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The innervation of a pregenital abdominal segment and of the 

Genital and p)stsenital abdominal segments of Schistocerca grer;aria  

is described in detail and compared with other orders of the Insecta. 

On the basis of innervation it is concluded that the Genital 

apparatus of the male is derived from the ninth abdominal segment, 

and that of the female from the eighth and ninth abdominal seaments. 

Histological studies of the anatomy are carried out on the 

seventh abdominal Ganglion and on the terminal Ganglionic mass. 

The organization of the commissures, longitudinal tracts and groups 

of neurocytes within the ganglia is described. The terminal 

ganglionic mass is shown to comprise the fused Ganglia of the eighth, 

ninth, tenth and cl.eventh abdominal segments and the effects of 

condensation on the component Ganglia arc discussed. Seventyfive 

neurone pathways are traced and described within the seventh 

abdominal Ganglion and one hundred and five within the terminal 

ganglionic mass. 

The abdominal Giant fibre system is investigated using 

histological and clectrophysiolosical techniques. The ventral 

connectives each contain four Giant fibres, unicellular in origin, 

which pass uninterrupted from the terminal ganglionic mass to the 

metathoracic ganglion. The Giant fibres are shown to synapse 

ipsilaterally and contralaterally with afferent neurones of the cereal 



nerve, and with afferent neurones of the ninth ventral nerve. 

Conduction velocities and. synaptic delays arc aeterminea. The 

absence of an evasion resonso upon cereal stimulation is related 

to the lack of functional synapses pith efferent neurones of the 

metathoracic lee nerve. 

Other functional pathways, elucidated by electroplAysiological 

observations, az'e described including; responses in the contra-

lateral cereal nerve to cereal stimulation, and synchronized. 

efferent potentials in the genital nerves originating from within 

the terminal GanGlionic mass. In addition chemoreceptors are 

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 insect. In recent years considerable attention has 

been devoted to neurophysiological stud:_as 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 anatomy 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 belief that a sound anatomical basis is the 

essential foundation for histological and. electrophysiological 

investigations of neurone 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 established within this dense felt of fibres 

using the light microscope. The electron microscope can establish 

the nature of the actual junction or synapse (Smith, 1965) but it 

would appear to be an endless task attempting to map a ganglion 

using this instrument. 

The only methods now available to establish the functional 

neuronal pathways within a ganglion are those of the electrophysiologist. 



The results obtained may seem abstract as it is difficult to picture 

the actual neurones which are being monitored. Using marking methods 

it is possible however to establish the tip position of very fine 

microelectrodos (Huber, 1960; Xerkut and Walker, 1962; Thomas and 

Wilson 1965, 1966). These techniques in conjunction with anatomical 

and histological studies may, in time, enable us to produce an 

accurate functional map of the insect central nervous system. 

As well as contributing to the primary object of determining 

some of the neronal pathways within the terminal ganglionic mass it 

is hoped that the anatcmical studies concerning the innervation of 

the genitalia may shed some additional light on the segmental origon 

of these structures. 
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LITERATURE REIT=.7 

Anatomy  

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 aope,Id-16os, and its organs. For a 

broader account of the literature the reader is referred to the 

papers of Uvarov (1p38), Schmitt (1959) and Steinmann (1963). 

Ganglionic Composition of the Ventral Nerve Cord. 

The ganglionic composition of the ventral nerve cord was 

investigated by the early insect embryologists. Wheeler (1889) in 

a paper describing the embryology 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 

early development of the central nervous system of Blatta germanica. 

He also pointed out that there was a fusion of abdominal ganglia 

with the metathoracic ganglion. Heymons (1895) refered to the 

presence of an eleventh 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 (:;angli of Abdominal segments 

eight to eleven, - ointing out that the eleventh  a';(7.-)mina1 Ganglion is 
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extremely mall 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 metathoraci,) gang' 	of Locusta was described 

chronologically by Afifi (1958). His findings agree with those of 

Roonwalls concerning the fusion of this ganglion with the first three 

abdominal ganglia. 

Phylogeny. 

Swaine (1921) studying the nervous system of the Stenopsis  

(Lepidoptera) attempted to base a phylogeny on the degree of separation 

of the ventral connectives, considering those with widely separated 

connectives to be primitive and those with little separation to be 

advanced forms. He also described the origin of the median and 

lateral nerves (transverse nerves) in several genera of Lepidoptera 

and one genus of Trichoptcra. 

