amines and amine scids are effective stinulante,
especially in sixtures (Kcleese, 1970; Nackie and Shelton, 19723 MelLeeve, 1973)s
Carr and Curin (1975) have shown that larger welecular weirlt compements ruch
as proteins are also potent stimmlante of feeding behaviouwr in Palasmo .. ..o
32 pegios The ayestalk ganglis have seversl nom-visusl functions (Zaslett, 1971),
snd one of them, the medulla terminalis, ir involved in processing the chemo=
gensory input from the sntensales (Maymard and Dingle, 1963, Haynard and Yager,
1968)s Bilateral ablation of the wedulla terminalis in Papaliruc grgue cancest
an increace in the pomritive respense to dactyl ctimudation; an increared
tandengy for the animal to mouth and ingesrt inadibles; and a disturbance of
normal ingestion (Muymard and allee, 1970)

In epite of the foot Shat chemomencitivity is probably involved in a
number of diverse activities (e.ze feeding, repreduction and homing), knowledge
. of the sechanieme wherely this cencitivity comtrole the behavicar of decapod
! oructsgeans s2dly ir lackinge Dehavioural experiments can provide ome with a
long liet of stimulatory compoundz, a2nd rimple recerding experimentc can
charsotarice the responser of individual receptoer celis to these compounds
| (“hepheard, 1574). 1t ic nececeary nov to investigate how these respomses
are integrated with normal nouronsl aoctivity to preduce the medulation of b
havicers Laverack (1975) pleads for wore attention to be paid 4o crustaces in
the seareh for fundamental principles of chemoreception.




{hlegts of Heseareh

e Three moall Bilateral groups of bipolar senve cells have heen
descrided immervating the labrum (Chepter 2). The firet object of thie
electrophysiological study wae to confirm that they respond to mechanieal
deforpution of the labrum,

Ze The rveview of foregut neurophysiolegy of decapel crustaceans
shows that information about the comtrol ef cerophagenl peristaleir i lockings
in attompt wae nade to characterise the bareting activity recorded from the
cerophageal nerves dupring perietalsis,

3¢ The studies cn the lobrel movemsuts during feeding (Chapter 3)
indicated that the labrum undergoes sawll riythsic pretraction: at a frequency
vimilar to that of cecophageal perictaleiss It wae uncertain whether or not
this sovement wae due 0 an active participation of the labrel masculaturs.
Recordinge wors taken from the merves innervating the labrum to determine if
the labral susculature is driven by rhythoical neurcnal sctivity during
ossophazeal peristalcise

4+ Twe bilateral chemoreceptor orgune have been descrided at the
oesophegeal /oardise sac valve (Chapter 2)s Their positicn sugrerte that they
may be invelved in the cemtrel of ingestions PFurthersmore, labral cwallowing
activity (ocevophagesl peristaleis) is fnitiated culy after rome food material
has beon Bitten off the sudetrate mnd pushed into the cesojlaguet not curing
wendibular chesing, and not by chemical rtisulation of the mouthparte (Chapter 3)
Thie implies that there is on internal mechasiss for the initiation of
peristaleiss The main comcern of thiz chepter i an investigation of the foede
back effectr of P.C.0, and A.C.ie stimulatione This hae relevance in the study
of both the contrel of oesophagesl pericvtalsis and the role of chewosensory
alference in behavioure
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LReliminory “lgpection
The chelae, cbdomen, perejopodr and dd maxillipede were removed

frow & healthy animel (dhere war mo diccrimination on the bares of zize or sex)e
Two lateral caie, b on sither eide of tho bo 'y, sad ome tramsverse eas, just
ponterior to the rozfrws, wars sade, and the carapace was removed Ly teraping
it free of the varicus mascle imsertione. Thoe major mandibular addactor
susclee (M9 of Hales, Neemillan and Laverack, 1976a) on both cideo were resoved
by cutting their apodemess Aleo resoved at this ctage wers the digesi ve
glands and gonads and the disssction »ar eluiced with fresh cea wutor to resove
sny seorctions which may have encoped from thems To free¢ the riomach from the
roctrumy the origine of the cardinc stomach and gastrie mill muccles arisine
from the procephalic apephyrie (Moogusrd, 1003) and the eye cupe, (gaiby €1
and C2 of Maynayd and lando, 1974) were veraped froe of the cutiele using a
chayp mounted needles The stomach could then %e reflected porteriorly allowing
acoers t0 the greea glaads at the bape of each antenna. The green glande were
resoved, taking particular care $o casure that ne pert of then resained, and
the discection wor weched with fyesh vos wuters The therax wace divided traas~
versely by cutting just posterior to the cephalic apodeme of the emndophragmal
skeleton and the metastomal plate of the ventral sheleoton. The anterior part
was pinmed through the antenmae inte o wax bhotiomed dissection dicsh comtaining
frech sea watere Then the circumcesophajgeal comneciives on either cide of each
comni coural ganglion were cut t¢ isolate the stomatogartric, and oeso;hageal
nervoue cystems from higher comtrol, Further dirsection wae performed under
sou water with the «id of a NHikea Wnecular dicsection microzcope,
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Having reached the position deceribed above 1t was relatively
girvle $0 reveal the cscophageal mervous system of one side, Musclee €4, CS5,
CVY and OCIV3 were cut near their incertions om the ocesophague, This enabdled
the rtomnch to be deflected posteroe=laterally and fixed in %hie position by |
pinming it through the pyloruse The precedure wa then to dizseet further &8
11ttle a8 pocsible for each particnlar experiment, 7o gain aceess to thet

() ®ecene = no further diccection was necessary, although
cutting O3 helpeds

(B) Vempetens = 05 wno cuty

(0) Ge0etens = 05y CCIVY and OCIVE were cuty

() d.0ene and the felens =~ €3, 05, CCIVY, OCIV2 and 02 were out,
and the cerophagus deflected posterierly.

