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SBSTR.CT

The inncrvation of a pregenital abdominal segment and of the

genital and postgonital abdominal sepgments of Schistocercs preraria

is described in dctail and comparcd with other orders of the Insecta.
On the basis of innervation it is concluded that the genital
apparatus of the mnle is derived from the ninth abdominel scgment,
and that of thc female from the cighth and ninth cbdominal segments,

Histologiecal studics of the anatory are carried out on the
seventh abdomineal ganglion and on the terminel genpglionic mass.

The organization of the commissures, longitudinal tracts and grougs
of neurocytes within the gonglia is described, The terminal
ganglionic mass is shown to comprisc the fuscd ganglia of the eighth,
ninth, tenth and <¢".cventh abdominal serments and the coffccts of
condcnsation on the component ganglioc arc discussed. Scventyfive
neuronc pothwoys are traced and described within the scventh
abdominal ganglion and onc hundred and five within the terminal
ganglionic mass.,

The chdominal glant fibre system is investizated using
histological ond clectrophysioclegical techniques. The veniral
conncectives coch contain four giant fibres, unicellular in origin,
which pass uninterrupted from the terminal ganglionic mass to the
metathoracic gonglion, The gient fibres are showm to synapse

ipsilaterally and contralaterelly with affercnt neurones of the cereal



nerve, and with afferent neuroncs of the ninth ventral nerve,
Conduction velocitiss and synapiic delays orc determined., The
absence of an evasion response upon cercal stimulation is related
{to the lack of functional synerscs viith c¢fferent ncurcnes of the
metathoracic leg ncrve.

Other functional pathways, elucidated by electrophysiological
obscrvations, ar¢ described including; responses in the contra-
lateral cercal nerve tou cercal stimulation, and synchronized
efferent potentials in the genital nerves originating from within
the terminal ganglionic moss. In addition chemorcceptors arc

demonstrated on the cercus.
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INTRODUCTION

This investigation is an attempt to integrate anatomical,
histological, and electrophysiological studies of the abdominal
ganglia of an iasect. In recent years considerable attention has
been devoted to neurophysiological stud.zs of the insect central
nervous system., Unfortunately anatomical literature on the insect
nervous system is limited and histological studies in this field can
only be described as sparse. Hughes (1965) has pointed out that
advances in the functional anatcmy of the insect central nervous
system may be held up due to the lack of information on the neuronal
architecture of the ganglia. This lack of attention may be due to
the detailed and time consuming nature of such work.

It is the author's belinf that a sound anatomical basis is the
essential foundation four histological and electrophysiological
investigations of neuronc pathways within the central gangla.
Histological studies however can only resolve the pathways to the
point of arborization within the neuropile. The actual interneuronal
connections cannot be estoblished within this densc felt of fibres
using the light microscope. The electron microscope can establish
the naturc of the actual junction or synapsc (Smith, 1965) bui it
would appear to be an endlcss task attempting to map a ganglion
using this irstrument.

The only mcthods now available to establish the functional

ncuronal pathways within a ganglion arc those of the clectrophysiologist.



The results obtained may seem abstract as it is difficult to picture
the actual neuronecs which arc being monitored. Using marking methods
it ig possible however to establish the tip position of very fine
microelectrodes (Huber, 1960; Xerkut and Valker, 1962; Thomas and
Wilson 1965, 1966). These techniques in conjunction with anatomical
and histological studics may, in time, enable us to producec an
accurate functional map of the insect central nervous system.

As well as contributing to the primary object of determining
some of the neronal pathweys within the terminal ganglionic mass it
is hoped that the anatcmical studics concerning the innervation of
the genltalia may shed some additional light on the segmental origon

of these structures.
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LITERATURE RLVIEY

gnatogz

The literature review concerned with the anatomy of the nervous
system will be restricted to those papers which discuss the
innervation of the abdomen, its ajpciringes, and its organs., Xor a
broader account of the literature the reader is referred to the

papers of Uvarov (1038), Schmitt (1959) and Steinmann (1963).

Ganglionic Composition of the Ventral Nerve Cord.

The ganglionic compogition of the wventral nerve cord was
investigated by the early inscct embryologists., Wheeler {1889) in
a paper describing the cmbryology of Blatta and Doryphora established
the presence of eleven abdominal ganglia and located paired
commissures within the met:thoracic and letathoracic ganglia.

Cholodkovsky (1891) again found eleven abdominal ganglia during the

carly development of the central ncrveus system of Blatta germanica.
He also pointed out that there was & fusion of abdominal ganglia
with the metathoracic ganglion. Heymons (1895) refered to the
presence of an cleventh abdominal ganglion in the postembryonic

development of Gryllutalpa, Periplaneta and Gryllus.

The embryology of Locusta migratoria has been investigated by

Roonwalls (1937). He described the terminal abdominal ganglion as
being developed from the fusion of the ganglis of abdominal segments

cignt to eleven, sointing out that the eleventh aldnminal ganglion is
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extremely small but definitely present, He also discovered that the
firstabdominal ganglion is completely fused with the metathoracic
ganglion and that the second and third abdominal ganglion became
associated with this centre to a lesser extent, The postembryonic
development of the metathoracic gang’ics of Locusta was described
chronologically by Afifi (1958). His findings agree with those of
Roonwalls concerning the fusion of this ganglion with the firgt threec

abdominal ganglia.

Phylogeny.
Swaine (1921) studying the nervous system of the Stenopsis

(Lepidoptera) attempted to basc a phylogeny on the degree of separation
of the ventral connectives, considering those with widely secparated
connectives to be primitive and thosc with little separation to be
advanced forms. He also described the origin of the median and
lateral nerves (transverse ncerves) in several genera of Lepidoptera
and one genus of Trichoptera.

Although Swaine made a brief attempt to establish a phylogeny,
the work of Nesbitt (1941) put comparative inscct neuromorphology
on a firm basis. Basing his work on seven families of Orthoptera,
one of Isoptera and onc of Dermaptera hc used the stomatogastric
nervous system as a conscrvative criterion, claiming that the
cephalization is a very plastic featurc in all orthopteran groups.
In a subscquent paper Nesbitt (1958) described the central ganglia

of Grylloblata and on the basis of its nervous system suggested that
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it is but distantly related to the Ensifera,

Steinmann (1960a) set out a scries of morphometric criteria
based on such features as the differential lengths of interganglionic
© connectives, angula¢ severstion 22 novve voots, and sises of the
various ganglia, He claised tiw wv.ae wmsaguvenents can be used for
comparative studies in the Crthopﬁera and tescd 2 phylogeny upon them,
Subsequently he published tables of measurements pertinent to the

above thesis for Phaneroptera falcata (1960b) and ephippigira

iphippiger (1961). In a 1962 paper he disoussed the evolution of the

insect central nervous system.

Innervation of the Abdominal Segments.

In a very deteiled peper Maki (1936) described the musculature
and nervous system of the pregenital, genital and postgenital segments

of a female Chauloides formosanus (Neurojtera), Jannone (1940) in a

paper on the anatonmy and histology of the locust Dociostaurus bricfly

described the anatomy of the nervous system. Abdominal ganglia one
to three are fused with the metathoracic ganglion and the terminal
abdominal ganglion is described as consisting of segmental ganglie
cight to ten,

Albrecht (1953) published a monograph on the anatomy of the

migratory locust Locusta migratoria and later (1958) described the

anatomy of the red locust Nomodacris. In both cases treatment of

the nervous system was limited.
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The innervetion of the second and third abdominal segments of
the Cecropia larva has been investigated by Libby (1959) and in
1961 he published a study of the abdominal nervous system of the
adult male Ceeropia, srisily describins the genital. innervation,
In a series of papers on uhe scmoaravive anatomy of the abdominal
nervous system Schmitt has described the innervation of the pregenital

segments of Dissosteira, Acheta, Periplanets and Diapheromera (1954 )

Pteronarcys (1963) including the innervation of the male and female
genitalia and Ceutophilus (1964). The innervation of the pregenital
abdominal segments of thc stonefly jcroneuria and of the cicada
Tibicen have becn described by Knox (1965) and Vasvary (1966).

In a monograph Steinmann (1965) described in detail the central
and peripheral nervous systcm of Acrotylus (Orthoptera) including
the innervation of thc female genetalia, The female genitalia of
Leucophaca has been described by Engelmann (1963).

Considerable attention has been paid to the segnental innervation
of the insecct heart., Alexandrowicz (1926) showed that the heart of
Periplancta is inncrvated by a pair of lateral cardiac nerves and
by segmental nerves originating in each of the abdominal ganglia.
These nerves anastomose with the latcral cardiac nerves and supply
fibres to the alary muscles., His student Opoczynska=-Sembratcwa
(1936) found the same arrangement of nerves in Carausius. Kuwana
(1932) reported the inncrvation of the heart in Bombyx to be by a

branch of the unpeired ventral nerve (median nerve), he also rcported
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a branch of this nerve innervating the spiracular muscles. Nyst (1942)

discussecd the innervation of the heart in Dixippus morosus.

McIndoo's description of the heart of the cockroach (1945) is similar
to the previous description of Pexiplancte by aleXandrowicz, however
in the aemy worm and silkwerr he 3G 506 @ind any innervation of the
alary muscles. Johnson (1946) desciibed syuapser between the lateral
cardiac nerve and the heart of Feriplancta. He als> found these nerves
to contain ncurosccictory granules.

A number of studies have been concerned with the median-transverse
nerve complex and its conncction with the spiracular muscles,

This system was originally referred to as the ventral sympathetic
nervous system, a term loosely borrowed from vertebrate studics,
The term is currently used by Steinmanrn (1965).

In onc of his rcmarkable cstudics of neurone tracts in the
dragonfly larva jeschna, Zawarzin (1924a) described the unpaircd
ventral nerve. He showed the nerve to contain two scnsory and two
motor fibres in cach of its lateral brenches. Nesbitt (1941) claimed
that the median nerves in the Orthoptera innervate the spiracular
muscles and the tracheal trunks. Ivanova (1956) found that the median
nerves in the thorax of Locusta innervate the spiracular muscles,
pleurosternal muscles, tympanal muscles and enastomose with the third
somatic nerves to innervate the alary muscles. Case (1957) described

the median nerve and its lateral branches (transversc nerve) in
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the cockroach,Feriplaneta and presented experimental evidence for
their control of spiracular function. He claimed that sensory
neurones in the median nerves arisc from mechanorcceptive hairs
near the spiraclc and thal the final pair of median nerves anastomose
with the cercal nerves.

The median nerve in the larva and pupss of Cecropila is
described as anastomosing with the latoral nerves (Beckel, 1958).
In this case the spiracular muscles arc innervated by a branch of the
lateral nerve (dorsal nerve). In a study of the median nerves of

Schistocerca gregaria, Hoyle (1959) found that the lateral branch

of the median nerve (transverse nerve) contained a fast and slow motor
axon which innervated the spiracular muscle. Schmitt (1959)
described the median and transverse nerves in the pregenital abdominal

segments of Digsosteire and Diapheromera. In 1965 Schmitt summed

up his studics on the median~transverse nerve complex by concluding
that it is present in varying form throughout the Insecta and establishecd
points of homology which can be recognised in the various orders
investigated.

The unpaired ventral nerve (median nerve) in the larva of the

blowfly Fhormia terrae-novae does not innervatc the spiracular

musculature (Osborne, 1964), instead it was 7 und to immervate “the

ventral transverse muscle and the tracheal system. Osborne found

each unpaired ventral nerve comprised four neuroncs, Two neurones.branch
%o cuch lateral nerve (transverse nerve) end one neurone passcs umbranching
into cach lateral ncrve. The transversc ucrves of {the phasmid

Clitumnus have been investigated by Rabbe (1965). She deseribes a
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ncurchacmal orgen locatcd in these nerves. Brady and Ihdrell (1967)
found organs similar ‘o thosc of Rabbe associated with the median

nerves of Carausius, Schistocerca and Periplancta.

The abdominal musculature for a number of Orthoptera has been
described by Ford (1923), for Dissosteira by Snodgrass (1935) and for

Locusta and Nomodacris by .lbrecht {1553, 19%6).

Histology

..s has been previously mentioned the literature pertaining to
neuronc pathways within the insect central nervous system and the
ventral nerve cord in particular is cxtremely sparse., Early workers
concentrated on the structurc of the brain and optic lobes, The brain,
with the exception of the tritocercbrum, is a pre-oral structurc
and probably not derived from scgment:l ganglia of thc ventral chain,
The tritocercbrum though it is considercd to be post-oral and therefore
a ganglion of the ventral nerve cord has been highly modified.
There is little value considering the structurc end tracts of the
brain within the context of this thesis. Those interested in this
topic may refer to Hanstrom (1928) for a survey of the structure of
the brain of numerous insect orders and a complete bibliography.

i more recent bibliography is provided by Bullock and Horridge (1965).

Connections Between the Brain and Lower Centres.

Fibrc tracts passing from the brain to the lower centres in the

nervous system have been reported by Fackard (1887) who found a tract
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passing from the comnissursl lobes (tritocercbrum) to the last
abdominal genglion of the locust Calopterus. Tracts from various
centres in the brain to the thoracic and ablominal genglia have been

lescribed by Satijs in the Mochilides (19572), Orthoptera (1S570,

19582), Odonata (1938h), Hymenopiera (1958¢) and Diptera (1958a).

Structure of the Ganglia of the Ventral Cord.

The structur~ of the suboesorhagal genzlion of a trichopteran
has been deseribed by Zhnbom (1948). He claimed that the trichopteran
nervous system retained the primitive condition and that scgmental
ganglic comyrising this structure are readily disccrnable. IHc observed
three tronsverse commissurcs, ond threc longitudinal tracts passing
through the dorssl surface of the ganglion to lower centres in the
ventral cord,

The thorecic gsonglia of the ant Televbomyrmex have been brief
O (=)

described by Brum (1952), he showed = number of longitulinal tracts
passing through these ganglis. The structure of the thoracic genglia
of Feriplanctz have been stulied by lipe ot al. (1959). They reported
seven longitudinal tracis which pass through the thoracic ond first two
abdominal genglia which are fuscd with the metathoracic ganglion.
Giant axons pass uninterruited through the thorocic ganglia into the
brain,

4 number of major tracts in the fuscd thoracico—-abdominal ganglion

of Drosorhila have been deseribed by Iower (1948). He fcund the

pomtiriuitastu Katwsratunte
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abdominal ganglia reduced to one centre with no indication of
segmentation, Thers are four fibre tracts from higher centres into
the sbdominal centrc but thesc ars very indistinet, Farson (1960)
briefly described the fused thoracic-abdominal neuropile of the

Gelastocoris (Heterovptera), She “uund the opposite sides of the

abdominal neuropile separated by o mid line fissure and connected by

ten transverse tracts and bridges of neuropile.

Neuronc Pathways in the Thoracic and .bdominal Ganglia.

Neuronc pathways have been traced in the thoracic and abdominal
gonglia by seversl authors. Hilton (1911) described a number of
pathways in the venteal ganglia of the neuropteran Corydalis.

He distinguished between scnsory, motor and association ncurons,
and wos able to trace a numler of axons between ganglia. He found
o number of motor neurones catercd periphcral nerves on the
contralateral sidc of the ganglia. Undoubtcdly the most detailcd
studics of the neuronc pathweys in on insect nervous system arc those
of the abdominal and thoracic ganglia of the .eschns larva,
(Zawarzin 1924a, b.). In o papcr on the unpaired ventral nerves
(19242) Zawarzin located the two motor cell bodies and traced their
axons into the lateral nerves, and their collaternls within the
genglion of origin. He also found two sensory fibres associated
with the system., His most extensive work however is o study of the
neuronc pathways of a thoracic and an abdominal ganglion (1924b).

In this paper he described numerous sensory motor and association



neurones in great detail., The only criticism of this work is that
he described his ncurones on the Lasis of type (sensory, motor,
association) thus the anatomicel relétionship between the various
types of neuroncs cannot be determined (Bullock and Horridge 1965).
This fault is probably due tc the coapriciousness of the methylene
bluc staining techniques which hec usecd.

Fyle (1941) described several of neuronc pathways within the
thoracic ganglia of Zphestia. 1Tt is intercsbing thet he does mot report
any motor neurones that cross the ganglia tc innervate muscles on
the contralateral side. However Guthrie (1961) in his investigation
of the neuronal pathways in the very condensed central-ncrvous system
of Gerris (Heteropters) found that meny of the motor neuroncs pass to
the opposite side of the ganglion prior to cntering a peripheral
nerve. He also described o majority of the motor cell bodies in the
thor~cic genglia as lying in the mid-ventral region and those of the
abdominal ganglie as lying in thce mid-dorsal recgion, only a few
motor neurones arc located on the lateral margins of the ganglia.
Mill (196L) described a number of ncuronal pathwsys in the scventh
and cighth abdominal ganglia of the nymph of lcschna. The cighth
abdominal reprcesents the fusion of at least two and possbly three
segmental ganglie. He found that some of the motor neurones supply

nerves on the contralateral side of the ganglion,
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Giant TFibres.

The abdominel gilant fibre system has becn investigeted by
Tumiphrey and Rewdon-Smith (1937), Rocder (1948), Cook (1951, 1952)
Ficlden (19€2) Hughes (1953) and i1l (1964), Using clectro-
physiological techniques Iumphrey anl. Rewdon-Smith determined that

glant fibres in Feriplencta synapscd with afferent neurones of

the ccreal nerve. They cstablished the speed of conduction of
these fibres os 5 to 6 meters per second and the synaptic delay as
approximately 1.0 millisceonds. Roedor found six giont fibres in
each cbdominal comncotive of leriplancta ranging in diameter from
20 to 45 mierons. He suspccted these of being multicellular in
origin, arising from o group of cecll bodies closc to the cercal
nerve. His cleetrophysinl,gicel investigations indicated that
six homolaterzl ena three hetcrolatcral giant fibres syncpsc with
effercnt mcuroncs of the ccreel nerve with & synaptic delay of
1.9 milliseconds. The giant fibres conducted with velocitics of
6 meters per sccond and passed uninterrupted into the metathoracic
ganglion, .t this level they formed synapses with efferent ncurones
of the metathorocic leg norve and with intorncuroncs passing to
higher lcvels in the ccntrol nervous systenm.

Cook (1951) investizated the gilont fidbres in the abdominal
nervous system,of Locusta. He reported four giant neuroncs in
coch connective with diometers of 12 to 15 microns. Thesec gave

risc to giant potenticls when the cercus was stimulated with puffs
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of air. These fibres pass without interru;tion into the
metathoraic where they synapss with cfferent neuroncs of the
metathoracic leg nerve. .Jlthough burst of impulses afe recordecd
from these cfferent ncuroncs on stimulation of the cercus no
cvasion responsc occurs. The giant fibres of Locusta arc reported
to have conduction velocitics of 3 to 4 mecters per second (Cook
1952, TPiclden 1960).

Giant fibres in the Qdoncta have been described in the
ventral cord of .nax nymphs by Hughes and in jcschna nymphs by
Mill. In .nex there arc two fibres with diamcters of 12 to 15
microns. Jcschna has two fibres of 13 to 15 microns although
four giont fibres arc present in the cighth abdominal genglion.
Gaint fibres in the 0dsnata synapsc in cach of the ebdominel ganglia.
Ticlden (1960) has studled inax clectrophysiologically and has
reported conduction vclocity in the gient fibres of 3.5 to 4.5
meters per sccond and synaptic delays, betweern thesc ncurones and

afferent fibres of the pareproct nerve, of 2,0 to 4.5 milliscconds.
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MATTRILLS D METHODS

The specimens of Schistocerca gregarie  used in this study

have been obtained from o coleny maintained at the Imperial College
of Sciencc and Technology I'ield Station, Silwood Fark and from the
Anti-Locust Research Centre, Tondon,

Locusts used for morphological studies werc prepared in several
woys. The gut was removed and they were dissceted under 70;7 alcohol.
In some coses a sclution of 0.1 methylenc bluec in locust ringer
was injectcd into the living animal or poured over the cxposcd
nervous systems. Jiftcr five minutes the locust was washed to remove
cxcess stein end dissceted under 707 slecohol. In this case both
the nerves and muscles took up the stain, however, the nerves were
very obvious against the quoniaiies of fatty tissuc invariably present.
In an attenmpt to rcduce this fatty tissue locusts were starved for
periods of three wecks before use. The reduccd methylene blue method
of Zacharuk (1963) wes uscd but results were lit*lc better than those
obtained using the foregoing simplc method. In some few cases the
locusts were fixed in alcohclic Bouins fixative {Brasil 1904 or
Dubosq Brasil of Grey 1954) and dissccted under alcohol, This
resulted in the ncrves toking on a creeam colour against the whiter
muscles but unfortunetelr coused the nerves to beceome brittle making
disscction difficult,

Specimens prepered for histological study had the pertinent

ganglie dissccted out and fixcd in either o modificd alecoholic Bouins
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fixative or veronal bufrered osmium tetroxide. It was found that the
addition of o few dvops of nitri~ acid to the Bouins fixative resulted
in sharper fixation uad brighter staiving., Tissues were embedded

in "Paraplast® using the standard chlovoform embedding technique.
Serial sections were cut in the frontal, saggitai and transversge ilanes
et o thickness of five and ten microns using a "Combridge rocking!
microtome,

Ganglia fixed in the modificd Bouins fluid were stained with
Herris' hacmotoxylin and counterstained using epsin Y in pioric acid
and alcohol., These scctions were used to investigate the glomerular
regions within the ncuropile and to determine the limits of the
segrental arcas of ncuropile within a ganglionic mass. Gonglia
used for tracing nceuron {racis were fixed and stained using a
modification of Wigglesworth's (1957) osmium ethyl-gallete technigue.
If this technique is used as published the staining is too intensec
and sections cut at five microns arc unrcedable., Good rcsults arc
obtained by reducing the time in osmium tetroxide to fiftecen minutes
and the time in ethyl gallate intensifier to twelve hours. The
paraffin ribbons werc de-woxed in xylenc and mounted in Canada balsam,
without the additior of cthyl gallate to the mounting medium,

Tissues preparcd in this memmer gave excellent axonal and nuclear

detail, The storage propertices arc good.
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Ircperations of dsolated abdomens were used for studies
concerned with the euzed of condiciion and synaptic reletions
of the giant fibres at the level of the terminal ganglionic mass.
Thole locusts were uscd ror the study of the synapses at the level
of the metathoracic ganglion, & scction of the dorsal thorax and
abdomen being vcmoved in the regisn of the genglion., In all
instances the gut and veutral diephragm were dissected from the
region under investipgetion and the ventral ncerve cord was split
into separatc conncetives, The preparetions were irrigated with
locust ringer (Hoyle , 1953).

Both silver/siivew ehloriic and clectrolytically tapered
tungsten cloctrodes ware uscd for recording. Silver/silver chloride
clectrodes viere used tor ciecebrical stimulation. In order to
make maximun usce of the micromaiipulotors paired clectrodes were
constructed. Two silver wires wore inscried into e hypodermic
needle (uscd as a clamp) and a drop of sraldite placed 1 em, from
their tips. This wes briefly fircd over a low flame in order to
set the resin, The ffb%imal ends were culb squarc, fine hooks
bent in them and the clectrodes chlorided. The hooked tips could
then be hent apart to the dcsired distance for the cxperiment in
hand., The clectrecdes were inscerted into stainless steel sockets
permanently mounbed in plastic rod clectrode holders of a diameter
to fit the micromanipulator. Tach clectfodo of this pair was uscd

as a rcecording clectrode; *thus one micromanipulator could handle
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the rccording clectiodes for twoe channcls of amplification.
Nickle plated inszct pins were usel as indéferent clectrodes.

4 seéond uscful #eature of this elcestrode configuration was that
clectrodes could 9e held steadily, very close together, and moved
elong thce nerve with o fized distance separating them.

Iotentinis were zmpiificd using a pair of Tcktronix type 122
preamplifiers and displayed on a Tcktronix EOZHA dual beaom
oscilloseape. The signels wore recorded on a duel track tape
recorder ond monitored acousticelly via the speaker of the tepe
recorder,

Plectrical stimuli vierc ontained from o squere pulse biological
stimulator and Jdelivered 1o the preparstion through an isolating
transformer. The oscililoscipe sweep was trigsered by the stimulator
which hed o built in variable doley. .

Blectrophysinlogical and histologicel investigatinns have

been cerricd out using male Schistocerca only. The tcrminology

uscd for the nerves is that of Schwitt (1953). In the morphological
degrems nerves terminating in o muscle have been given the muscle
number of Snodgrass (1935), scnsory nerves have been indicated

with an s.



MOREHOLOGY

The Torminal Ganglionic Mass

The terainal genzlionio nmass (Fig. 7, 2) is an ovatc structure

lying in the eighth abdominal scgment. In Schistocercs gregeria

it inncrvates abdominal scgments VIIL, I, X and XI; thus
comprising the fuscd ganglia of the last four segments. The structure
is therefore referred tc as a ganglisnic mass(Scabrook and Nesbitt,
1966). The dorsal ond ventral surfaccs arc featureless giving no
indication of the positiorn of the component scgmental ganglia.

4t the anterior surface the ganglionic mass receives the closely
appressced ventral connectives (ve.c.) and, lying between them the fine
median nerve (m.w.). On cuperficial cxamination it appears to give
risc to four pairs oui nerves. The cighth dorsal ncrves (8 d.n.)
arise from the snscro-icitorai angles of the genglionic moss, the eighth
ventral ncrves(8v.n.) arisc close behind and below them. Thc ninth
dorsal ncrves (9 d.n.) join the ganglion at the postero-lateral angles
ond immcdiantely posterad and mesad of thesc a pair ot large nerve
trunks arise which supply branches to thce ninth abdominel sternum
and the tenth and clcventh abdordnal terge and sterna,

If howover, tic surrcunding conncctive tissue is teased away
it is found that thuse accve brunks contain the separate ninth ventral
nerves (9 v.n.) tc tae ninth sternvm, the epiproct norves (evie n.)
and the corcel nesvee [ouwe. n.) to the cleventh sternum. In

addition the male has a genital nerve (gen. n,) associated
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wich the ninth pegmental gono.dion,  Tith the exceptinn

of the epiproct nerve and cercal aesive which duse a short

distenecc posterad of the gonglionic mass the other nerves retain

their identity until theoy enter the gonglionic mass. .
The transverse nerve of the cightih :bdominal ganglion (8 tv. n;)

arises unpaired from the median dorsal surfacce of the gnnglionic '

mass, In the female a ninth transverse ncrve (9 tv, n.) is present

which arises, unpairecd, immecdiately posterad of the cighth transverse

nerve.

Inncrvation of e Dighth /bdominal Segment.

The ¥ele (Fig. 3)
Dorsal Nerve.

The ecighth dorsal werve ariscs on the antero-lateral angle of
the genglionic mess and passcs dorso-laterad along the tergum. It
innervates the lateral and dorsal muscles; in addition it gives risc
to a branch which innecrvates the sterncl muscles of this scgment,

A short distance after lcaving its ganglion the dorsal nerve
gives rise to a ventral branch which divides. The medial branch
innervates the median internzl ventral muscle (247) and the lateral
branch innervatcs the lateral ventral muscle (248). Close to its
origin this ncrve gives cif in addition an extremely fine branch
which passcs dorsad to anostomose with the parsmedian ncrve (pm. n.)

supplying fivres to the vontral diaphegm (v. 4.).



Continuing laterad the dorsal nerve branches off 2 major nerve
which passes anterad ond dmmediat~ly Zivides agein into anterior and
posterior nerves. Tne anterior ncrve jpacscs along the lateral horn
of the cighth sternal apodeme and at its tip turns mesad becoming
contiguous with the scventh tzansverse nerve (7 tven.). ALt this point
it gives risc to a tair of small uerves. The anterior of the two
innervates the first cxterna™ lateral muscle (251) the posterior
member innervates a small bundlc of fibres (250x) derived from the
internal lateral muscle (Llbrccht, 1953). . ntero-mesad of this pair
of nerves the anterior bronsch glves off a very small nerve which
passcs over the apodeme and turns ventrad to anastomosc with a branch
of the scventh ventral nerve {7 v.r ) close to the point at which
this nerve terminates in the axterna’. ventral musele (234) of the
seventh abdominal scgment,

The aforcumentioned vosterior branch wcflexes upon itself and
passcs ventrod to innervate the spirasvler muscles of the eighth
abdominel scgment., /4s this ncrve passcs beneath the dorsal nerve it
bifureoates. The lesscr dorsal branch inncervates the dilator muscle
(254), the greoter ventral branch inncrvates the occlusor muscle
£255) of the spiracle. The grecter branch reccives o fine sensory
ncrve (s) from the Lypodermis in the region of the spiracle.

The dorsal ncrve poesscs iaterad between the sternal apodemes
of the eighth ond ninth abdominel scgments and receives a substantial

scnsory ncrve., This nerve appcars to innervate a large portion of



the oighth pleuron. (Close tc thc point ot which this nerve imncrvates
the dorsel nerve a short nerve ariscs which pesses ventrad and
divides; both branchus extending over +he surfacc of the paradorsal
muscle (244.).

The dorsal nerv:, proceeding dorso-laterally, now becomes closely
appressed to the tergal masculature. Some distance further a branch
ariscs which passes postcrad; dividing to inncrvate the two lateral
internal dorsal muscles (243n, b). . short distance laterad the next
nerve arises and rasses antoro-laterad roceiving sensory fibres (s)
from the tergum and supplying o fine nerve to the alary muscles of
the heart (el.m.).

The remaindcr of the cighth dorsal nerve divides serially into
three branches innerveting the internal dorsal muscles (2422, b, c, 4d).
The nerve inncrvating 242b gives off a brarch which passes postero-
nesed to innervate the medion cxternel dorsal muscle (245) and

receiving sensory fibres (s) from the regioa of the intersegmental fold.

Ventral Nerve.

The eighth ventral rnerve is rather insignificant by comparison
with the dorsal nerve, It Lcaves the ventro-lateral margin of the
genglion, passes ventrad and divides into threc branches. The
anterior branch is s~nscry (s) receiving fibres from the anterior
region of the eighth abdominal sternum, The median passcs laterad
bifurcating distally- to innervatc the internal lateral muscle (250)
and the third cxternal latersi musclc (253). /. sensory branch (s)

from the posterior rcgion of thc sternum joins this nerve mesad of
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the point of bifurcation. The pusterior bronch (x) proceedes posterad,
without branching. to becsome contiguous with the transversc nerve

of the eighth scgment (Fig. 5, 8 Hv.n. ..

Transverse Nerve.

The eighth transverse nerve in the male is typical of the
transverse ncrves associated with thc pregenital segments (Fig, 10,

7 tv.n.). The superficial difference ir the configuration is due to
the fusion of the eighth and subsequent abdominal ganglia resulting
in & shortening of the ncrve.

The nerve ariscs unpeircd from the median postero-dorsal surface
of the ganglionic maws, passcs postorad a short distance closely
appressed to the neurilemmna and bifvrcates. The nerve now extends
laterad passing over the nirth sternal apodeme, and bending ventrad
over its tip to becomec contiguous with a tranch of the eighth ventral
nerve (8 v.n.). /Lpproximotely onc thivd of the distance from the
point of bifurcation a very fine nerve is given off which passes
dorsad to anastomose with the paramedicn nerve (pmen.). At a varying
distance mesad of this point the transverse nerve receives a branch
from the ninth dorsal nerve. .5 the transversc nerve bends ventrad
over the tip of thc apodeme a short nerve arises which innervates

the external leteral sauscle (270) of thc ninth abdominal segment.

The Femele (Fig. 4).
The femele cighth abdominal segment is the first of the genital

segments. The muscle plan differs corsidercbly from the mcle,
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particularly thosc muscles associated with the ventral ovipositor
velves which have nc countcrpari in the malc (Snodgrass, 1935).

The plan of innervetiion varies accordingly.

Dorsal Nerve.

The cighth dorsal nerve (8 1.n.) s modificd to o lcsser extent
thon the ventrel nerve. It ariscs from the antero-lateral angle of
the ganglionic mass and procceds dorso-iateraly. The first nerve
to emerge is en cxtremcly finc branch passing dorsad to anastomose
with the paramedian nerve (pm.n.) innervating the muscles of the
ventral diaphrogm (v.d.). Immcdiately distal to this point a ventral
nerve is given off which innervates the medien internal ventral muscle
(247), the lateral ventr.l muscle (248) is inncrvated by a branch
of the eighth ventrel nerve (3 v.n,) in the femele.