Although Swain° made a brief attempt to establish a phylogeny, 

the work of Nesbitt (194.1) put comparative insect neuromorphology 

on a firm basis. Basing his work on seven families of Orthoptera, 

one of Isoptera and one of Dermaptera he used the stomatogastric 

nervous system as a conservative criterion, claiming that the 

cephalization is a very plastic feature in all orthopteran groups. 

In a subsequent 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 series of morpheme-trio criteria 

based on sur:h features as the differenial lengths of interganglionic 

conneoti7res angular -- se:Tian:A:Inn 	ne%:'Arc- 1-nots:  an l. sines of the 

various ganglia. He ciaiD.oa 	.11asul'emcnth can be used for 

comparative studies in the Orthoptera and ty9ea e phylogeny upon them. 

Subsequently he published tables of measurements pertinent to the 

above thesis for Phaneroptera falcata (1960b) and 22bippigira  

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

insect central nervous system. 

Innervation of the Abdominal Segments. 

In a very detailed paper Maki (1936) described the musculature 

and nervous system of the piegenita; genital and postgenital segments 

of a female Chauloides formosanus (Neuroytera). Jannone (194.0) in a 

paper on the anatomy and histology of the locust Dociostaurus briefly 

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 ganglia 

eight 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 innervation 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 C,'oropia, 	desoribn thcl R.enitaI innervation. 

In a series of papers on thc 3cm-oarairo anatcmy of the abdominal 

nervous system Schmitt has described the innervation of the pregenital 

segments of Dissosteira,, Acheta, Periplaneta 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 the stonefly L.croneuria and of the cicada 

Tibicen have been described by Knox (1965) and Vasvary (1966). 

In a monograph Steinmann (1965) described in detail the central 

and peripheral nervous system of Acrotylus (Orthoptera) including 

the innervation of the female genetalia. The female genitalia of 

Leucpl)haea has been described by Engelmann (1963). 

Considerable attention has been paid to the segmental innervation 

of the insect heart. Ale:candrowicz (1926) showed that the heart of 

Periplaneta is innervated by a pair of lateral cardiac nerves and 

by segmental nerves originating in each of the abdominal ganglia. 

These nerves anastomose with the lateral cardiac nerves and supply 

fibres to the alary muscles. His student Opoczynska-Sembratowa 

(1936) found the same arrangement of nerves in Carausius. Kuwana 

(1932) reported the innervation of the heart in Bombyx to be by a 

branch of the unpaired ventral nerve (median nerve), he also reported 



-.13- 

a branch of this nerve innervating the spiracular muscles. Nyst (1942) 

discussed the innervation of the heart in Dixippus morosus. 

MbIndoo's description of the heart of the cockroach (1945) is similar 

to the previous description of Pe2?3:plan3ta by J1lexandrowicz, however 

in the army worm and silkwerr 	any innervation of the 

alary muscles. Johnson (l 66) descift.)d 	between the lateral 

cardiac nerve and the heart of K9!.iplaneta. He olso found these nerves 

to contain neurosecietory granules. 

A number of studies have been concerned with the median-transverse 

nerve complex and its connection with the spiracular muscles. 

This system was originally referred to as the ventral sympathetic 

nervous system, a term loosely borrowed from vertebrate studies. 

The term is currently used by Steinmann (1965). 

In one of his remarkable studies of neurone tracts in the 

dragonfly larva 2.eschna, Zawarzin (1924a) described the unpaired 

ventral nerve. He showed the nerve to contain two sensory and two 

motor fibres in each of its lateral branches. 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 anastomose with the third 

somatic nerves to innervate the alary muscles. Case (1957) described 

the median nerve and its lateral branches (transverse nerve) in 



the cockroachlFeriplaneta and presented experimental evidence for 

their control of spiracular function. He claimed that sensory 

neurones in the median nerves arise from mechanoreceptive hairs 

near the spiracle and that the final pal= of median nerves anastomose 

with the cereal ners 

The median nerve in the larva ani pupae of Cecropia is 

described as anastomosing with the lateral nerves (Beckel, 1958). 

In this case the spiracular muscles are 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 

czen which innervated the spiracular muscle. Schmitt (1959) 

described the median and transverse nerves in the pregenital abdominal 

segments of Dissosteira  and Diapheromera. In 1965 Schmitt summed 

up his studies on the median-transverse nerve complex by concluding 

that it is present in varying form throughout the Insecta and established 

points of homology which can be recognised in the various orders 

investigated. 