The anime)l wae dissected to ctase (d) abewe, Them the cephalic
spodeme wae removed by cuttimg it ia the longitudinal midline and excising
each half, 7o remcve the mandidble from ome side the outer mandibular nerve
wes cut at the point where it leaves the circumoesophageal connectivej the
lateral wall of the cesophagus was cut free from the groove on the imner rim
of the mandiblej and the epistoma wur cut traasversely from its lateral edge
te the point shere the mandible hinges with ite The preparatica war then
tilted elightly and & small incivien was made in the loteral rim of the
osvophagur to reveal the lateral wall of the labrum, In this pocdtion it ware
poreible to rocerd from the icdens of cne side and stimulate mechamically the
ipuvilatoral side-wall snd lobe of the labrum,

An attempt wnr made t0 dsliver repeatadle guantifiable mechanical
etimali to the labrum via 2 “ervemex wavefomm geserater driving a pen arm,
Howsver, thic proved unreliable ar the disssction had destroyed the labral
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support on one side, renderdng it slightly plastic to impoced movemente, 411
the Msponses showm in the resulis were obtsined by stisulation with a hands
held cankete

Electricel activity in the nerves was picked up »ith cenventional
wilver wire hock electrodes, saplified difrerentially using & type F/1 pro=
soplifier (marufactured at the SCatty Marine labdoratory) with Bigh snd low
frequency cutwolfe at 1¥is sad 600N, respectively and displayed on a Tekironirx
type 5614 escillosoopes [Fermanent yecords wore wade ueing & Coeror occillesraph
cameras “elected merves wore stimulated with a Tektreniz palue generator
(typo 161), which was powered Yy a Tekironix waveform gemerator (type 162) and
a Tektronix power supply (Zype 106i)s To reduce stimulus artefact %0 & worke
able level, an R/P isolatien unit with & full seale deflection of 20 velte wne
interposed betwoen the pulee gemerstor nd the stimelating electrodes (rdlver
wire hook electrodes), In all etimulating experisents the ctizulus wao a
troin of restangular pulses of width Ol « Cu7 me and with o pulee interval of
400=500mes In the majority of experiments the dathing medium was mea wauter,
and the neyves were ineuloted with cither liguid paraffin, or a glatinous
sixtare of liguid paraffia and petreoleam jellys She lattor hac the advantage
of adhering to the nerve and electrodes thur encuring that suffigient rea water
con bo retarmed to the bath to cover the preparation completely. ihen attempts
were made t0 recoyd chemoreceptor activity from the variour zense organs the
preparstions were bathed in fpmayac eoline (Pantin, 1964), end glase-tipped
raction electreder were used.

Chomical stimulation of the organe war performed with an extraet of
Extilae eduliee The gille snd mantle of & frech museel were homose:-ized in
spproximately the came volame of sea water, Thic wue applied tc the apprepriate
ares with a glaee pipette, P the 'C.i. Gnd the 2.0.'. 8 kole e cut in the
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cardine sac and the pipottie imcerted and poviticned clove to the relevant
organs ihen the Pul.ls wae etimmlated chemically the afferent azone of both
L+l wore cuty and vice vorsss For the ladprem the whole cardiac sac was
resoved &t ite jumetion with the ocssophaguc snd $he pipette war inserted
tivough the CeCelaVe to deliver o cireanm of the extract down the cesophagus
and over the labral lobe. /in sptefact asscciated with the relesse of the
extract provided & reliadble indicoter of the time of applications

Je EEAE:

Pigure 43 showe recordings from the felene {cut centrully) during
various types of mechanical stimulation of the labrum, in attenpt wec made to
ctimulate selectively the sreas immervated LWy the ) groups of senre celle
deeoribed previcucly (lobe, eide an? floor).

Prodding the lode and ride (Mige 43a and ¢ respectively) of the
latrum elicited sharp barets of receptor activity wiloh terminated repidly.
Noth of there populetione responded tc o pircke along the svide from anterior
to posterior, ending at the lobe (Fige 43b)s large sensory wnite sseociated
with lober stimulaticn (Vige 43a) cam be veen st the end of a eiroke (Pige 43b)s

Stroking and prodding the voutiform celerite yielded no responces
To rtismlate the senzory group asccoiated with the floor, the labrum was
extended and {lexed (Mige 434 and o respectively) about the transverse midline,
Ixtensien appesred t0 be the move potent stimulus, eliciting s trein of aetivity
whove frequency slowly decuyed (Fige 42d)s Flexion provoked a slight increase
in the bagkground spontaneous zotivitys, The large undte seem in Mige. 430 arose
s a repull of sovemente of the probe stimulating the lobar receptors and the
large deflection of the trece st the end of the ctimulus is an artefact
ascoviated witk rapid releaze of the labrume

Chemical vtimulation of the labrum with Jiyjilus extract produced no
recpontes

.
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Responves of the labral receptors to mechanicul deformaticon of the labrume

4

e

“pod 4¢ the lobe. Har indicates dapntion of stimmlus

Sircke along the side from anterior to porteriors Par indicates
doration of rtimulus

rpedding the side in the regicn of the furcular selerite, Iach prod
ie indicated Yy & dote

ixtensicon of the labrum Yy pulling ventr:lly om the scutiform relerite.
rrove indicste indtiation and cessaticn of stimulue

Mexion of the labrum by pushing anteriorly on the tip of the scutifomm
selerito. Arrowe indicate initiaticn and cesraticn ¢f riimcluve
Duprte of activiiy during rtimulation are probabl; & result of lobar
sticulation with the probe and sot & resalt of labral flexicne
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The 8+0sflsy VemDeOalis and S40ents are the three major nerve trunks
ori inating from the cem i -ural ganglia and inuervating the cesophagenl and
labrel susonlatures Typical bareting activity recoprded from there nerves can
be seem An Pige. 44 sad 45

Recordinge froo the o.0.ne reveal raythmical bursting sctivity of at
least thres nourcntc dupring peristaleis. The most conspicuces and sariest $o
record of these iv « large unit shdch, using an sadio liak, cocld be heard to be
agtive during oevophageal dilstatiom. In all subseguent oxperiments Laret
of this large unit ir comsidered to indicate cesophagenl dilatation during
poristaleis and is used as a peforence pointe ilso present in the 2.0.0s cyele
are & mediun sised wadt whiech is active during dilatation (olosed circles in
Fige 44b) and & small anit which is setive between dilator burets and is
presusably & constrictor unit (open cireles in Pige 44%).