The dorsal ncrvc passcs unbranching to the mesial face of the
lateral apodeme of the ovipositor. i branch arises which passes
anterad, and as in the malc immediately divides into anterior and
postorior nerves. The anterior nerve branches to inncivate a bundle
of fibres (250x) belongirg to the sccond internal lateral muscle and
the first external lateral .mscle (251). .. very finc nerve ariscs
ot the same point as the branch to 251, and turns ventrad over the
tip of the eighth abdominal apodcme, This nerve passcs within,
but does nov inncrvate, the cxtornal ventral muscle (234) of.the

scventh abdominal scgment leaving it to anastomosec with the ventral
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nerve of the scventh abdominal scgrment (7 v.n.) close to the termination
of this nerve in muscle 2%, The remainder of the anterior ncrve
becomes contiguous with the transverse nerve of the seventh ganglion

(7 tv. n.). The posterior nerve reflexes upon itself, passes ventrad
beneath the latersl apodeme of the cvipusitor and its muscles to

divide into scnsory and motor nerves. The sensory ncrve (s) receives
fibres from the pleuron in thc region of the spiracle. The motor

nerve initially sencs a branch to the second external lateral muscle
(252) and continuing laterad divides, innervating the dilator muscle
(254) ond occlusor muscle (255) of the spiracle.

The dorsel nerve (8 d.n.) becomes closely appressed to the
muscles of thc lateral ovipositor apcdeme, crawls over its dorsal
surface and passcs dorso-laterad for some distance without branching.

The pattern of branching now differs considerably from that in
the male (Fig. 3). The nerve to the paradorsal muscle which is present
in the male is missiug. The large sensory branch to the mid-region
of the pleuron is also missing, though a lcsser sensory ncrve is
present as will be described subsequently.

.. considerable distonce distal to the apodeme a branch arises
and passes antero-loterad imnervating the alery muscles (al. m.)
and receiving sensory fibres (s) from the dorsal rogion of the
plouron., Close by the origin of this branch o nerve is given off
which cxtends antero-mesad along the pleuron to innervate the short

protractor musclc of the ovipositor (256), There is no homologous



muscle in the male. This branch rcceives & small sensory nerve (s)
from the mid region of the pleurcn. .. short ncrve now arises from
the dorsal ncrve (8 d.n.) which passes anterad innervating the fifth
bundlc of the internal dursal muscle {242 e) and recceiving a sensory
nerve (s) from the tergum. Closc by the origin of this branca,
o pair of ncrves arisc waich pass posterad to inncrvate the internal
dorsal muscles (243 a, b).

The dorsal nerve now divides scriaily four times sending branches
to the remaining bundles of the internal dovsal muscle (242 d, ¢, b, a).
The branch to musele 242a gives risc to o nerve which passes postero-
mesad inﬁo the interscgmental fold bétweon abdominal segments eight
and ninc to inncrvatc the median eaternal dorsal muscle (245). It
will be noted that in “he femolc muscle 2h2 divides into five bundles

as opposcd to four in thc malc.

Ventral Nerve,

The brenching of the cighth ventral ncrve (8 ven,) is barely
homologous to the melec. This nerve innervatcs the ventral ovipositor
mechanism, the spermathecal duct, and rcceives scnsory fibres from
cighth abdominel sternum. Unlike the ventral nerve in the male this
is a substantiel ncrve.

The nerve arises from the lateral face of the ganglion passes
ventrad and immediatcly divides imto posterior and ventral nerves.
The posterior, grecater ncrve procceds unbranching for a considerable

distance and gives rise to a mesicl branch which becomos Al ztrihlited



=35

over the muscles of the spremothecal duet (dspen.). .djacent to this
branch a nerve passcs saterad tc contribute to the innervation of
the depressor muscle of the ventral valvula (272).

The posterior nerwve continues without branching until
it is about to enter the venitral ovipositor valve., 4t this point a
mesial branch innervates the spermavhecal duct in the region of the
spermathecal apperature (asp.n.). The nerve continues into the ventral
ovipositor vaelve and divides into mesial and latersl branches which
reccive sensory fibres from the valve, end a central branch innervating
the depressor muscle of the ventral valvula (272). In Dissosteira

carolina (Snodgrass, 1935) and Locusta migratoria (Albrecht, 1953)

this muscle is considereld to belung to the ninth abdominal segment,
No details are available as to the innervation of this muscle in
these specles.

The ventral branch of the eighth sternal nerve (8 s.n.) divides
into anterior and posterior ncrves, The anterior nerve passes forward;
bends back upon itself passing posterad bencath the lateral ovipositor
apodeme and its muscles to becomes distributed over the internal
lateral muscle (250). The posterior nerve passes along the eighth
sternum for a short distonce before innervating the lateral ventral
muscle (248). Irior to cntering this muscle the nerve reccives
sensory fibres (s) from the cighth sternum. In the mele, muscle
248 is innervated by a branch of the cighth dorsal nerve (Fig. 2,

8 d.n.).



Transverse Nerve,

The transversc nerve of thc cighth obdominal ganglion (Figs. 2,
6, 11, 8 tv.n.) in the female differs considerably from that in the
malc, Unlike the male beth halves of this nerve arisc scparately
from the postcro-dorsal surfacc of thc ferminal ganglionic mass.

. fusion of thesc nerves into o commen trunk takes place within the
ganglion and mey be obscrved by teasing awny the neurilemn (Fig. 2).
On cmerging from the ganglionic mass the transversc nerve passes
antcero-laterad enclosing within its sheath the paremcdian nerve (pm.n.)
with which it mokes o connection at the point wherc the paramecdian
nerve crosscs over it, The ncrve now bends postcro-laterad to enter
the mesial focc of the levator musclce of the dorsal ovipositor valve
(271) and gives risc to fine anterior and posterior branches to it.
On cmerging from the latcral face of the muscle at the level of the
apodeme the nerve turns ventrad passing bencath muscle 272 (the
depressor of the ventral ovipositor valve) to torminate as a scnsory
nerve in the fold between the sternum and plcuron of the cighth
abdominal segment.

Conncctions between the cighth transverse nerve and the cighth
ventral nerve have not been cstablished, nor have connections hecn
cstablished between this nerve and the ninth dorsal nerve as would
be expectcd in a normal scgment. The function of this nerve also
appears to have been considerably altered. . further discussion will
be reserved for a subscquent scction dealing with the median-transversc

nerve complcx,
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Innervation of the Ninth Abdominal Segment.

The linle (Fig. 5).

Dorsal Nerve.

The ninth dorsal ncrve cmerges £»om the postero-lateral angle of
the terminel genglionic mass immsdiately anterad of the large posterior
nervce trunks., This is a2 smell ncrve and its origin is not always
apparcnt., On lecaving the ganglion it passes postero-laterad to
inncrvate the muscles of the ninth terzum. In addition this nerve
rcceives sensory fibres from the ninth and tenth terga.

The first branch is the very fine peramedian (pmen.) nerve which
passcs anterad to inncrvate the muscles of the ventral diaphragm

(v.d.). The ventral diaphragm in the male of Schisbocerca extends

across the anterior rcgion of the ninth abdominal segment,

Distal to the paramedian nerve the dorsal nerve gives risc to
a substantial branch which passes anterad to anastomose with the
eighth transverse ncrve (8 tv.n.). The ninth dorsal nerve aw
divides, into lateral and posterior necrves.

The posterior, sensory nerve rcdivides into a lesser posterior
branch rccciving scnsory fibres (s) from the ventral region of the
pleuron and & greater lateral branch rcceiving sensory fibres fronm
the dorso-laterel region of the pleuron,

The lateral branch bends dorso-laterad and passes to the tergum
where a short branch is given off to the fifth bundle of the median

internal dorsal muscle (260 e). The lateral branch now bifurcates,



a lesscr anterior broncih passing to the alery muscle (2lem.) and
receiving sensory fibres (s) from the anterior région of the tergum,
The greater branch passes posterad giving off o pair of branches to
bundles of the median intcrnal'musclc (260 d.c.). ut this point

a large sensory branch is reccived from sense orgens of thc'p0stcrior
region of the ninth tergun (s) and the .tonth tergum (s 10). The
remainder of the nerve dividcs to innervate the two remaining bundles
of fibres belonging to the medinn internal muscle (260 by, a). In

the males of Locuste (.dbracht, 1953) and Dissosteira (Snodgrass, 1935)
this muscle consists of one bundle of fibres only, although in the

females there are five bundlcs as in both sexes of Schistocerca,

Ventral Nerve.,

The ninth ventral nerve (Fig. 1, 5, 9 v.n.) is included within
large ventral nerve tirunks that issuc from the postero-lateral angles
of the terminal genglionic mass. If the neurilemma is rcmoved from
these trunks it will be found that this nerve originates immediately
beneath the ninth dorsel nerve (9 den.). It passes posterad in the
lateral region of the trunk (Fig. 1), turning ventrad bencath the
epiproct nerve (epi.n.), and cercal nerve (cerc,n.) to emerge as the
seccond nerve from the postero-median face of the trunk, This is
essentially o sensory nerve, although it does innervate the ventral
lateral muscles of the ninth abdominel segmenf.

On emerging from the trunk the ninth ventral nerve gives risc

to o small nerve from its lateral surface which becomes incorporated
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within the sheath of the cpivroct nerve (cpi.n.). It passes with
this nerve for somc distance. On cmerging from the sheath of the
epiproct nerve it passes posterad 2 short distance to innervate the
large retr#ctor muscle of the phallus (261). Frior to entering the
muscle o very small nerve is given off which proceeds posterad to
innervate one of the intcrnal lateral muscles (269). L. sccond branch
emerges from the medien surfacc of the ninth ventral nerve, divides
giving a smoll mesial branch to the ventral muscles (265) and a
loteral branch which passcs bencath the ninth ventral, epiproet,
and cercal nerves and comes to liec within the sheath of the ninth
dorsal nerve (9 d.n.). It passcs a short distance with this nerve,
cmerges, ond turns posterad to innervate the sccond of the internal
lateral muscles (268).

The ninth ventral ncrve procccds postercd and bifurcates into
two major branches, the medion nerve (9 vem.n.) which receives sensory
fibres (s) from the median wentral region of the ninth abdominal
sternum, and the lateral nerve (9 v.l.n.) which receeives sensory

fibres (s) from the lateral margins of the ninth sternunm,
1

Genital Nerve.

The genital nerve (Fig. 1, 6, gen.n.), present only in the male,
is also included amcng the nerves of the large posterior trunks.
It arises on thc posterior face of the ganglionic mass immediately
beneath the ninth ventral ncrvé, passcs along the mesial face of

the trunk and is the first nerve to cmerge from the postero-median
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surfacc. This nerve is predominantly a motor nerve, it is a
development of the ninth abdominal ganglion, and is responsible for
the imnervation of the male genitalia,

Upon leaving the trunk the genital nerve gives off a series of
very fine fillets to the zccessory gland (acc.gen.) and divides into
posterior and lateral ncrves. The lateral nerve proceeds for a short
distance and branches serially three times. . posterior branch
posses to the retractor muscle of the acdeagus (266), a lateral branch
innervates the protractor muscle of the acdeagus (267), and o sccond
lateral branch passes to the retractor muscle of the acdcagus (266).
The main nerve continues posterad to terminate in the compressor
muscle of the cjaculatory sac (284).

The aformentioned posterior nerve redivides into mesial and
lateral branches. The lateral branch sends a nerve to the compressor
muscle of the cjoculatory sac (284) which also receives a sansory
nerve (s) from the sternum. The lateral nerve ccntinues posterad
to terminate in the retractor muscle of the acdecagus (266). The mesial
branch proceeds posteral bending mesad and giving off a nerve to
innervate the musclc of the cjaculatory duct (285). Continuing
posterad the mesial branch bifurcates; the lateral branch again
dividing to innervate the latcral dilator muscic of the endophallus
(281) and trc compressor muscle of the endophcllus (283), The mesial
branch divides to imnervate the dorscl dilator muscle of the endophallus

(282) and the cpiphallic muscle of the acdeagus (278). The
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innervation of the musclec of the subventral lobe of the acdeagus
was not located,
The transverse ncerve of the ninth abdominal segment is not

present in the male of 8. gregarie.
The Female (Pigs. 2, 7, 11).

Dorsal Nerve.

The ninth dorsel nerve ariscs as in the malc, from the postero-
latcral angle of the terminal ganglionic mass jus s antcrad of the
large posterior ncrve trunks., It innervates the éorrsal muscles of
the ninth abdominal segment and contributes to the dorsal ovipositor
nusculature and rectal musculature, In addition it receives sensory
fibres from the ninth abdominal pleuron and tergunm.

Immediately upon cmerging from the ganglion the ninth dorsal
nerve gives risc to the slender paramcdian nerve (Fig., 2 Pr.n,. ).

This nerve is enclosed within the sheath of the eighta transverse

nerve (8 tv.n.). To sec its origin onc must tease awy the ncurdlemma
at the bose of the dorsal nerve, The paramedian nerve rcceives fibres
from the eighth transverse nerve and extends forwerd tic entire

length of the abdomen to inncrvatc the muscles of the ventral diaphragm

(ved.). 1In Schistocerca thc ventral diaphragm covers only the

anterior portion of the terminal ganglionic mass, which lics in the
eighth abdominal segment, and cxtends posterad into the ninth secgment
as a pair of diaphanous horns terminating close to the origin of the
ninth dorsal nerve and apparcntly adhoring to the ncurilemma of the

ganglionic mass.
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The ninth dorsal nerve (Fig. 7, 9d.n.) now passes postero-
laterad and gives rise to a broad ventral branch passing beneath the
cercal nerve (cerc.n.) to anastomose with the epiproct nerve (epi.n.)
within the shecath of the posterior trunk, ..s this branch cnters the
trunk a fine nerve emerges from it and passes posterad to innervate
the ventral dilator muscle of the rvctum (Fig. 7, 264). The dorsal
nerve continues postero-laterad and receives a sensory branch (s)
which arises on the ventral region of the ninth plcuron, passes
beneath the dorsal ovipositor apodeme ond muscles, proceeds upwards
over its medial face and turns laterad over the surface of the
levator muscle of the dorsal valve to join the ninth dorsal nerve.
Continuing laterad a nerve arises which extends anterad and divides,
both branches innervating the long protractor muscle of the ovipositor
(262). Close by the origin of the previous branch a sensory nerve
joins the ninth dorsal nerve, This aerve recoives.sensory fibres from
the remainder of the ninth pleuron,

The dorsal nerve now procceds into the tergum and branches
serially four times, the third branch dividing again to innervate
the five bundles of the median internal dorsal muscle (260 e, d, c,

b, a). In 2dditicn o pair of sensory nerves (s) are rcceived from

the tergun,

Ventral Nerve.
The ninth ventral nerve (Fig. 2, 9 v.n,) cmerges from the ganglion
immediately beneath the ninth dorsel nerve and passes ventrad along

the lateral margin within the ncurilemma of the posterior nerve



trunk turning wesad and possing either between the cercal nerve

{eni.r..) or bereath them both to cmerge

(cerc.n.) and epiproct nerve
on the mesial face of the truak. Upon cmerging the ventral nerve
passcs posterald close to the muscies end ancdeme of the dorsal
ovipositor valve for a considerable dlstonce, dividing into mesial
and lateral branches,

The lateral branch conbtinucs pogtorad supplying a small nerve
to inncrvate the adductor muscle of the ventral valve (273). This
nerve gives rise to 2 very finc branch whicl passes antero-mesad
and divides into a scnsory branch (s) ond a branch which passcs
antero-latcrad bencath the ninth ventral nerve to contribute to the
innervation of the levator muscle of the dorsal ovipositor valve
(271). The lateral brunch vasscs posterad cntering into, and recciving
fibres from, the dorsal ovipositor voive (s 3 v 1), The mesial branch
of the ninth ventral ncerve passes to the posterior rcgion of the ninth
cpodeme and turns laterad. .t this point a branch arises to innervate
the muscle of the intermecdiatc or sccond ovipositor velve (275).
The mesisl branch now passcs laterad over the isvator muscle of the
dorsal ovipositor valve giving rise to a posterior branch inncrvating
the adductor muscle of the dorsal valve (274), The mesial ncwve then
bifurcates, o short posterior branch passing into thc dorsal ovipositor
valve to inacrvate the posterior region of the levator muscle of the
dorsel ovipositor valve (271) and ean anterior bronch which extends

forward to inncrvate the retractor muscle of the ovipositor (263).
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Transversc Nerve,
The transversc ncrve of the ninth obdominal ganglion is prescnt
in the femnle (Fig. 2, 11, 9 tv.n.). It crises as a substantial
nerve from the postero-median surface of the ganglionic mass, cxtends
posterad closc to the right posteorior uorve trunk and bifurcotes.
A short branch cnters the nerve trunk to cnastomose with the cepiproct
nerve of the same side and a2 long branch crosscs to cnastomosc with
the epiproct ncerve of the opposite side. No function can be attributel

to this nerve at prcscnt.

Innervation of the Tenth and Fleventh

ibdominal Scgmeuts,

The nerves of the tenth and cleventh abdominal scgments arc
combined into the epiproct ncrve (cpie.n.), the common dorsal ncrve
of the two segments, ond the cercal ncrve (cerc.n.) the common ventral

nerve.
The Male (Figs. 1, 8).

Bpiproct Nerve.

The epiproct nerves (epi.n.) and cereal nerves (cercen,) are
contained within the large posterior nerve trunks (Fig. 1), They
emerge from the genglion as & common root and soon scparate, the
coreal nerve lying mesad of the cpiproct nerve. ifter scparation the
cpiproct nerve turns beneath the ccreal norve coming to lic mesad

of it. Only aftcr cmerging from the common sheath of the trunk does



the epiproct nerve again turn bencath the cerczl nerve coming to lie
laterad of it, Continuing posterod the cpiproct ncrve (Fig. 8, opi.n.)
gives risc to a short branch to the ventral dilator muscle of the
rectum (264). Distal to this branch ¢ nerve cmerges and passcs mesad
to enastomose with the cercal cerve (-wve.n.). The epiproct nerve
then bends posterad and a poir ur widcly scparoted branches arisc,
both pass postcro~ventrel te the tasc of the cercus the first to
imnervete the lateral levator muscle of She cercus (289) and the
second 0 inncrvate the median levator musclc of the ccrcus (288),
The epiproct nerve passcs posterad caters the epiproct and divides.
The dorsal branch inncrvates the dorsal dilator muscle of the anus
(295) and receives sensory fibres (z) from the cpiproct. The ventral
branch divides supplyirg ncrves to the adductor muscle of the cercus
(293) and the adductor nuscle of the varaproct (294), this necrve

rcceives sensory fibres (s) from the cpiproct,

Ccreal Nerve,

The cercal nerve (cere,n,) after separating from the common
root with the cpiproct nerve continucs posterad passing above the
cpiproct nerve and giving risc to a mnjor branch, the rectal ncrve
(rect.n.). The rectal nerve procecds dorsad, a branch cmerging which
inncrvates the dorsal dilator muscle of the rectum (286), and
bifurcates into cephalad and caudad broanches. The cephalad branch
becomes distributed among the intrinsic muscles of the rcctum (recdu.).

The cauded bronch rcdivides the iateral nerve innerveting the lateral
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dilator muscle of the rcctum (290) and posterior branch innervating

the intrinsic muscles of the posterior part of the rectum (rec.m.).
Continuing posterad the cercal nerve divides, the dorsal, sensory
branch passing posterad and dividing agein to reccive sensory fibres
(s) from the lateral and mesial surfaccs of the cercus, The ventral
branch passes to the region of the pasaproct where it receives a
sensory nerve (s) from the paraproct. It then divides one branch
innervating the lateral dilator muscle of the anus (296), the other
branch passes to the ventral muscle of the peraproct (291) and receives

sensory fibres (s) from the paraproct.

The Female: (Fig. 2, 9).

The imnervation of +he postgernital segments in the female is
similar to that of the male, differing only slightly in the pattern
of necrve branching and with the addition of the transverse muscle
and its inncrvation which is absent in the male., It is also interesting
to notec that the cercal nerve-cpiproct nerve conucction is absent

in the female.

BEpiproct Nerve,

The two ncerves cmerge from the ganglionic mass as a cormon root
as in the male. However on scparation the cercal nerve is laterad
of the cpiproct ncrve and only becomes mesial to it some distance
posterad of the ganglion, .s the epiproct nerve separates from the
common root it recceives a previously mentioned branch of the ninth

dorsal nerve which anastomoses with it (Fig. 2). The first branch
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or' the cpiproct nerve 1s a substantial nerve which passes to “the
ventral dilator muscle of the rectum (26k) which it inncrvates in
co~operation with a branch of the ninth dorsal nerve (Fig. 7, 9 d.n.).
It is possible that this branch of the ninth dorsal necrve may contain
fibres from the cpiproct nerve wbhich have passed via the aformentioned
anastomosis to inncrvate the rochal & Lalor muscle., Snodgrass (1935)
and Adbrecht (1.953) both consiicr thas tu be o muscle of the ninth
abdominal segment. e have found no indication of its inncrvation by
the ninth abdominal ganglion in the mole, where it is inncrveted
cxclusively by a branch of the cpivroct nerve (I'ig, 8, cpiene).

The cpiproct nerve turns laterad ond shortly gives risc to o pair of
branches to the lateral levator muscic 7289) and the median levator
musclc (288) of the ccrcus. Distal te the former nerve z substantial
sensory nerve (s) is received from the cpiproct. Closc to this
sensory nerve a short branch passes frem the epiproct nerve to the
depressor muscle of the ccrcus (287). The innervation of this muscle
was not located in the male. This branch to musecle 287 also rcceives
sensory fibres from the tonth tergum (s 10). The tenth abdominal
tergun in the mele is inncrvated by a bronch of the ninth dorsal nerve
(Fig. 5, s 10), Thz rcmainder of the epiproct nerve branches to the
usual muscles asscciated with the epiproct, the adductor muscle of the
paraproct (294), the adductor muscle of the cercus (293) and the

dorsal dilator musclc of the anus (295).
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Ccrcal Nerve,

The cercal ncrve (cerc.n.) precccds postcrad from the common
root passing laterad of the cpinroet norve. .. considerable distance
coudad of the genglion the large wvecte. ncrve (rec.n.) emerges ond
passcs dorsal dividing to inmcrvate the muscles essociated with the
rcctum, The rcetal nerve i1s siadilar tc that in tac male except for
the norve to the dorsal dilatoer muscle i the rectum (286) which
cmerges closc to the posterior ramification »f the caudal branch
and dircctly oppositc to the branch to lhe lateral dilator muscle of
the rcctum (290). Thc remainder of the caudal branch ramifics to the
intrinsic muscles of the rcctum. The ceplinlad bronsia innervates only
the intrinsic musclces of the rectvm. Continuing postzsrad and crossing
above the cpiproct rerve th: cercal rerve divides inte cercal and
paraproct branches. The lateral or cercel bronch gives rise tp a
branch which Burns laterad passing bencath the cercel nerve to
innervete the transverse muscle (292), .. small scnsory Lranch (s)
is then rcceived from the ventral region of the tenth tergum. The
remainder of the cercal Tranch procccids posterad and dividas to
innervotc the lateral and mesial surfaces of the cercus, Tiw mesial
or parcproct branch also procccds posterad and divides. The latercl
branch innervatcs the ventral muscle of the peraproct (291) ai€ receives
sensory fibres (s) from the basc of the paraproct. Thc mesial branch
enters the paraproct to inncrvatc the lateral dilator musclc of the

anus (296) ond rcceives scnsowy fibres from the paraproct.



Discussicn

Terminology

The lack of an accepted standard terminology plagucs comperative
studies on the segmental inncevation of the insecta, This point
has becn token by Steinmann {1965); ko then however procceds to
establish his own terminology which is unrclated to the scgmental
nature of the ncrves. The confusion causced by the use of this system
cannot be justificd perticularly aftcr the work of Schimitt (195#5
and his:students, who hove established o terminology end applicd it
to several inscct orders, (Schmitt 1954, 1959, 1963, 196k; Libby
1959, 1961; Knox 1965, and Vasvery 1966). The terms tergal nerve
and sternal nerve applied to the scgmental abdordinal nerves by
Albrecht (1953, 1956) arc unfortunately misnomers as the tergal nerve
contributes to‘thc innervation of the sternal musculaturc and the
sternal nerve inncrvates a part of the tergal musculaturc. Ve have
adopted the terminology of Schmitt (1954) using the terms dorsal

and ventral nerve,

Frcegenital Segments.

The innervation of the cighth abdominal scgment of the malc in

Schistocerca gregoric is typical of the pregenitel cbdominal scguents,

with one cxception, The ventral nerve of a typical pregenital scgment
supplies & branch to the ventral cxternal lateral muscle (Fig. 3,

234), This musclc is abscnt from the cighth obdominal scgment.



Orthoptera.
This general pottern of pregeritsl abdominel inncrvation is

common to the Orthoptere. In Iihiugteirs coroline (Schmitt 1954.)

the inncrvation of the pregeritel. scgacsits is similar to Schistoccrea,

the dorsal ncxve supplics a hranch te sie wentral internal lateral
musclc and the venteal internal median muscle. The ventral nerve
innervates the ventral cxternal labsral muscie, and the second and
third cxternal lateral muscles. In Schistounrea the ventral nerve
contributcs to the innervation of Tthe sccond internal loteral muscle
instcad of the sccond outernal latcral muscle as in Dissosteira.
The dorsal ncrve of jerotylus (Steinmann 1965) innervetes the ventral
"

internal latersl muscle rnd the cxicernal ventral muscle. The ventral

nerve inncrvates the cxbern~l laternl muscle as in Schistocerco and

Dissosteira., In some of the pregenitc segments Steinmoann finds
the sternal neive receiving sensory vranshes from the preceeding
and following sterna, a fcature not found in other icrididac,

In the cricket iLchcta the dorsal nerve supplies a branch nerve
to the transverse ventral muscle, anl to the first and sccond ventral
museles. The ventral nerve inncrvates the third lateral muscle.

The dorsal nerve of the tettigoniids Neoecnociphalus and

Ccutophilus (Schmitt 1964) scnds e braonch to the internal sternol
muscle ond the transverse sterncl ruscle., The ventral nerve innervatces
the secondery torgo-sternal group of muscles in addition to several
gternal muscles. The ventral nerve also receives a sensory branch

from the tergum.



Other Orders.

It is instructivc to consider tre prttern of pregenital innervation
in other orders of the Insecta. Iu vhe plecopteran Iteronsrcys the
dorsal nerve innervates the segmental musculature. The ventral nerve,
although it lies in the region orf the sterne-pleurel muscle is claimed
to be sensory in function (Schmitt 1952). Xnox (1965) in a detailed
study of the pregenitel nervovs system and musculaturc of the abdomen
of Jicroneuria finds the dorsal nerve supplying fibres to the ventral
internal median nuscle and the ventrel internal lateral muscle.

The ventrel nerve imnervates tne cxiernal lateral muscle as well as
the external medinn muscle., In this cusc the sensory ncrve supplies
only ventrel integument,

The dorsal ncerve does not supply innervation to the ventrel
rnusculature in the phasmid Diapheromers (Schmitt 1954). The innervation
of thesce muscles is by the ventral nerve which also inncrvates the
tergo-sternol muscle. This muscle is considered by Schmitt os
homologous to the lateral muscles of the jcrididac. In the some
paper Schmitt described the innervation of the intersternal muscle
of Periplencte (Dictyoptera) by a branch of the dorsal nerve., The
ventral nerve supplics innervation to the tergo-sternal muscle,

The dorsal nerve of the hemipteran Tibicen supplics the entire
segmental musculoturc, the ventral nerve subserving a sensory function
only (Vasvery 1966).

Maki (193%6) described the innervation of a pregenital segment

of the ncuropteran Cheuliodes. In ta's spccics the dorsal nerve



innervates thc first, sccond ond third internal ventral nusclc and the
scecond cxternal ventrol muscle as well a3 the usual tergal musculature,
The ventral nerve supplies the scoond paratergel muscle, the external
intersegmental muscle, the tergo-sterna™ muscle and the external
tergo-sternal muscle. The pregeuitn™ Lruwrvation of the caterpillar
of the north american silkworm moth [Hyalophora has been investigated
by Libby (1959). Hec found the dorsal newva supplicd & branch to the
ventral internal mcdian muscic, and to thoe ventrel inccernel medion
muscles. The ventral nerve innervated the lwieral coxternal muscle
and the tergo-sternal muscle.

The inncrvation of the ventral or sternal muscles by a branch
of the dorsal nerve, and of the ter.al muscles by a branch of the
ventral nerve is widespread throughout the Inseeta, being found in
orders as widely scporatced as the Plecoptera and the Lepldoptera.
The cxceptions to the rulc arc the Fhasmida wherc there is no apparcnt
innervation of the ventral muscles by the dorsal ancrve. In this casc
the ventral nerve ariscs as 2 branch cf the dorsal nerve and may
carry dorscl fibres to the sternal musculaturc. The abscence of tergal
muscle innervation by the ventral ncrve in the Hemiptera is not
surprising considering the degrec of fusion between the cbdomianal
ganglia and the metathoracic ganglion resulting in o highly modified
arrangement >f segmental nerves.

The innervation of sternal muscles by the first major branch of
the dorsal ncrve is a very conscervative fecturc of the inscet abdominal

nervous system, This necrve should thercforec prove useful as o point



of homology for comparative studics of the innervetion of the insect
cbdomen., It may also preove useful for homologizing the muscles

inncervated by this porviicular ncrve conplex.

The Transversce Jerve Complex.

Inncrvation of the Heart and Spiracles.

The alary muscles have beeon described as being innervated
dircctly by the transverse nerve in Chauljodss (Meki 1936) and in
Hyalophora (Libby 1959, 1961). In Icriplancta (ilcxandrowicz 1926),
Corausius (Opoczynska-Sombretowa 1936), ard icreneuria (Knox 1965)
the alary musclés arc inncrvated by a branch of the dorsal ncrve,

The innervetion of the alary muscles has not been reported in

Dissosteira, .cheta (Schmitt 1954) and Ncoconocephalus (Schmitt 1964 ),

In this lotter group the dorsal nerve cnastomoses with the lateral
nerve of the heert. Opoczynska-Scmbratcws (1936) has shown fibres
from the dorsel nerve moy pass a snorht distance with the lateral nerve
of the heart beforec cxtending over the alary muscles as a very fine
net. This situation probebly applics in those genera for which no
alary innervation is reportcd.

In Itcronercys the alery innervaetion in the antcrior abdominal
scgments is by the transverse nerve and in the posterior scgments
bv & branch of the dorsal nerve (Schmitt 1963). Basing his views on
this cvidence and on the fact that in 2ll the above genera, with the
cxception of ChauliQdes, the transversc nerve ancstomoscs with the

dorsal nerve Schmitt (1965) considercl that part of the dorsal nerve



which innervates the alary muscles to be Qerived from Pibres of
transverse nerve.

In Schistocerca the alary muscles of the pregenital abdominal

segments are irnervated by a branch of the dorsal nerve. .in unusual
featurc of the ninth dorsal ncrve lends support to Schmitt's hypothesis
that the branch of the dorsal nerve to the alary muscles is gn extension
of the transversc nerve. In the ninth segment of the male the
transversc nerve of the cighth ganglion anastomoses with the ninth
dorsal nerve in the usual monner, the alary muscles of this scgment
being imnervated by a branch of the dorsal ncrve. However in the
female there is no arastomosis between the eighth transverse nerve
and thc ninth dorsal nerve. As & result there is no innervation of
the alary muscles although they arc prescnt,

In the above mentioned genera the transversc nerve inncrvates
the spiracular muscles with the cxception of Pteronarcys in which
these muscles are lacking. The inncrvetion of spiracular muscles by
the tronsverse nerve has also been reported in Locusta {Ivanova 1956),

Periplancta (Casc 1957), and in Schistocerce (Hoyle 1959).

inostomoses.

Sehmitt (1954) uscd the transversc nerve complex of Dissosteira
to cstablish six points of anastomosis between the median, transverse,
dorsal and ventral ncrves., He later (1965) showed them to have

widespread significonce. They arc as follows:



(2) anastomosis of ventrai ncrve of preceding scgment with dorsael
nerve of scgnont under comsidenation,

(b) oncstomosis of trensverse nerve and ven’ral nerve of same
scgmert.

(c) origin of transversc nerve bronal to spiracular muscles.

(d) snastomcsis of transversc nerve with paramedian nerve,

() cnastomosis of branch of dorsel rerve with paramedian nerve,

(£) junction of transverse nerve with median rorve.

In both the mrle and female of Schistocerean th: relationship

between the dorsal, veatrol, ond transverse nerves of the scventh
and eighth eblominal ganglia is typical of the pregenital abdominal
segments (Figs. 10, 11). In the cizhth - ninth segmental complex of
the male ecnastomosis e is missing. The nerve to the spiracular
muscles is cbsent as herce is no ninth chdominel spiracle. In the
female anastomrses "a', L' ond "' are missing. In this instance
the transversc nerve terminates os a sensory nerve in the ventral
region of the tergum. Casc (1957) has shown that senscry ncurons
included in the transverse nerve of Feriplencta terminate in

nmechanorcceptive hoirs near the spiracles. The sensory termination

of the cighth transversc nerve in the femcle Schistocerca moy

represent the gensc organs of a former spiracle,
The ninsh transversc nerve is not present in the malc, however
this nerve is present in the femelc ond anastoroses with the cpiproct

nerve; the combine? Zorsal ncrve of the teath and cleventh abdominal



scgments, Tho lnst pair of tuansverse nerves in Feriplancta cnastomose
with the cercal nerves (Gase 1957,. Steinmann (1965) has described

a caudal svmpathetic ncrve, arising in o similar manner to the ninth
transverse nervr of 3chisbocerca. hut teminating in the oviporitor

of lLcrotylus, Our investigation: indi:nte thet anastomosis "a" is
between the dorsal nerve and the trausversce nerve of the preeceding
segment and thot anastomosis WM 1s between the ventral and transverse
nerves of the seme segment, This point becomes clzar when onc
considers the anastomosis between the ainth iansversc nerve and the

cpiproct nerve (tonth and cleventh dorsal acrve).