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

blowfly Phormia terrae-novae does not innervate the spiracular 

musculatul.e (Osborne; 1964), instead it was ;:-,und to innervate the 

ventral transverse muscle and the tracheal system. Osborne found 

each unpaired ventral nerve comprised four neurones. Twp neurbnes.branch 

to e.,.ch lateral nerve (transverse nerve) an(7. one neurone passes uribranehing 

into each lateral nerve. The transve-̂ se nerves of the phasmid 

Clitumnus have been investigated by Rabb° (1965). She describes a 
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neurohaemal organ located in these nerves. Brady and lEdrull (1967) 

found organs similar to those of Rabbe associated with the median 

nerves of Carausius, Schistocerca and Periplaneta. 

The abdominal musculature for a number of Orthoptera has been 

described by Ford (1923), for pismosteia ay_Snodgrass (1935) and for 

Locusta and Nomodacris by -1-urecht (1953, 1556). 

Histology 

Ls has been previously mentioned the literature pertaining to 

neurone pathways within the insect central nervous system and the 

ventral nerve cord in particular is extremely sparse. Early workers 

concentrated on the structure of the brain and optic lobes. The brain, 

with the exception of the tritocerebrum, is a pre-oral structure 

and probably not derived from segment12 ganglia of the ventral chain. 

The tritocerebrum though it is considered to be post-oral and therefore 

a ganglion of the ventral nerve cord has been highly modified. 

There is little value considering the structure and tracts of the 

brain within the context of this thesis. Those interested in this 

topic may refer to Hanstr15m (1928) for a survey of the structure of 

the brain of numerous insect orders and a complete bibliography. 

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

Connections Between the Brain and Lower Centres.  

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

nervous system have been reported by Packard (1887) who found a tract 
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passing from the commissural lobes (tritocerebrum) to the last 

abdominal ganglion of the locust CaloDterus. Tracts from various 

centres in the brawn to the thoracic and abdominal ganglia have been 

described ',LIT Satija in the itachilidc (1957a), Orthoptera (1957b, 

1958a);  Odonata Hym,:no7.2 01958c) and Diptera (19584). 

Structure of the Ganglia of the Ventral Cord. 

The structure' of the suboesophagal ganglion of a trichopteran 

has been described by.7.311nbom (1948). He claimed that the trichopteran 

nervous system retained the primitive condition and that segmental 

ganglia comprising this structure are readily discernable. He observed 

three transverse commissures, and three longitudinal tracts passing 

through the dorsal surface of the ganglion to lower centres in the 

ventral cord. 

The thoracic ganglia of the ant Televtomyrmex have been briefly 

described by Brun (1952), he showed a number of longitudinal tracts 

passing through these ganglia. The structure of the thoracic ganglia 

of reriplaneta have been studied by Iipa et al. (1959). They reported 

seven longitudinal truces which pass through the thoracic ana first two 

abdominal ganglia which arc fused with the meta thoracic ganglion. 

Giant axons lass uninterrupted through the thoracic ganglia into the 

brain. 

J. number of major tracts in the fused thoracico-abdominal ganglion 

of Drosophila have been described by lower (1948). He fcund the 
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abdominal ganglia reduced to one centre with no indication of 

segmentation. Thera are four fibre tracts from higher centres into 

the abdominal centre but these ara very indistinct. Parson (1960) 

briefly described the fused thoracic-a"odominal neuropile of the 

Gelastocoris (Hetercrotera). She ':*ound the opposite sides of the 

abdominal neuropile separated by a mid line fissure and connected by 

ten transverse tracts and. bridges of neuropile. 

Neurone Pathways in the Thoracic and Lbdominal Ganglia. 

Neurone pathways have been traced in the thoracic and abdominal 

ganglia by several authors. Hilton (1911) described a number of 

pathways in the ventral ganglia of the neuropteran Corydalis. 

He distinguished between sensory, motor and association neurons, 

and was able to trace a numLer of axons between ganglia. He found 

a number of motor neurones entered peripheral nerves on the 

contralateral side of the ganglia. Undoubtedly the most detailed 

studies of the neurone pathways in an insect nervous system are those 

of the abdominal and thoracic ganglia of the .j.eschna larva, 

(Zawarzin 1924a, b.). In a paper on the unpaired ventral nerves 

(1924a) Zawarzin located the two motor cell bodies and traced their 

axons into the lateral nerves, and their collaterals within the 

ganglion of origin. He also found two sensory fibres associated 

with the system. His most extensive work however is a study of the 

neurone pathways of a thoracic and an abdominal ganglion (1924b). 

In this paper he described numerous sensory motor and association 
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neurones in great detail. The only criticism of this work is that 

he described his neurones on the Lasis of type (sensory, motor, 

association) thus the anatomical relationship between the various 

typos of neurones cannot be determined (Bullock and Horridge 1965). 