The VempeOette ¢ycle is compored of a smull undt which firer in s 139
relationship with the :oell constrictor uait in the secens (open circles in
ige 44b), vith the secenie undt cccurring & few williseconds earlier, This Se
temminated by a short high freguency buret incerporating at leart two unitc and
cocurring about | cece bufore initistion of the modium eOene unit mentioned
aboves Alse noticeable i¢ & vory wmall anit which corresponds 131 with the
large seOene unit (open triangles in Mg. 44b)e Hore also the s.0ehe wnit
cccurs fracticnally earlier, In Pig. 5C 4t can e seen that the structure of
the VewpeOefie Cyole clomely approximates that of the w.0.8e cycla in Pige 44s

ihile the bDurct patterns in the 8.0.0 a0d in the Ve=p.Oents are
sipiler, Shat recorded from the i.0.n. iv completely differents Three different
unite ean beo dictinguiched: o medium ciged it which fires in a low frequency

burst dupdn: the dilator burst in the r.0.ne (open cireler in Pige 4%8)§ & small

anit (open triangle in Fige 45e); and a large unit which can be described ae
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firing all the time but being inhibited by the medium unit and exhibiting a
rebound excitation (closed cireles in Fige 4a)e Thir activity wes recorded
in the i.0.n proximal to the i.lene branch, Recordins on the other vide of
the i.l.me branch (between delene and the cesephageal ganglion) revealed a
mit very similar $0 the 2,040/Ve=pe0sns conctricior in its sise, freguency,
and porition relative to the seoens dilator baret (Pige 45%). That thie
origimater from the commicrupal ganglion and nct the cesophagesl ganglion oan
be sesen by cutting the i.0.ns a2 1t leaver the comuissural ganglion in which
cace the unit ir no lomper seen (Fige 45¢)s One would presume that moet of the
shythudcal bureting activity seen in the .0.ne travele dows the ielens %0
imnervate 01 and the ladbrol musculature.

The frequencies of all thece descrided rhythmical durste are the
come at any one time asd thie varies within the limits, 1 burct every 10 sece
(o¥iim) and 1 buret every 3 vecs (Oelddis)s 4n incresse in buret freguency is
accompanied by o shortening of each bdurst length and a concomitant increace in
the spike freguency within each durst, (Boe Ve-peOsne Fige 50)¢

Analyeir of the traces iv limited by the prodleme inherent in
recording from large nerve trunks with simple hook electroder. For example, the
relative sizen of different unite depend on which portion of the nerve ic in
clerect contact with the elevtrodess The situntion in exacerbated by the faet
that the preparations were not deafferented and come concory activity iz bound
to be present in the tracess /r & conseguence the above resnlisr sre used to
show only thats

(a) the se0ene possessts & recogaivsble rhythmicelly turrting umit
vhioh correeponde 10 oecophareal dilation during periecteleire}

(b) there ie 2 variety of rhythmically dureting emite in the three
major norve trunks leaving the comsjveural ganglion and these
produdly sct to promote effeetive peristaleis. The relatione

~ shipe betwoen individual unite within each oyele and the muscles
they innervate have not deen studieds
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Bhythzdcal burcting associsted with peristalois. Recorded in the £.0.Re
and i» the v=pone
a and b at different film cpeeds

open circles « the rmall ccnstrictor unit in the son. which
fires on a 1:1 basgis with the vepan. constricior wnit

closed circles - mediam riged diloter mnit

open trianglec - very small mnit in the v=DeCelle correcponding
1:1 with the conspicucusr large dilator unit in the SeCene
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Hgere 43
Rhytiazical bdurcting acsccisted with perictaleis. fecorded in the i.0ene
and the Se0elle
ae rocording i.0.0. proximal 1o i.lene to rhow three unitie
clesed cireles ~ large wnit firing in = lonz buret

open circles - medium mmnit occurring ae a low frequency barct
during the dilator burst in the r.0en.

open trisagle - indicates the beginning of a short high
fragusncy burct of a rmall onit

be recording i.oeme dictal to felene (between iolen, and the
cerophageal ganglion)

Ce ac b tut with the i.0ente cut as it leuves the commiccural ganglion






(¢) €1 sad the labral musculature are imaervated Yy a phythmically
bureting input with & frequency variation between , s and ,33s
during perictaleis.

Deedbegk Zffecto of 08 Coi-

Using tie e.0afie @ilater buret ae on Andicator of poerdstaltic
froquency, the effect of electricsl stisulation of the nerves carrying the
ponsory axone (VespeOolls aANd MeCstene) and of chemionl stimulation to the
orgone themeelver (P.C.ts and 5.0.0.) wor studied.

(a) Fecterior Ceeophageal Semsor

fectrical ctisulation of the Ve=psOsne could initiste barsting
activity in the seoene (Figee 46 and 47)¢ Thic experiment was perforsed on an
ageing preparation which hed ceaved sponi. sous bursiing. Three concecutive
tredns of puleer were delivered to the ve=peoens (Fige 474 & 3)s The firet
canced an imcrease in the backgromnd activity during stimulstion and bersiing
var indtiated afSor cescation of stisulation., The second initiated dbursting
imrediately after the cneet of stimulstion and thic comtinued after stimulaticn
cenved, Finally, the third train initi ted bureting ismedintely bai thie
ceoved during stisulations The buret frequency in each care wer level and low
at Cu0e15lize That the effect was short-lived was probably due to the age of
the preparations

Cfimulation of the Vewpetens Guring spontaneote bureting
activity of the reOsns cauced an increare in c.0ne buret frequency (Fige. 48
and 49)s Thic wae variable daring stimulation but after stisalstion it settled
down to & longe=lived stable high freguemcy a$ ceCsliize The sxtent of the effect
var dependent cn the origimal level of activitye

lio sennory agtivity could be reccided from the pencory axons
of the FuCele in the VempeOents but the effect of slectrical stimulation could
be mimicked by an applicatien of fyiilus extract directly onte the orgen (""s‘i

51




Pigure 46
Initiation of burcting sctivity in ithe s.0.2. cn stimulation of the
VeDPelells [0tz indicute the start of esch barst and arrows mark the

oncet and tercinmation of ctimulaticn,
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Craphs of thoe t.0ene buret frequency and 2 hictosras
of the nunbder of spikes in succescive 1 cec bins during ctisulation
of the v=p.Oenie :tippled bure mark the durstion cof each rtimulas,
A « B are continuous,