The innervetion of the genitalis hns been deseribed by ki (1936)
in the femele alder £ly Chanloides, in the melc silk moth Hyelophora
(Libby 1961), in the female blahtid Levcophacn {Engelmonn 1963) and

in the femnle aeridid icrotylus (Steirmenn 1965),

Femcle.

3

In Schistocerca gregaria the external femels genitalic and their

muscles arce innervated by the cighth and ninth obdominal ganglia. The
muscles of the ventral volves arc innervated by the cighth dorsal

and ventral nerves. In addition the ventral ncrve rcecives sensory
fibres from 3he ventral valves and innervotes the spormathecel duct,
The ninth ventral nerve supplies sensory end moter innervation to the

valves and ruscles of the dorscl ovipositor. The dorsel nerve inncrvetes
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the protractor musecle ¢f the covipositor, Thesc findings are in
agrecment with Bngelmenn (19€3).

Steinmann (1665) clailms ~hat the ubdomen of the Orthoptera
consists of niue semnents. It is weth *this misconception that the
problem of interpreting his descriptics of the genital innervation
of scrotylus beginz, . second major criticism of Steinmann's work
is that he uscs his ocwn %erminology for the musculature without
reference o the cstablished usage of Snodgrass (1935a) although he
is faniliar with this worlk, There is somc rcascn o doubt the
accuracy of his worl, The inncrvation of second internal lateral
muscle and the first external lateral muscle as described in

Schistocorca is common to the Orthcptera. In icrotylus this rather

apparcnt nerve is lcsciibel as innervating adiposc tissuc, an unhcard
of situaticn., Steimnena's work must be “treated with rescrvation.

This is unforiunatce as this study offcers the most dctailed description
of genital innervotion available,

Steinmann rcfers to the vagina as innerveted by tle ganglion of
the cighth abdominal scegment, If however one considers his unusual
scgmentation of the orthoptzoran abdomen it can be cstablished that
this is the =cventh abdominal ganglion. This would agrec wivh

our findings in Schigtocerca in which the vagina is iancrvated by

a branch of the sceventh ventral nerve, and with Zngelwaun’s study
of Leucophaea. The innervation of the cxternal female genctalia in

Lerotylus con therefore be attiibuted to the nceves of the cighth



and ninth ablomincl ganglic. As Steinmonn's muscle terminology
cannot be related to previous dercmiptioas the innervation of the

genital musculature connot te comparcd in deteil.

Male.
The male genitalia is innervated vy thz genitel nerve which is

derived from the »inth abdominal gouglion of Schistocerca, The

genital nerve moy tz considercd as the motor bronch of the ninth
vontral nerve. The ninth ventral nerve i3 cssentially sensory with
only a feow small motox branches arising at its crigin,

Tibby (1961) bricfly described the innervation of the mnle
genitalic of Hylophora. .. coimmon nerve ariscs from the terminal
gonglion to supply the ninth, tonth and cleventh scgments, it is a
bronch of this nerve which innervates the genltalia, Steinmann
gives no deteils of the innervetion of the male genitel musculature.
It is intercsiing to note however that he illustrates five nerve
trunks emerging from the terminel genglion in the female Jcrotylus

and four in the male., In Schistocerca we find four werve trunks

arising from this gonglicnic mass in the femalce ond five in the mele,

Segmental Origin,

Snodgrass (1937) and Dngeloann (1963) have made usc of the
innervation of the genitalia as an indication of the scimental origin
of these structures. It may be worth considering the implicetions of

the genitel inncrvation in Schistocerca in rclation to the segmental



origin of the external senitalia,

In an embryoiogical study of the avvelupment of Ziphidium
(Conocephalus) “heeicr (1653) described the male genitalia as being
derived from o pair of rudiments oi the tenth cbdominel somite which
migrate forwerd ints the rinth ¢Llowminal scement as development
continues., Blsc (193%) found that the male genitalia of Uelanopus
is derived from the fused rudiment: of the ninth sternum and tonth
sternal appendages. Roonwzlls (1937) working on Locusta agreed with
Else that the male gendtalia ropresentced o fusion of rudiments derived
from the ninth and tenth chdominal scoments. GQuadri (1940) derived
the subgenital pictc from the ninth abdominal scgment and the penis
volves from the tenth scgacent.

Snodgrass (1935t, 1937, 1957) has rather vascillated in “his
views on the segacntal orizin of thc male gendtalia. In the

I'rinciplcs of Inscct Morphology (193%5%) he defincs them as being

derived from the ninth ebdominal segment. In his 1937 paper he

beleives that they have developed from the tenth abdominal segmont,

He cites the innervation of the male gendtalic of the Tettrigoniidac,

by o nerve which he interprcts as tenth scgmental in origin, os'cvidence
This ncrve oriscs feom o common trunk comprising the cercal nerve

and the nerve of the tenth scgment, .[n arrangement similar to this is
found in Schistocerca, howcver if the sheath of the common trunk

is teascd away it is evident thot this nerve is not ‘c.:th scgmental

in origin but vclongs to the ninth ecbdominal genglion,
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It is possiblc thot ho? Snyisruss done this irn his studics of the
Tettigoniidoe the some gltuadtion would nave been scen to preovail,
Tn a revision of the male genitalic (1957) Snndgross cites the origin
of the geni*tal wuscles on the ninth abdominal scgment as evidence
for & possible nminth segmeniel fmigin of the male genitalia, e the
genital rudiments lic belind the ninth abdominal segment they appear
ro be tenth segmental., He therofowre points out that the genital
musculature could have been Jerived from the intersesmental musculature
of the ninth anl teath scgments,

..8 previously stated the inncrvation of the mele genitelia in
Schistocerca is bty « ventral nerve of the ninth cbdominal gonglion.
The cercal nerve which is the combined ventral nerve of the tenth and
cleventh scgments doe: net conuribute to the inncrvetion of the
genitalia. On the bosis of segnental inncervation the mele genibalia

of Schistocerca would onpear to be derived from the ninth abdominal

scgrent.,

It is geonerally accepted that the anterior or ventral ovipositor
volves are derived from the cighth sbdominal sternum and that the
posterior or dorscl valves arc derived from the ninth abdominal
sternum., The interacdiate valves arc considered to be a derivative
of the dorsal valves. (Blsc 1934, sSnodgrass 2.935b, Roonwalls 1937,
Auadri 1940, Engelmonn 1963), “heeler (1893) found the ventral and

dorsal valves to be derived from the cighth and ninth aserna but



considercd the intermediete velves to arisc from the tenth sternum,

Tn Schistocereca tne cighth ventrel norve imervates the ventrel

volves and the nintlh ventral nerve innervates the dorsal and inter-
mediate valves. Thus the origin of these structurcs is agrecement with
the findings of the sbove auwthers. On the hasis of innervation the
intermedinte valves arc derivel from the ninth sternum and not from

the tenth as suggested Ly “nceler,

rost Genital Scgments.

The inncrvacion of the post gonital scgments is similar in both
sexes in Schistocerca. The cpiproct norve represents the combined
dorsal ncerve of the tenth and cleventh segments end the cereal norve
is the combincd ventral nerve of thesce scgments, They arisce from the
genglion as a commen root, This is similar to the situation in
Lcrotylus (Steinmann 1965) and Chouleides (Maki 1937). Tngclmenn
(1963) finds in Leucovhaca that corcus arnd paraprocts arc inncrvated
by trc cleventh abdominel nerve and thot the tenth cbdominal nerve
innervates the roof of the posterior region of the wagine ond the tenth

tergun, No such inncrvasion of the vagine was found in Schistoccrea,




The Scventh ibdominal Ganglion.

General Structurc,

The scventh is the leoast medificd of the abdominal ganglia in

the male of Schistocerca grogoria (Fig. 10). It is situated within,

and innervates the seventn cbdominal scgment. The ganglion contributes
nothing to the inncrvation of "speeial structurcs” such as the
internal or cxternal genital avparatus, It should therefore be
considercd as the simplest gunglion of the ventral nerve cord,
The ganglion lies in the ventral nerve cord and rccecives at its
antcrior and posterior faces the large poaired ventrol conncetives,
and between them the unpaired median nerves. The seventh ganglion
rceeives three scguaortal nerves. The dorsal nerve cnters the antero-
lateral anglc; the ventral nerve is received posbero-ventrad of it;
and the transversc nerves join the postero-~dorsazl surfacc. The
peripheral inncrvation is identical to that of the cighth abdominal
ganglion of the mnle (Fig. 3, 10) which has been described previously.
The ganglionic structurc is typical of oan insccet abdominal
gonglion, It compriscs e densc central region, the ncuropile,
covercd by 2 cortex of ccll bndics or ncurocyics. The cntire ganglion

is surroundcd by thc nerve sheath comprising an outer non-cellular

neural lamelle and its underlying perincurium ( Smith and Trcherne
3

1963).
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Between the ncurcpile aad the perincurium and completely surrounding
the ncurocyies arc the glial eclls (Tig. 12). As in Ieriplencta thesc
may be divided into outer (c.z. ) and contral (c.z.) glial cells
(“Agglesworth 1960). Thesc cells appear to have no limiting cell
membrane apparcently forming o syncytim., The outer glial cells have
ovate to spherical nuclei and surround the ncurocytes, These arc most
obvious in the dorsal rcgion of the genglion where they form a
sponge-like rcticulun. The coentrel glial cells have sub-oval nuclei,
invest the ncuropile and appcar to scnd processcs into the neuropile

with the axons.

The Neuropile.

The ncuropilc consists of the terminal arborizations of ncurones,
some of whose ccll bodies surround it, and ot finec projections from
the central layer of glial cells. The ncuropile is a very densc
tissuc and ncuroncs can only be traced within it to the point at which
they arborizc. Interconncctions between individual neuroncs cannot be
cstoblished using the light microscope.

The neuropilc can be divided into three regions (Fig. 13), o
pair of dorsal ncurspiles (d.np.) and o ventral ncuropilc (v.np.).

The dorsal ncuropiles arc scparatc through part of their length,
however in the region of the ganglion between the dorssl and ventral
nerves there is a large bridse of ncuropile cxtending between the

two sides (Fig. 14). The ventral ncuropile lics in the antero-ventral



rcgion of the panglion ond cxtends posterad te tthe region of the
ventral ncerve (Pig. 15, v.np.). Coudad of this point the ventral
ncuropilc becomes ruluccd and the romeinder .erges with the dorsal
ncuropilc. Distributed throughout the ncuropilcs arc glomerulac.
These are dnrk staining regions of irrepgular shape which represcnt
particularly densc concentrations of ferminal crborizations.

The +w> halves of thce —curoplic arc scparated by the mid-ventral
fissurc which cxtends dorszd; in the cxtremc posterior rcgilon of the
gonglion, scporating the dorsal ncuropiles. The fissurc cxtends
antcrad into the posterior region of the ventral neuropilc where it
becomes reduced (Fig. 14, v.f.). This fissurc cnd the transversc
cormissurc arc all that rcmoain as avidence of the primitive condition
in which thc two helves of the ganglion werc, it is belicved, widely
scparated, Onc half was assccicted with cach of the ventral conncctives

and intcrconnceted by the transversc commissurcs.

Cell Bodices.

Surrounding the ncuropilc and cxtcrncl to the “nner glial laycr
arc thc ncurocytcs of the ncuroncs comprising the ganglion., Thesc
ccll bodics arc scveral laycrs thick on the ventral and ventro-
lateral surfaces of She ganglion but are sparsc on the dorso-latcral
and dorsal surfaccs. The mid-dorsal rcegion of the ncuropilc is barc
of ncurocytcs. Znotomically there are two apparcnt types of ccll

bodics: large ovate cclls (Iipa ct al. 1959) in which the cytoplasm/
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nucleus retio is high, approsimately 1.5 and globuli cells (Fipa ¢t al.
1959) in which thc cytoplasm/nucicus ratio is low, approximaicly
1.15 and moy approach uniiy ia rcmc cnscs. The majority of the ccll
bodics arc of the small globuli type. The large ovate cells contain
osmophillic granules and may »¢ acuroscoretory (Jigglesworth 1957).
Such cells arc usually interncuroncs of the mid-dorsal and mid-ventral
rcgions although there is av leagt one of this type of ncuronc
associated with each of the poripheral nerves (cf. Dulphin 1965).

Functionally the ncurocytes wistin the ganglion can be divided
into motor and internuncial ncuroncs. The motor ncuroncs (Fig. 13, 1k)
lic in groups surrovnding the btascs of the peripherel nerves. .. fow
lie in o small group antcro-dorsad of the nerve (d.m.) but the majority
lic in a largc group ventro-posterad of the nerve cxtending mesad
towards the ventral surface of the ganglion (v.m.)o The motor ncurones
of Schistocerea arc defined as thosc ncurocytes located within the
gonglion that send axons into the peripheral nerves. Collaterals are
given off to the ncuropile of the some side or to the sontralateral
side. In somec cascs collabteranls coxtend to highor centres in the
central nervous system ( C.N,3.). There is no cvidence of motor
ncuroncs cxtending into peripherel nerves of the contralateral side
of the ganglion.,

The intcrnuncial or association ncuroncs arc thosc ncuroncs

whose axons and collaterals rcmein with the C.N.3. and synapsc with
I
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other ncuroncs but ncver with on cffector organ. They arc locatcd
moinly on the ventral surface of the ganglion in threc major clusters,
two lateral groups (Mig. 14, 15, 1.v.i.) onc on cithcr side of the
gonglion, and o median group (Fig. 1k, 15, 16, m.v.i.). Thesc groups
contain numcrous large ovate cclils, Tr addition therc is a small
group {a.v.i.) on the anterior ventral facc of the ganglion. There
arc two lesscr groups of dorsal interncuroncs (Fig. 15, 16), The
anterior group lics closc vu the origin of the ventral conncctives
(v.c.). Thc postericr group cxtends dorsad from between the ventral
connectives and is in closcly associated with the median ventral group.
. fow internuncisl ncurones are found on the lateral mergins of the

ganglion,

Commissurcs,

L8 has been noted the commissurcs (transverse tracts) unite the
lateral halves of the ganglion, In the scventh abdominal ganglion
there are seven wcll defined commissurcs (Fig. 15). In addition
numerous axons cross the ganglion which arc not organised into tracts.
The dorsal commissurc (d.c.) passcs across the dorsel surface of the
ncuropile in the region between the dorsal and ventral nerves. This
commi ssurc contains ncuroncs from, the latcral ventral group of
internuncials, the postero-dorsal group of intcrnuncials, and inter-

neuroncs of the dorso-lateral surface between the seventh dorsal and

ventral ncrves,



There are four nedaien commigsures. The anterior dorsal median
commissurc (a.d.m.c.) crosscs the ganglion in the rcgion of the
scventh dorsal nerve. This commmissurce contoing fibres from the second
longitudinal troct (Fig., 13, 1t. 2). scnsory ncuroncs from the
scventh dorsal ncrve, axons froi. tne medion ncrve and axons from
lateral interncuroncs lying posterad of the scventh dorsal nerve,

The posterior dorsal median comuissurc (p.dem.c.) is a small tract
passing across thc ganglion dorscd of the scventh ventral nerve, It
contains fibres from the sccond and fifth leongitudinal tracts

(Fig., 13, 1t. 2, 1t. 5), ascending and descending fibres from the
ventral nerve cord, axons from the lateral ventral group of intcr-
ncuroncs, and axons from latecral internuncial ncuroncs located between
the scventh dorsal and ventral nerves. The anterior ventral median
commissure (a.v.a.c.) is the largest of the lateral tracts, It lies
beneath the anterior dorsal median commissurce and cxtends posterad
closc to the region of the scventh ventrel ncrve, This commissure
contains fibres from the sccond and fifth longitudinal tracts as well
as axons from a group of latcral interncuroncs located between the
scventh dorsal and ventral nerves. The posterior ventral median
commissure (p.v.m.c.) crosses the ganglion posterad of the scwenth
ventral nerve. It contains numerous fibres of unknown origin in
addition to axons from lateral intcrncuroncs located dorsad of the
scventh ventral ncrve, axons of large ovate interncuroncs of ‘the postero-

dorsal group, and exons of ncuroncs in the median ventral groupc of

internuncizls,



The first of the vontral commissurcs, the anterior ventral
commissurc, crosscs the ventral surface of the ventral ncuropilc
immedistely enterad of the scventh doraal nerve, This tract contains
the axons of lateral interncuroncs lying antero-ventrad and poster-
ventrad of the scventh dorsal nerve, The sccond ventral tract is the
posterior ventral comnissurc (p.v.c.) passing across the posterior
region of the ventral neuropile immoediantely anterad of the seventh
ventral nerve, This small commissurc contoins fibres of unknown

origin and from the fourth longitudinal tract (Fig. 13, 1t. 4).

Longitudinal Tracts.

The seventh abdominel ganglion contains six longitudinal tracts
(Figs. 13 1k, 15, 17)., Thesc tracts cnter from the ventral comnective,
pass through the gerglion giving off collaterals and rccciving
ncuroncs and exit via the ventral conncetive (v.c.). The first
longitudinal tract (1t. 1) passcs along the median dorsal surfacc of
cech dorsal ncuropile bends beneath the dorsal cormissurc and continucs
into the veniral conncctives. This tract contains the three dorsal
giant fibres. It rcccives axons from cell bodics of the antero-
dorsal and postero~dorsal interncuronc groups. The postero-dorsal
necuroncs give collaterals to the posterior region of the dorsal
ncuropile. In adlition collaterals arc given off from this tract to
the ipsileterel dorscl ncuropile. The sccond longitudinel tract

(1t. 2) lics olong the mesial surface of cach dorsal ncuropile.
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Neuroncs of this trast give o?f cellaterals which pass via the anterior
dorsal median tract to the contraicteral dorsal ncuropile., The third
longitudinal tract (1t. 3) passes through the center of cach dorsal
necuropile. Neuvroncs of this tract serd colleterals to the anterior
region of the ipsilaterel dorsal ucureiile, Neuroncs cnter this tract
from cell bodics of the postcru-latera: morgin of the ganglion, closc
1o the entrance of the ventra:. conncetives.

Tvwo longitudinol tracts lic between the dorsal nnd ventral
ncuropiles. The largest of these, the fourta longitvudinal tract
(1t. &), passes along *he median plaac of the ganglion joining with
its fellow of the opwosite side in the mid region. Collaterals from
neuroncs of this tract pass to the ipsilateral dorsal and ventral
ncuropiles and to the contrelatcral ventral ncuropile via the anterior
ventral medisn commisoure, Descending ncuroncs cnter the tract from
the anters-ventral group of interncuroncs. ..scending interneuroncs
join the tract from the medion ventral group. The fifth longitudinal
tract 1,%t,5) passcs slong the dorsal surface of coch ventral ncuropile
laterad of tract four, bencath the anterior ventral median and above
the posterior ventral mediar commissures. Collatcrals arc given
off to thc anterior resgion of the ventral ncuropile, Jscending
interncuroncs cnter this tract from ccll bodics in the lateral ventral

group. The median giant fibre is contained within this troct,
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The sixth lengitud.nal tirocs {(1t. 6) passes along the latero-
ventral margin of the ventral ncure 2ile. On ontering the ncuropile
the tract bende venirad and divides (1o, 6, 1t. 6a). Both scctions
of the tract glve off fibres to the ip.ilateral ventral ncuropile

and re-unitc dorsad of the posterior veatral commissure entering

the ventral conncetive as o single tract,

Neurone Iathways.

The following scection is an atlas of those ncuroncs traced within

the sceventh abdominal genglion of Schistocerca. It should be realized

that this is only « partial 1list of thosc ncurones which constitute
the ganglion. Many axons werc obscrved which could not be traced
to a cell body or to the point of arborization within the neuropile.
Onc ncuronc of co»v tract 7ill be illusirated and for clarity this
will be shown on onc side of the ganglion only.

The neuroncs hove beea illustrated in the parasagittal, sagittal,
transverse and front-1 scctions, It is hoped this will give some
indication of the three dimensioncl relationships within the ganglion,
For this recason ncuroncs have been listed as they appear in these
figures and not cntirely in natural groupings. (c.g. Neuroncs of the

lateral ventral inScranuncicl group arc listed under figures 18, 21

and 22 and not as o sirgle group.)
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Figurc 18 illustrates Yhosc neuroncs which heve been located in a

parascgitatsl scetioun of the ganglion cxtending from the lateral

margin of the ncurornilc to the mesial facc of the ventral conncetives.,

1, An internuncial ncuronc with its ncuvoeyte lying in the antero-
dorsal group af the voint of cntey of the ventral conncetive.
The axon passcs to the termius. genglionic mass via longitudinal
tract onc.

2. Ln internuncial reuwsons with its ncurocyte located in the
postero-dorsal group. Its avon passcs to the terminal gonglionic
mass, The collateral is distributed in the posterior region
of the dorsal ncuropilc.

3. Ln internuncial ncurone, its ccll body located in the lateral-
ventral grous. The axon passes dorsad and crosscs to the
contralateral side visn the dorsal commissurc, Collaterals arc
distributed in the posterior rogion of the ipsilateral dorsal
ncuropile.

L. in internuncial ncuronc, its nourocytc lying in the same group
as threc. The axon ascends to higher centres in the C.N.3. via
longitudinal trnct five., L collateral passcs to the mid-regisn
of the ipsiloteoral dorsal ncuropile.

5. Ln internuncizl necurone of the some grouzn. The oxon passes
dorsed crossing contralaterally vie the posterior dorsal median
commissurc. Collaterals arc widcly distributed in the posterior

and mid regions of the dorsal ncurorilc.
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10.

11,

12,

13,

.. neuronc of long-tuddnal tract six whicihi posses through the
gonglion, Ccliaterals arc widely distributed in the ipsilateral
ventral neurorile.

.. descending neursne of longitudinal troct six (a). This
neurone terminotes in the ventral ncurocpile,

L descending nowrens terminaiing in the ventral neuropile,

~. descending ncurces: terminating in the dorsal ncuropile dorsad
of thc anterisr dorsel medion commissurc,

‘n internuncial ncurounc the nourocytc located in the lateral-
ventral group. Its axcu passcs te the anterior reglon of the
genglion and divides terminating in the dorsal and ventral
ncuropiles.

sn internuncinl ncuronc with its ncurocyte lying in the postero-
dorsal group. The axon poassces boucath the posterior dorscl
median cormissure, “urns dorsad ond crosses contralaterally via
the dorscl cormmi.ssurc.

an internuncial ncuronc its ccll body located in the posfcro—
dorsal group. The axon passcs anterad turning beneath the
posterior dorsal medizn commissurc ond crossing contralaterally
vie the posverior ventral medinn commissurc,

An ascendirs ncuronc of longitudinel teoect five. The cxon

becomes distributed in the anterior region of the dorsal

ncuropilc.



14, an internuncial rovrone whose ncurocyte is situated in the
anterior ventral geoup. The cxon passcs postero-dorsad joining
longitudinal troct five and désccnding to the termincl ganglionic
mass. Collatcrels are given off to twhe anterior region of the
ventral ncuropilic.

15. /in internuncial ncurcne of the catorior ventral group. The axon
passes anterad, rceflexing upon itsclf to enter longitudinal tract
five and descending o the terminal grnglionic mess,

Neurones 16 to 25 are illustrated in figure 19. This diogrem is a

composite of vertical scctions through the ganglion in the reglon

between the longituvdinal conncctives.

16. .. neuronc of the medisn nerve descending from higher centres
in the C.M.4, The oxon passcs through the dorsal ncuropile,
turning ventroaa and passing posterad of the anterior ventral
median commissure to become distributed in the mid-region
of the ventral ncuropilc (Fisz. 20),

17. . necuronc of the median nerve descending from higher centres.,
On cntering the ncurnpile the axon passes ventrad, then turns
posterad to cnter the anterior dorsal medion commissurc,

18. . ncuronc of the medicn nerve with its neurocyte located in
the dorsel rezion of the antero-ventral group of interncuroncs.
The axon cnters the medisn nerve. Collaterals arc given off to

the mid-region of the dorsal ucuropile.



21,

22.

23.

21+ -

O

4 neuronc of the mciicn ncrve, The ncurocyte is located ia the
antero-ventral group just ventrad of 18. The axon enters the
neuropilc, pacsscs cbove the anterior ventrel median commissure
and enters the same tract s 16 passing along the dorssl region
of the ncuropilec into the wedinn nerve, Collaterels arc given
off to the cnverior region of the dorsal and ventral ncuropiles.
an internuncial reuronc with its cell body in the antero-

ventral group. The axun passcs into *the mid-region of the dorsal
ncuropile, . collaterel is given off So the anterior region

of the ventral ncurorile.

Zn internuncicl ncuronc with its ncurocytc in thc median ventral
group of interncuroncs. The oxon passcs dorsad to enter the
posterior ventral median commissurc,

~n internuncicl ncuronc with its neurocyte located in the
posterior region of the nmid-ventral group. The axon becones
distributed in the posterior region of the dorscl ncuropile,

4n internuncisl neuronc of longitudinal tract four., The ncurocyte
lics in the median ventral group adjacent to 22, The axon

possces to higher centres. L collatercl is ziven off to the
posterior region of the dorsal ncuropile.

N internuncial neuronc with ifts ncurocyic situated in the median

ventral group. The axon arborizes in the anterior region of

the dorsal ncuropile.,



25.  In intornureisl nourcns, its ccil body located in the extrome
posterior rouxion of the median ventral group. Thc axon passcs
unbranching t¢ cuter the dorsal comaissurc.

26, .n intcrnuncial ncuronc with its ncurocytc located in the
cxtreme posterior region or the fused dorsn-ventral neuropile.

Neuroncs 27 to 39 arc illustrated in figurc 21, This figurc is a

composite of cross scctions from the anterior mergin of the ncuropile

to a point midway between the seventh dorsal and ventral nerves,

27. /. sensory ncuronc, onc of o laorge trast from the sceventh dorsal
nerve which enters longitudinal tract onc and passcs to higher

centres in the C.N.S,

.

28, . motor ncuronc its ncurocytc lying in the dorsal group of motor
cclls of the scventh dorsal nerve. The axon cnters this nerve.
No collaterals could be located.

29, . motor ncuronc its ncurocylc is onc from tho large ventral
group extending mesad of the seventh dorsal nerve. The axon
cnters the nerve. .. collatersl is given off to the ipsilateral
ventral ncurepile,

30. .. sensory neuronc, onc of a large tract from the scventh dorsal
nerve which beecomes distributed throughout the ipsilateral
dorsal ncurcpile.

3. ! scnsory ncurcne from o small treact of the scventh dorsal nerve

which passcs vin the enterior dorsel mcdian cormissurc to the

contralateral dorsal ncuropilc.



32,

33.

35.

36,

37.

—-
i

4in internuncial rcuronc with its ncurocytec lying antero-ventrad
of the seventh dorsal nerve. The axon passes ventrad giving

a colleteral to the ipsilateral ventral neuropile and crossing
viz the anterior ventral commissurc to cnter longitudinel tract
five of the contralateral side.

& neuronc of longitudinal tract six which passes dorsad to the
ipsilaterzal dorsal ncuropilc.

~n internuncial ncuronc with its ncurocytec situated laterally
between the scventh dorsal and ventral nerves. The axon
crborizes in the ipsilateral dorsel ncuropile. .. collateral is
given to the ipsilateral ventreal ncuropile,

& neuronc of the fourth longitudinal tract., This ncuronc is

onc of o substantisl tract which cxbtends ventrad and divides
sending bronches into both sides of the ventral ncuropilc.

Therc is o possibility that this may represent scparate ncuroncs
to cach side.

in internuneinl ncurone with its ncurocytc lying posterad of

the scventh dorsal nerve. The axon cxtends via the anterior
ventral median commissurc to the contrzlateral dorsal and
ventral ncuropiles. Collater:ls arc given off to the ipsilateral
ventral ncuropile,

An internuncial ncuronc with its ccll body lying dorsad of 36,
The axon passcs via the dorsal commissurc to the contralatcral
dorsal ncuropile. Numercus collaterals arc given to the

ipsilateral dorsel neuropilc.



38. A nourvnc of longitudinal tract five wiich passes to the
contralateral ventral ncurcpile.

39. .n internuncici ncuronc with its neurocyte lying in the anterior
region of the lateral ventral group. The axon enters longitudinal
tract four. Collatcrals arc given off to the ipsilateral
ventral ncuvronile.

Tigure 22 illustrates ncurones 40 to 51 obscrved in serics of cross

scctions in the region of the ganglion extonding from a point anterad

of the seventh ventrel ncrve te the postericr margin of the genglion.

40, _'n internunciel ncurone with its ncurocyte located antero-
dorsad of the scventh ventral nerve, The exon passes Via the
dorsal commissurc to arborizc in the contralateral dorsel
neuropile,

41, % ncuronc of lengitudinal tract two which pesscs to the contra-
lateral dorsel neurcpile via the posterior corsal median tract,

L2, . ncuronc of longitudinal tract five wiich passcs to the
contralateral dorssl ncuropile via the posterior dorsal median
tract,

43, in interncuronc with its ncurocyte situatud mesially in the
lateral ventral group. The axon arborizes in the ventr.l region
of the ipsilaterzal ventral necuropile.

Lir, .n intcrnuncial ncuronc, its ccll body located in the posterior
rcgion of the laterel ventral group. The axon cxtends into the

first longitudinal tract. Collaterals arc given off to the



L5.

L6,

47’

49.

50,
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ipsilnteral. vontroL nourapile and cross via the dorsal commissurc
to the contraloteral dorsal rcuropile.

.n internuncia’ ncurons its ncurocyte locoted immediately
antero-dorsad of the scventn ventrel nerve, The oxon passcs Via
the posterior sentral mediarn comiissure to cnter the contralateral
longitudinal tract onc, Collaterals arc given off to the
ipsilateral ventral ncuropile and to the contralateral dersal
neuropilc,

S motor ncuronc with its ncurocyte in the large ventral group
cxtending mesad from the scventh ventral nerve. The axon

enters this nerve and collateorals arc given to the ventral
ncuroapile,

s scnsory ncuron:z from the sevench ventral nerve which passcs
bencath the ventral acuropile into the ventrol fissure wvhere it
hecomes distributed in the ipsilateral ventrel ncuropilc,

L scnsory ncuronc of the scventh ventral nerve which oxteonds
into the ipsiloateral ventral ncuropile,

L motor ncuronc with its ccll bsdy lying ‘o the dorsal group of
the scventh ventral nerve. The axon cnters this nerve.s No
collotcerals could be located,

Ln internuncial ncuronc with its ncurocyte locoted anterod of
the seventh ventral nerve. The axon passcs into the veniral
fissurc where it arborizes in the ipsilateral ventral ncuropile,

& collateral passcs to the ipsilateral dersal ncuropile,



51.

——
-

Ln internuncial nourconc with its cell body loceted in the some
group as 50, The axon passcs through the ipsilateral ventral
ncuropile aond crosscs vin the pesterior ventral commissurc to
the contralateral side. It could be traccd no further, ..

collateral is given of f to the ipsileteral ventral ncuropilc.

Neuroncs 52 to 76 arc illustrated in figure 23, This figurc is o

comparsite of frontal sections, dorsal to ventral, through-the gunglion.

52,

53.

5h.

55.

56.

A neurone of the anterior median nerve with its ncurocyte
located in the antero-ventral group, The axon passes into the
mcdian nerve. .. collatcral exteonds pasterad into the dorsal

ncuropilc and bifurcates, scnding branches to each side of the

gonglion. Bach branch divides again, the anterior fibrc arborizing

in the dorsal ncuropilc, the posterior fibre passing to the
ventral ncuropile,

Jn internuncial neuronc of longitudinal tract two passing
through the genglion. .aterior and posterior collaterals arc
given off which pass via the anterior dorsal median commissure
and the posterior ventral medion commissure to the contralatceral
dorsal ncuropilc,

A neurone from higher centres in the C.N.S. terminating in the
anterior rcgion of the ipsilateral dorsal ncuropile.

. necuronc from higher centres in the C.N.S. passing to the mid-
rcgion of ipsilateral dorsal ncuropile.

. neuronce of longitudinal tract onc passing through the ganglion,
Collaterals arc given off to the enterior and mid-rcgions of

the ipsilateral dorsal ncuropilc,



57.

58.

59.

60,

61,

62.

63.