This fault is probably due to the capriciousness of the methylene 

blue staining techniques which he used. 

Pyle (1941) described several of neurone pathways within the 

thoracic ganglia of sql-fpostia. It is interesting thai-  he does wit 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-nervous system 

of Gerris (Heteroptera) found that many of the motor neurones pass to 

the opposite side of the ganglion prior to entering a peripheral 

nerve. He also described a majority of the motor cell bodies in the 

thor-cic ganglia as lying in the mid-ventral region and those of the 

abdominal ganglia as lying in the midi dorsal region, only a few 

motor neurones are located on the lateral margins of the ganglia. 

Mill (1964) described a number of neuronal pathwoys in the seventh 

and eighth abdominal ganglia of the nymph of .".eschna.  The eighth 

abdominal represents the fusion of at least two and posshly three 

segmental ganglia. He found that some of the motor neurones supply 

nerves on the contralatoral side of the ganglion. 
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Giant Fibres. 

The abdominal giant fibre system has been investigated by 

Tum;pbrey and Rawdon-Smith (1937), Roeder (1948), Cook (1951, 1952) 

Fielden (1960) Hughes (1953) and Mill (1964.). Using clectro-

physiological techniques rumphrey oma Rawdon-Smith determined that 

giant fibres in Feriplaneta  synapsed with afferent neurones of 

the cereal nerve. They established the speed of conduction of 

these fibres as 5 to 6 meters per second and the synaptic delay as 

approximately 1.0 milliseconds. Roeder found six giant fibres in 

each abdominal connec;tive of lerip2.anea ranging in diameter from 

20 to 45 microns. He susrected these of being multicellular in 

origin, arising from p. group of cell bodies close to the cereal 

nerve. His electrophysinliGical investigations indicated that 

six homolateral ana three heterolateral giant fibres synapse with 

efferent meurones of the cereal nerve with a synaptic delay of 

1.9 milliseconds. The giant fibres conducted with velocities of 

6 meters per second and passed uninterrupted_ into the metathoracic 

ganglion. .Lt this level they formed synapses with efferent neurones 

of the metathoracic leg nerve and with interncurones passing to 

higher levels in the central nervous system. 

Cook (1951) investigated the giant fibres in the abdominal 

nervous system,of Locusta. He reported four giant neurones in 

each connective with diameters of 12 to 15 microns. These gave 

rise to giant potentials when the =rens was stimulated with puffs 
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of air. These fibres pass without interruLtion into the 

metathoraic where they synapsr, with efferent neurones of the • . 

metathoracic leg nerve. although burst of impulses are recorded 

from these efferent neurones on stimulation of the cercus no 

evasion response occurs. The giant fibres of Locusta are reported 

to have conduction velocities of 3 to LE  meters per second (Cook 

1952, Ficlden 1960). 

Giant fibres in the Odonata have been described in the 

ventral cord of .,.:nax nymphs by Hughes and in Leschna nymphs by 

11111. In Lnax there are two fibres with diameters of 12 to 15 

microns. •Leschno has two fibres of 13 to 15 microns although 

four giant fibres are present in the eighth abdominal ganglion. 

Gaint fibres in the Od7:neL„I synapse in each of the abdominal ganglia. 

Fielden (1960) has studied Lnax clectrohysiologica4y and has 

reported conduction velocity in the giant fibres of 3.5 to 4.5 

meters per second and synaptic delt*rs,between these neurones and 

afferent fibres of the paraproct nerve, of 2.0 to 4,5 milliseconds. 
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ML.TTRILLS LND  METHODS 

The specimens of Schistocerc 6ret:aria used in this study 

have been obtained from a colr,ny maintained at the Imperial College 

of Science and Technology Field Station)  Silwood Park and from the 

Anti-Locust Research Centre, Y,ondon. 

Locusts used for morphological studies were prepared in several 

ways. The gut was removed and they were dissected under 707, alcohol. 

In some cases a solution of 0.1 methylene blue in locust ringer 

was injected into the living animal or poured over the exposed 

nervous systems. Afte:? five minutes the locust was washed to remove 

excess stain and disnected undel' 70:-  alcohol. In this case both 

the nerves and muscles took up the stain, however, the nerves were 

very obvious against the qucmiides of fatty tissue invariably present. 

In an attempt to matzo° this fatty tissue locusts were starved for 

periods of three weeks before use. The. reduced methylene blue method 

of Zacharuk (1963) was used but results were little better than those 

obtained using the foregoing simple method. In some few cases the 

locusts were fixed in alcoholic Bouins fixative (Brasil 1904 or 

Dubosq Brasil of Gray 1954) and dissected under alcohol. This 

resulted in the nerves taking on a cream colour against the whiter 

muscles but unfortunatel7 caused the nerves to become brittle making 

dissection difficult. 