In thie and all feollowing graphe, the inctantaneccus free
quency of a buaret ir calculated as the reeiprocul of the intertupret
interval which ir mearured frem the start of one burct Yo the :tart

of the cucceadings onee.
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Meure 48
“race tc show the incresece in the frequency of turcting in the CeOene
en rtimaletion of the wepeCenle lotc indicate She start of esch burst and
the ctimulus artefect is seen clearly,
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Figure 42
Opaphe of the increase in the frequency of durcting ia the

CeOeNe On =timmlation of the wepeoesne Bare mark the duration of
vtimulas,

A 4+ B are different experimente,
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Trace to chow the increase in the frequency of bureting in the S.C.ne
and the vepeGenle On application of fytilue extract to the i.(.'. lots
indicate artefacts associsted with pociticniag of the pipettie when sowe
release of the extrael may have occurred, 7The arrow indicates the time
of relesase of the exiract.

Aleo apparent in the wepeCens trace ir the shortening of barst lensth
and increare of spike frequency associnted wiih an incrence in the

buret froguencye.
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Craph of the incresse in the frequency of bureting in the ¢.cene on

application of jytilue extract t¢ the .0.'s C(losed triancle indicates
the tise of release of the axtract.
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That 4e to say spplication of the extract oente the P.Cels cauned a rapid
incyense in the t.vete duret freguency 40 o leve) of 0.0, Yigs which was stable A
and wointedned for veveral minutes,

(v Mﬂumﬂm’.

Juring electrical stimulution of the astetene two offeete on
the reOeiie burit were neticed, FMiretly the bturet froguency was reduced from
shateover i%: initial lewel to approximately Cotiize Thus the effect wac more
drasstie with a higher imitial frequency. ‘econdly, the number of spi' + in
scch burst sae reduced. Initially the nuaber of epikes/baret varied arcund 303
during stisulation this dropped 0 & variation around 10. Cn cessatica of
rtimulation the buret frequency sod the nusber of spikes/barct increased, but
without reacling their former level., These effecte can be seeu in the trace
of Vigure 52 and are grephleelly depicted in Piguve [le

‘dtempts te record any senvory sctivity in the meCetienle came
to naughte lHowever, an coplication of Jytilus extract direelly cuto the LA.Cale
mimicked the effect of elsctricully rtimuloting the semcory axoms Ly reducing
the bured froquency (Piges 54 and 55), although there appeared to be no
roduction in the nusber of epikes/buret, The buret frequemcy could in fact be
reduced to mero with continued timulation (Pige 55A)s To be effective the
axtract had to be very clesely ond continuslly applied to the A.0.0¢ In Pigs 559
it can be peen that the buret frequency increaced towarde ite criginal level
when the pipetie comtaining the extroct war reweved but vithewt washing the orgsme

‘. mtgipﬁlﬁw
Loabral “ecepiops
The results chow that sechandical deformation ¢f the labram in varicus

woye can produce afferent neuronal activity in the iJlens It iz probabls tat
this arises from stimalation of the thres bilateral . rouwpe of cense celle (:s. -



Figure 02
Electrical stisulation of {he seCerene wits a train of recizngalar
pulses of width C.Tes and with aa imterval of S0(me, chowing & do=
cresse in the CeCens buret freguency and & reducticn im the number

of cpikes/buret during etimulations

Dote indicate the ctart of cach burst. The grose stimulur artefact

iz & result of the proximity of the stimmlating and recording electrodes,
The amplitude of the ptimmlatory pulres war not adnormally hizhe



son

))3))5}}}1\\\))\)axxxxhxxxxxxux‘\\\\\u\
L e e
,3))))n3))1)3)3)\nﬁ3\)x‘\\3\\\\\\\\\\)3\

* 5secs. stimulate - aosn




digure JJ

Craphe of the number of spikes/turrt and the instantanecus
frequency of exch 2.0ene burst plotted asainct the time of occurre:nce
of each burrte, This rhowr the derreare in the number cof rpiker/buret
and the reduction in the buret frequency 1hon the Se0eene it electrie
cally stimulated,

Par indicates duration of stimulus €0 QeOerene
A and B are different experiments
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Sigure 24
Trace eshowing the decreace in frequency of the n,0.n. burst

on application of lytilus extract to the A.C.fs Time of application
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Zigure 20
Craphe of two experimente chowing the decrease in S.0.n. burst fre-
quency on application of lMytilus extract,

Ae Closed triangle indicates time of applicatien
of extract

Be Closed triangle ac abovej cpen triangle indicates
removal of pipette containing the extract,
without washing the crgane
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which have been descrided, althcugh definitive evidence that this is ec ie
not available. The responcec to local stimulation of the zoft cuticle eof the
lobe and lateral walle are typieally phasic ae dewcribed by lendo (19€9),
Local etimulation of the scutiform sclerite hae no effect, however maintained
exiesieion of the labrum preoducers & vlowly adapting tonic response (Mige 434),
while mainteined flexion resulte in a negligible imereare in the back round
activity in the f.1en. (Pigs 43e)s The likelihood in that groups b and ¢
monitor deformations of the zoft cuticle of the lobe and lateral walle and
group g wonitors the oversll shape of the scutiform sclerite. Mexicn of the
scatiform sclerite ic unlikely to have very much effect on the dendriter of
group a whoreas exteavion will pyobably stretch them. Thie may be the potent
awu for this groupe The deformations which are sonitored by the labral
receplors could be brought alout both by the sotivity of the ladbral musculature
and by the distortive actiion of feod material in the mouths It hac slready been
shown $hat changee in the pesition of the labrem can be regictered by the PR
syvtem (Moulins, Dendo and Loawerack, 197C). This, and the fact that the
responcers of groupe b and ¢ are phasic, suggeet that they are primarily involved
in obtainiag information about the position and mevement of food in the mouth,
while the toniec responser eof group @ could rogistor thore chamger in labral
rhape which are brought abeut by the imtrineic labrel muccnlatare, Yore work
is necersary before any deteiled theory of the normel rele of there receptors
can be formulateds 4t the present time it ir sufficient to note beth their
presences and the faet that their ouwtput will sugsent conciderably the informatfom
being provided to the C.lel. by other receptors in the area,