An ascending ncurconc from the toerminal gonglionic mass passing
with longloudinel tract onc and crossing to the contralateral
dorsal ncuropilec where it is lost,

i descending axon from o higher centre in the C.N.S. which
crosscs to the postorior regioa of the contralateral dorsal

ncuroplile via the posterior wentrel median commissurc,

&n ascending ncuronc from the terminel genglisnic mass terminnting

in the posterior rogion of the dorsal ncuropile and scnding a
collateral vip the posterior ventral median tract to the
posterior region of the contraloteral dorsczl ncuropile.

in internuncial ncuronc with its ncurocyte located anterad of
the seventh Jorsel nerve. The axon passcs via the anterior
vontrol medion commissurce to the ventral region of tihc contrao-
lateral dorsal ncurspilc.

. scnsory ncuronc from the scventh dorsal ncrve which ascends
the ventral connective to higher centres in the C.N.S. L&
collateral is given off to the ipsilaterasl dorsal ncuropilc.
(Fig. 24.)

S ncuronc ascending from the terminal ganglionic mass scnding
cxtensive collaterals throughout the postorior region of the
ipsilateral fuscd dorso=-ventrol ncuropile.

~n internuncial ncuronc vith its ncurocyte loceted between the

scventh dorsal and ventral nerves. The axon branches
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65.

66.

67.

68,

cxtensively throughout the anterior region of the ipsilateral
dorsal ncuropile and scnds o collateral to the posterior region
of the ipsilaterel ventvral ncuropile. The ncuronc crosscs via
the posterior ventrel medion commissure to the contralateral
side., (Fig. 25.)

L motor ncuronc with its ccll body located anterad of the seventh
ventrel nerve, The axon enters this nerve and the collnterals
ascends the ventral ncrve cord.

L scnsory neuronc from the seventh ventral nerve which passcs to
higher contres in the C.N §. in the samc trect as 6, (Fig. 26).
& collateral is given off to the posterior region of ke ventral
ncuropile,

. motor ncuronc vith its ncurocytc locatecd immedinteliv posterad
of the scventh ventral nerve. The oxon cnters this ncive. No
collateral was located,

. sensory ncuronc from th: scventh ventral nerve which i.ccomes

distributcd in the fuscd ipsilateral dorso-ventral neurvnile.

69. . pnir of motor ncuroncs with their ncurocytes loeatad

antecro=-ventrad of the scventh ventrael nerve. The axons citer
the scventh ventral ncerve. 68 scnds o collateral to the mids-

region of the ventrol ncuropile. 69 sends a collateral to the

fuscd dorso-ventral ncuropile,



70.

71.

72‘

73.

7he

Zn internuncial ncurone with its ncurocyto located antero-
ventrad of thc scventh dorsal nerve. The axon passcs anterad
of the ventral ncuropile and crosscs via anterior ventral
comissurc to arborize in the anterior region of the contro-
lateral ventral commlssurc.,

An internuncial ncuronc with its ncurocytc in the same group as
70, The axons ascends to highor contres in the C.N.S. .-
collateral is given off to the enterior region of the
ipsilateral ventral ncuropile.

An inbernuncicl neuronc with its neurocyte lying antcro-ventrad
of the seventh dorsal nerve. The axon passcs via the -nterior
venbroel commissurce to become widely distributed thro...lout the
anterior and nid-rcgions of the contralateral ventry: teuropile,
in internuncial ncuronce with its ccll body located posicro-
ventrad of the scventh ventral nerve., The axon descends o the
terminal genglionic mass. < collaterel is given off to the
posterior rcgion of the fused ipsilateral dorso-ventre!. ncuropilc,
L motor ncuronc with its ncurocytc loceted on the postero-
mcdian facc of the ganglion between the ventral conneovives,
The axon passcs enberad end bifurcates sending a brancu into
cach of the scventh transversc nerves. This ncuronc ig ono of

a pair (Fig. 27).
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75. .. scnsory ncuvonc from the scventh transverse nerve which
becomes distributed in the mid-region of the ipsilateral dorsal
ncuropilec,

76. in ascending ncurone of the median nerve which passes te the
mid-rcgion of the dorsal ncurcpile where it con no longer be

traced.

The Terminal Goanglionic }ass,

General Structurec.

The termihel ganglionic mass has been derived from a fusion of
abdominal ganglia cight, ninc, ten, and cleven, Superficially it is
similar in structurc to thc seventh abdominal gonglion haviiyi a dense
central ncuropilc surrounded by the inner laycr of glial cc.is.

These are in turn cnclosed on the ventral and lateral surfuces by o
cortex of neurocyitcs whosc proccsscs contribute to the matrix of the

ncuropile. The cntire gsanglionic mass is cnshcathed by the ncurilemma

and bencath this the outer leyer of glinl colls,

The Neuropilc.

The fusion of the four component gonglin is complete, tnu only
cvidence of scegmentotion is to be found in the indentations or' the
dorsal and ventral surfaces of the ncuropile, This results in the
structurc heving a four lobed appearance in scction and in the

repetetive arrangement of the ncurocytc groups (Fig. 28). This fusion
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of the posterior ganglin with the cighth abdominal ganglion has
resulted in aon cxtremely densc necuropile which presents considerable
difficulty when onc attempts to trace individual ncuroncs within it.

Irregularly shaped glomeruloc arc distributed throughout the
fused ncuropile. They arc frequently associated with those terminal
arborizations of the segmental nerves in the ventral neuropile.

The division of the neurnpile into dorsal and ventral lobos, as
in the seventh abdominal ganglion is apparent only in the extreome
anterior region of the eighth osbdominel ganglion, .. shallow ventral

fissurc runs the lenzth of the fuscd ncuropile.,

Cell Bodies.,

The ccll bodics (neurocytes) whose processes contribut. to the
ncuropile arc several layers thick on the ventral and lateru:. surfaccs.
They crc sparsc on the dorso-lateral surface, the mid-dorsal wegion
being bare,

Ls in the scventh abdominal genglion there are two anatomical
types of ncurocytes. The small globulac cells comprise the majority
of the motor ncuroncs. The large osmophilic ovate cells arc Jound
among the neurocytes of the medien and lateral ventral internuncial
groups, and those few cclls of the dorsel surface. Onc of thesc large
ovate cclls ig ineluded omong the motor necuroncs of cach of the
segmiental nerves.

The neurocytes can be divided on o functional basis into motor

and internuncinl ncuroncs which lic in disecrete groups. The motor
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ncuroncs arc located in dorsal and ventral groups closc to the bascs
of the scgmental nerves. .. small group of motor ncuroncs lics antero-
dorsad of the base uf the cisghth dorsal nerve (Fig. 29, d.m.), o larger
group cxtends ventro-mesad benecath the ncurorile (vem.). In the casc
of the eighth ventrsl nerve (Fig. 30) the dorsal groups of rotor
ncuroncs (d.m.) is the larger, the ventral group (v.m.) being rcduced.

The ninth segmental nerves (Fig. 31 9d.n., 9v.n.) pass anterad
along the laterel margin of the ncurspile from the posterior region
of the gonglion. The motor ncurones erce locoted ir a large dorsal
group (d.m,) and a lesscr ventral group (v.n.) which cxtend Jor a
considerable distance posterad along the lateral surface of “ae
ganglion. Therc is no division of ncurocytes into discrct- .roups
contributing to the dersal, ventral end genital nerves, als -ugh the
necuroncs of the dorsul nerve lic anterad and thosce of fthe geuntal
nerve lie posterad within the group.

.5 the muscles of the tenth and cleventh segments ore roluced
in number, so arc the motor ncurones. Thesc ncuroncs lic in = small
dorsal group in the posterior region of the genglion (Fig. 32. d.i.)
and to a lesscr cxtent between the fused epiproct/cercal ncrvs root
and the genital nerve,

The arrangement of intcrnuncial neurone groups (Figs. 30, 31.)
is similar to thot found in the seventh abdominel genglion. Ganglia

eight, nine, and ten cach have a lerge mcdion ventral group of
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interncuroncs (m.v.i.) and o pair of lateral ventral interncuronc
groups (1l.v.i,). In thc cleventh genglion the ventral internuncials
arc reduced to o singlc medion group. The four medion ventral groups
of interncuroncs definc the posterior limits of the fused segmental
gonglia comprising “ne tominal sanglionic mass (Fig. 28, 32, m.V.i.).
In addition to the ventral groups there is an anterior dorsal
and an anterior ventral group of interncuroncs (Fig. 32, a.d.i., aeVels)
located at the anterior surface of the cighth nevropile., Jnterad
and posterad of the cighth dorscl and ventral nerves there acce a few
lateral internuncial ncuroncs. Similar ncuroncs have not been located
in the posterior region of the ganglionic mass, Tour large ovate
osmophilic cclls orc locotcd bilaterely on the dorsal surfoeoe of the
fuscd ncuropiles. Thrcoe of these arc interncuroncs the fourth is o

motor ncuronc of the cighth traonsverse nerve (Fig. 28, 32, doceba)e

Commissurcs (Fig. 32).

Tach of the scgmental gonglia comprising the terminal ganglionic
moss contains four commissurcs or transversc tracts., In addition
the cighth abdominal ganglion has a fifth commissure, the antcrior
cormissure (8a,c.) located in the oxtreme anterior region of the
ncuropile., The broad dorsal commissurcs (d.c.) cross the dorsal
surfoce of cach nowopile. There are two lesser median commissurcs,
the dorsel mecdian commissurc (dem.c.) und the ventral median commissure
(v.m.c.) passing across the mid-region of each ganglion., The large

ventrol commissurcs pass across the ventrol surface of the ncuropilc.
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The eighth dorsal commissure (8d.c.) carrics norve fibres from;

the anterior dorssl group of interncurones (a.d.i.), the lateral ventral

group of interneuronzs (8l.v.i.) and onc of the large dorsal ncuroncs

(d.c.b.). The cighth anterior commissure (8.a.c.) receives neuroncs

from the eighth dorsal necrve, the cighth median ventrel group of

interncuroncs (8m.v.i.), the anterior ventral internuncial group (a.v.i.)

and lateral interneurones lying anterad of the cighth dorsal ncrve,

The cighth dorsael median commissurc (8d.m.c.) is comvosed of ncurones

of the eighth dorsal and ventral nerves and the cighth and ninth

median ventral interncuronc groups (8m.v.i., 9 m,v.i.)s, The eighth

ventral medien commissurce (8v.m.c.) compriscs fibres from the cighth

median ventral group of interncuroncs (8m.v.i.) and latere]

interncurones located anterad end posterad of the ecighth dossal nerve.

Fibres of the cighth ventral commissurc arise from the cightn dorsal

and ventral nerves, motor ncuroncs of the cighth ventral ncrve, dorsal

cell bodies (d.c.b.) and intcrncuroncs from higher centres in the C.N.3.
The ninth dorsal commissurce (9d.c.) contains the axmns of ncurones

lying in thc ninth laterel ventral group of interneuroncs and

numerous othor fibres which could not be troced back to their origin,

The ninth dorsal median commissurc (9d.m,c.) carrics ncuroncs from

the ninth dorsal and ventral nerves, the ninth median ventral group

of internuncicls (9m.v.i.), latersl internuncicls lying posterad of

the eighth ventral nerve and from longitudinal tract threc (Fig., 30,1.t.3).

The only ncuroncs vhich could be identificd in the ninth ventral

median commissurc (9v.m,c.) orosc from ccll bodics of the ninth median
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ventral group of intcrnuncials (9m.v.i.). The ninth ventral commissurc
(9v.c.) conteing fibres from the anterior ventral group of inter-
ncuroncs (a.v.i.) and the collaterals of intcrncuroncs from higher
centres in the C.N.S.

Very fow ncuroncs could be identificd in the commissurcs of the
tenth ncuropile. The tenth dorsal commissure (10d.c.) splits in two
in the mid-region of the genglion and contains azons frem cell bodies
located in the lateral ventral group of intcerncurcncs (101.v.i,) and
from o large ovate dorsal cell (d.c,be). The dorsal. median commigsure
(10d.m.c.) rccecives fibres from the median end lateral ventral groups
of internuncial ncuroncs (10m,v.i., 10l.v.i,). & crossover of fibres
from the fuscd cpiproct/cercal nerve forms the median ventret commissurc
(10m.v.c.). The %enth 7entral commissurc (10v.c,) containg «~uroncs
from the anteriox veniral group of intecrnuncials (2ev.i,) and
internuncinls from higher zcntres in the C.N.S.

Nouroncs contributing to the cleventh dorsal cormissurc (1ld.c.)
and median ventral commissurce (1lm,v.c.) could not be identificd.

The cleventh dorsal nedinn cormissurc (1ld.m.c.) contains nevironcs
of the cighth medion ventral internuncisl group (Om.v.io). The
cleventh ventral cormissurc (1lv.c,) compriscs fibres of the aaterior
ventral group of iﬁtcrnouroncs (a.v.i.) and from higher centres in
the C.N.S. In a2ddition numcrous unidentificd fibres arc prescent

in both of thesc commissurcs.
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Longitudinal Tracts.

The terminal gonglionic mass contains the same six longitudinal
tracts that have been identirficd in the scventh abdominal ganglion,
This identification is bascd on their similar locotion within the
ncuropile. They retain this position only in the anterior region of
the ganglionic mass (Fig. 29). 4Ls they rcach the posterior rcgion of
the eighth ganglior their positions begin to alter (Fig. 31). The
fourth and fifth longitudinal trects merge and move into the mid-line
of thc genglion, The sixth longitudinal troct (1.t. 6) passcs to the
laoteral morgin of the ganglion and cnters the cighth ventral ncrve,

4%t the level or the tenth venteal internuncial groups (¥ig. 32)
the fourth longitudinal treoet hos become extremely diffusc nd f£ills
much of the mid-region of the gonsglion., Longitudinal tracy shrec
(1.t. 3) has merged with the loteral moigin of longitudinal troact onc
(1.t. 1), Longitudinal tracts onc and two (1.t. 1, Lt. 2) continuc
into the cleventh ganglion wherce they become diffuse,

It is of intecrcst to consider the orizin of the longitudinal
tracts within the termin.l ganglionic mass. Longitudinal tract onc
ariscs in the cxtreme posterior region of the cleventh genglion fronm
fibres which cnter it dircctly from the fuscd cpiproct/cercal ncrve
and from the ninth dorsal nerve., This tract also receives neuroncs from
the cighth dorsal ncrve and interncuroncs from the lateral ventral
groups of the tenth, ninth and cighth gonglia, It has previously

been shovm thot ncuroncs of the scventh dorsal nerve and interncuroncs
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of the seventh Lateral ventwal group contribute to this tract,.
Longitudinal tract two also ariscs in the posterior region of the
gonglionic mass. It receivers ncuroncs from the median ventral
internuncial groups cf ganglia ten ond cighth and from the lateral
ventral internuncial group of ganglion ten,

..s has been neted longitudinel troct three arises in the posterior
region of the ninth ganglion as o split from longitudinal tract onc.
This tract reccives fibres from the median ventral iaterncuronc group
of ganglion nine and the lateral ventral imtcrnuncial groups of ganglia
ninc ond eight. Longitudinal tract four is formed from a mcrging of
ascending sensory ncuroncs of the genital and ninth dorsal and ventral
nerves,

Neurones of the fuscd cpiproct/scrcal nerve have been thown to
enter longitudinal tract once; however o smeall number of fibiros from
this ncrve also cnter longitudinal tract five, This ftract rcceives
internuncial neuroncs from the lateral ventral groups of gonglia
ten, nine and cight. Longitudinal troct six arises as o substantial
group of fibres from the cighth ventral nerve which pass dircctly
up the ventral connectives to higher centres in the C.N.5. Tt is
worth noting thot these "streight through" neuroncs of the efghth
ventral nerve, ninth dorsal and ventral nerves, and genital nerve
account for substantial regions within the ipsileteral ventral

conncetive .
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Ncurone Fatbweys.

The following is an atlas of thosc ncuroncs tracced within the

terminal ganglionic mass of Schistocerca. In the figurces one ncuronc

of

on

of

2.

o pathway will be illustrated and for clarity it will be shown

onc sidc of the gonglion only.

Figures 3b and 38 iliustrate those ncuvconcs loceted in o serics

vertical sccticns throuzh the cighth abdominal ganglion.

S~ motor ncurcnc of the cighth trensverse nerve. The ncurocyte
is o largce oveote oamophillic ccll locited near the mid-dorsal
surfacc of the ganglinn, Ko collateral was located. (Fig. 35.)
& sensory ncuronc of the cighth transversc nerve, The ncurone
passes along the dorsel surface of the genglion and cniers

the posterior resion of the cighth ncuropile. It arboeizes

in thc postero—-ucdien region of the ganglion,

.n intcernuncial ncuronc of the anterior dorsal group, the axon
passcs up the ventral conncetive.

.n interncuronc of the same group, the axon passes up the ventral
nerve cord, the collateral centers the cighth dorsal commissurc.
/n intcrncurcne, its ncurocyte i1s one of the dorsal ccll bodies.
The axon arborizes in thc postero-mcdian region of the cigshth
ganglion, o collatersl enters the cighth dorsel ocommissurc.

s internuncisl ncuronc, its ccll body lying on the dorsal
surfaee of the ganglion. The oxon passcs up the ventral
conncetive to higher cendres in the C.N.8. . collateral passcs

to the antero-~dorsal region of the cizhth neuropile.
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10,

11,

12,

13,

.n interncuronc of the anterior ventral group. The axon passcs
up thc ventre’ nerve cord.

in iaterncuronc of the same group es scven., The axon passcs

to the antero-dorsal region of tho cighth ncuropilc,

- neuronc of {he eighth mediar ~cwtral internuncial group.

The axon pesscs to the contralateral side via the cighth ventral
nedion commissure, o collateral is given off to the mid-rcgion
of the cighth ncuropilc.

Ln inberncuronc of the same group. The axon passcs to the
contralateral sidc vis the cighth dorsal median commirssurc,

The collateral cxbends into the mid-region of the ninth ncuropile.
on inberncurcne of the same group as nine and ten, The axon
passcs b0 the antero-—cntral and postero-ventral regions of

the ninth neurorpilc.

A neouronc of the cighth medion ventral group of internuncials,
The axon passes to the dorsal region of the eighth ncuropile.

.. collateral cxtends posterad into the ventral rugion of the
tenth ncuropile.

~n interncuronc of thc samc group os twelve, The nxon loops
forward into the dorsal rcgion of the ganglionic mass and

bends posterad extending to the cleventh ncuropile where it
crosscs to the contralateral side via the cleventh dorsal median
commissurc, The collaternl cnters the dorssl region of the eighth

neuropile,
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in internuncial ncuronc from higher centres in the C.N.S.

The axon arborizes in the mid-ventral rcgion of the cighth
neuroupilce,

~n interimneial ncuronc from higher centres in the C.N.83.

The axon terminatcs in che postcaio-medinn region of the cighth

gonglion,

The ncuroncs of the ninth abdominal ganglion which have teen ftraced

. . . . . . -
in vertical scctions arc illustreted in figvres 36 and 36,

16,

17-

19.

sn internuncisl ncuronce of thoe ninth medion venbral groun,
The axon posses 6o the mid-rogion of the tenth ncuropile.

~. collateral is given off to thc ventral region of the tenth
ncuropilc,

_n interncuronc off thas zame group as gixteen. The axorn passcs
unbr-nching tc higher centres in the C,N.S. via the ventral
conncetives.

-n intcrncuronc of the ninth medinn ventral group, The axon
passcs through the dorsal rcgions of the ninth and tenth
ncuropilcs into the ventral regiosn of the tenth ncurspile.
Collaterals arc given off to the ventral region of the ninth
ncuropilc and the dorsal region of the cighth ncuropile,

_n interncuronc of the ninth mcdion ventral group, The axon
crosscs to the contralateral side vin the ninth dors.l median

commi.ssurc,
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21,

22,

23,
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+ descending interncurone from higher centres in the C.N.3.

The axon bende dorsad of the cizghth anterior commissurc eond

cont. nucs posterad to aiberize in the nmid~region of the ninth
ncuropilc,

Ln intcincuronc from hijher ecerfres in the C.N.S. which becomcs
widcly distributcd in the mid and dorsai rcglons of the ninth
ncuropile,

-n interncuronc with its ncurocytc located on the dorsal surfaocce
of the ganglion. The axon ascends the C.N.%. via the ipsilateral
ventral conncetive. Collaterals arc given off to the mid-regions
of the ninth and tonth ncuropilcs.

.. necuronc froem o higher centre in the C.N.3. The axon passcs

to the ninth ventral icuropile, .. coli~teral is given »ff to

the cighth ventral ncuroypile.

Thosc ncuroncs traced in vertical scetions of the tenth and cleventh

abdominel ganglia ere illugtratod in figures 37 and 38.°

2,

25.

in intcrnuncial neuronc of thce tenth mcdian ventral group.

The axon passcs to highor centres via the ipsilateral veatral
conncetive, Collatecrals arc given off to the dorsal regions

of the cleventh and ninth ncuropilces, and to the mid-rcgion

of the cighth ncuropilc.

in intoerneuronc of the tenth laterasl ventral group, The axon
passcs Via ipsilatcral longitudinel tract onc to highcr ccntres

in the C.N.S, This ncurune is onz of the three dorsal giant
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27,

28,

29'

30.

31.

32,

33
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fibres (Fig. 49), the other two ncurccytes lic adjacent to it
and their axons follow the same pathway.

. nenronce from higher contres in the C.N.S. Thc axon passcs
via longitudinal tract five to the mid-region of the cleventh
ncuropilc.

.. neuronc from higher ccnires in the C.N,3. The axon passes
via longitudinal tract onc to thc ventrel rcgion of the cleventh
neuropilc,

4n internunciazl ncurone with its ccll vody located in the tenth
median ventral group. The axon arborizes widely in the ventral
reglon of the *tenth ncuropilc.

.n intcerncuronc with its ncurocyte located in the tenth median
ventral groun. Thac axon cnters the tonth ventral median

commi ssurc,

An interncuronc its ncurccytc lying in the clceventh median ventral
group. The axon poasscs anberad and divides in the posterior
rcgion of the ninth ncuropilc.

in interncuronc of the samc group as thirty. The axcn arborizes
in the posterior rcgion of the cleventh neuropile.

.n internuncial ncuronc. The neurocyte is onc of the large
ovate dorsal cclls. The axon cnters the tenth dorsal commissurc,
. motor nouronc with its ncurocytc located in a dorsal group

at the posterior margin of the cleventh ganglion., The axon

enters the fuscd cpiproct/cereal nerve,
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Tigurc 39 illustrates thosc ncuroncs observed in o serics of transversc

scetions of the termnal gonglionic mess extending from the anterior

margin to vhe level off eighth veatrel inusineurons groups.

3.

35.

36,

37.

39.
LI»-O .

L& sensory acuronc onc of a small lract from the eighth dorsal
nerve which pasges to higher centres in the C.N.S. via ipsil-
ateral longitudinel troct ore. (Fig. 40.)

.. scnsory neurone of the cizhth dorsal nerve which becomes
distributed in the dorsal regilon of the ipsilateral cighth
neuropile,

L. scnsory nenrcne of the cighth dowsal nerve, The axon passes
to the ventral region of the coatralateral eighth ventrol
ncuropile via the eighth ventral commissurc. . collateral
passcs vie the dursal nmedian commissure to the contralateral
cighth dorsal ncuropile (Fig. 41).

. scnsory neurone of the cighth dorsal nerve which passes to
the ventral region of the ipsilateral cighth ncuropilc.

.. motor ncuronc, its axon entering.thc eighth dorsal ncrve.
The neurocytc lics in the dorsal group of motor neuroncs. No
collateral was located.

~8 38 but lying in the ventrel group of moter neurscytes.

. ncurone from the eighth transverse ncrve which becomes
distributed in the dorsal region of the cighth ncuropilc.

L neuronc of lungitudinal tract onc which passes via the cighth

dorsal median commaissurc to the contralaiceral cighth dorsal
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L3,

L5,

47,

ncurnpile., .. eollateral is given to the ipsilateral cighth
dorsal neuropilc,

.n internuncisl neuronc welh its newocyte locoted laterally,

posterior to the eighth dorsel nerve., The axon beeomes distributed

in the ventral rcgion of the irsilateral eighth neuropilc.

sn internuncicl ncuronce with its neurocyte located in the snamc
group as 42. Tnc axon arborizcs in the ventral region
of the ipsilateral cighth neuropilc.

~n internuncizl ncuronc with its ccll body located betwoen

the cizghth dorsal and ventral nerves, The axon crosses to the
dorsal and mid-regions of the contralateral cishth ncuropile
via the cighth venirel medion cormaissurc,

n interncuronc of the cighth latcral ventrol group. The axon
enters longitudinel tract five, o collateral arborizes in the
ventral rceginn of the ipsilaternal cighth ncuropile.

.n interncuronc, its ccll body located in thc cighth lateral
ventral group. The axon arborizes in the ipsilateral cighth
ncuropile,

.n intcrnuncial ncuronc of the cighth lateral ventral group.
The axon passcs dorsad to cnter longitudinel tract threc.
Collaterals cercse via the cighth dorsal, ond median dorsal
commissurcs, 0 the dorsal and veatrel regions of the contra-

lateral cighth ncuropilc.



L8, .n internuncisl ncuronc with its ncurocytc located in the cighth
lateral ventr:l group, The axon enters ipsilateral longitudinal
tract onc. The collateral crosscs via the cighth dorsal commissurc
to the contralateral cighth dorsel ncuropilec,

L9, i ncuronc of longitudinal wract four which passcs ventrad and
procecds along the ventral surfoce of the ipsilateral cighth
ncuropilc to accome distributed in the ventral and mid-rcgion
of this neurorile.

50, .n interncuronc of the cighth mcdian ventral group. (Fig. 42.)
The oxon passes dorsad to cnter ipsilateral longitudinal ftract
two, The collateral passcs to the nid-region of the contra-
lateral cighth newopilc,

Tigurc 43 illustratcr thosc ncuroncs loecated in o scrics of transverse

scctions extending from a regiosn posterior tc the cighth ventral

interncuronc groups te the posterior region of the ninth ventral
interncuronc groups.

5l1. Onc of o large group of scnsory ncuroncs from She cighth wventrol
ncrve which form longitudinel trcet six and poss up the
ipsilateral conncctive to higher centres within the C.N,S.

52. A scnsory neuronc from the cighth ventreal nerve which passcs
antero-dorsad “hrough the ipsilateral ncuropile to cross via
the cighth dorsal medicn commissurc to the dorsel region of the

contralateral cighth ncuropile.
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5k.

56.

57.

58.

59.

~57-

L. sensory ncuruvnc of lhe cighth ventral nerve which divides
throughout the ipsilateral cighth ventral ncuropilc.

« scnsory ncuronc of tho eighth ventral ncrve., This axon
passcs beneath the ventral surfacc c¢f the ncuropilc and oxtends
dorsally into the ventral fissurc arborizing in the mid-region
of the ipsilateral cighth ncuropile.

.. motor ncuronc of the cighth ventral nerve, the ncurocyte
located in the ventrel group of ccll bodies., Colluterals

arc given off to the ventral rcgion ot the ipsilateral cighth
nocuropile (Fig. 4h4).

. notor ncurone of the cighth ventral nerve the ncurocyte
lying in the dorsal group of cell bodies. .. collateral ocnters
the mid-region of the ipsilatoral cighth neuropile,

.. motor necuronc of the cighth ventral ncorve, the ncurocyte
located in the samc group as 55, The collateral passcs
via the cighth ventrol commissurc to whe ventral region of

the contralateral cighth neuropile,

. scnsory ncuronc of the cighth ventral ncrve. The axon passes
via the eighth ventral cormissurc to the mid-region of the
contralateral cighth ncuropile.

in internuncicl ncuronc of the ninth lateral ventral group.
The axon passcs vio the ninth dorsal comrissurc to the dorsal

rcgion of the contralateral ninth neurojile. L collateral is
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61,

62,

63.

6l.

65.

given off to the dorsal region of the ipsilateral ninth neuropile.
Ln interncuron~ with its cell bady located in the ninth lateral
ventral group. The axon nassces dorsad to cnter ipsilateral
longitudinal treoet threc. The collateral arborizes in the ninth
dorsal ncuropilec of tho same sific.

+n internuncial ncuronc of the ninth lateral ventral group,

The axn onte:'s longitudinal tract one, a collateral passcs

into the dorsal rcgion of the ipsilateral ninth necuwrcpile.

/n internuncial ncuronc ¢f the ninth median ventral group.

The cxon passes dorsad in the ventrol fissure, turning latcerad
above longitudinal tract four to enter contralateral longitudinal
tract three.

L interncurconc of the ninth median ventral group., The axon
enters ipsilateral fused  longitudinal tract four/five. The
collateral crossas via the ventral median commissure to ¥he
ventral rcgion of the contralatcral ninth ncuropile.

~n internuncinl neuronc with its necurocyte located on the dorsal
surface of the ncuropile., The axon passcs into the ventral
fissurc wherc it divides a branch going to the ventral region

of the ipsilateral and contralaterazl ninth neuropile.

-n internuncial ncurone with its ccll body situated on the
dorsal~lateral surfoce of the neuropile.

The axon passcs into ipsilateral longitudinal tract four,
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Ln internunciecl uncuronc with its eell body in a lateral group
dorsad of the aighth ventral nerve, The axon passes to the
antero-ventral region of the contralateral ninth necuropile

via the ninth ventral commdssurc. . collateral is passed to

the antero-ventral region of the ipsilateral ninth ncuropile,

sn internuncial ncuronc with its ccll body located in o lateral
group, dorsad of thc cighth ventral ncrve. The axon passes

via the ninth dorsal medion commissurc to the anterior mid-region
of the contralatcral ninth necuropile. . eollateral is given

off to the ipsilatcral ninth ncuropile.

Figurc 45 illustratcs thisc ncurones located in the region extending

posterad from the ninth i1entral interauncial ncuronc groups to the

posterior mergin of the ganglion.

68.

69.

.. motor ncuronc of the genital nerve. The ccll body is located
laterad of the genital nerve in the dorsal group. The axon
curves dorsad of the ninth dorsal nerve passing ventrad to cnter
the genital nerve,

.~ motor ncuronc with its ncuroccytc lying laterad of the ninth
ventral nerve. The collateral passcs dorsad of the genital
nerve to cnter the ipsilateral ninth ncuropile., This ncuropile
cxtends posterad as a pair of horns along the antcro-latcral

mergin of the tenth ncuropile,
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75.

76.
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i motor ncuronc of the ninth dorsal nerve with its ncurocyte
in the dorsal group. The collateral arborizes in the ventral
region cf the ipsilatceral ninth ncurcopile,

A motor ncuronc of thc ninkh ventrel ncrve with its neurocyte
in the dorsal group of ccll bodics.

4 motor ncuronc of the ninth ventral nerve its cecll body in
the ventral group, The collateral passcs to the ipsilateral
ninth ventral neuropile. This ncurone may be similar to
neuronc 69,

i neurone of the tonth laterel ventral group. The axon enters
the fuscd cpiproct/cereal nerve,

sn internuncial necuronc of the tenth latcral ventral group,
The axon pasacs to ipsilateral longitudinal troct two,
Collaterals arc widely distributed in the ipsiloteral tenth
neuropilc.,

Ln interncuronc with its ncurocyte lying in the tenth median
ventrel group. The axon cnters contralateral longitudinel
tract two. Collaterals are widely dispersed in the ipsilateral
tenth ncuropilc.

An interncuronc with its cell body located in the tenth latoral
vontral group. The axon cnters ipsilateral longitudinal troct
two. . collateral passcs via the tenth dorsal commissurc to

the dorsal region of the contraloteral tenth ncuropile,



77 .n interncuronc of the dorsal surfacc of the tenth ncuropile,
The axon enters ipsilateral longitudinal tract one., The
c3x1lateral pesses to thie controlateral dorsal region of the
tenth ncuropile.

78. .. neuronc of the fused epiproct,/corenl nerve, which terminates
in the ipsilatersl tenth ncuropile,

79. 4 neurone of the fused épiproct/ecreal ncrve which crosses
via the tenth ventral median commissure to arborize in the
contralateral tenth ncurcpile.

Figure 46 illustrates those ncuroncs obscrved in frontal scctions

through terminel gonglionic mass, Neurnnes previously described

will be omitted, with the exception of sensory ncuroncs from the cighth

dorsal and ventral nerves.

80. .0 internuncial neuronc with its neurocyte located in the
antero-lateral region of the ganglion. The axon passes ftp
the ventrsl connectives to higher centres in the C.N.S.

8l. .n interneuronc of the cighth median ventral group. The axon
divides, passing to the cighth neuropile of the ipsilateral
and contralateral sides.

82. .n interncuronc of the ninth medinn ventral group. The oxon
passes anterad ond divides arborizing in the ipsilaterzl and
contralateral cighth ncuropiles.

83. .n internuncial ncuronc of the antero-lateral margin of the

gonglion., The oxon passes posterad sending branches to the
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88.

89.

90.
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anterior and posterior rcgisns of the contralateral eighth
neuropile.

.. sensory ncuronc from the cighth ventral ncrve which arborizes
in the ipsilatercl ninth neuropilc.

_. sensory ncuronz from the cighth ventral nerve which passcs

to the contrslaterel eighth ncuropile., .. collateral is given
off to the ipsilateral cighth neuropile.

.. sensory ncuronc from the genitel ncrve which arborizes in

the posterisr region of the ipsilateral ninth neuropile.

.. motor ncuronc of the ninth dorsal nerve the ncurocyte located
on the laterel marzin of the neuropilc immediately posterad

of the eighth ventral nerve, .. collateral passcs to higher
centres in the C.N.3. vie lonzitudinal tract four.

.. scnsory ncurone of the genitel nerve which passcs anterad
into the mid-rcyion of the ipsilateral ninth ncuropile.

L motor ncuronc of the ninth dorssl nerve with its ncurocyte
located on the lateral margzin of the gonglion posterad of the
cighth ventral nerve. The collteral cxtends into the mid-region
of ipsilatcral ninth ncuropilc.

L motor neuronc of thc ninth sternal nerve with the neurocyte
in the seme group as cightynine, The collateral passes to the
mid-region of the ipsilateral ninth ncuropile, This necuronc

may be the same as ncuronc scventyone (Fig. 45).
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« sensory neuronz of the ninth dorsel nerve arborizing in the
anterior rcgion of the ipsilcoteral ninth ncuropile.

.. scnsory neuvonc of the ninth dorsal nerve which crosscs into
the anterior =egion of the contrzlafteral ninth neuropile.

~. sensory ncuronc of the ninth ventral ncrve which crosscs to
the mid-region of the contralateral ninth neuropile,

2. sensory ncuronc of the ninth ventral ncrve which passcs into
the mid-region of the ipsilateral ninth ncuropile,

.. sensory rcuronc from the ninth dorsal nerve, This is onc of
a lerge trect which passcs along the laterel margin of the ninth
ncuropile, turning mescd to jein longitudinel traoct four and
ascend the C.N.8, Numerous collaterals cre given off to the
ipsileteral ninta ncuvopile (Fig. 47).

.. scnsory ncuronc of the ninth ventral ncrve. This is one of

o lerge troct which passes with the tract from the ninth dorsal
nerve into the ventral connective ascending to higher centres
in the C.N.S. Collatereals arc given off to the ipsilateral
ninth ventral ncurcpile.(Tig.L7)

. sensory ncuronc of the genitel nerve, onc of a large tract
which passes through the mid-region of the ninth ncuroplle
forming longitudinal trect four and ascending to higher centres
in the C.N¥,S. via the ipsilateral ventral connective.
Collatcrals ore given off to the ipsilateral ninth ncuropile

(Fig. 47, L48).
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100.

101.

102,
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.. scnsory ncurone of thce fuscd cpiproct/cercal nerve, This
neuronc is on. c¢f o sicall tract which pnasscs antered into the
mid~region of the tenth ncuropile where it becomes incorporated
into longitudinal trecet five and passces to higher centres in
the C.N.5. (Fig. 47.)

.. sensory ncuronc of the fuscd cpiproct/cercel nerve, This
neurone is one of a large group which poss in the same tract
vith ncuronc nintycight to the tenth ncuropilc where they
arborizc.

.. motor ncuronc of the fuscd cpiproct/cercal nerve. The
neurocyte lies in the cxtreme postero-median region of the
genglion between the roots of the epiproct/cercal nerves.

The collateral zrborizes in the ipsiloteral cleventh ncuropile.
An internuncial neuronc with its ncurocyte located in the cighth
Loteral ventrel group. The cizun pessed to the ooniralateral
cleventh ncuropilc. Colloterals arc given off to the
contralateral ninth and tenth ncuropilcs.

-n internuncizl ncurovwe, one of a small tract from higher
centres in the C,N.3. which terminatcs in the ventral region of
the contral~teral cleventh ncuropile. Collaterals arc given
off to the ventral reglons of the contralatersl eighth ninth

and tenth ncuropilcs.
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103, .. sensory ncuronc of the fused cpiproet/cereal nerve. This
neurone orboriics immcdiantely it enters the posterior surface
of the elcventh ncuropile.

104, .. sensory neuronc of the fuscd epiproot/oeroal nerve which
passes to the contralatcral iench ncuropile, This ncurone may
be onc of the seme group os neurone scventynine (Fig. L45).

105, _ motor necurone of the fuscd cpliproct/cerecal nerve, The ncurocyte
lics in n gap between thc bases of the genital nerve ond the
epiproct/ccreal nerve. L collaterel is given off to the

posterior region of the tenth ncuropile.

Tour neuroncs 3n cach >f the ventral conncetives may be consldered
as abdominal giant fibres (Fig. 49). Thoy have diometers renging
from 12.6 to 14.7 microns (table 1). The largest of the subsidiary
fibres in the comncetives has a diemeter of 8.4 microns, the
remainder of the ncuroncs having dicmeters of 5 microns or less.

The gloent fibres arc situsted in two groups within the conncetive
(Fig. 49); o dorsal group containing three fibres (1, 2, 3) and 2
single medicn fibre (4). The fibres of the dorsal group arise from
neurocytes located in the tenth laterel group of internuncial ncuronecs
(Pig. 37, ncuronc 25). Dach of the fibres in this dorsal sroup
springs from o single lerge ovebe ncurocyte. The axon passes dorsad

into longitudinal troct onc and ~scends the nervous systcm, cntering
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Toble 1. Diemeter in microns of glant ncuroncs in the ebdominal

ncrve coril ¢ff Schistoccrea.

Location in Coxd ribre

1 2 3 b
*ithin 8th ganglion 9.5 10.0 8.4 8L
Between gonglia 8/7 12,8 16.6 14,3 13,2
“Mthin 7th genglion 9.9 11,2 10,3 8.4
Between genglia 7/6 11,5 147 W7 12,6
“Athin 6th ganglion 9.5 10.0 10.5 8.0
Between ganglia 6/5 10.5 10.5 12,1 11,0

the fused abdominal~mctathcracic gonglionic mess and passing to the
level of the metathoracic gnaglion., The median giant fibre cxtends
into the ternminal gonglionic mess to the level of the ninth abdominal
ganglion where it becomes very cttenuated ond is lost among numcrous
large cxons from neurocytes of the ninth median ventral group., This
fibre also cxtends the length of the abdominal nervous system, passing
through the mid~region of each gonglion and apparently arborizing
within the metathoracicganglion.

..s the giont fibres pass through the various abdominal ganglia
they become reduced in dicmeter (teble 1). This is particularly
truc within the terminol abdominal genglion (Fig. 51) and to o lesser
cxtent within the other abdomiual ganglic, The ncurones pass without

interruption through abdominal ganglic 7 to 1, therc is no indication
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of any scgmental septe nor is there any cvidence that ncurocytes in
these obdominal gongliia contribute to the fibre.

The ncuroncs of the dorscl group have becen obscrved to branch
in the anterior region of abdominal ganglin 6 and 7 (Fige 53, 5k).
The branches oppear as numerous very short projecctions from the ventral
surface of the ncurone and arborize immedintely within the entero-
dorsal region of tie ipsilateral ncuropile, There is also evidence
that gient fibre onc gives risc to o collateral which crosses via the
dorsal commissurce to the contralatural side of the ncuropile in the
scventh ganglion:. Branching of the dorsel gionts may occur in the
cighth ganglion wut the branching is not clecar and the author is not
certain of its cxistance. Branching has not been obscrved in the

medion giant fibre,

Structurc of a Sesmmental Gonglion,

The structure of the scventh abdominel genglion is typical of
those abdominal ganglin which have not undergonce fusion due to
cephalization, Tor rcasons previously cnumcrated this ganglion may
be considercd the lcast modificd of the abdominal ganglis, It will
be of veluc to Aiscuss and revicw the structurc of o simple scgmental

gonglion prior to discussing the cffcets of cephalization,
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Neuropile.

The neuropile is threc lobed, comprising a pair of dorsal lobes
and a single ventrol lobe, Tnc single ventral lobe has undoubtedly
arigen from thc fusion of paircd ventral lobes derived from opposing
halves of the gonglion; one associnted with cach of the paired ventral
nerve cords. The only featurc now rcmaining which bears witness to
this primitive scp:ration is the ventral fissure., TFosteriorly the
ventral ncuroplle is reduced and the remnanvs merged with the dorsal
ncuropile.

Vithin the neuropile arc numerous glomerulac assoclated with the
terminations of segmental sensory fibres. Thesce glomerulac arc
similar to the ventral association centre in the thoracic ganglia

of Feriplancta (Tipo et =1, 1959). in Schistocerca scnsory ncuroncs

arborize in the dorsal and ventral reglons of the ncuropile and

glomerulac arc found in wuth regions

Commissurcs.,
Seven commissurcs or trensverse tracts link the opposite halves

of cach unfused abdominal ganglion in Schistocerco. They carry sensory

and internuncial axons and the collaterals from motor ncurons, .is
the central nerveous system Is a bilaterel structure it would appear
that these tracts scrve to poss information between opposing halves of

the pganglion in order to co-ordinate reactions, 11 (1964) has
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described six commissurcs in a typical singlc acbdominel ganglion of
the larva of _eschni.. Ten commissurcs ore prescnt in cach thoracic
ganglion of Feriplancte ond ripa ¢t al (1959) have notcd that thesc
arc also present in the first cbdominal gonglin which in this genus
are fused with the metathoracic gorgilon., Those commissures which
can be homologized between thesc species from different orders arc

ligted in table 2.

Table 2. .. comporison of the commissurcs of Schistocerce, Ieriplancta

(Tipe ot al 1959) and [cschne (1811l 1964) based on location

within the abdominal genglion and on ncuronc content,

Acschna Schistocerca Feriplancta
anterior dorsal tinunsversc dorsel commissurc dorsal commissurc 2
tract
posterior dorsal ftransversce dorsal commnissure dorsal cormissurc 5
tract
anterior transversc anterior dorsal dorsal commissurc 1
tract median commigsure
subdorsal transverse posterior dorsal -
tract nedian cormmissure
- anterior ventral -
median conrdssure
ventral transversc posterior ventrol supre median
tract median commissure commi ssurc
- anterior ventral commigsural loop 1
commissure commi ssural loop 2
- posterior ventral posterior ventral

commigsurc commilssure
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Fibres of the central tronsversc tract of leschno cannot be correlated

with the commissurcs found in Schistocersa. Therce arc no wventral

tracts compoarablc to thosc of Schistocerca to be found in .cschna,

The corrclation between the trensversce tracts of Periplonets and

Schistoccrca is good. Dorsal commissurcs 3 and 4 in FPeriplancto

cannot be accounted for; it mey be however that these together form
o commissurc cquival.ent to the anterior ventral mecdian commissure

off Schistoccrca,

Longitudinel Trocts.
Scven pairs of longitudinal tracts have been described in the

thoracic ganglia of Icriplancta (Iipe ct al 1959) which retein their

position within the first two abdominal ganglia. ‘/ith the cxeception
of the ventral tract for which therce is o counterpart they can be

rclatcd to those of Schistocerca on the basis of their location

within the gonglion os follows:=

Ieriploncta Schistocerca
dorsal troct longitudinal tract onc
dorsal median tract longitudinal tract two
dorsal intermediate tract longitudinol troct threc
ventral medion troct longitudinal tract four
ventral intermediante tract longitudinal tract five
ventral loteral tract longitudinel tract six

ventral troact -
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Littlc can be said of the cxact homologics of these tracts as we

have scant data on their ncuronal components.

Cecll Bodics,

4 regular arrangement of ncurone sroups within subscquent
obdominal genglin has been reported by Fipa ot 2l (1959) and Hill
(1964), This repetative arrongement is cvident in the various

abdominal gangliac of Schistocerca, Neuroncs contribubting to a

particular group of trocts lic within o ddscrete group.
Mill hos identificd cleven groups of neurocytes within each
ebdominel gonglion of ieschna, Seven groups of cell bolies have

been described in cach simple genglion of Schistocerca. In addition

small numbers of lateral interncurones arc located anterad and
posterad of the dorsal nerve, .. comparison of the ncurone groups in

the scventh abdominal goenglion of eschna ond Jchistoccrca is given

in tcble 3. It is cevident that the mnjor neuronc groups of Schistocerca

can be correleoted with thosc of lecschno, However jceschno lecks the
dorsal groups of motor ncuroncs and the anterior groups of inter-

neurones found in Schistoccreca . Schistocerca in turn lacks the

major interneuronc groups E and P found in the dragonfly nymph,
Mill haos described mid-ventrel cell groups as paired extending closc

to the mid linc of the gonglion in Jeschna, In Schistocerca these

roups have fuscd, forming o single median ventral group.
2 o O P
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Table 3, .. comparison of corrcsponding neuronc groups of the scventh

abdominal zanglion of ieschna and Schistocerca bascd on

lscation.

Ncuronc group Typc of Heuronc

—.cschno Schistoccrca Jeschia Schistocerca

ol Dorsal motor intcrnuncial® motor
7th dorsal nerve

52 ventral motor rotor motor
7th dorscl ncrve

B loteral internuncial invernuncial® internuncial

C ventroi motor 7 internuncial® internuncial
ventral nerve
lateral ventral motor motor
intcrnuncinl

1) lateral vensral internuncial® internuncial
intcrnuncicl

B - internuncinal® -

F - internunclal® -

L mcdian ventral internunciasl® internuncial
internuncial

M median ventral internuncial® internuncial
internuncial

N postborior dorsal internuncicl® internuncial
internuncial

T anterior dorsol internuncial®* internuncicl
internuncial

- Aorscl motor 7th - motor
ventral nerve

- cnterior ventral - inberauncial

intcrnuncicl

* function attributcd to ncurones by prescent cuthor on grounds used for

classification of ncuroncs in Schistoccreea.
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Cephalization.

Therc is a tendency in the inscoba for bthe centreal nervous
systom o become condensed in an anterior direction., In the primitive
condition o gonglion was situsted in each of the body segments which
inncrvated the segment in which it icy. In the bterminal genglionic

mass of Schistocerca we have the opportunlty to consider the effccts

cf cephalization oi the individual segmental genglia,

It will be recalled thot this gonglionic mass innervetes
«bdominal scgments cight, ninc, ten ond celeven., The structure is
located within the cighth abdominal segment, the more posterior
sanglic hove migrated forward to fusce with the eighth ganglion,

&5 o reference point for the discussion we will use the structure
of the seventh ablominal gonglion wnich, it will be rcealled is

considered the leost modified of the abdominal ganglia in Schistocerca.
O &)

The effecebs of cephalization on the ncuropile, commissurces and ncurone

groups will be considered,

Neuropile.

The three lobed condition of the ncuropile found in the seventh
abdominal ganglion is evident only in the anterior region of the eighth
ganzlion, Lt the level of the eighth ventral nerve the neuropile
has beconce a simple fused structurc, the division into paired dorsal
and single ventral lobes having completely discppearcd. The fused

condition prevails in the neuropiles of the ninth, tonth and cleventh
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ganglia. The ventral Tissuwre estonds the il length of the fused
ncuropiles but is reduced in depth.

The segmental divisions of the fusecd neuropilc are attested to
only by the dersal and ventral notches at the posterior margins of
the first threc of the component units, .. similer condition prevails
in this instance however the condensation of the obdominal ganglia
has progressed to the point that individuel ncuroueres spnea? indivisible.
Tower (1948) shows no external division of ncuromeres within the fused
thoracico-abdominal genglionic mass of Drosophila and divides the
neuromcres on the basis of vertical fibre tracts,

There has been o considerable rcduction in size of each
segmental ncuropile comprising the terminal ganglionic mass of

Schistocerca, The ninth ncuropilc is the largest of these units as it

cxtends for some distance posterad along the lateral margins of the

tenth neuropilc. The tenth and cleventh ncuropiles are reduccd the
eleventh being the smaller. This inercesc in size mey be related

to the fact that the ninth gonglion innervates the male genital
apparatus. The subscquent rcduction of the tenth and cleventh ncuropiles
may have been affceted by the reduced number of muscles and Ly the

reduced size of thesc abdominal scgments.

Commilssures.
L considerable reduction in the number of commissures tekes

place as condensation progresses, ..s previously noted there are scven



comnissures in the scventh abdominal ganglion., The eighth abdominal
genglion represcnts the least modified of the ganglia within the
terminal ganglionic mass. In this gonglion the number of commissures
is reduced to five and in subsequent ganglia the number is rcduced
to four although in the tenth ganglion the dorsal commisgure hes
become divided into two.

This tendency towerd the reduction of transverse tracts with
ganglionic condensation has been noted in gerris, Guthric mentions
"several commissurcs®, associatcd with cach thorscic ganglion but
only two in each of tine morc oondenscd abdominal ganglia. In the fruit
fly Drosophils, Fowcr makes no mention of commissurcs in the extreme
condensed abdominal center although these arc present in the more

diffusc thoracic ganslia,

Cell Bodies,
The retention of a reguler arrey of ncurocyte groups is o
conservative feature of the nervous system under the stress of

condensation in Schistocerca, Power (1948) rcfers to the regular

orgenglzation of the abdominal centre of Drosophila noting that the
vertical fibre groups arc uscful rcferences to define the limits

of the ncuromeres., Guthric (1961) however, has rcported that the
organization of individual clements in the abdominal centres is less
regular than in the more diffuse higher centres of Gerris. Hill (196k)

has obscrved an increasc in the number of ncurocyte groups in .esohna
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but docs no>t relate this to the scgmentel noture of the ganglionie
mass.

In the coasc of Drosophila and Gerris in which a high degree
of fusion has laken place among the abdominal ganglia the dorsal
surface of the ncuropile is coverced with ncurocytes, meny of them
heing motor ncurones. Howevor Mill chows no apparcnt increasc in
the area of dorsal acurocytes in the cighth ganglion of .icschna.

In Schistocerca the rcgular arrangement of median and lateral

ventral interncurone grcups within the terminal gonglionic mass is
cvident., This rcgular arrangement breaks down only in the cleventh
abdominal ganglion which is greatly ceduced. In this case the lateral
and median ventral interncuronc groups have merged into a single unit.
The repetitive arrongement of the ventral interncuronc groups within

the terminal ganglionic mess of 3chistocerce allows these ncurones

to be used to definc the posterior limits of the component segmental
ganglia, On this basis it cen be esteblished that the terminal
cenglionic mass has been derived from the fusion of 1our cbdominal
ganglia.

7ithin abdowuinal ganglia subscquent to the cighth, the anterior
dorsal interncuronc group may be represcnted in reduced form as
dorsal ecll bodics and there is evidence thot the antero-ventral

group of interncuroncs mey have become incorporated within the median

ventral internuncial group.
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Lecompanying tuo cordensation of the gonglia is a tendency for the
ventral groups of mctor ncuroncs to bcecome rcduced and for the dorsal
group to cxtend onto the dorsal surface &f the ncuropile, . This

tendency is apparcnt in the ninth gerglion of Schistocerca and in the

case of the eleventh abdominal ganglicn motor neurones are located
on the mid-dorsal surface of thc ncuropile. The motor neurones of
the abdominel genglia of Gerris are located on the dorsal surface of

the ncuropile.

Neurone Fathwoys.

It would be o laborious task fer the rcader, as for the writer
if onc werce to compare in detail the individual neurone pathways

of Schistocerca with tuose Acescribed in other genera. The discussion

will therefore be limrted to the scliont points,

Sensory ncuroncs have been reported as passing dircetly through
the gonglion of the scgment of origin to higher centres within the
C.N.3. in Corydalis (Hilton, 1911) and .cschna (Zawarzin, 192k;
Mill, 1964). Guthric (1951) found only = few scnsory fibres passing
to higher centres in Cerris. Contrary to the above Fyle (1941)
has not found such fibres in the thoracic ganpglia of Bphestia and
Hess (1958) using ncuronc degeneration techniques was unable to find
sensory Tibres from the cercus of Iferiplancta passing uninterrupted

through the last ganglion,
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In Schistocerecs sensory Sibres from the dorsal and ventral

segmental ncrves of abdominal gangiic six, through eleven have been
observed to send neuroncs vis the ipsilateral ventral conncetive

to higher centres in the C.N,3. It has not been cstablished how far
these fibres pass within the C.N.3. hewever those fibres originating
in the ninth; tenth and eleventh scgmental nerves pass completcely
through the terminal ganglionic moss. It mey be that these fibres
ascend at least to the level of the metathoracic ganglion., Sensory
fibres of the abeve type from the scventh dersal norve have been
obscrved to give off collaterals to the ipsilateral dorsal ncuropile.

Contrary to the views of Guthric (1961) numcrous sensory ncurones
arborize in the dorsal neuropile although the majority of them cnter
& glomerular rcgion in thce ventrel nouropile, 8Sensory fibres cross
to the contralateral side of the ganglion although they have not
becn seen to enter the contralateral. ventral connective,

Motor neuroncs entering the segmental nerves of the contra-
latersl side have been obscrved in Corydalis (Hilton, 1911), icschna
(Zawarzin, 1924b; Mill, 1964) and Gerris (Guthric, 1961). These neurones
entor the ipsilateral segmentel nerves only in Gphostia (Fyle, 1941).

The current study on Schistocerca indicates that motor ncuroncs

cnter scmmental ncrves of the ipsilateral side only. ILarge collaterals
from some of thesc have been obscrved to pass via the ventral commissure
to the contralateral side bub thesc fibres have not been observed
to enter segmental ncerves. Tae mejority of the motor collaterals

arborizc in the ventral ncuropilc of the ipsilateral side, It is the



ventral neuropilc ixn which many of the scnsory ncuroncs arborize;
this leads onc to sprculatc that such an alliance may give risce to
numcrous scgmentel reflex arcs,

L. summory of the internwicial ncuroncs of Schisbocerca may prove

of value. Interncurvncs of the median and lateral ventral groups
contribute fibres to the longitudinal Sracvds. Those of the median
ventral group send axons into longitudinal tracts of the contralaterel
sidc nnd give off collaterals to the ipsilateral ncuropile of the

same ganglion. Interncuroncs of the latcrel veutral group send axons
into longitudinal tracts of the ipsilateral side and give off
collaterals which arborize in the coantralateral ncuropile of the same
ganglion. The lateral interncuronss aypear to function as local
association neurcnes within the genglion or origin,

It is of interest to atbtempt o correlation of the neurosccretory
ccll types deseribed by Delphin (1965) in the ventral ganglia of

Schistocereca with the neuronc ccll groups described in this thesis

(table 4). The distribution of neuroseccretory cells in the seventh
abdominal gonglion corrclates well with the ncuronc groups of the
scventh abdominel gonglicon. Unfortunately the compound naturc of the
terminel ganglionic moss is not cvident in the distribution of the
neuroscerctory cells., Delphin carricd out a number of ligetion

cxperiments which indicated thot the ncuroscerctory product 1s passecd
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enterad and rosterad within the ventrel connectives and peripheraly

within the scgmental nerves.

Table 4, Corrclaticon of neurcsecretory cclls with major ncuronc
groups in the 7th abdominel zanglion and terminal ganglionic

mess of Schistocerca.

7th Ganglion Ternninel Goenglionic Mass

Neuronc Group  Ccll types Neurone Group Cell types
a.d. i, Bo a.d.1. Bo, C
am, 7d.m, C foVel. C
d.m, 8d.n, C
ven, 7d.n. C v.m, 8d.n. D
dn, 7v.n, c d,m, 8v.n. c
v.m, 7v.n, c (D7) v.m. 8v.n. C, D
l.v.i, <15 25 Boy C d.c.b. D
m.v,i. Bo, D 9 ganglion Csy D
motor neuroncs
p.d.1. Boy G, D 9 l.v.i. C
9 m.v.1. Bos D
11 m,v.i. By, D

. fow generalizations can be drawn concerning the cells of origin

of the neurosecrctory product in these nerves and conncctives.

The

seventh dorsal nerve carries the product from € cells, the seventh

ventral nerve carrics secrctions from C and possibly D, cells.



The cighth dorsal and ventral nerves and the nerves of the ninth
ganglion coarry the secretions of' both ¢, and D. cells. Neurohaecmel

organs have been described on the transverse nerves of Schistocerca

(Brady and Moddrell, 1967); in the cighth abdominal ganglion this
nerve ariscs from paired ncurocytes c¢f the dorsal cell bodiecs, The
product released at this site would be derived from D, cells of this
group. 1t must be pointed out thet the above is based on o comparison
with published moterial, to confirm thesec conclusions and to oxtend
them further would requirc a comparison of identical scts of serial
sechions, onc set stsined for neurosecrctory material the other to

show the neurone tracts,

Median Nerve,

Zowarzin (192ka) has carriecd out a detailed study of the median-
transverse nerve pathways in a thoracic and en abdominal ganglion
of J.eschna, 1In the thoracic gong. ion the medion ncerve arises from
a pair of globular cells in the posterior region between the ventral
conncctives. In addition this nerve contains two sensory neurones
which arborize in the dorsal region of the ncuropile., The median
nerves of the abdominal gonglia arise from o poir of similar cells,
The motor axons pass posteread and divide one entering cach ventral
connective, They pass vin the conncctive to the next lower ganglion,

bend anterad entering the medizn nerve. Osborne (1964) has shown



~Lizl=

the unpaired ventral nerve of Thormis %o contain four neurones and
Hoyle (1959) has estcblished the prescnce of a fast and a slow axon

in the thoracic median nerves of Schistocerca.

The transverse nerves of the seventh cbdominel ganglion of

Schistocerca arise from o pair of leorge ovate ncuroncs placed similarly

to those in the thoracic gonglin of .eschna, Iach of these ncurones
divides scnding o branch to each of the paired transverse ncrves.

sn unknown number of scnsory ncuroncs crborize in the postero-dorsal
neuropile. Intthe terminal gonglionic mass of the mele the transverse
nerve arisces from o poir of large ovate cells on the dorsal surface

ot the posterior margin of th: eighth cbdominal ganglion, In
addition scverzl ncurcres are located Letween the anterior ventrzl
comnissures in the simple garglia which scerd oxons anterad yia the
median nerve, Desccnding fibres from this nerve wrborize in the mid-
region of the gonglion, The median tronsverse nerve system in

Schistocerce appears somewhat more complex thon in Jeschno, The

function of the median nerve remains o mystery,; one might speculatc
that it is involved in the co-ordination of the spiracles in adjecent
scgments. Such an anclysis would make on interesting electrophysiological

investigetion,

Giant Fibres.
Jbdominel glant fibres have been described in Periploncta
(Roeder, 1948), Locusta (Cook, 1951), .nex (Hughes, 1953) and

.eschna (Mill, 1964). These fibres synapse coudely with affercnt



neurones from the cerci and pass without interruption into the meto-

thoracic ganglion, The giant fibres of .nox and _.cschnn synapse

in each of the cbdominal gonglia, Tipa ct 2l (1959) report certain giant
fibres of the ventral group in Icriplancta pass uninterrupted through
the thorsecic ganglia ond may ascend o bhe brain,

There ore six fibres of gient proportions oarronged in two groups
in the ventral comcctives of Ieriplencta . Thess range in dicmeter
from 20 to 45 microns. In Loocusta the gients orc considerably
smaller, therce being four necurones with 2 diometer of 8.9 to 15,2
microns, Two cbdominal giant fibres have been described in the ventral

conncctives of Jnnx and Lcschna, In /nox  they have diameters ranging

betwecen 12 and 16 microns and in seschng the dismcters are from 13
to 15 microns.

The configuration of giant fibres in Schistocerca is reminiscent

of the situction in Locusta, There cre four fibres with diameters
ranging from 12,6 to 4.7 microns, .5 in Locustz they arc arranged
in o dorsal group of threc fibres and o single median fibre,
These fibres cxtend from the terminal songlionic mass into the
metathoracio ganglia. s they pass through the various cbdominal
genglia they become reduccd in size as do those of Feriploneta and
Locusta., Hoss (1958) hos pointed out that not only do the fibre
icmeters beeome rcduced but the fibre sheath similerly bcecomes

thinner within a ganglicn.
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Rocder has traccd the giant fibres of Feriplancta into the
posterior region of the sixth abdominal ganglion where they cach
appear to become associnted with groups of ncurocytes. He thercfore
considers thesc fibres to be multicellular in origin, In Locuste
Cook has traccd the medion fibre to a singlc ncurocyte in the extreme

posterior region of the szoanglion. Schistocerea offers no cvidence

to support Rocder's hypothesis that giant fibres represent o syncytium,.
In this casec cach of the dorscl group of giont fibres ariscs from

a single ncurocyte located in the tenth laoteral ventral group of
interncurones. The mcdinn fibre has been traced to the region of

the ninth ventral internuncial groups wut has not been followed to

its neurocyte.

Gient fibres of the dsrscl group hove been shown to branch in
abdominel gonglia €, 7 ond 8 of Schistocerce. Branching probebly
oceurs olso in nbdominal gonglie 1 through 5 although this has not
been investigeted., No branching hos Leen observed in ganglin nine
and ten. It has not bcen possible therefore to cstablish the synaptic
region between these fibres and the cercal effercents. However the
dorscl group of giaon%s and the cereal afferents lic side by side
in longitudinal tract onc and synapscs between these ncurones of the
type described by Young (1939) betwcen second and third order giant
ncuroncs of the squid may possibly exist, It is further possible that
as the giant fibres becomec very attenunted at this level in the ganglion

the branching hes been overlooked.
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LECTROL HYSTOLOGY

Giant IMbrecs.

It has bcen shown in Ieriplancts (Tumphrey and Rowdon~Smith,
193%7; Roeder, 1948), Locuste (Cock 1951, 1952; Ficlden, 1960),
inax (Piclden, 1960) and icschnca (1ill, 1963) that stimulation
of cercal affercnt ncuroncs rcsults in high amplitude and velocity
action potentials in neuroncs of the ventral conncctive. Thesc
neurones crc congidered to Lo the giont fibres, The forcgoing

histological investigotions have shown giant fibres to be present

in the abdominel conncetives of Schistocercs.

Bechaviosurel responscs to cereal. stimulation have been described
in jeriplancta {Rocucr, 1.948) anl in _nex (Hughes, 1953). In-the -
casc of Ieriploncia the onimel runs quickly forward. Cook (1951)
does not find this responsc in Locusta which cppears unmoved
upon ccrecal stimuletion. . prelimincry series of cxperiments

were carricd out on Schigtoccres to determine if an evagion response

could be initiated., Schistoccrca in which the compound eyes had

becn oceluded with black paint rcfused to move when a puff of air
from 2 finc jet wos dircetcd at the cereci. Similar results were

obtained using Jccapitoted Schistocercc. In control of the el

the slightest movement of the cxperimenter ccuscd a jump. However

if the air ject could be brought unobtrusively within range of the
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cercus a puff of air had no apparont effcct. It would appear
that cvasion responses arc closcly linked to the visual system

in Schistocerca,

In vicw of the anomoly between this behavioural pattern
and the presencc of giant fibres it was considered of intereost
to carry out an clectrophysiolsszical study of the giant fidre

systcem in this locust,

Stimulatioson of Cerci,

Isolated abdomens of Zchistoccreca were uscd from which the gut

and internal genitel origons hod been removed. hen recording
clectrodes are placed on the cerccl nerve and on the ipsilateral
ventral conncetive between the terminal gonglionic mass and the
seventh abdominal ganglin and = puff of oir is dirccted ot the
ccreus large amplicude spiktcs arc reeorded from the ventral
conncctives (Fig. 55,2). This response corresponds to the burst
of afferent activity in the cercel nerve, In addition to5 the complex
of large spikes therc is an incrcasc in the numbers of medium
amplitudce spikes. The respnse is rccorded approximately 15 to 20
milliscconds after the onset of a natural stimulus.

4L osimiler response is observel when one of the recording
elcctrodes is placed on the contralateral conneetive a2t the same
level. If onc comparcs the responsc in the ipsilateral and contra-
lateral conncetives (Fis. 55b) it will be obscrved that the contra-
lateral responsc is of shorter duratisn and has fewer fibres

responding (on the besis of amplitude). The responsc in the
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contraloteral conncective appears to be rather labile, not bLeing
of o consistent duration relative ©To the responsce in the ipsilateral
comncetive. .. deincy occur: between the conset of the response

in the contralatoral comncctive reclative to the ipsilateral conncetive.

Specd of Conduction,

The speed of conduction of thesc large actiosn potentials hes
been measurel for the irsilateral and contralateral conncetives
between the terminel gonglionic mass end the scventh abdominal
goenglion, Witk Loth recording clectrodes placed on the ipsilateral
comncetive approximately onc millimcter appart a complex of three
or four large spikcs is rccorded (Fis. 56a), These spikes have
velocities ranging from 3.% t¢ 1.5 moters per second. If measure-
ments are made botween cacly spike of a given complex and the same
spike in a complcx reccorded from a sccond peint further up the
conncetive three differcnt conduction specds arc obtained (table 5).
It will be noted that when four spikes arc present in a volley
that one peir have the same conduction veloeity and moy well
rcpresent repetitive firing of the same ncurcne.