Ho conolusions can be dyawm from the fuet that in this study no
.rupeuo %o chemical stimulation of the labrum could be recorded. iche (1977)
comments on the susceptitility of chemoreceptor: to anoxis. This susceptidility
coupled with the rather lengthy discection necessary %o gain scces: to the i.lene
milituios sgainet any cheworecepters remaining heslihy. Furtihermore, attempts
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to record from the C.0. which are éefined as chesoreceptorr on morphclogical
grounds also came to naught. lHowever, the (.', have been shown indirectly to
respond to the application of chemicale. Loversck (1975) describes in the nerves
innervating the labrum sggregations of nerve fibres of o similar sive to deos
eoribed chemoreceptor axone, In addition, although it cannot be confirmed here,
Dande (19€9) hae devcribed small presumpiive chesgsensery neurcic. in the labrume
It ip poevible that further work will yeveal chemcsensory propertisc ¢f the
labram,

Sontrel of Cesopbageal Jeyiptoleis
(a) Hhythsdoel Aotivity

Complex durst patiern: have been recorded from the three major
nerve trunks arising from cach cosmirsural ganglion (EeGeBey VempeCens and i40ehs)
Norve branches from $he Pe0sile S04 Veep.Oufis are responsidle for isnervating
mert of the intrineic and extrinesic smocculature of the cesophaguce The branches
of the i.,0sns can be comeidered as imnervuting the susculature of the mouth
(the labrum and the lower limit of the cesephages)s It wee found that the
rhythnionl burete of the neOenis and VeepPeadetie are similar, whereas that of the
fe0ene i markedly different. Although the fine ctructure of the i.o.ne rhythm
iz different, the basic patiern of alternating burets at the freguency of
cevophagesl peristaleie ic prezeat. It is tempting to speculate that the mouth
ie innervated by a different set of metoneurons tc that comtrelling the
cevophague) and that thie vet con be entrained b both the cecopbageanl and
mandibular rhythass However, thic speculation is ill-sdviced due tc¢ the paucity
of the resulte, This lack of date means that little can be concluded sbout the
cesophagenl rhythm., In the final svent the r.0sns burst war used solely as an
indicator of perictaleie so that the gress effects of C.i. stimnlation cculd be
rtudied,
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(b) Initiation of Ceeophageal Perictaleds

Intuitive renconing leade cne to the comclusicn that effective
feeding behaviour is dest elicited by chemical stimulation: the releace of
epecific chemicals beins 2 properdy of potential food maverial which differen~
tiater it from nonenutritive matter. For example, Lee and Liegecie, (1974)
bave categorived the chemosensory nerves which are important in food arousal
for [leprobranchace cxlifornica; feedins aetivity cas be induced ia Js)izems
srivolvis by the application of erushed spinsch leaves (Kater and Howell, 1973)4
and in [hormia regima there are three groupe of chewmoreceptors (torral haire,
labellar haire and {hterpeeudotracheal papillse) which are wegquentially
stimulated to facilitate food ingestion (Celperin, 1972). Marther informatien
oan be obtained from Laverack (1974b)e Meymard and Dingle (19€3) characterised
the feeding respomsec of [anuliruc appue to chemical and chemo-tuctile stimue
lation of the antennules, and daotyle of the pereicpods. These responses are
similar in Jomaree gasgeruce The limitation of behavioural studies of this
rort ie that cesophageal perdstnlsis cannct be cbeerved in intact, free animals
tat § ie an integrel and necorsary part of feeding. Thue one cannot determine
whothor chemiocanl etimulation of the antensuler, dactyle and meuihpart: ie
safficient to induoe the total feecing reperiecire, or note Chuervations of the
wovesents of the labrwe during feeding cugreot thatl pordistaleie is not
initiated until some portiocn of the food hes been inserted into the cescphague
{1e0s mmall clowing movements of the labrum are not evident before or at the
begisning of each chesing phase)s Thue some internul mechanism, either chemo-
canrory or mechanosensory, must be invelved, The present study hac shown that
electrical stimulation of the Ve=Petens and the spplioation of a food extract
to the V.0.5, can imcreace the frequency of the oevephageal prhytim. Thers faote
are token firetly as indirect evidence for & chemcreceptive fumotion of the
Telafey and recondly ae evidence that the potent stimuluc for the initiation of
cescphageal peristaleie in chemical stimulation of the P.Cele



(e¢) Termimation of CUesophugeal Peristaleie
Frevention of hyperphazia by come mechaniem ic essential feor

feeding animale. 7o date relatively few ruch contrel mechanirms have been
studied, Internal inhibitory feedback medinted Yy gut stretch receptore is
documented for Phormis yegina (Dethier and Gelporin, 1967)) Lecusta migrstoris
(Pernaye and Chapmen, 19728, 1973, 19748)3 Chertcioetes terminifers (Tarton=Brown
Fecrhouse and van Gerwsn, 1975); and Aplyeis californice (‘usswein and
Yapfermann, 1975)s In Phoymis regina input from abdeminal ctretch receptors
augmentes the inhibition of feeding mediated by foregut ctretch receptors
(Celperin, 1971b). Come measure of comtrol ir aleo provided b the adaptation
of chemoreceptors which excite feeding sctivity (Celperin, 1971a, for [Lormis;
Darton=lrowne, Koorhouse and van Oerwen, 1975, for Chorteigetes). In Locusta
Bigratoria, ac well ar adaptation of maxillary palp chemoreceptor:, which can
be overccme by palpation (Nlacey and Duckett, 1975, & mechaniem exicts wheredy
the terminal pores of there chemoreceptor sencilla can be closed (Bermaye,
Blaney and Chapman, 197¢,. This effect ic mediated by a mervous and hormomal
pathway of which the firct clement ie foregut eiretch recepters (Bernay: and
Chapman, 1577b)e lLonz term regulation of meal vize can be brought about by
negative feedback from a. increaced bloed oemotic prescure (Gelperin and
lethier, 1967, for fhormia; Bernay: and Chapman, 1974b, for Locusta)e lHowever,
in mozt cares, the normal meal sige limit iz et by foregut stretch receptors
irrespective of cther conditions (Bermayr end Chapman, 1973, for Locusta).
The resulte reported in this chapter sugeeert that the rysten which may signal
satintion in Homarus gamsarus ie totally different, being dependent en negative
fecdback mediated hy chemorecepior excitation.