Adthoush there is a consideral disperity in the velocitics
of these potentials the variation in ony onc vollcy
is not great. The overall disparity mey De duc to raising of
the conncetives out of the heemolymph and/or scline in order to

reduced shunting onld t7 rcduce the stimulus artifoct, This would
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have an adversc effcet on the rate of conduction (Hodgson, 1939,
cited in Bullock and Horridge, 1963). It was nccessary to dry
the preparation in the regfon of the clectrodes, particularly
the stimulating eclectrodes or the stimwlus ertifact completely

obscurecd the velley of potentinls.

Toble 5. Conduction specds in mcters per sccond of individual
potentincls from complex volleys reccorded from the
ventrel connectives on stimulation of the cercel nerve

in threc different preparations.

Ircparation Ipsilctercl conncctive Contraleterel conncctive
spike in volley spike in velley
1 2 z L 1 2
a 3.3 30 2.3 ~ z.0 2.4
b 1.6 2.3 1.8 1.5 4.5 -
c 1.9 2.1 - - 3.0 -

If the clecctrodes are now moved to the contralateral conncctive
at the same level and the cereal nerve is stimulated no more than
two spikes arc recorded (Fig. 56b). They hove velocitics of 4.5
to 2.4 meters per sceond.

Zlectrical stimulation of the cpiproct nerve did not result
in giant potentiels in the ventral nerve cord. The nerve to the

peraproct in Schistocerce is too short to be picked up with




stimulating clectrodes of the type used. IHowever mecharical
stimilation did not result ir gient potenticls in the connecctives.
Roeder (1948) roported o decreasc in the velocity of conduction
across a goenglion and releoted this to the reduction in the diameter
of the glant fibres as they pass through the ganglion., In the
histological studies similar though smeller reduction has been

found in the diometer of the giant fibres of Schistocerca as they

pass throush the seventh cbdominal genglion. If the stimulating
clectrodes remain on the cercal nerve and receording clectrodes

are placed on the ipsilateral comncctive cbove and below the
seventh obdominel gonglion i thosce potenticls recorded by the
anterior elcctrode show o substontial shift to the right (Fig. 56¢)
indicating a dcecrcasc in conduction velocity. Three potentials

arc recorded with velocitics of 1.1, 1.2 and 71 meters per sccond.

Synaptic Deleys.

Delay times have been measurcd for the cercal afferent glant
fibre synapse of ioriplaneta (Rocder, 1948) Locusta (Fielden, 1960)
snox (Ficlden, 1960) end ieschna (211, 1963). .s therc is o
dispority in the velocity of conduction in the ipsilateral and

contralateral conncctives in Schistoccreca it was considered of

intercst to mcasurce the synaptic delay.for both sides of the cord.
To measurc this featurc the stimulating clectrodes remain distal on

the cercel nerve, recording clectrodes arc placed at the base of
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of the cercal ncrve and anterad of the terminesl ganglionic mass on
the ipsilateral conncetive (Fig. 56d). Deloys measurcd in this
monner range from 2.4 to 3,3 milliseconds. To measure the delay
due to the contralaterzl synapsc the anterior clectrode was moved
to the samc level on the contralateral conncctive (Fig. 56c).
Delays at this synapsc ranged from 3.5 to h.3 milliscconds.

In both the above preperctions a smooth build up in the
amplitude of the pre-synaptic ccrcal responsc took place with
incrcascd intensity of stimuloation prior to o post-synaptic rcsponsc
in the ventral comncctive, .in increase in stimulation frcquency
at subliminal intensitics immediately below thresheld level for a
post-synaptic resgonse did not result in action potentials in the
post-synaptic fibres. No messurcments were made on the stebility
of the synapscs under conditions of high frequency stimulation ot
supra threshold levels, It wos obscerved however that at high
frequencics the number of spikes in a complex becamec fewer as the
frcguency was inercased  Very high fregquency stimulation resulted

in the disappearance of all giont potentisls from both conncctives,

Stinulation of the Ninth Sternum.,

The ninth sternum of thc male 3chistacerca has scveral rows

of large hairs along its dorso-leteral marzin, These hairs arc
similar to thosc found on the cercus and arc of the type & or B

described by Thomas (1965). This region is innervated by the lateral
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branch of the ninth ventral nerve., ifechanical stimulotion of these
rceceptors using o single hair resulted in bursts of high amplitude
potentials in both the ipgilateral and contrelateral ventrsal
conncctives (Fig. 57a, b)e Stimulatisn of the dorsal ovipositor
valve of the female in o like manner gave similar results (Fig. 57¢,4).
These potenticls are of similar amplitude to those recorded from
the conncetives whilec stimulating the cercus and led to o suspicion
that sensory necuroncs of the ninth sternum might a2lso synapsc

with the abdominal giant fibres. Stimulation of the eighth sternum
in the samc woy resulted in low amplitude volleys in the ventral
conncctives (Fig. 57¢) and ruled ~ut the possibility that afferent
neurones of this serment also synapsed with the giant fibres.

This was confirmed using olectricel stimulation.

Speed of Conduction,

Experiments similar to those using the cercal nerve preparation
have been carricd cut on the ninth ventral nerve to dctermine
the conduction speeds in the post-synoptic interneuroncs of the
ventral cord. It was anticipated that this could give evidence
concerning the identity of these ncurones ond confirm the possibility
that they arc the same internecuroncs os those synapsing with the
cercal affcrents.

In the following cxperiments stimulating electrodes were

placed distally on the lateral branch of the ninth ventral nerve



“ith both recording clectrodos placed on the ipsilateral ventral
conncetive o syike eomplex as illustrated in figure 58,(&) is
obteined. Conduciiosn speclds for giant potentials in the ipsilateral
connective range between 1.9 and 1.5 meters per second. If the
electrodes arc transferrei te the contraloterel conncctive a complex
of spikes is obtained as in fijure 58 (b). In this casc the
conduction velocities arc between 3.8 and 3.0 meters per sccond.

The velocities of indiviual spikes within these complex vollcys

is given in tablc 6. It is apparcnt that there are three spike
velocities on the ipsiloteral sidc and two on the contralateral
side, thosc on the contralateral side having the higher velocitics.

48 in the spike eomplex obtained on stimulation of the cereal nerve

there is a tendency for repetitive lischarge in one of the ipsilateral

post~syneptic fibres.

Table 6. Conduction speeds in meters jor sccond of individual
potenticls from complex volleys rccorded from the ventral
conncetives on stimulotion of the ninth ventrel ncrve

in three preparations.

Ircparation Ipsilaberal conncctive Contralateral conncctive
spike in wvolicy spike in wvolley
1 2 3 L 1 2
o 1.9 1.6 1.5 - 3.0 -
b 1.6 1.2 - - 3.8 33

c 1.5 1.6 1.8 1.5 3.8 3.3
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Syneptic Dclays.

Synaptic delays hove woen measurcd between the ninth ventral
afferent necurones and post-synartic interncuroncs of the ventral
nerﬁc cord, TAth reeording clectrolcs placed on the 9th ventral
nerve and on the ipsilateral wventral conncetive (Fig. 58c) delays
between 2,0 and 2.1 milliseeonds have been recorded, If the
antcrior recording elcctrode is placed on the contralateral
conncetive (Fig. 584) the range of delays is from 4.6 to 5.2
millisceonds.

Like the cercal nerve preperation, inereasc in the amplitude
of the compound action potential sccurrcd in the pre-synaptic ninth
ventral nerve os the stimulating voltage was increased. Increased
frequency of stimul-~tion at intensitics immediately below thosc
requirel to dring obout a post-synaptic response in the ventral
conncctives failed to give such a responsc. Repetitive stimulation
had no effcct on the synaptic delay.

Blectrical stimuleotion of the ninth dorszl nerve and of the
median branch of the ninth ventral nerve d4id not result in a
"oiant" response in the ventral conncetives. However in one
experiment during which the genital nerve was stimulated clcctrically
a responsce of siant magnitule wes obtained from the combined ventral
conncetives (Fig. 58¢). Conduction srecds measurcd from this

srenaration varied from 3.3 to 2.0 meters per sccond,
i I
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Comncctions Jithin the lictathoracic Genslion.

Though fiant potenticls arxc rccordeld from tac ventrel nerve

cord as o result of cereal stinulation Schistocerca does not

respond as 4o Ieriplancta and Jnax with an cvasion responsc. It

was thus pertinent to investigate the synaptic comnnectlons betwecn
the abdominal giant fibres and subscguent ncurones at the level
of the metathoracic ganglion, L large nerve inncrvatces the meta-
thoracic ler of the descrt locust. Tlectrodes werc placcd on the
ventral nerve cord belaw the metathoracic genglion and on the lep
nerve and puffs of oir were dircctsd at the cerci. Bursts of
potentials corresponding to thesc puffs were recorded from the
ventral nerve cord (Fiz. 59a) but 1o resiponsc could be obtained
from the leg nerve. The polentials rceorled from the lcg nerve
commencing 1.3 seciuds aftcr the snsot of the intcrncuronel volleys
werc part of o rhythmic cctivity in the nerve and not relatcd to
the cercal stimulation. Cercal stimulation in no way affccted this
rhythm which built up to & peak over o period of 3.3 scconds and
declined. =lcctricel stimulation of the cercal nerve did not
result in activity being rccorded from the leg nerve (Fig. 59¢).

L complex of small to medium amplitude potentials have been
rceorded from the conncetives between the metathoracic and mesa-
thorecic genslia as o result of cereal stimulation (Fig. 60).

The only potontials rccorded at this level have been from the
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ipsilateral connecctives. Therc is no apparent activity in the
contralateral thoracic connccti~-c. . short dclay of 1.5 milli-
seconds occurs between the arrival of the volley in the ablominal
conncetive end the responsc in the thoracic ncrve cord. No spikes
of glant emplitude have been rccord: from the thoracic conncctives

in resyonse to cercel stimulation,

Jiscussion.

Speel of Conduction.

It has been showm (e.g. Nichel and itteridgze, 1955; Bullock
and Horridge, 1965) that the specd of tronsmission in neuroncs
veries direectly os the dimmcter of the axon. Roeder (1948)
cstablished the nvwhre o ~eobive interncurones in the cercal nerve-
gient fibre respinsc of Ioriplan.ua on the basis of spike height.
However the besc line drilt tends to obscure the suell amplitude

differcnces which would be expecsed in Schistocerca where the giant

fibres have small differcnces in dfameter. Turthermorce the data

of Ficlden (1962) indicates rarid repetitive firing of en inter-
neuronc may possibly result in an appgarcent smell variation in
cmplitudes from o single fibre. The siced of conduction is lherefore
considered a betbter basis on which to determine the number of neuroncs

contributing tc o complex volley. The date prescnted for Schistoccrea

indicates that there cre three ncuroncs active in the ipsikbteral



conncotive and two in Bhe ocnbealateral reumneotive., s these are
+he Jargest amplitude, highest velocity potentials to be obtained
from the ventral nerve cord they represent action potentials from
the giant fibres. It has been pointed out that repetitive firing
is a feature of interneuroncs in the dray fish (Kennedy and ireston,
1960) and in the dragon fly larva (Fielden, 1963), Repetative

discharges have been recorded from the giant fibres of Schistoccrea,

it is however not common and is usually from the siowest of the
neurones in a given complex,

The conduction velocity for the gient fibres of Schistocerca

range between 1.5 and 4.5 meters per second and are slow when
comparcd with those of icriplaneta at 5 to 6 meters per second
(Fumphrey and Raowloi<gmith, 1937: Poeder, 1948), Locusta at 2 to L
meters per sccond {“ook, 1552; ruclden, 19€C; and anax at 3.5 to 4.5
meters per second (Ficldon, 1960). The higher conduction veloecity
in leriplancte is correclated with the larger fibres. However the

giant fibre diamcters of Schistocerca are similar to those of .unax

and Locusta. In Schistocerca the fastest conduction speeds

obtained compare favourcbly with those reported in the literature and
only when the slower replicates are averaged that the giant fibres of

Schistocerca aprear so efficicnt. .s was previously pointed out this may

be due in part to the drying out of the preperations which would have the
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cffcet of reducing the velocity of conduction., It would be of
considerable interest to study She diametor of the sheath, for a
thin sheath may woll have the effcet of reducing conduction velocity,
Bullock and Horridge (1965) have noticed that the conduction velocity
of the giant fibres of the prowm Loonder is high (18 ~ 23 meters
per second) and the filre diamcter is relatively low (35 microns).
They point out thot giant filwes of this crustacean have o sheath
that accounts for 10 porcent 0f the fibre diameter., It would be
interesting to relate the gicut Lfibre conduction specds to ncurone
and sheath dicneter in o series of inscet prerarations.

Conduction vclocitics of thoysc neurorncs is which make synaptic
contact with the ninth venovral norve oie within the range 1.5 o
3.8 moters per sceoondl.  gotn on the basls of condustion rate it
is esteblished thn’ “hree Xibees ore ~etive in the ipsilateral
conncetive end two in the contraleotera!, conncctive., Js there are
only four ziant ncuwroncs in cach conncetive it may be concluded
thot these are the same fibres acctivated by the cercal nerve,
Histological observations suggest that the ginnt fibres activated
in this rcsponsc are thosc of the dorsal triad, for these have a
cormon margin and lic in the samc longitudinal tract as the cercal
offerent fibres,

L feature of inicrneourones is their cxtensive receptive ficlds.
They act as integrative centers for convergence of many sensory
units (Xenncdy and Ircsion, 1960; Ficlden, 1960; Ficlden and Hughes,

1962). In aldition Ficlden (1963) hos shown that the majority of
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interncurane units in the dragon fly nymph /[nax responi +s stimull
from more thou one scgment. It is not surprising therefore thot
the giont interncurones cshould be cctiveted by afferent fibres
from more than one scgnent.

Rocder (1948) has shown that there is o decrecse in the
velocity of giant fibre potentials as they pass through a scgmental

gonglion. In Scnistoccrea there is o 55 percent reduction in

velocity for = 30 percent rcduction in fibre dicmeter., Such o
reduction in the velocitics of the potentials mayr not be entirely
correloted with the reduction in the ddamcter of the giant fibres.
If this is thec case then o factor other than simple meduction in
neurone di-meoter must be postulated, Hess (1958) has shown not
only do the ziun% #iures ‘wowcense in diemeter within the gonglion
but their sheath: ducwease in thickncss alsc. I may be that

the decrease in sheath thickness sonteiluted considerobly to the

decrementrl dsonduction within the geonglions

Synaptic Relationships.

The Terminal Ganglionic linss,
The smooth buildup of the pra-syncptic compound afferent action
potential represents oen incrcase in the number of afferent ncurones

activated. This and the fact thnat increcsed frequency of stimulation
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at levels of intensity immedictely bencath thosc noocesery tu bring
about a posi-syinaptic response; al a lower frequency, did not bring
about such a respoass this would iundicate thnt the synapse 1s frequency
independent and that spatial summetion  occurs when o suitable

number of afferent ncufonos discharpe, Convergence of a number

of affcerent fibres 2n 2 single interncuronc resulting in spatial
sumation appears to be a choracteristic of interncuroncs

(Rocdcr, 1948; Kennedy and lreston, 1963; Ficlden, 1963%; Ficlden

and Hughes, 1962; 11ill, 1963).

Synaptic delay times of 1.0 tc .9 milliscconds h~ve hecn
cstablished for %o cerenl afferent-;icnnt fibre synapse in leriplaneta,
(fumphrey and Rewldon-gmith, 1937; Rocler, 1948), In Locusto the
delay is 2 tc % mitliscconde (Ficlden, 1960) and in jnax the deloy
between paraprocs alt'crents and giont fibres is 2,0 to 4.5 milli-
scconds, In Schistocerca the glant fibre-cercel affercnt delay
time varies between 2.4 and L, 3 milliscconds and the delay betwecn
the ninth ventral affercents and the giant fibres between 2,0 and
5.2 milliseconds. In both cases thc contralateral delay is
substantially longer than the ipsilateral delay. This delay can
not be accounted for Ly the increcased transmigsion distance of
the afferent neuroncs to the contralatcral ncursyile nor of contra-
lateral giant tivwe collaterals into the ipsilateral neurogpilc.

Onc must cither postulate synapses of a different nature on cither

sidc of the ganglion or the possibility of o sccond order inter-



neuronc interpeosed teiuccn the affcrent neurone and tha ginnt fibre
on the contralatcral side, Thig would odd only additional synapse
to the system and this could be accounted for by the discreparcies

in delay bhetween the ipsilateral and contralateral synapscs.

The Metathoracic Ganglion,

The cscape reaction in ieriplancte is initinted via glant
pre-~synaptic fibres ond pust-synaptic motor neuroncs of the crural
nerve, where as the ccrcal~giant synapse is stable the giant-leg
nerve synapsc is casily fatigued (Rocder, 1948). 1n both
Ieriploncta and Locuste (Cook, 1951 o puff of air on the cercus
results in effercent jyobtontinls in the leg nerve., Such a response
could not be obinined in Schistocuren nor could the evasion responsec
which is so wcll kxzown in the cockrcach. It is evident that the wenk
link in this bebavioural sysber is the glant ribre-leg nerve

conncction and in Jchis%ocorea this 4. 20 longer Funcvional, Roeder

has shown that this synapse is tcmporarily summated in leriplaneta
and Knight (1965) hes pointed out that in /max motor synapses ore
frequency dependent, gScveral hypothesis can be ;ut forward to

explain the lack of functional synapse at this level in Schistocerca.

(2) Repetative firing is rot common in the giant interncurones

;

of Schistocorca and o puff of eir deliverced to the cercus

in o consioa £ i .
does not result in on extensive burst of gient fibre volleys

as it docs in the cockroach. It may be that a sufficient
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frecency of pre-synuptle volleys is not delivered.to the
glant~crural synapse.

(b) The synapse may have become non-functional through the
failure of the giant fibre or an interneurone either to
produce or to release the synaptic transmitter.

(c) Glial cells have amoeboid processes that may penctrate the
neuropile and completely ensheath the neurone leaving only
the areas of synaptic contact bare. It is possible that
these glant leg nerve synapses have become non-functional
by covering the synaptic regions, although no such case is
knowm.

(d) Roeder has shown that in Teriplisndta the head has a
disinhibiting cffect on this behavioural pathway. Removal
of the head has an inhibiting cffect instead of running
away from the stimulus the cockroach takes only a few brief

steps. In Schistocerca the presence or absence of the head,

or ony of the anterior ganglion for that matter has an effect
on the synapse. It could be that permanent inhibition from
neurones of the metathoracic ganglion has taken place,
The first of these possibilities can be readily tested and
discarded, .n increase in the frequency of clectrical stimulation
of the giant fibres causes rapid volleys to ascend the cord, no

response was obtained from the leg ncrve. The second and third of



these suggestions is little more than an excereisc in speculation,
The cvidence of Rocder (1948) lends support to the fourth view that
the giant-crurel synapses arc permanently inhibited,

Only a small responsc is found in the thoracic conneciives in
reply to the ascending giant fibre volley in the abdominal
comnectives., It is evident that thosc giant fibres which are
active in the cercal-giant response terminate in the metathoracic
genglion and do not pass uninterrupted to higher centres in the
C.N.3. The delay across the mctathoracic ganglion is brics in
comparison with the affercent-giant fibre synarses, being 1.5 mitli-
sceonds. This figure however is fairly high when compared witih

Ieriplancta (0,15 to 0.5 milliscconds).

Bvolution of Giant Fibres.

Hughes (1965) has spoculated on the ewlution of giant ilbwes,
deriving a hypothetical ancestral type. This neurone would Hha
capable of conduction in both direotiors and would make syrociic
contact with afferent and cfferent neurones in each segment. The

histological and electrophysiological data derived for Schisiascicn

lend support to Hughes' hypothesis. In Schistoccrea the ginnt

fibres branch in the abdominal ganglia and further, they synzoze
with affcrent neurones in at least two abdominal scgments, .. solti-
scgmental afferent supply has not previously been described {or

gliant fidbres.



Frasser (1961) has suggested that giant fibres have evolved
independently moeny times in the arthropods. However if one ccmpares

the gient fibre systems of .nax, Periplancta, Locusta and Schistocerca,

they can be arranged in on evolutionary series. In Jnex *he giant
fibres have effective efferent synapses in coch abdominal and thoracic
ganglion, an evasion response 1ls present, In Ieriplancta this has
been reduced to efferent eonnections in the metathoracic garglion
only, the evasion response is prescnt, In Locusta the same case
exists as in Jerfrlancta exccpt that the giant fibres are reduced

in diamcter and no evasion response occurs,

In Schistocerce the number and size of the giant fibre i

similar to Locusta however no evasion response occurs and tkc
gliont-leg nerve synapsc is no longer functional,

Cook (1951) has rightly pointed out that it is not swrivisiig
that on evasion response does not ocour in Locusta considering the
small size of the ceroi and the fact that they are covered by wings.
It might be further noted that a gregarious way of lifc would %He
incompatible with a cercal evasion response. It would be of
considerable interest to study the physiology of the giant finuru
system of Schistocerca throughout the ontogeny of the individval

particularly the response at the metathoracioc ganglion,
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Occassional Observations.

The following section comprises a serios of unrelated ohzervations
obtained during the forcgoing study. They are not eonclusive in
themselves but may be taken as indications of functional pathways,
the details of which lcave considerable scope for further sindy.

Mechanical stimulation of the cercus brings about an =ffcrent
response in the contralateral cercel nerve which corresponds to the
afferent volleys in the ipsilateral cercel nerve (Fig. 61). These
efferent volleys do not alwoys ocdur following an afferent buvst,
nor does their duration correspond to the length of the afforont
volley. This indicotes a rather labile syneaptic function. 4
similexr pothway has been reported from the uropod nerves o ths

cray fish (Ficlden, 1960) and from the fifth roots (paraprost asrves)

w

Stimulation of the mechanorcceptive hairg on the dorcu-iateral
mergin of the ninth sternum results in a low frequency burs® of
effcrent potentials, apparently from a single neuronc of the ~izhth
dorszl nerve (Fig. 62). This indicates a pathway between me-naac-
receptors associated with the lateral Branch of the ninth veutral
nerve and efferent ncurones of the eighth dorsal nerve. The data
gives no indication whether the efferent synapse is with affercert

ninth ventral fibres which have beon shown histologiecelly to jass



through the eighth ganglion or with en interncurone.

& similar pathway is obscrved on stimulation of the cercus
(Pig. 63). High frequency bursts are recorded from the cighth
dorsal nerve upon stimulation of the cercus. FIotentinls in these
vollqyg arc of two amplitudes and do not alweys occur on cercal
stimulation, nor wes this pathway apparent in all animals tested.

There is o labile synapse in the system.

Lateral bending of the cercus results in o low frequency
efferent volley in the eighth dorsal nerve (Fig. 64) which corvesponded
to the reriod of the stimulus and ceased on cessation of taz
stimulus. The scnse organs rcesponsible for such stimuli have nct
been located, they mey be stretch receptors located in the cercal
muscles or possibly campaniform organs which have hecn showa o

be present on the cercus (Thomas, 1965).

Mechanical stimulation of the parsprocts results in o hurzt
of low frequency, low amplitude potentials in the contralatowal
ventral nerve of the sixth abdominal scgment (Fig. 65). 4 suailer
resyonsc is not obtained in the ipsilateral sixth ventrel nerve,
The synaptic pathways in this response are not clear. Therc are
four possible pathways on the basis of our histological data.

1. Afferent fibres synapsing with contralsteral interncuroncs

whose collaterals extend into the ipsilateral ventral
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neuropile, These interpeuroncs would then synapse with
efferents of the sixth ventral nerve.

2, Affcerent fibres synapsing with ipsilotercl interncuronc:z and
these in turn with collaterals of the motor neuroncs which
pass to the contralateral side,

3. ifferent fibres passing directly up the ventral conncetive
and synapsing with contralateral collaterals of the sixth
ventral necrve,

h. ifferent fibres possing to the contralateral half o tho

terminal gonglionic mass and synapsing with interasuroncs which

would in turn synepsc with efferent fibres in the sixth
abdominal ganglion.

This problem could be resolved by a scquential cutting of tuc
ventral connectives to determine the conneetive which is Counctional
in this pathway and by the aprlication of a synaptic block (e.g.
nicotine) to the terminnl gonglionic mass to estoblish whethor or
not synartic contact tokes place at this level.

The behavioural significance of such o pathway is apparcnt.
Contractions of muscles on the contralateral side only would causc

the animal to bend the posterior region of *': abdomen away fiom

the noxious stimulus.

Stimulation of the seventh tergum causes potentials to te

picked up by clectrodes placed on the ventral connective bciow the
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scventh abdominal genglion (Fig. 65). Though these could conceivably
represent descending sensory ncuronos (they have not been located
histologically) it is probable that they rejresent interncuroncs.

The problem could be resolved through the use of elcctrical

stimulation and/or = synaptic block.

In one perticular preparation a locust waa obscrved extending
and withdrawing the acdacagus. Scction of the ventral nerve cord
immediately anterad of the terminal zanglionie mass had no coffccet
on this activity.

Blectrodes wer: placed on bhoth gunital nerves and the ncural
nature of this activiby wes rccorded (JFig. €7). Iu dhe "»elaxca
state there is a comstant barrage of How ampliivde poienwials with
the slow repetitive firing of a high ampiitudc neurone., The latter
potential probably represents o motor aeurcen? meintoinicg o state
of tonus in the muscle involved. /ith the exlension o1’ the
aedaeagus there is an increcse in the fequaney of firing in all
neurones rarticularly in the ones resionsinlc for fthe digh amlll
potentials. 4s extension continucs the large pelentials a1k into
synchrony between nerves and with tiume $hesce break up into short
high frequency bursts in oxach syncbien:iys sach sopareted by a pair

of medium ampiiiude spikes., Liach 2 those burste losts appoeximately

.07 of a second and 1is separated by an.intecval or .05 ¢f a sccond

during which the two lesscer ncurones continue firinz. Tt noy be



postulated that these are sensory neurones giving information on
the depree of extension., The occurrance of discrete bundles of
large amplitude signels only occurs during maximum extension,
These may rcepresent motor neurcnes mainteining maxdimum contraction
of the muscles and thus of the acdacagus. Upon cessation of thesc
large potentials the aedeaegus retracts into the genitel pouch,
The fact that this rigid synchrony bcetween nerves is maintained in
the absenee of higher cenders would indicetc the presence of o

timing device in the fterminal genglionic meoss.

Forov (1958) has shown thot femole locusts erc sensiblc o
sodium chloride solutions. He determined thet Schiztocerca femnles
would not oviposit in soils contoining 25 sroms per 1itre sodium
chloride in water.

The ccrcus of a mnle Schistocerca wos stimulated vAth o small

drop of saturated sodium chloride solution. & very hish frequency
burst of impulses is obtained from the cercal ncrve (Fig. 68,

lower record) lasting approximately 3 scconds., &t this poin® the
sense organs becomc adapted although the snline sslution iz s%ill
present. Thesc afferent neuroncs synapse with interncisrones of the
ventral conncetives (upper record), This synapsc is labilc and
odapts raridly. the volley is in the wontral cowd las
a second end consists of only nine spikes of two sizcs. « Llike
stimulus applied to the ninth sternum of the male gave no response

in the ninth sternal nerve.
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The corel of the male Schistoccerca boaer chemoroeeoytors

sonsible to concontrated sodium chloride solutions. Thomas (1955)

however has becn unable to locatc anatomically any chemoreccytors,

unique to the pesterior scgments of the fomnle Schistocerca

which might he salt sonsitive.



=150~

SUIRLRY

The terminal ganglionic mass situnted in the eighth abdominal

segment of Schistocerce sregaria innervatos abdominel segments

eight, nine, ten ond elcven. .. summary of the detailed scgmental

innervation is given in table 7.

Table 7. .. summary of the innervation of the eighth, ninth, tenth

anl eleventh abdominal scrments of Schistocerca.

8th, dorsal nerve (mele)

branch muscle innervated other function
1 vede, 247, 248 anastomosc pmen.
2a 254, 255 s~ventral tersum
b 250x, 251 anastomose 7 v.n.

main branch is contigunus

with 7 tv.n.

3 - s bterpum

iy 2L, -

5 2430, b, -

6 alory s=tergun

7 242¢c, 4,

8 24.2b, 245 seintessezuental fold and
tergum

9 2425, -
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8th. dorsal ncrve (femalc)

other function

anagtomose pm.n,

s-ventral tergum

anastomose 7 v.nj mein branch
contiguous with 7 tv.n.
s=tergum

other function

anostomose-8 tv.n.
s-sternun

s-sternum

othex function

s~sternun
spermathecal duct

branch rnuscle innervatcd
1 v.d.
2 247
Ja 252, 25k, 255
b 250x, 251
L alary
5 2l.2e
6 24.3b
7 2430
8 242c
9 24.2b
10 2420, 245
8th, ventral nerve (male)
branch muscle
1 -
2 -
3 250, 253
8th. ventral nerve (female;
branch muscle
1 250, 248
22 -
b 272
e -

syermathecal apperature
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branch muscle other function
d, e - s=ventrel ovipositor valve
f 272 -
8th, transverse nerve (mole)
branch muscle other function
1 - anastomose-ym.n.
2 - anastomose-9d.n.
3 270 -
8th. transverse nerve (female)
branch  muscle other function
1 - anastomose-ym, n,
2 271 -
3 - s=tersum
9th. dorsal ncrve (mele)
branch muscle other function
1 v.d. P.n,
2 - erngoatonose 8 tv.n.
3 alary s—tergﬁm
b 260a-¢ s-9 tergum, 10 tergum
9th, dorsal nerve (femsle)
branch muscle other function
1 v.d. pm. N,
2a 26L. -
b - anastomose epi.n.



-153~

branch muscle other function
3 262 -
L - sftergum
5 260 a-e s~tergum

9th, ventral nerve (malc)

branch muscle other function
1 261 -
2 265, 268 -
3 - s=lateral sternum
L - s~=ventral sternum

renital nerve (male only)

branch muscle other function
1 - accessory gland
2 266,267, 284 -
3 265, 28L S,
L 285 -
5 281, 283 -
6 278, 282 -

9th, ventral nerve (female)

branch nuscle other 1. L.lon
la 273, 271 S.
b - s~dorsal wvalve
2 275 -
3 274 -

I 271, 263 -



=15l

Epiiroct nerve (male)

branch muscle other function
1 264 -
2 - anastomose~cerc.n,
3 289 -
L 288 -
5 295 s~epiproct
6 293, 294 s=cpiproct

Briyroct nerve (female)

branch muscle other function
1 26l -
2 289 -
3 288 -
L - s=epiproct
5 287,294,293,295 s~=10 tergum

Cercal nerve (male)

branch muscle other function
1 286,290, rectal muscles  s?
2 291,296 s=paraproct
- anastomose~epi.n,

4 - s=~ccrcus
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Cercal nerve (femole)

branch muscle other function
1 286,250, rectal muscles s?
2 296,291 s-1ara; roct
3 292 -
4 - s-ocereus

Comrarison with other orders of the Inseccta has shown that
the innervation of some of the wventral musculature by the first
branch of the Jorsal nerve is a conservative feature of the inscot
nervous system, The transverse ncrve of the abdominal sesgments

of Schistoocrca is unique among all species studied so far,

It arises independently from the ganglion anterior to tho
segment which it innervatos and not as a branch of the median
nerve or of the dorsal ncrve. The only parallel is found in the
thoracic segments of certain species.,

The genitalia are inncrvated in the male by a nerve of the
ninth ebdominal genglion, the genital nerve, and in the femanle by
the eighth and ninth ventral nerves. Using innervation as evidence
it is concluded that the male genitalia are derived from the
ninth abdominal segment., The ventral ovipositor valves in the
female are derived from the eighth abdominal segment and the drrsal
and intermediate ovipositor valves are derived from the ninth

abdominel segment.
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Histological stulics of the simgle seventh abdominel ganglion
reveal a threc lobed neuroyile containing seven transverse
commissures and six longitudinal tracts, The neuronal composition
of these tracts has been stulied. There are six groups of inter-
nuncial cell bodies. The anterior dorsal, anterior ventral, and
posterior dorsal groups all contributing descending fibres to the
connectives. The lateral ventral group supplies ascending fibres
to the ipsilateral connective and local association neurones
within the genglion, The medion ventral group gives fibres to the
contralateral conncctive via longitudinal tract four., Iotor
neuroncs cre located in a dorsal and ventral group at the hasc of
each sesmental nerve.A Their axons cnter the ipsilateral segmental
nerves. Sensory neurones arborize in the ipsilateral and contra-
lateral sides of the ganglion and elso ascend the irsilateral
ventral connective. Scventyfive neurone pathways have been traced
within the seventh abdominal ganglion.

Sections of the terminal ganglionic mass reveal o neurojile
comprising four fused units corresponding to the eighth, ninth,
tenth and eleventh abdominal gonglia which have condensed to form
the ganglionic mass. Scgmentally arranged [ ;ops of median ventral
and lateral ventrel interneurones further show the segmental
nature of this structure,

Condensation of these ganglia has resulted in a reduction

in the number of transverse tracts, the eighth ganglion retaining
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Tive of tho original scven and each subsequent ganglion retaining
four, The same six longitudinal tracts that are found in the
geventh abdominal ganglion can be identified in the terminal
ganglionic mass. The anterior dorsal and ventral interneurone
groups arc present in the eighth ganglion but in the subsequent
ganglia they are reduccl amd have become incoryporated into the
remaining neurone grours. The median ventral and lateral ventral
groups of interneurones arc present in the eighth, ninth and tenth
ganglia but become reduced to a single ventral group in the
eleventh ganglion., There is a reduction in the number of lateral
interneurones coincident with the degree of condensation,

The motor ncuroneg of the eighth abdominal ganglion retain the same
positions as thosec in the seventh gonglion. In the ninth ganglion
the ventral group becomes reduced and the dorsal group extends
toward the dorsal surfacc of the neuropile, 7ith the increased
condensation in the tenth and cleventh ganglia the motor neurones
become distributed over the dorsal surfacc of the neuropile,

One hundred and five neuroncs, many representative of tracts,
have been traced within the termihal ganglionic mass. The
distribution of ncuroncs of the genital nc: - -~nforces the
opinion that this nerve is ninth segmental in origin and that the
male genitalia are derived from the ninth abdominal segment,

There are four giant fibres in each abdominal comnective of

Schistocerca, Tach fibre of the dorsal triad has becn shown to

-
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originate from a single nourocyte in the tenth lateral ventral

grour of interneuroncs. Thesc fibres pass without interruption
into the metathoracic ganglion although their diameter becomes
rcduced as they pass through the various abdominal ganglia. Short
branches are given off to the dorsal neurojilc of the abdominal
ganglia and certain of these branches pass via the dorsal commissure
to the contralateral side of the ganglion,

Zleetrophysiological studics have indicated that there are
three giant fibres activated in the ipsilateral comnective and two
in the contralatcral connecctive when the cercus is mechanically
stimulated. The identification of individual fibres in a complex
volley has been on the basis of velocity rather than on spike
amplitude. Conduction speeds in thesc fibres range from 1.5 4o
L,5 meters per second. gynaptic delays at the cercal-ipsilateral
giant synapse are between 2.4 and 3.3 milliseconds and at the
contralateral synapse between 3.5 and 4.2 milliseconds, . seccond
order interncuronc is postulated between the cercal affecrent fibres
and the contralcteral ziant fibres. There is a considerable
reduction in velocity as the potentials pass through the seventh
abdominal ganglion., This decrease cannot ' - ~rcounted for on the
basis of reduced neurone diameter alone and may be related to a
reduction in sheath thickness within the ganglion,

ifferent neurones of the lateral branch of the ninth sternal

nexve have becen shomm tp synapse with the glant fibres.
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This conclusion is based on the similarities of conduction velocity
and amplitude of potenticlg when compared to the volleys recorded
upon cercal nerve stimulation,

Though the giant fibres resyond to cercal and ninth sternal

stimulation there is no evasion response in Schistocerca. This

lack of response 1s corrclated with the absence of functional
synapses between the giant fibres and the effoerent neurones of
the metathoracic leg nerve. The glant fibres activated by cercal
stimulation terminate within the metathoracic ganglion. Only low
amplitude potentials in the thoracic connectives above this ganglion
can be corrclated with the abdominal giant fibre vollcys.

4n evolutionary sequence towards loss of function in giant

fibres has been suggested which is illustrated by .nax, [eriplanecta,

Locusta and Schistocerca,

Other electrorhysiological data concerning functional pathways
in the abdominel nervous systcm of Schistocerca are reported;
including the following observotions, Synaptic connections exist
between the ipsilateral and contralateral cercal nerves. A
synchronizing mechanism exists within the terminal ganglionic mass
for correlating discharges in the genital nerves. Receptors
sensitive to aqueous sodium chloride solutions have been shown
experimentally to be present on thec cercus. These afferent neurones

synapse with interncurones of the ipsilatecral ventral connective,
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a, b, ¢, d, e, £, - points of anastomosis

a.c. = anterior commigsure

a.d.i. - anterior dorsal group of interncurones
a.d.m.c. = anterior dorsal median commissure
al.m. 6 alary muscle

a.v.l. = anterior ventral group of interncurones
asp.n, = nerve of the spermatheccl apperaturec
a.v.i., = anterior ventral group of interncuronss
a.v.n.c, ~ anterior ventral median commissure
c.g. = central glial cells

cerc.n, = cercal nerve

d.c. = dorsal commissure

d.c.,b. = dorsal cell bodies

d.m, = dorsal group of motor ncuroncs

d.m,c. = dorsal medizn comnmissure

den, = dorsal nerve (prccccded by number of ganglion of origin)
d.np. = dorssl neuropilc

epi.n. = epiproct nerve

gen.,n, = genital nerve

1.t. - longitudinal tract (followed by number)
l.v.i. = lateral ventral group of interneuroncs
n.n, - median nerve

m,v.i. = median ventral group of interneuroncs
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np. - neuropilc

0.2. = outer glial cells

p.d.1i., = posterior dorsal group of interncuroncs

p.d.m.c. = posterior dorsal medion commissure

pm.n. = paramediscn ncrve

P.Ve.m.c, = posterior ventral mcdian commissure

rcec.m, = rccehal museles

rcc.n, = rcectal nerve

s - scnsory branch nerve

tv.n. - transverse nerve (prccecded by number of ganglion of origin)
v.c., = ventral connecetive

v.c. = vontral commissurc (prccccded by number of scegment)

v.d. = ventral diaphragm

v.f. = ventral fissurec

v.m, ~ ventral group of motor ncuroncs

v.m,c. = ventrel median commissure

v.n. - ventral nerve (precceded by mumber of ganglion of origin)
v.np., = ventral neurcpile

9 v.l.n, - ninth ventral lateral nerve

9 v.m.n., = ninth ventral median nerve
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Muscle Enumeration (Smoderass 1935)

Number cuscle

23 cxesrnnl ventral

242 (a=c) median internal Jorsal
243 (a. b.) lotercl inbernsl Zorsal
244 paradorsal

245 median external dorsal
247 median internal ventral
248 lateral ventral

250x first internal lateral
250 sceond internal lateral
251 first external lateral
252 second cxternal lateral
253 third external lateral
254 dilator of spiracle

255 oceulusor of spiracle
260 (a~c) medion internal dorsal
261 retractor of phallus
262 long protractor of oviiositor
263 retractor of ovipositor
26!, ventral dilator of rectum
265 ventral muscles

266 retractor of acdeagus
267 protractor of acdecgus
268 internal lateral

269 intcrnal lateral
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270 cxternal lateral

271 lcvator of dorsal valve

272 dopressor of ventral valve
273 adductor of wventral volve
274 adductor of dorsal valves

275 muscle of intermedinte valves
278 epiphalic musclc of aedcagus
281 lateral dilator of cndophallus
282 dorsal dilator of endophallus
283 compressor of endophallus

284, compressor of cjaculatory sac
285 muscles of cjaculatory duct
286 dorsal dilator of rcétum

287 | depressor of cercus

288 median levator of cercus

289 lateral levator of cercus

290 lateral dilator of rcctum
291 ventral muscle of paraproct
292 transverse muscle

293 adductor of cercus

294 adductor of paraproct

295 dorsal dilator of anus

296 ventral dilator of anus
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m.n.

Terminal ganglionic mass (male),

3cale 0,8 mm,



Terminal ganglionic mas

(female).

Seale 0,8 mm,



Fig. 3.

Tun

Innervation of the eighth abdominal segment (male).

Scale 0.8 mm.
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Pig. 5. Innervation of the ninth abdoninal segment,

Scale 0.8 mnm,
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Innervation of =mle zenibalia, Scale 0,8 mm,
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Mg, 7. Innervation of the ninth abdominal segment including the

dorsal and intermediated ovipositor vaelves (female),

Scale 0,8 mm,
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Mg,3. Innervation of the tenth and cleventh abdominal segments

(male). scale 0.8 ma,
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mn.

510

Pig. 9. Innervation of the tenth and eleventh abdominal segments

(female). Scale 0,8 mm,



ig, 10,

The median nerve - {ransverse nerve complex of the seventh

abdominal ganglion and the terminal ganglionic mass (male).



The median nerve - btransverse nerve complex of the seventh
abdominal ganglion and the terminal ganglionic mass

(female).
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Transverse section of scventh abdominal ganglion at the
level of the seventh dorsal nerve, showing lobes of neuropile,

As in figure 13, at level of seventh ventral nerve,
Vertical sectlon of geventh abdominal gonglion showing

Iobes of neuropile, commissures, longitudinal tracts and
groups of neurocytes (arrow points anterad).









Fig. 18.

Neurones of the seventh abdominal ganglion compiled from a series of vertical sections
extending from the margin to the level of the lateral ventral group of interneurones

(arrow points anterad).

_68'[—



-06T~

Fig. 19. Neurones of the seventh abdominal ganglion compiled from a series of vertical sections

in the region of the median ventral group of interneurones (arrow points anterad).
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Neurones of the seventh abdominal ganglion compiled from a series of transverse

Fig, 21,
sections extending from the anterior margin to the level of the seventh dorsal nerve.
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Fig 22. Neurones of the seventh abdominal ganglion compiled from a series of transverse
sections extending posterad from the level of the seventh ventral nerve.
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Tig. 23. Neurones of the seventh abdominal ganglion compiled from a

series of frontal sections. (Arrow points anterad.)
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Transverse s
trocts and o

ections of terminal ganglionic mass showing longitudinal
rouns of neurocytes.

Mg. 29, At the level of the cizhth dorsal nerve,

Fige. 230, At the level of the eighth ventral nerve,

me, 31, At the level of the ventral interneurone grou s of tenth
abdominal ganslion,
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A

Saggital section of terminal ganglionic mass showing neuropile, commissures,

Fig, 32.
longitudinal tracts and groups of neurocytes (arrow points anterad).
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Fig. 34, Neurones of the eighth abdominal ganglion compiled from a series of vertical sections

of the terminal ganglionic mass.
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Fig. 36. Neurones of the ninth abdominal ganglion compiled from a series of vertical sections of

the terminal ganglionic mass.
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I5Qum

Neurones of the tenth and eleventh abdominal ganglia compiled from a series of vertical
(Arrow points anterad.)

Tig. 37.
sections of the terminal ganglionic mass.



Fig. 38.

figures 34, 36 and 37.

Neurone numbers omitted for clarity.

150m.

(Arrow points anterad.)

Composite figure of terminal ganglionic mass showing those neurones illustrated in

=L02-



Fig. 39.
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Neurones of the terminal ganglionic mass compiled from a series of transverse sections
extending from the anterior margin of the ganglionic mass to the level of the eighth

ventral interneurone groups.
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Neurones of the terminal ganglionic mass compiled from a series of transverse sections

Fig. 43.
extending from the eighth ventral groups of interneurones to the ninth ventral groups

of interneurones.






Fig. k5.
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Neurones of the terminal ganglionic mass compiled from a series of transverse sections
extending from the level of the ninth ventral groups of interneurones to the tenth

ventral group of interneurones.
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Fig. 55.
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Stirmlation of cercus with a puff of air.
(2) Upper trace - ipsilateral ventral connective between the terninal

ganglionic mass and the seventh abdominal gonclion. Lower trace -
ipsilateral cercal nerve.

(b) Upper trace - contralateral ventrol connective between the terninal
ganglionic mass and the seventh aobdouinal ganglion. Lower trace -

ipsilateral ventral connective at the same level. (Scale = 0.t seconds.)



Pig. 56. XElectrioel stimulation of cercal nerve.

(a) Specd of conduction in'ipsilatoral ventral connective
between terminal ganglionic mass end seventh abdominal
ganglion.

(b) &is in (2) but in contrelateral connective.

(c) Sjced of conduction across the scventh abdominal
gmglion, ipsilateral connective.

(d) Synaptic deley between cercal afferent fibres (lower
trace) and irsilateral post-synaptic fibres (upper
trace).

(e)gynaptic deley between cercal afferent fibres (lower
trace) and contralaternl post-synaptic fibres (upper
trace),

(f) Ilan of electrode positions used in the above experiments.






Fig. 57.

Mechenical stimulotion of the ninth and eighth abdominal

scgments,

(a)

(b)

(a)

(e)

Stimulation of row of hairs on dorso-lateral margin

of the ninth sternum (male). Recording from ipsilateral
ventral connective between terminal zenglionic mass and
seventh abdominal ganglion (wave form 100 cycles ior
second).

.s (o) but recording from contralateral ventral
conncctive {wave form 100 cycles per sccond),
Stimulating dorsal ovipositor valve with small brush
recording from ipsilateral ventral connective between
terminal ganglionic mass and the seventh abdominal
ganglion (wave form 100 cycles per sccond).

Ls (e¢) but recording from contralateral ventral
connective (wave form 100 cycles per sccond).
Stimulation of eighth sternum (male). Upper trace
ventral connectives between terminal geanglionic mass
and seventh abdominal ganglion, lower trace eighth

ventral nerve (2.5"= 1 second).






Tig. 58,

Electrical stimulation of latcral branch of ninth ventral

nerve.

(2) Spced of conduction of post-synaptic fibre in
ipsilateral connective,

(b) s in (2) but in contrezlateral connective.

(¢) Synaptic deley between affcrent fibres of the ninth
ventral nerve (lower trace) and ipsilateral post-
synaptic fibres (upper trace).

() Synaptic delay between afferent fibres of the ninth
ventral nerve (lower trace) and contralatersl jpost-
synaptic fibres (upper trace).

(e) Blectrical stimulation of genital nerve recording

from both ventral connectives between terminal

(f) Ilan of clectrode positions used in the above

experiments,
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I'ig. 59. The effect of cercal stirmlation on efferert neurones of the metathoracic
leg nerve.
(a) Puff of air on cercus, uyer trace - ventral nerve cord below metathioracic
ganglion, lower trace - ipsilateral metatheracic leg nerve (scale = 1 second).
(b) Electrical stimulation of cercal nerve, upper trace - metathoracic leg
nerve, lower trocce - ventral nerve cord below netathoracic ganglion
(Total trace 20 nilliscconds.)

Fig. 60. Electrical stimulﬁtion of cercal nerve, upper trace - ipsilateral thoracic
nerve cord between netathioracic and mesothoracic paunslia, lower trace -
ipsilateral ventral connective below rietathoracic pangiion « (Total trace

20 milliseconds.)
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Fig. 61. Response in contralateral cercal nerve to stimulation of cercus with a fine
brush, upper trace - contralateral cercal nerve, lower trace - ipsilateral
cercal nerve (scale = 1 second).

Fig. 62. Response in ventral conn:ctive (lower trace) and the eighth dorsal nerve

(upper trace) to stimulation of the ninth sternun (scale = 1 second).



Fig. 63.

Fig. 6k4.

Response in the ipsilateral eighth dorsal rerve (upper trace) and the
ipsilateral cercal nerve (lower trace) to stirulation of the cercus.

(2.5:: = 1 Secondv)

Response in the ipsilatercl eighth dorsal rerve to the lateral bending

of the cercus (wave form 50 cycles per seccnd).



Fig. 65.

Fig. 66.

~622~

Response in the contralateral sixth ventral nerve to stirmlation of the

paraproct with a needle (wave form 100 cycles per second).

Response in the ventral conne:tive below the seventh abdoninal ganglion

to stirmlation of the seventh sternum with a brush (wave form 100 cycles

per second).
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Fig. 67. Synchronized rhythmic activity in the paired genital nerves. Ventral nerve

cord severed anterad of the terninal ganglionic mass. (Scale = 1 second.)



Fig. 68.

i Yo

Stimulation of the cercis with a saturated aqueous solution of sodium
chloride, upper trace - cercal nerve, lower tracc -~ ipsilatcral ventral
connective betwecen terminal ganglionic mase and seventh abdominal

ganglion (scale = 0.1 s:conds).
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Abstract

The morphology and histological structure of the supracesophageal ganglionic
mass are reported. The accessory nerve supplying motor fibers to the muscles of
the eyestalk, antennules, and antennae, and sensory fibers to the antennules
and antennae, is described for the first time. It is suggested that the term optic
lobes be applied to those structures previously described as the optic nerves in
the stalked-eyed Crustacea. It is further suggested that the term ganglionic mass
be applied to compound ganglia such as the arthropod brain.

Sixty-one conducting elements are traced and illustrated.

This work substantiates the view that the protocerebrum and deutocerebrum
have an ancient and close relationship. Both are considered to be preoral. The
tritocerebrum was recently acquired by the supracesophageal ganglionic mass
and is postoral in origin.

Introduction

The literature on the morphology of the nervous system of the Decapoda is
extremely sparse. Audouin and Milne-Edwards (1828), in one of the earliest
papers, gave the gross details of the central nervous system of Homarus.
Later, Bouvier (1889) made a comparative study of the nervous system of the
Macrura, Anomura, and Brachyura. The definitive morphological work on the
crayfish nervous system is that of Kiem (1915), who delineated this system in
great detail in Astacus fluviatilis, the European river crayfish.

Heath (1941) described the nervous system of Pungetia producta. His
description of the brain of Pungetia agreed with the findings of Kiem except
for the innervation of the green gland. Henry (1948) worked on the brain of
Palaemon paucidens. Her findings substantiated those of Heath regarding the
innervation of the green gland and with this exception corroborated the work
of Kiem. George et al. (1955) investigated the central nervous system of
Panuliris polyphagus in one of a series of papers on the morphology of this
species. Unfortunately their work was not sufficiently detailed to be of much
value.

An extensive survey of the literature on the histological structure of the
crustacean nervous system was published by Hanstrém in 1928 and again in

1Present address: Department of Zoology and Applied Entomology, Imperial College of
Science and Technology, London S.W.7, England.
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1947. The reader is referred to these articles for a complete bibliography. In
the latter of these papers, Hanstrém described the structure of the decapod
protocerebrum, deutocerebrum, and tritocerebrum. Particular emphasis was
placed on the X organ and the sinus gland, and a few of the major neuron
tracts were described.

Of particular interest is the work of Walker (1935), who described the ner-
vous system of Oniscus (Isopoda) and traced 66 neuron tracts within this
system.

Methods and Materials

The specimens of Orconectes virilis used in this study were obtained from a
supplier who collected them in the Toronto, Ontario, area. They were prepared
for dissection by being anesthetized in a bath of ice and water and killed in
70% ethanol. Such treatment resulted in the nerves taking on a cream color;
the muscles remained white.

Specimens for histological study were fixed in alcoholic Bouin's (Brasil
1904 or Dubosq Brasil of Gray 1954). They were embedded in “Tissuemat’
(50-54 °C) by means of the chloroform technique. Sections were stained in
Harris' haematoxylin and counterstained with eosin ¥ in picric acid and
alcohol. Bretschneider 1914 stain (Gray 1954) for insect brains was also used.
This stain gave excellent nuclear detail, but the definition of the neuron
tracts was not as good as that given by the haematoxylin and eosin method.

The terminology used is an Anglicized version of the Latin used by Kiem
(1915) and Hanstrém (1947). The names of the muscles are those of Schmidt
(1915).

Morphology

The supraocesophageal ganglionic mass (Fig. 1) is a subovate structure,
approximately twice as wide as long, reflected upwards at an angle of 45° to
the remainder of the central nervous system. The dorsal surface is featureless,
giving no indication of the position of the ganglia within; the ventral surface
(Fig. 2), on the other hand, displays the two hemispheres of the deutocerebral
ganglia in the anterolateral quadrant.

At the anterior angles on the dorsal surface, two stout optic lobes (0.1.) pro-
ceed in an anterolateral direction into the eyestalk, where they bulge distally
in the region of the optic ganglia. These lobes do not give off any nerves to the
muscle of the eyestalk.

The morphological papers cited refer to “optic nerves’ arising from the
dorsolateral angles of the supraoesophageal ganglion. In this paper these are
called the “‘optic lobes", this terminology being in agreement with the views
of Walker (1935). The optic nerves are those nerves connecting the outer-
most optic ganglion, the lamina ganglionaris, to the retinal elements of the
eye (Hanstréom 1947). Kiem (1915) referred to the small swellings on the
supraoesophageal ganglion at the base of the “optic nerves” as the optic
lobes. It is suggested that the term ‘“‘optic lobes” be applied only to those
structures previously referred to by other authors as the optic nerves in the
stalked-eved Crustacea and that the term ‘‘optic nerves” be reserved for those
nerves connecting the lamina ganglionaris to the ommatidia of the eve.
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B Fi1c. 1. Dorsal view of supraoesophageal ganglionic mass.

F16. 2. Dorsal view of right side of the supracesophageal ganglionic mass, showing
detail of the accessory nerve.

F16. 3. Ventral view of left side of the supracesophageal ganglionic mass, showing
detail of the accessory and the antennulary nerve.

Mesad of the optic lobes, a pair of nerves arise from the anterodorsal face
of the supraoesophageal ganglionic mass. These rostral nerves (r.n.) (Fig. 1)
proceed anterodorsally to innervate the muscles of the rostrum.

Just laterad of the base of the optic lobe on each side, the first root of the
accessory nerve (Figs. 1 and 3, acc.1 n.) emerges from the supraocesophageal
ganglion. This is a small flat nerve which anastromoses with the second root
(acc.2 n.) originating just posterad of it, beneath the tegumentary nerve.
Immediately after emerging from the cerebral ganglion, the first root gives
off a branch, the occulomotor nerve (om.n.), to innervate the muscles of the
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eyestalk. The occulomotor nerve, lying in a depression between the optic
lobe and the abductor of the eyestallk, becomes closely appressed to the
optic lobe. The occulomotor nerve divides into a branch to the abductor
muscle and into another that in turn divides into a branch to the connective
tissue of the eyestalk and a second one to the refractor lateralis muscle of the
eyestalk. The first root of the accessory nerve turns caudad shortly after
emerging from the supracesophageal ganglion and the second root joins the
first at this time. A short distance posterior to the fusion of the second root,
a branch arises to the antennule. This nerve, the accessory nerve of the anten-
nule (ant.. acc. n.), will be discussed in detail when the innervation of the
antennule is considered. Posterior to the origin of the accessory nerve of the
antennule, a branch, the proventicular nerve (p.n.), arises. This nerve is
immediately reflexed forward, dividing at its distal end. The greater branch
innervates the muscles of the proventiculus; the lesser goes to the hypodermis
in this region of the head. Several small nerves, given off at the junction of the
accessory nerve and the proventicular nerve, innervate the hypodermis and
connective tissue of that region.

The accessory nerve continues posteriorly, giving off a small branch, the
bladder nerve (blad. 1..), to the bladder of the green gland. Continuing caudad,
the accessory nerve divides into three branches: proximal, median, and distal.
The accessory nerve of the antenna (ant.: acc. 2.) is the distal branch and the
largest of the three nerves. It contributes to the innervation of the antenna
and will be discussed in the section on the innervation of this appendage.
The proximal branch innervates the remotor muscle of the antenna. The
median branch innervates the green gland (acc. gland n.).

A nerve similar to the accessory nerve has not been mentioned in the
literature. Kiem (1915) and Stoll (1925) described the occulomotor nerve of
Astacus fluviatilis, which innervates the muscles of the eyestalk. Heath 1941,
Henry 1947, and George ef al. 1955 described an occulomotor or similar nerve
to the muscles of the eyestalk. In no case is this nerve associated with a com-
plex to the other head appendages.

Immediately caudad of the origin of the accessory nerve and dorsad of its
second root, the tegumentary nerve (Fig. 2, £.1.) arises from the dorsal face
of the cerebral ganglion.

This nerve is as described by Kiem (1915), with one exception. He de-
scribed it as innervating the bladder of the green gland; no evidence of this
was found in Orconectes virilis.

The antennulary nerves (Fig. 2, amt. n.) arise from the deutocerebral
hemispheres on the anteroventral face of the supracesophageal ganglionic
mass and proceed anteriorly into the antennules. Shortly after leaving the
cerebral ganglion, the antennulary nerve gives off numerous, short, fine
fillets (stat. n.) to the statocyst organ, which is located on the upper surface
of the first segment of the antennule in this species. It consists of a shallow
pit, its open face surrounded by a fringe of bristles which enclose the statolith.
The antennulary nerve continues into the flagellum of the antennule. It was
seen to give branches to the leathery chitin of the intersegmental joints.

Associated with the antennulary nerve in the innervation of the antennule
is the accessory nerve of the antennule (anf., acc. #.). The origin of this nerve
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was discussed above in the section on the accessory nerve. As the accessory
nerve of the first antenna proceeds ventrally from its origin on the accessory
nerve, it divides into an anterior and a posterior branch. The anterior branch
(ant., acc. a.n.) becomes closely appressed to the antennulary nerve and pro-
ceeds into the antennule, giving off branches to the intrinsic musculature of
this appendage and to the connective tissue and hypodermis of the antennule,
The posterior branch (ant.; acc. p.n.) joins the anteroventral face of the brain
near the midline and posterior to the origin of the antennulary nerves. '

Kiem (1915) referred to a single nerve innervating the antennule. Henry
(1948) described a double innervation of the first antennae of Palaemon, and
implied that such double innervation of the head appendages is a feature of
the decapods. George et al. (1955) referred to the ‘‘antennulary nerves”,
and the “antennulary elevatory-abductor nerves’ arising separately from the
cerebral ganglion in Panuliris. Heath (1941} made no mention of a second
innervation of the antennules in the kelp crab.

Returning to the posterodorsal surface of the supraoesophageal ganglion
(Fig. 3), there is a pair of small nerves, the antennary motor nerves (ant.
m.n.), issuing from its lateral face just posterior to the origin of the tegumentary
nerve. Each nerve of the pair divides. The anterior branch innervates the
muscles depressor ¢ and promotor II (Schmidt 1915) of the antennae and the
posterior branch innervates muscle depressor & (Schmidt 1915} of the antennae.
Kiem (1915) made no mention of such a nerve in Astacus fluviatilis, nor do
any of the other authors cited.

The antennary nerves (Figs. 1 and 4, ant., n.) are second in size only to the
optic lobes. They emerge from the posterolateral angles of the supraoesoph-
ageal ganglion. Each nerve has one major division into a lesser, anterior
branch to the exopodite (ant.; exo n.), and a greater, slightly posterior branch
to the endopodite (ant.» endo 1.). Both these branches become closely associated
with the branches of the accessory nerve. On leaving the cerebral ganglion,
the antennary nerve gives off a small nerve from its dorsal surface. This
nerve (ani.2 #.1) divides. The smaller branch anastomoses with a branch of the
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F16. 4. Dorsal view of a portion of the supracesophageal ganglionic mass, showing
detail of the innervation of the antennae.
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accessory nerve (acc. gland n.) and together they innervate the green gland.
The larger branch divides again, supplying, on the one hand, the compressor
muscle of the basipodite of the antennae and, on the other, the levator muscle
of the antennae. This innervation of the green gland is in general agreement
with the work of Heath (1941) and Henry (1948), although they mention only
one nerve, this arising from the antennary nerve. Kiem (1915) claimed that
the innervation of the green gland was from the mandibular ganglion. Distally,
from its posterior face, the antennary nerve gives off a branch. This branch
divides almost immediately into distal, medial, and proximal branches. The
proximal branch (gnt.; n..) innervates muscle b (Schmidt 1915) of the mero-
podite. The median branch (ant.; n.;) proceeds posteroventrally, becoming
closely appressed to a branch of the accessory nerve (ant.. acc. endo. 1.,).
Together they innervate the region of the nephropore at the base of the
antenna. The distal branch {(ant.; n.,) innervates the abductor muscle of the
exopodite.

Close to the origin of the aforementioned nerve trunk from the dorsal
surface of the antennary nerve, a nerve (ant.: n.5) is given off which proceeds
caudad, crossing above the previous nerve and entering the musculus abductor
exopoditis (Schmidt 1915).

The previously mentioned nerves (ant.s n.2, 3, 4, 5) are invariably present.
The sequence of origin and position along the antennary nerve displays great
variation, often differing on the left and right sides of the same animal.

Distal to the point of origin of the previous nerves, the antennary nerve
divides into the aforementioned branches to the exopodite (anl.; exo 7.) and
endopodite (ant.. endo n.). The lesser of the two branches proceeds to the
exopodite, giving off a nerve to muscle a (Schmidt 1915) of the meropodite.
The greater branch becomes very closely applied to the accessory nerve. In
some places they appear to anastomose. These nerves enter the endopodite
and its flagellum.

Closely associated with the innervation of the antenna is the antennary
branch of the accessory nerve (Figs. 2 and 4, anl.s acc. #.). The origin of this
branch of the accessory nerve has been discussed in a previous paragraph.
As the accessory nerve of the antenna proceeds medially, a small nerve (a#t..
acc. 1.3) arising from its posterior surface innervates the connective tissue in
the region of the levator muscle and may have a very tenuous connection with
this muscle. On the anterior surface of the antennal accessory nerve, almost
opposite the origin of the previous nerve, a larger nerve emerges (ant.. acc.
exo. 1..), the accessory nerve to the exopodite of the antenna. This nerve divides,
one branch (@) innervating the connective tissue and hypodermis of the exo-
podite, and the second branch () innervating the muscles of the exopodite.
There is some variation in the form of this nerve. The a and 8 branches may
in some cases arise separately from the antennal accessory nerve, rather than
as described.

The main trunk of the accessory nerve of the antenna now becomes the
endopodite branch of the accessory nerve of the antenna (ant., acc. endo. n.).
This nerve gives off a small nerve (a#l.: acc. endo.1 n.) which proceeds postero-
ventrally, anastomosing with a branch of the antennal nerve (ant.. n.3), to
innervate the region of the nephropore. The endopodite branch of the accessory
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nerve turns anterad, becoming very closely associated with the endopodite
branch of the antennary nerve, and enters the endopodite of the antenna. The
accessory nerve, which is the finer of the two entering the endopodite, gives
off branches to the extensor and flexor muscles of the endopodite,

Histological investigations indicate that the antennary and accessory nerves
are both sensory and motor in function.

A double innervation of the antenna by the antennal nerve and by a branch
of the accessory nerve is similar to that found in the eyestalk and the anten-
nules. The remarks made, in the discussion of the antennules, regarding the
findings of the other authors apply in this case. It is interesting to note that
the double innervation of the antennae in Palaemon (Henry 1948) is effected
by a branch of the antennary nerve and not by the supracesophageal ganglion
independently or by a branch of the accessory nerve.

In addition to the innervation of the head appendages, there are two un-
paired gastric nerves arising from the supraoesophageal ganglionic mass
(Fig. 1). These are the dorsal unpaired gastric nerve (d.g.n.) and the ventral
unpaired gastric nerve (v.g.n.). The dorsal nerve arises in the midline of the
dorsal surface of the brain, approximately between the optic lobes. It proceeds
dorsally for a short distance and joins with the inferior stomatogastric nerve
at the frontal ganglion. The ventral unpaired gastric nerve arises from the
posterior face of the brain, between the circumoesophageal commissures. This
nerve proceeds posteriorly to become associated with the stomatogastric
nervous system. Henry (1948) described a pair of frenal nerves arising just
posterior to the antennary nerves in Palaemon and connecting with the
stomatogastric system. No trace of these nerves was found in Orconectes.

Histology

Orconectes belongs to the stalked-eyed Crustacea. In this group, the optic
ganglia (Fig. 5), which made up the bulk of the protocerebrum, have migrated
into the eyestalks. The brain of Orconectes is reminiscent of that which Han-
strom (1947) referred to as the Carcinus-type brain.

The lamina ganglionaris, the first of the optic ganglia, lies immediately
beneath the compound eye and receives the optic nerves. This is a cup-shaped
ganglion which in section appears crescentic (Fig. S, l.g.). This mass of neuropil
has a very diffuse structure and the optic nerves can be traced into its body.
The sensory cell bodies associated with this ganglion are located at the base
of the retinal elements. The internuncial neurons whose axons comprise the
chiasma externum (c.e.) connect this neuropil with the medulla externa (m.e.)
immediately below it. The medulla externa (Fig. 5, m.c.) has a slightly cres-
centic form and lies at an angle to the lamina ganglionaris. The latter is a
very dense neuropil and individual axons cannot be traced within it. It has a
stratified appearance caused by dense and less dense layers of tissue. This
mass of neuropil receives axons from the large group of cell bodies which sur-
round the chiasma externum as well as from cells lying on the median surface
of the neuropil itself. These are internuncial neurons having connections with
the lamina ganglionaris and with the next two lower centers, the medulla
interna (m.i.) and the corpora pedunculata (c.p.). Hanstrom (1947) illustrated
direct axonal connections between the medulla externa and lower centers in
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the supraoesophageal ganglion. A careful search failed to indicate connections
to or from such centers in Orconectes virilis. The medulla externa is connected
with the medulla inierna by the chiasma internum (c.i.), a crossing of ascend-
ing and descending internuncial neurons.

The third of the optic ganglia is the medulla interna (Fig. 5, m.i.), which has
a spherical form, and in O. virilis is very closely associated with the corpora
pedunculata, which lies below it. This mass of neuropil, like the medulla externa,
is very dense and shows a stratified structure. It receives axons from cell
bodies on its medial surface and from cell bodies lying on the surface of the
corpora pedunculeta. Internuncial neurons connect this ganglion with the
medulla externa and corpora pedunculata. A descending tract was located
running from this mass of neuropil, continuing through the corpora pediun-
culala to lower centers in the supraoesophageal ganglionic mass, and giving
off collaterals to the medulla interna and the corpora pedunculata.