fleetrical stimulation of the ae0etenes recults in a marked decreace
in the frequency of the cerophageal rhytim. It could be argued that thir is due
to an ishibitory influence of & small group of precamptive stretch receptors
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whore axons also can travel in the 8.0.vene Thie could overeride excitatory
chencsensory afference. !owsver, chemical stimulation of the A.0.0. mimics
the effects Thies fact leade to the conclusion that the reduction in the froe
gquency of the cecophageal rhyth: ie mediated by the A.C0.Le Differences can be
obverved between the respomces of electrical and chemical ztimulation. These
are that the number of spiker/burst i» reduced wdth electricsl ctimulation and
not with chemical stimulationj and that chemical rtimmlation can termimate the
rhythm completely while electrical ectimulation hars set been eeen to do noe
1f one considers thut the presunptive mechanoreceptores may be acting in a
eimilar way to there described cowordinating the feeding cyele of Helivoma
trivelvig (Kater and Rowell, 1573), then an explanation is pereible. In Helizoms
pharie afferent activity from the mechasoreceptors inbibite the protracter
sotonsurone of the buccal mece to limit their spike cutput, and exciten the
retractor motoneurons to accentuste and regulate their buret. Thus electrical
stimulation of the chewosenuvoery axonc in the a.0etenls would reduce the free
quency of the cecophageal rhythm, but the simultaneous ntimulation of the wechano:
pengory axons could be both reducing the spike cutput of the dilater buret and
ensuring that rhythmicity ic maintained, albeit at a greatly reduced frequency.
The fact that the grorses stimulation of the m.Oereite ie not physiclogical meker
interpretation of the results diffioult, and one way of clarifying the situation
would be to obeerve the effeot of siimulating evingle axome roparated out of the
Be0efeNe

The structure of the A.Cei+ ic such that 4t will only become availadble
for ctimulation when the cardiec sac is filled to capacity and the C.C. .V. 4n
stretched (vece Chapter 2)e Thie obeervation corroborater the hypotheris that
the A.C.!. medictes the termination of cesophuageal peristalsie by signalling
satiation. lowever, to be effective the response of the A.C. . to continued
vtimulation would need to be ver; slowmadapting. Confirmation that the A.C.0.
poscesses thie property is not availables ’



Ruseell ((unpubliched) in Selverston, Ruseell, Killer and ¥ing, 1976)
has provided evidence that electrical stimulation of a chemoreceptor nerve on
the anterior cecophageal wall of Pgnulirus interruptus provekes s 23 fold
increcee in the freguency of the cescphageal and gastric rhythme, The organ
innervated by this chemoreceptor nerve is poceibly homoclogous to the A.C.ts of
lemayue gapsaruse The fact that thie diesertation precents totally contredictor
resulte neede to be explained. HRecently Meir: and Normen (1977c) umdertock a
numerical taxoncmical analyeis of eleven species belonging to the five inirae
ordere of the decapod crustacea using hoselogies between the mueclee of the
stomatogastric rystem. Their resulte are shown in Pige 56 (thedir Pizu., 1 and 2)
fimilarity indicer reprecenting the perceantage of muscles and murcle bundles
chared by any two groups were constructed as a cimilarity metrix (their Fig. 1)e
The values in this matrix were then computed as a phenogram (their Pig, 2).
Firetly the twe groupr with the highest similarity index were joined, then
thore with the mecond highest, and 0 ome If one group ir compared with twe
others which are already joined the: the two sroups are coneidered ar one and
the eimilarity indicer are averaged. leference to their Figure 2 reveale that
the average similarity between the Falinure and the rest of the Reptantia is
relatively low at 617, Furthermore, lando and Maymard (1974) have described
the ergan in Ponulirus apgue (in the Palinurs with Panglires interruptus)s
comparing it with the organ in [omayup americanus (in the Astacura with Jgmarus

gasparus) a¢ follows: “In Pepulirus argus the arrangement seems to be a little
different becaure although analogous branches of the superior cesephageal nerve

ecccur there doer not appear %0 be & concentration of celle into two dictinet
groupre The cell bedier are rether more seattered into smaller groups in the
general area of the anterior of the cevophagus near the junction with the
cardiac sace” There facte indicate that there ier no & priori reason for
suppordng tbat the functicne of the twe organs chould in any way be similar,



Pigure 5¢

Fhenetic analysie of the stomatogastric musculature of reveral
decapod crustacea = from lleiss and lorman, 1977ce

1« fimilarity matrix compering muscler end muscle bundles
of the species studied

2+ FPhenogram illurtrating the levelsr of percentage cimilarity
of ceveral infraorderc of decapod crucitaceas

Bxplanation of the derivation of the figurec can be found in the
text,

Abbreviationnt

ANo - nomura
et - ‘etacidea
Dre - Trachyura
Cal - Callinectes capidue
Cam - Cambarinae (comprising rocamborus clarkii,
2 e and Crcomectes wvirilic)e
Hom - E eri

Lib - Libinia opopginate
Pag - Pagurcidea (comprising Pagurus polliearis and
Fetrochirur diozenes)e

Fal - Palinara

Fan - Paculirus arcue

T'en - Penasus sppe (comprising [, duorarum and
Ls patecur)e

)
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(@) Correlation with Cbeervation of Cesophageal Ferietaledn
in the Intact Lobuter

The small protracticn movements of the labrum can be coneidere:
as representing cesophageal constriction during pericteledie. Thas the resulte
in Chepter 3 comceruing the frequency and duration of labral swallowing activity
can be eguated with the frequency and duration of cesopbageal perictaleis
during feedinge It is porsible to explain these obrervations in terme of the
iategrated activity of the (.« in the following way:

{(a) ctarved animale chow chort duration swallowing sequences with a
high initial frequency which rapidly decays. In this case focd pushed into
the oerophague stimulates the P.C.0. which give & maximnl response tc create
high frequency burcting in the s.0sne 4y the cardiac sac iv empty the passage
of food through the cescphagus will be repid. Itimulatory saterial will be
quickly removed from the area of the I'.C.i« and vapid deday of the peristaltic
frequency will enmmes