The largest of the neuropilar bodies located in the eyestalk is the corpora
pedunculate (Fig. 5, c.p.). It is a dense spherical ganglion which does not show
the stratification typical of the medulla externa and medulla interna. In Orco-
nectes, the X organ (Fig. 5, X) has been located on the lateral surface of the
corpora pedunculate. 1t takes the form of a papilla consisting of large globular
cells. These are in contrast to most of the nerve cell bodies of the eyestalk,
which are small cells having a very large nucleus relative to the size of the
cell, and little cytoplasm.

The sinus gland (Fig. 5, s.g.) located laterad of the medulla nterna at the
surface of the eyestalk appears on superficial observation to be derived from
the neurilemma, as indicated by Hanstrém (1947). Under careful observation,
however, it may be noted that the tips of the axons associated with this organ
become expanded and themselves form the sinus gland. This is in agreement
with the observations of Bliss and Welsh (1952). In addition to the innerva-
tion of the sinus gland by the cells of the X organ, strong tracts are present
from cells associated with the lamina ganglioraris, medulla externa, and
medulla interrva. ‘The corpora pedunculata is connected with the deutocerebrum
by the tractus olfactorio-globularis (Fig. 6, t.r.), in which are ascending and
descending neurons. It would appear, therefore, that the corpora pedunculata
is an association center combining optic and olfactory stimuli rather than being
strictlv an optic ganglion. In addition to the tractus olfactorio-globularis,
numerous neurons of the corpora pedunculafe descend into the lower centers
of the supraocesophageal ganglionic mass and tracts from these lower centers
terminate in the corpora pedunculata. There is also a large group of neurons of
this neuropil which form an optic commissure (Fig. 7, o.c.) passing to the
opposite optic lobe and terminating in the corpora pedunculata of that side.
These commissural axons and the previously mentioned ascending and de-
scending axons, as well as the axons of the tractus olfactorio-globularis, comprise
the optic tract (o.z.).

Anterad and dorsad of the optic commissure lies the pons cerebri (Fig. 7,
p.c.). This small neuropil consists of a pair of glomeruli which lie at an angle
to the horizontal and point in a slightly posterior direction. At the posterior
end they meet in the midline of the supraoesophageal ganglionic mass.
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Posterad and ventrad of the pons cerebri but anterad of the optic commissure,
the central body (Fig. 8, c.b.) may be found. This is a large, oval, non-glom-
erular neuropil. A pair of distinct nerve tracts connect the pons cerebri with
this structure.

The last of the masses of neuropil to be associated with the protocerebrum
in Orconectes is the lobus paracentralis (Fig. 9, 1.p.). These paired areas of neuro-
pil lying medial of the large deutocerebral lobes have a glomerular structure.
They each receive a nerve tract (¢r.l.p.) from the large group of cell bodies
that cover the anterodorsal face of the supracesophageal ganglionic mass in
the region lying between the optic lobes. This nucleus also gives rise to a pair
of rostral nerves (Fig. 10, r.n.). These are the motor neurons which innervate
the muscles of the rostrum; the collaterals of these neurons end in the central
body. Cells of this nucleus also send a group of motor fibers laterally into the
first root of the accessory nerve.

Hanstrom (1947) stated that in Astacus, the corpus hemiellipsoidale is
poorly developed. This was found to be the case in Orconectes. A very loose
mass of synaptic tissue was located in the dorsolateral region of the brain, at
the base of the optic lobes. This tissue had the appearance of a loose neuropil
in some sections, and is considered to be analogous with the corpus hemiel-
lipsoidale.

The deutocerebrum (Figs. 9 and 11) contributes to, and receives axons from,
the nerve of the antennule and the accessory nerve. In Orconectes it comprises
three lobes, the olfactory (0l.l.), accessory (a.l.), and parolfactory (#.l.) lobes.
The definitions of the lobes are those given by Hanstrém in his 1947 paper.

The olfactory lobe lies at the anterior angle of the supraoesophageal gang-
lionic mass just posterad and ventrad of the optic lobe. It is intermediate in
size between the large accessory lobe and the smaller parolfactory lobe. It
shows a very well-developed glomerular structure. The glomeruli are wedge-
shaped and extend inwards from the periphery of the lobe. They represent
very dense areas within the neuropil tissues and stain more intensely than do
the surrounding tissues. The olfactory lobe receives the lateral branch of the
antennulary nerve and a sensory tract from the second root of the accessory
nerve,

The accessory lobe (a.l.) is well developed in O. virilis and is the largest of
the three deutocerebral lobes. This lobe lies posterad and slightly dorsad of the
olfactory lobe. It also has a glomerular structure. The glomeruli in this case
are small round areas randomly distributed throughout the mass of neuropil.
A sensory tract from the second root of the accessory nerve enters the upper
surface of this lobe.

The olfactory and accessory lobes receive processes from two groups of cell
bodies, one lying laterad of the lobes (l.c.) and the other lying mesad of the
lobes (m.c.). These groups of cell bodies consist of internuncial neurons, and
motor neurons to the muscles of the antennule via the accessory nerve. A
group of motor neurons proceed from the lateral nuclei into the second root
of the accessory nerve, their collaterals entering the accessory lobe of the
deutocerebrum. A large motor tract proceeds from the medial group of cells,
giving collaterals to the olfactory lobe and entering the second root of the
accessory nerve.
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From the ventral surface of the lateral group of cell bodies, a group of motor
neurons enter the posterior branch of the accessory nerve of the first antenna.
The collaterals of these neurons enter the accessory lobe. In addition, there
is a group of sensory axons from this posterior branch which become dis-
tributed in the ventral region of the neuropil of the accessory lobe.

The lateral group of cell bodies is composed of cells having large, dark
staining nuclei and relatively little cytoplasm. The same type of cells is found
on the surface of the medial group of cell bodies. In the center of this group,
however, are cells which have the form of neurosecretory cells. A complete
discussion of the neurosecretory system in the brain of Orconectes virilis has
been undertaken by Durand (1956).

The last of the deutocerebral neuropils is the parolfactory lobe (p.0.). This
is located mesad of the large accessory lobe. In O. virilis it is small, feebly
developed, and composed of loose non-glomerular tissue. This lobe is supplied
with a large group of sensory fibers from the medial branch of the antennulary
nerve. A small group of nerve cell bodies lying between the accessory lobe and
the parolfactory lobe, near the ventral surface of the ganglionic mass, supply
internuncial neurons connecting the two lobes. A second small group of cell
bodies lying mesad of the parolfactory lobe send axons into this lobe (Fig.
19). Both groups contain cells which show the form of neurosecretory cells.

As previously mentioned, the tractus olfactorio-globularis (Figs. 11 and 12,
t.r.) has connections in the deutocerebrum. Descending fibers originating in
the corpora pedunculata and medulla interne become distributed in both the
olfactory and accessory lobes. Ascending fibers arise from cell bodies in the
lateral group (l.c.) and proceed medially, giving a few collaterals to the ol-
factory lobe and many to the accessory lobe. Thislarge tract continues medially
to the central chiasma (c.c.), which lies directly above the central body. A
number of the fibers cross at this point. From the chiasma, two arms proceed
anterolaterally into the optic lobes, terminating in the corpora pedunculate
and medulla inlerna.

The large olfactory commissure (Fig. 13, ol. ¢.) connects accessory lobes of
the opposite sides. This is a large, loose tract which crosses the supraoesoph-
ageal ganglionic mass directly ventrad of the fractus olfactorio-globularis.
The neurons contributing to this tract lie in the lateral nuclei (l.c.), giving off
collaterals to the accessory lobe. The axons of these neurons terminate in the
accessory lobe of the opposite side. Axons were observed to pass from the
lobus paracentralis by way of the olfactory commissure to the accessory lobe.
The cell bodies of these axons were not located. The presence of this com-
missure within the supraocesophageal ganglionic mass is evidence in favor of
the preoral origin of the deutocerebrum. The exceedingly well-developed
tractus olfactorio-globularis would also indicate an ancient and close connection
between the protocerebrum and the deutocerebrum. Such an intimate con-
nection does not exist between the tritocerebrum and the higher centers in
the supracesophageal ganglion.

The tritocerebral lobe (Fig. 14, ¢.) lies immediately posterad of the acces-
sory lobe of the deutocerebrum. This is a rod-shaped mass of neuropil, not
very dense, showing no glomerular structure. It receives sensory axons from
the antennary nerve. These are distributed over the lateral and posterior
surface of the tritocerebral neuropil. Ascending tracts passing up through the
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circumoesophageal commissures from lower centers enter the dorsal surface
of this mass of neuropil. The motor tracts to the muscles of the antenna arise
in a group of cell bodies lying on the dorsal surface of the anteromedial angle
of this lobe. The axons of these cells pass along the anterior face of the lobe
and into the antennary nerve. The collaterals are distributed in the tri-
tocerebral neuropil. A group of internuncial neurons have their neurocytes in
a large group lying between the right and left tritocerebral lobes in the midline
of the ganglionic mass. These cells have their axons and collaterals distributed
in the posteromedian angle of the tritocerebral neuropil and in a small mass
of neuropil lving mesad of the tritocerebral lobes.

Hanstrém (1947) referred to a tegumentary neuropil associated with the
main tritocerebral neuropil. In O. virilis, this tegumentary lobe (¢.1.) is poorly
developed. It receives a group of sensory axons from the tegumentary nerve
(..n.). This nerve enters the supraocesophageal ganglion at the anterolateral
angle and passes dorsad of the deutocerebral lobes. Before entering the tegu-
mentary neuropil, the nerve divides, one large group of fibers turning anterad
to become distributed among the loose fibers in the central region of the gang-
lionic mass, the other or posterior group entering the tegumentary neuropil.

The antennary motor nerves, the unpaired inferior oesophageal nerve, and
the dorsal unpaired gastric nerve are also associated with the tritocerebral
ganglion. The antennary motor nerves enter the lateral face of the ganglionic
mass, turn posteriorly, and pass between the accessory lobe of the deuto-
cerebrum and the tritocerebral neuropil. These nerves arise in the same group
of cell bodies as do the aforementioned motor fibers to the antenna. The col-
laterals enter the tritocerebral neuropil. The unpaired inferior oesophageal
nerve takes its origin in the previously described group of cell bodies which
supply internuncial neurons to the tritocerebral and tegumentary neuropils.
The collaterals of these neurons are distributed in the tritocerebral lobe.
Hanstrom (1947) affirmed that the fibers of the dorsal unpaired gastric nerve
arise from cell bodies in the tritocerebrum. The writer, however, was unable
to follow these fibers through the central portion of the ganglionic mass.

Associated with the motor neurons of tritocerebral origin, a tract of motor
fibers of deutocerebral origin enters the antennary nerve. These fibers have
their origin in the posterior portions of the lateral group of deutocerebral nerve
cell bodies. The collaterals of these neurons enter the accessory lobe of the
deutocerebrum.

There are no major connections between the higher centers and the tri-
tocerebral ganglion, such as the ftractus olfactorio-globularis. There is no pre-
oral tritocerebral commissure such as the preoral optic and olfactory com-
missures. The tritocerebral commissure is referred to as the stomadeal com-
missure and is postoral. This would lend evidence to the belief that the pro-
tocerebrum and deutocerebrum are preoral ganglia and that the tritocerebrum
is a postoral ganglion which has recently migrated forward to join the su-
praoesophageal ganglionic mass.

The Conducting Elements
The following section will consist of a list of those neurons which have
been traced within the supraoesophageal ganglionic mass of Orconectes virilis.
The list will be broken into three divisions: neurons having their neurocytes and
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collaterals associated with the protocerebrum, the deutocerebrum, and the
tritocerebrum. It will be evident that this is only a partial list of the neurons
in this ganglionic mass; numerous axons and small tracts were observed for
which no neurocyte or insertion into a mass of neuropil could be found.
Only one neuron of each tract will be illustrated. The neurons are illustrated
in Figs. 15, 16, and 17.

ab 19 I9|

1515

F16. 15. Neurons of the optic lobe.
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Protocerebrum
Neurons 1 to 20 are illustrated in Fig. 15.

1.

2,

10.

11.

12.

13.

A sensory neuron with its neurocyte lying at the base of the retinal
elements, the axon terminating in the lamina ganglionaris.

An internuncial neuron with its neurocyte lying in the median group of
cell bodies surrounding the chiasma externum, its axon terminating in
the lateral half of the lamina ganglionaris. The collateral enters the
medulla externa.

An internuncial neuron with its cell body lying on the lateral surface of
the medulla externa. The axon enters the lamina ganglionaris; the
collateral is distributed in the medulla externa.

An internuncial neuron with its cell body lying on the medial side of the
chiasma externum. The axon crosses to, and enters, the lateral surface
of the medulla externa. The collateral enters the medial surface of the
lamina ganglionaris.

An internuncial neuron with its cell body on the anterior surface of the
lamina ganglionaris. The axon proceeds through the lamina ganglion-
aris, contributing collaterals to this neuropil and entering the medulla
externa.

An internuncial neuron with the neurocyte lying beneath the lamina
ganglionaris, the collateral entering this ganglion and the axon entering
the medulla externa. The axons and collaterals of neurons 2 to 6 comprise
the chiasma externum. Neurons of type 2 are the largest group of neurons
associated with this chiasma.

An internuncial neuron with its cell body lying on the medial surface of
the medulla externa; the axon and collateral both enter this mass of
neuropil.

An internuncial neuron with its neurocyte on the median surface of the
medulla externa, the axon entering this ganglion and the collateral dis-
tributed in the medulla interna.

An internuncial neuron with its cell body situated on the lateral surface
of the medulla interna, the axon entering the medulla externa and the
collateral entering the medulla interna.

An internuncial neuron with its cell body lying on the median surface
of the corpora pedunculata, the axon entering the medulla externa and
the collateral entering the medulla interna.

An internuncial neuron with its cell body lying on the lateral surface of
the corpora pedunculate, the collateral entering this mass of neuropil.
The axon passes along the lateral margin of this ganglion and the
medulla interna, to enter the posterior margin of the medulla externa.
Neurocytes 8 to 11 contribute collaterals and axons which comprise the
chiasma internum.

A small internuncial neuron gives branches to the medulla interna and
corpora pedunculala.

An internuncial neuron with its cell body lying on the lateral surface of
the corpora pedunculata. The collateral enters this neuropil. The axon
descends to lower centers.
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. Small internuncial neurons on the lateral surface of the corpora pedun-

culata. The collaterals and axons both enter this ganglion.

15. An internuncial neuron contributing to the fractus olfactorio-globularis.

16.
17.

18.

_J__ e ﬁ\/

The neurocyte lies on the medial surface of the medulla interna. An
axon is given off which passes through this mass of neuropil and the
corpora pedunculata, terminating in the deutocerebrum. This neuron
represents the principal descending pathway of the tractus olfactorio-
globularis.

An internuncial neuron contributing to the optic commissure. The
neurocyte lies on the medial surface of the corpora pedunculata. The
axon passes through this lobe, giving off collaterals to it, and terminates
in the corpora pedunculata of the opposite eyestalk,

An internuncial neuron, the neurocyte lying on the lower medial surface
of the corpora pedunculata. The axon given off by this cell passes along
the medial surface of this lobe and the medulla interna, to enter the
medulla externa. The collateral enters the corpora pedunculata.

An internuncial neuron with the neurocyte located on the medial ven-
tral surface of the medulla interna. 1t gives off an axon which passes
along the posterior surface of the medulla interna and enters the lateral
surface of this lobe. The collateral enters the median face of the medulla
interna.
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F1G. 16. Neurons of the protocerebrum, except those of the optic lobe.
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These axons represent numerous ascending tracts from lower centers,
which terminate in the corpora pedunculaia. These could not be traced
to their neurocytes.

A small internuncial neuron lying on the anteromedian surface of the
corpora pedunculata, giving off an axon and collateral to this immediate
region.

Neurons 1 to 20 are those which have their origin in the eyestalk of Orco-
nectes; a and b are the terminations of ascending tracts from lower centers.
(¢) An ascending neuron within the fractus olfactorio-globularis, arising in

the lateral nuclei of the deutocerebrum and terminating in the corpora
pedunculata.

(b) A terminating axon of the optic commissure, the neurocyte of which is

located on the medial surface of the corpora peduncilata of the opposite
eyestalk. '

Neurons 21 to 31 are illustrated in Fig. 16.

21.

22.

23.

24,

26.

217.

28.

29,

An internuncial neuron having its cell body lying on the anterodorsal
face of the supraoesophageal ganglionic mass. The collateral enters the
lobus paracentralis and the axon terminates in the corpora pedunculata
of the eyestalk.

A motor neuron having its neurocyte situated on the anterodorsal face
of the brain, adjacent to neurocyte 21. The axon enters the first root of
the accessory nerve; the collateral enters the lobus paracentralis.

A sensory neuron from the accessory nerve via the first root. This axon
enters the lobus paracentralis.

An internuncial neuron, the neurocyte of which is located in one of the
eyestalk ganglia. The axon is distributed in the lobus paracentralis.

An internuncial neuron located in the midregion of the anterodorsal
group of cell bodies. The axon of this neurocyte proceeds posteroventrally
into the circumoesophageal commissure of the same side and thus into
lower centers in the nervous system. In the figure, this axon appears to
pass through the parolfactory lobe; in reality, it passes dorsad of it.
The collateral of neurocyte 25 enters the eyestalk.

An internuncial neuron, the neurocyte lying adjacent to neurocyte 25.
The collateral is distributed in the central body. The axon follows the
same path as does the axon of neuron 25 and together they form a
substantial descending tract to lower centers in the nervous system.
An internuncial neuron with its neurocyte located in the anterodorsal
nucleus, at the base of the optic lobes. The axon and collateral become
distributed in a loose mass of neuropil at the base of these lobes. This
neuropil tissue has previously been described as being analogous to the
corpus hemiellipsoidale.

An internuncial neuron with its cell body located in the same nucleus
as is that of neuron 27. The collateral enters the structure analogous to
the corpus hemiellipsoidale. The axon proceeds posteriorly, entering
lobus paracentralis.

An internuncial neuron with its cell body located in the midregion of
the group of cell bodies on the anterodorsal face of the supracesophageal
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ganglionic mass. The collateral enters the lobus paracentralis. The
axon proceeds by way of the olfactory commissure to the accessory lobe
of the deutocerebrum.

30. An internuncial neuron with its neurocyte lying in the middorsal region
of the anterodorsal group of cell bodies. The axon terminates in the
central body; collaterals are given off to the pons cercbri.

31. A motor neuron exciting the rostral muscles. The neurocyte lies in the
middorsal region of the anterodorsal group of cell bodies. The axon
forms the rostral nerve; the collateral enters the lobus paracentralis.

The axons of neurons 15 and 16 are illustrated. The neurocytes of these
neurons lie within the optic lobe. It will be noted that axon 15 is illustrated
as having connections with both the accessory and olfactory lobes of the
deutocerebrum. This axon contributes to the iractus olfactorio-globularis,
which has descending connections with the deutocerebrum in both the acces-
sory and olfactory lobes. The tract is too dense to sort out the individual
axons connecting with these lobes; thus for clarity, it has been illustrated as
a single tract with connections to both lobes. Axon 16 of the optic commissure
is being included to illustrate the location of this major tract within the pro-
tocerebrum,

Neurons 1 to 31 comprise those investigated which originate within the
protocerebrum of Orconectes virilis.

Deutocerebrum
The neurons of this section are illustrated in Fig. 17.

32. A motor neuron with the neurocyte lying on the dorsal surface of the
medial group of deutocerebral cell bodies. The axon proceeds around the
anterior face of the olfactory lobe, gives a collateral to this lobe, and
enters the second root of the accessory nerve.

33. A sensory neuron from the second root of the accessory nerve, with its
axon passing around the anterior surface of the olfactory lobe and along
the medial surface of the accessory lobe, and terminating in the tegu-
mentary lobe of the tritocerebrum. During its passage the axon gives off
branches to the olfactory lobe and the accessory lobe. The heaviest
innervation is to the accessory lobe.

34. A motor neuron having its neurocyte in the lateral group of deutocerebral
cell bodies. The axon enters the second root of the accessory nerve, giving
off a collateral to the accessory lobe.

35. A sensory axon coming from the second root of the accessory nerve. This
axon enters the accessory lobe of the deutocerebrum.

36. A motor neuron with its cell body located at the ventral surface of the
lateral group of cell bodies. The collateral enters the accessory lobe.
The axon proceeds into the posterior branch of the accessory nerve of
the antennule which leaves the anteroventral face of the supracesoph-
ageal ganglion.

37. A sensory neuron emerging from the posterior branch of the accessory
nerve of the antennule and entering the ventral surface of the accessory
lobe of the deutocerebrum.
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F16. 17. Neurons of the deutocerebrum and the tritocerebrum.

Internuncial neurons connecting the lobus paracentralis with the acces-
sory lobe of the deutocerebrum of the opposite side. These neurons
cross the supraoesophageal ganglionic mass within the olfactory com-
missure. The neurocytes belonging to these axons have not been located.
An internuncial neuron with its cell body located within the lateral
nucleus of the deutocerebrum. The axon enters the accessory lobe and
the collateral enters the olfactory lobe.
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40.

41.

42,

43,

44,

45,

46.

47,
48.

49.
50.
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Internuncial neurons of the olfactory commissure, with their cell bodies
lying in the lateral nucleus. The axons pass between the olfactory and
accessory lobes, then bridge the supraoesophageal ganglionic mass to
enter the accessory lobe of the opposite side. The collaterals enter the
accessory lobe. This is a very broad, loose tract. Axons from this tract
are distributed over the entire medial surface of the accessory lobe.

An internuncial neuron with its neurocyte located in the lateral nucleus.
The axon and collateral are both distributed in the accessory lobe.

An internuncial neuron of the fracius olfactorio-globularis. The neurocyte
lies in the lateral nucleus. The axon proceeds medially to the central
chiasma, where it turns anteriorly, proceeding into the optic lobe. The
collaterals enter the olfactory lobe.

An internuncial neuron of the fractus olfactorio-globularis, having its
cell body located in the lateral nucleus. The axon contributes to this
tract in the same manner as does that of neuron 41. The collateral enters
the accessory lobe.

An internuncial neuron with its neurocyte located in the medial nucleus
of the deutocerebrum. The axon enters the olfactory lobe and the
collateral enters the accessory lobe.

An internuncial axon belonging to the tfracius olfactorio-globularis.
Several axons of this tract are seen to cross in the central chiasma.
However, they could not be traced to their neurocytes owing to the
density of this tract. After crossing, they proceed into the optic lobe of

‘the opposite side.

An internuncial neuron having its cell body located in a small nucleus
lying between the accessory lobe and parolfactory lobe. The axon passes
between these two lobes and enters the median surface of the olfactory
lobe. The collateral enters the accessory lobe.

An internuncial neuron located in the same small group of cell bodies
as is neuron 45. The axon enters the accessory lobe and the collateral
enters the parolfactory lobe.

An internuncial neuron with its cell body lying in a very small nucleus
on the ventral surface of the supraoesophageal ganglionic mass, mesad
of the parolfactory lobe. The axon and collateral both enter this lobe.
A sensory neuron from the medial branch of the antennulary nerve,
entering the anteroventral face of the parolfactory lobe.

A sensory neuron from the lateral branch of the antennulary nerve,
entering the posteroventral face of the olfactory lobe.

Neurons 32 to 50 are those neurons investigated which comprise the deuto-
cerebrum of O. virilis.

Tritocerebrum
The neurons associated with the tritocerebrum are illustrated in Fig. 17.

51.

A sensory neuron from the tegumentary nerve. The axon passes dorsad
of the accessory lobe, then proceeds ventrally to enter the tegumentary
mass of neuropil. A group of fibers associated with this nerve turn anterad
just before entering the tegumentary lobe and become distributed in
the loose tissue of the central area of the brain.
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52. A motor neuron representing a most interesting tract; it is deuto-
cerebral in origin, for its neurocyte lies in the lateral nucleus of the
deutocerebrum and the collateral enters the accessory lobe. The axon,
however, passes posteriorly to enter the antennary nerve.

53. A motor neuron whose neurocyte is located in a small group of cell
bodies lying in the area bounded by the accessory lobe of the deutocere-
brum and the tegumentary and tritocerebral lobes of the tritocerebrum.
The axon passes between the accessory and tritocerebral lobes to enter
the antennary nerve. The collateral enters the tritocerebral lobe.

54. A motor neuron with its cell body lying adjacent to neurocyte 52. The
axon passes between the accessory and tritocerebral lobes, then proceeds
anteroventrally to enter the antennary motor nerve. The collateral
enters the tritocerebral lobe.

55. A sensory neuron arising from the antennary nerve and entering the
lateral and posterior surfaces of the tritocerebral lobe.

56. An internuncial neuron with its neurocyte lying in a small nucleus
posterodorsad of the tritocerebral lobe. The axon and collateral are
both distributed in the tritocerebral lobe.

57. An internuncial neuron with its neurocyte located in the same nucleus
as that of neuron 55. The axon proceeds posteromedially into the cir-
cumoesophageal commissure of the same side, and thus into lower
centers in the nervous system. The collateral enters the tritocerebral
lobe.

58. A neuron from lower centers in the nervous system, entering the postero-
medial face of the tritocerebral lobe.

59. An internuncial neuron with its neurocyte located on the ventral surface
of the supraoesophageal ganglionic mass, mesad of the tegumentary
lobe. The axon enters the tritocerebral lobe and the collateral enters
the tegumentary lobe.

60. An ascending axon from lower centers in the nervous system, arising
from the circumoesophageal commissure and entering the tegumentary
lobe.

61. A neuron having its cell body in the same nucleus as is that of neuron
58. The axon contributes to the ventral gastric nerve. The collateral
enters the tritocerebral lobe.

Neurons 51 to 61 are those neurons investigated which comprise the tri-
tocerebrum.

Summary and Conclusions

The supracesophageal ganglionic mass is typical, in most respects, of the
decapod Crustacea. The outstanding difference in Orconectes virilis is the
presence in this species of an accessory nerve complex. This nerve arises from
the brain at three points: the first root at the base of the optic lobe, the second
root just posterad of the tegumentary nerve, and the posterior branch postero-
laterad of the antennulary nerves. This is a mixed sensory and motor nerve
innervating the muscles of the eye, the muscles of the antennule, and, in part,
the muscles of the antenna. The first root receives motor fibers from the pro-
tocerebrum and supplies a sensory tract to the lobus paracentralis. The second
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root receives motor fibers from the lateral and medial groups of deutocerebral
cell bodies and sends sensory fibers to the olfactory lobe and accessory lobe
of the deutocerebrum and to the tegumentary lobe of the tritocerebrum. The
posterior branch receives motor neurons from the ventral surface of the
lateral nucleus and gives a sensory tract to the ventral surface of the accessory
lobe. This nerve complex has not previously been described in the literature.

It is suggested that the so-called ‘optic’ nerves of the stalked-eyed Crustacea
be termed optic lobes and that the term optic nerves be reserved for those
tiny fillets connecting the lamina ganglionaris to the retinal elements.

The X organ has been located on the medial surface of the corpora pedun-
culata. In addition, neurosecretory cells, having axons terminating in the
sinus gland, are associated with each of the optic ganglia, the lamina gang-
lionaris, medulla externa, and medulla interna.

The descending pathways within the fractus olfactorio-globularis are found
to originate in the medulla interna, rather than in the corpora pedunculata,
as described by Hanstrém (1947). The ascending fibers from the deuto-
cerebrum, however, were found to terminate in the corpore pedunculata.
Contrary to Hanstrom (1947), no ascending connections from the lower
parts of the brain could be found to centers higher than the corpora pedunculata.

The following masses of neuropil are located within the protocerebrum of
O. virilis: the lamina ganglionaris, medulla externa, medulla interna, corpora
pedunculata, pons cerebri, central body, and lobus paracentralis. A loose area
of synaptic tissue considered to be analogous to the corpus hemiellipsoidale
is present. Neurocytes associated with the protocerebrum innervate the rostral
muscles via the rostral nerve and the eyestalk muscles via the occulomotor
nerve.

The deutocerebrum is composed of three lobes: the olfactory lobe, the very
well-developed accessory lobe, and the feebly developed parolfactory lobe.
The olfactory and accessory lobes may be recognized by their distinctive
glomeruli. The deutocerebrum is the origin of the very well-developed fractus
olfactorio-globularis connecting the deutocerebrum and protocerebrum. A
large olfactory commissure connects the accessory lobes of the opposite sides.
The antennulary nerve terminating in the olfactory and parolfactory lobes
contains only sensory fibers. All motor nerves to the antennules pass by way
of the accessory nerve. The presence of a very well-developed fractus olfactorio-
globularis would attest to the ancient and close connection of the protocerebrum
and the deutocerebruni. Well-developed preoral optic and olfactory commis-
sures would suggest that these ganglia are preoral in origin, contrary to the
views of Henry (1948) and Ferris (1950).

There is a very interesting connection between the accessory lobe of the
deutocerebrum and the antenna. Motor neurons arise in the lateral nucleus,
giving collaterals to the accessory lobe, and proceed to enter the antenna of
the same side.

The tritocerebrum is composed of a large tritocerebral lobe and a lesser
tegumentary lobe. This ganglion supplies motor neurons to the muscles of the
antenna via the antennary nerve and the antennary motor nerve which
originates anterad of the antennary nerve. Sensory axons from the antennary
nerve enter the tritocerebral lobe. The tegumentary nerve, situated at the
anterior angles of the supraoesophageal ganglionic mass, supplies sensory
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fibers to the tegumentary lobe from the hypodermis of the head capsule.
Axons from lower centers, arising by way of the circumoesophageal connectives,
enter both these lobes. Descending fibers arise in the tritocerebrum and enter
the circumoesophageal connectives. The unpaired inferior oesophageal nerve
arises from neurocytes associated with the tritocerebral lobe. Motor fibers
to the muscles of the antenna are also supplied by the accessory nerve. The
data is in agreement with the work of Heath (1941) and Henry (1948), regard-
ing the innervation of the green gland by a branch of the antennal nerve, and
is contrary to that of Kiem (1915). In addition, the green gland in O. virilis
is innervated by the accessory nerve.

There are no large tracts connecting the tritocerebrum to the higher centers
such as the tractus olfactorio-globularis. This would lead one to believe that
this ganglion is a recent acquisition by the supraoesophageal ganglionic mass.

It is suggested that the term ganglionic mass be used to designate compound
ganglia such as the supraoesophageal and suboesophageal ganglionic masses.
At present, a degree of confusion exists in the use of the term ganglion, as it
is also used for the single segmental ganglion. It is suggested that the term
ganglion be reserved for those structures innervating a single segment.

Sixty neuronal pathways within the supraocesophageal ganglion are de-
scribed and illustrated.
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ABBREVIATIONS USED IN FIGURES

first root of the accessory
nerve

second root of the accessory
nerve

accessory lobe

nerve of antennule

accessory nerve of the
antennule

anterior branch of the acces-
sory nerve of the antennule

posterior branch of the
accessory nerve of the
antennule

accessory nerve of the
antenna

accessory nerve of the
endopodite of the antenna

a branch of the endopodite
branch of the accessory
nerve of the antenna, in-
nervating the region of the
nephropore

accessory nerve of the
exopodite of the antenna

a branch of the accessory
nerve of the antenna to
the hypodermis

nerve of the endopodite of
the antenna

nerve of the exopodite of
the antenna

motor nerve of antenna

nerve of the antenna

nerve of the compressor
muscle of the basipodite
of the antenna and of the
levator muscle of the same
appendage; a branch is
ngen off to the green
gland

nerve of muscle b of the
meropodite of the
antenna

nerve to the region of the
nephropore

ant.s 1.4

ant.q 1.5

c.b.
c.c.
c e.

nerve of the adductor muscle
of the exopodite of the
antenna

nerve of the musculus
abductor exopoditis of the
antenna

central body

central chiasma

chiasma externum

chiasma internum

c c (Figs. 1, 17) circumoesophageal com-

c.p.
d.gan.

lc.

s

g
D,
nt.c.
n.e.
m.a.
o.c.
ol.

ol. c.
ol. 1,
om, n.
o.n.
0.l

p.c.
p.c.d.

pl.
r.an.
s.g.
stat. n.
L.

.

tr.
v.g.n.

X.

missure

corpora pedunculata

unpaired dorsal gastric
nerve

lateral nucleus of
deutocerebrum

lamina ganglionaris

lobus paracentralis

medial nucleus of
deutocerebrum

medulla externa

medulla interna

optic commissure

optic lobe

olfactory commissure

olfactory lobe

occulomotor nerve

optic nerve

optic tract

pons cerebri

nerve tracts connecting

ons cerebri and central

ody

parolfactory lobe
rostral nerve
sinus gland
nerve of the statocyst organ
tritocerebral lobe
tegumentary lobe
tractus olfactorio-globularis
unpaired ventral gastric

nerve
X organ
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