(b) PFed, but umsatisted, animelr show swallewing sequencer of a longer
duration, with o lower initial frequency which does not decay ae vapidly. This
can be explained by the slower passage of food through the cesophagure The
presence of feood in the cardisc veac will hinder the entry of more food. Thus
the P.Cafs will Be stimalated for a longer period resulting in a longer
swallowing seguence, bat adaptation of the P,0.0, will recult in a lower
freguency of peristaleie., Thiec effect of adaptation of the P.C. . can alro be
peen in thore instances when feod i: present in the cerephagur but ie unable
tc move: perdictaleis continues at a minim:l freguency and a low amplitude
until the foed is freed, It i¢ poseible that some inhibitory feedback from the
LeOete may aleo be affecting the peristaltic rhythm in partially fed snimale,



{¢) The swallowing sctivity of vatiated animals irv erratic, ctopping
and restarting the seguence at irregular intervals. 4 full ecardiac sac resulte
in inhibitory feedback from the A.0.i. Ae setivity from these organe adapte,
peristalede will be rocumed. The mcvements of the C.( ..V, during peristaleis
pay restimulate the A.C.l. similar to palpation of the maxillary palpe of
Lecusta pigratoris increasing the amcunt of chemosensory input resching the
central nervour nyetem (Bloney and Duckett, 1975)s Thie will terminate
peristalein once more. Dehaviour like thie will comtinue until the actione
of the gaetric mill and pylerie filter remove euough food from the cardisc sae
to render the A.(,!. unavailable for stimulation. It ie plaurible to propoce
that A.C.0. output might 2ct on the gastrie and pyloric rhythme to increase
their frequency and hagten emptying of the cardiac race Thirs would need to de
confirmed,

In sussary - the results support the hypothesis that inditiation of
cesophageal peristaleis, and increasing its frequency is controlled Ly excitatory
inpat from the '.C.l., while clowing and termination of perietaleis ic brought
about by the adaptation of the I'.(... and inhiditory input from the A.C.0.
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The senersl imtrveduction (Chapter 1) to thie dissertation cutlines
: the main aime of the work performeds Theso were 1) o describe the gross
'.l nearcgusculor anctemy of the labwal cescorheges] cosplexy 2) to investisate
- the novements ¢f the labrusm during feecding with o view ¢ deternining ite

\

functiony =nd ), to deseridbe the amterior and posteric? corcnhageal tensors
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and elucidate their role in fesding. The diccursions at the end of the

experipental choptors (Chapters 7,) and £, are detailed conviderstions of the %

epagific problemes The purpose of the prezent chapter is o review the

: resalts more generaily in order to sewec: the oxilent to which the objectives g
r.i wepe allcined, aad co that the significance ¢ the resulte =:izht be appreciated j
Ii wore essily. o aciiave these @uic & resconable approach iz to coneidsr Deoth -;
[ how much the dota add ieo exinting kmouwledige and how bert the work can be
: followed upe The divicione of the experimental chapters are h;.c.od on the {
F‘ experimente]l techaiques employed and 6r this roacon are to o certain extent 3
| artifici 1, Thue lioke betweesn the msulte may be everlockad, Yo circenvent 43
this problem and in a: attempt to gain an overall picture ¢f the rcle in the ;

control of feeding of the clracture: studiedy thie chapter will have no 1

éivigions sxcepl at ihe end where a model will be presunted, Thiv iv & siodel ‘

of the contribution of the O, ¢ in the contrel ¢f cesophagenl peristaluis, !

Frior 1o the work reported in thir theeis, the labrun of decapod :

crustaceans hod navey Geen cubject to detailed investigations of either ite

anstomy or itr funelics {for a review of ithe relevant literature sec )

Chapters 2 and ] je Thir study shows that it ip o simple precral lode ‘

i efrensthoned hy sevoral cclerites aad invested with 2 complex surcul :inre
% which appearc capabtle of controlling o large variety of labral movementc, «

Lluoy it containe three bilsteral groupe of mechanoreceptors which respond

to local and grocs labral deformation. 7The most recent account of the feoding




requencs of jJomsyur ic that by Sarker and Cibeon (1977)s However these

suthere virtually immore the labrume 7t ic shown here thnt the labrus moves
riythmically during both tho sandibelar riytim {cheving) and the oercphagesl
riytin (swnllowing . Tho concept of the labrum and ventral cerophagus verving
eimply &¢ peris of the mouth ie ocutlined in Chapter 3« ‘e resulte ohtoined

fyrom electrophysiclogical recoydings lend weight to this srgument Ly showing

thet the succlor of 4the main portion of $the cesophagur are inmervated Wy a
different set of motonourone (reeordsd in the ueOefe ONM Ye~DeGee) to that
inneyvating the susculature of the ventrzl limit of the coecphagur andt the f
labpus (pecorded in the fe0ene #nd dsletis . ~ poesible rearcn for the prerence

of a sepaprato centrol wyetem for the mouth is that 4t could be enirsined YW

S’ 4 Lidewt o oy

both the sandibular and oosephagesl rhythme and thue cowordinate the treacfier
of food fyow mandibler to cesophagur sad facilitate o smeoth trascition frem

clisving t¢ vwpllowings It 1o coacluded thal the ladouwn functions ar the

anterior portion of the mouth sad 1y moving in the anterior/posterior axis opens
and closer the mouthe Further, it ie believed that it bas & mamipulative rele

gediated Yy reflexes frem the lalrel mechanoreceptorse These reflexss would X

RO B

nesd 1o be charsciericed elegtropiyeiolosically o confims the Tumction of the
rocegioPte

The groer neurceuscular anatomy of the ccucphague ir described ia
this dissertetion, 5he mein difrferouce from exirting reports of other decajod
crusteocan: (ses Chapter 1) ie that the cesopbapenl/cardisc cac valve i :
tre-ted 28 a pepnyaie entidy with ite ownl Buconliatare (thres paired dilatowe jj;
and the upper lieit of the cesophegesl comstrictor)s ¢ thie walve two paire
of bilaterslly rymweirical chexereceptore named the anterior and povterior

veropimgeal rensers sre preceite The miructure of these orFgans ir el lap
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1o thet of contact (gurtatory) cheuopeceptors previcuely deseribed in insecte

(Koulime, 1560, ¥ouline, 1971} Cook, 1972), They are classified as

|
i
v
(8
L.m.k_..
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cheroreceptors on morphelosical grounds and with indirect electrephyriological
svidence., The rcle of the oewophagesnl sencore in the comtrel of cecephareal
perdstaleis ic cutlined in the nodel belows “leo devcridbed are twoe amall
rroupr of provumpiive mechanorecepiors imerwoetin: the cecephagur at the level
of the cesopharen)/ecardisc sae velves

The foresut of decaped orurt ceams can be wed as a preparation rieh
in potential for farther work. I% will be nocemvary ic make comparative
citudies of the anatemy of the labral cesophagesl cemvlex in othor decnpods in
the hope of devizing » etandaxd somenelature for ihe rarts and workins cut the
porsible homologier. Thie would add edgnificently ic the serk slready done Yy
Jando and Kegmard (1574), ¥aynard and Jande (1974, =nd Zeier and Novman

(197Tagbycejs Alro, & great deal of work characteririn the innervation patterns

of the varicus mnweler, and elucid -ting how tiey internct ceald be done.
liowover, perhape the mest intercaiing ane most profiteble quastion: arising

from $his tiesie can be susmuriced an followiile

1+ Four nourem:l rigtime Lave bBeen descriled av controlline the
foregut of decspod crurtacesns (cesophageal, curdiac rso, gastrie, pylorie,
for a review of the literature, soe Chapter 4,. Tuie thorie indicater that
theve may be o fifth (an oral rhythm) which conpect: menditular to corophageal
aodivity, = dntrscelluler cearch of the comndscursl =ad cesophareal ranpglia
%0 looate the relevamt neurcns would be uwsefuls I an oral netver: is foumd,
a stady of the mechoni ti: whierehy it ir coeordineted with the other nelworks
mey yield important general recalts about the contrel of raythoical behaviourel
a‘h‘

¢ ~ wimilar prodlom oxiste for the (.0.0.0, ¢ hae Bean rhown thas
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worpholegically the wvalve ¢an be considsred ar peparuie from both the ce ophagus 2

antt $he cardiac cace, The Questicn of whether or netl ihie is 2 4ruo dirtinction
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3 ite own righite owever a slady of the pechapdsme shorely zaeh contrel ir

- sxorted would de valusble., Is the afferent zctiviily 2cting directly on the

s )

potonearont or ate an intizvouine comnand slensnt et o comeand olament
lomn he an Integyel part of a aetwrk Dhas @ecentl; bYesn showm {£illstte and

Vavice Y977}« In falipgruc yalgaris the scorons controlling the cerephagesl
rhythe are asmenable to =n intragcellul r electrephyriclogienl mmalyeis

(Mouline and Vedel, 1977)s 1% ic probable that tiic s41) prove e be the
ence for fomalus fapmarupe Thur this system of the initdal sad fael cootrvel
of essophsges)] poerirtaleds zmay affewd o jood opportunity to riudy the patbhways
and meohand:se by which cencory inpot can ceatrol the expreccion of rigthmical

Thic medel {Figse °7) ie precented here tc act ar the cverzll mclm

Suita

tc the dicsertaticns. It it primeipally cocnoerned with the vole of the

S T

oeserhogeal sensers and no provision has been made to includs the offects of
other receptors {eegs the precumpiive sireteh recspiore alsc innervated Wy
tho BeGebonis js Thur it ir understeed th 1 rtimulation of the (.0 may not de
the only meanc of preducing the effects althoush a2leme it iz sufficient.

Pooud is Lycken Gown By the cow-cperctive ccotion of the msndibles and
the Ird maxillipede und than px;ux:o'-(tod t¢ the scuthe This precentation has ib
affect of nechanicslly ctimulsting $he Mofodie system and the laberal vechnnos |
receptore to induce the mouth to opens The food ir purhed into the ostophaguse .
L it comey imte contuet with the Pel. o the latier are stisulated checically
to effeet, Ly an unknown route, the initiation of oscophageal pericrtalrdss

This yesults in focd entering the cardisc sacs rem thir point three ways $9 %
%o contisue are pespibles }




1e If the rordioc sac ir mot full and food is ct411 beins presented,

then cesophageal y&rtatalaia continues until the food rume out (2 or the
cardiac eac iy Tilled (3).

2« 1if the cardiac sac 12 not full and the food ir fiaished theon the
Pelisiia aldept and oesophaseal perictolsic lerminates until such {ise o more

fool 4¢ chiained (7).

3¢ If the cardicce eae ie ful! then ths C.045.9. i1l be 2tretched
open 2llowing ctimalatory matordal acesen te the .. s timulaticn of the
LeCoto Inhivite coeophnged]l perdetaleies o the S0 . gradually adapt
cesophagesl perictaloie i¢ recamed, In thie core it i cgsumed thet wovement
of the food once more rectimulates the " .0(. . (sisilar to locwrt maxillary
palp palpation (Blaney and Puckett, 197%)). Thir crele centinues to give
irrogulay boute of pericialeds antil the cardiee ie emriied by the action

of the gastric mil! and pyleric filter at which tive the Secuen-e returne te

s S it o T A el sl i

(1) or (2)s fuesell (unpablished in ‘elvereton, Fuscell, ¥iller m:d iFing, 1576)

aas: shown that in ¢

: etimulation of #he orgaa posedidly

bemologons to +Leis har the effect of increasing gastric mill aasd pyleric
activitys 1% is intere iimg to speculate that the 4040, of Hopurus may have
2 siuilar offect (dotted arrow) ther conirilmiing tc ef‘ective fecuinge
owovey Jussell furiher chowed that ciiculation of the opvon in ‘aanliruy
aleo inereares 1he cesupbagenl rhyths, not inlilitineg 1% ey ie ihs care for
$he Aallate 1% wou arzucd in Chapter 4 thatl there ir 50 & pEigzi rexsom to
cupporcs thatl the orgune in the fwo animele should bave sinilar effocte, co 8n

affect of the 4.0.7. on gastric and pyloric sotivity suet be experimentally

dercnutrated lor lemaruge
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rodel of the role of the cesophageal senscre in the cemtrol of ceccphageal

peristaleie,

Explanation in text
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