Specimens prepared for histological study had the pertinent 

ganglia dissected out ana fixed in either a modified alcoholic Bouins 
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fixative or veronal buffered osmium tetroxide. It was found that the 

addition of a few drops of nitric: acid to the Bouins fixative resulted 

in sharper fixation ,nd brighter sailing. Tissues were embedded 

in "Faraplast" using the stanaprd chloroform embedding technique. 

Serial sections -gere cut in the frontal, saggital and transverse ,lanes 

at a thickness of five and ten microns using a "Cambridge rocking" 

microtome. 

Ganglia fixed in the modified Bouins fluid wore stained with 

Harris' haemotoxylin and counterstained using eosin Y in picric acid 

and alcohol. These sections were used to investigate the glomerular 

regions within the neuropile and to determine the limits of the 

segmental areas of neuropile within a ganglionic mass. Ganglia 

used for tracing neuron t2acts were fixed and stained using a 

modification of Wigglusworth's (1957) osmium ethyl-gallate technique. 

If this technique is used as published the staining is too intense 

and sections cut at five microns are unreadable. Good results arc 

obtained by reducing the time in osmium tetroxide to fifteen minutes 

and the time in ethyl gallate intensifier to twelve hours. The 

paraffin ribbons were de-waxed in xylene and mounted in Canada balsam, 

without the addition of ethyl gallate to the mounting medium. 

Tissues prepared in this manner gave excellent axonal and nuclear 

detail. The storage properties are good. 
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Ireparations of isoLltea abdomens were used for studies 

concerned with thL, sT,ed of fld,lotion and synaptic relations 

of the giant fibres at the level of the terminal ganglionic mass. 

looLsts were used ±'or the study of the synapses at the level 

of the metathoracie ganglion, a section of the dorsal thorax and 

abdomen bein6 romoved in tho re3iin of the ganglion. In all 

instances the gut and vehtral diaphragm were dissected from the 

region under investigation and the ventral nerve cord was split 

into separate connectives. The preparations were irrigated with 

locust ringer (Hoyle , 1953). 

Both silver/zilve-.! chlorio and electrolytically tapered 

tungsten oluotrorlos b)re used fo7 recording. Silver/silver chloride 

electrodes acre uso tor oloctr)oal stimulation. In order to 

make maximum use of the rIcromallipulaters paired electrodes were 

constructed, Two silver wires %,: re inserted into a hypodermic 

needle (used as a clamp) and a drop of araldite placed 1 cm. from 

their tips. This was briefly fired over a low flame in order to 

set the resin, Tho proximal ends were cut square, fine hooks 

bent in them and the electrodes chloridea. The hooked tips could 

then be bent apart to the desired distance for the experiment in 

hand. The eleotrodes were inserted into stainless steel sockets 

permanently nr)unted in plz.i.htic rod electrode holders of a diameter 

to fit the micromanipulator. 2ach electrode of this pair was used 

as a recording electrode; thus one micromanipulator could handle 



the recording cleat-oder; for ;;we channels of amplification. 

Nickle plated. =soot pine were usel as inaeferent electrodes. 

second useful feature of this elo ;trode configuration was that 

electrodes could. be held, steadily, very close together, and moved 

along the nerve with a filed distance separating them. 

Iotentit.1:7 were amplified using a pair of Tektronix type 122 

preamplifiers and aisplayod on a Tektronix 502—L dual beam 

oscilloscope. The signals were recorded on a dual track tape 

recorder and monitored acoustically via the speaker of the tape 

recorder. 

nlectrical stimuli were oT2i;ained from a square pulse biological 

stimulator and delivered to the preparation through an isolating 

transformer. The Qs';il10s3:,pc ,3wcep was triggered by the stimulator 

which had a built in varible Lany. 

Electrephysiolegical and hj.stelogical investigations have 

been carried out using male Schistocerca only. The terminology 

used for the nerves is that of Schmitt (1953). In the morphological 

diagrams nerves terminating in a muscle have been given the muscle 

number of Snodgrass (1935), sensory nerves have been indicatea 

with an s. 



MO111--HOIIOGY 

The Terminal. Ganglinnic  Mass  

The terminal .ganglionin mass (Fig. 1)  2) is an ovate structure 

lying in the eighth abOomf_nal segment, In Schistocerca gregaria 

it innervates abdominal segments Via)  IX, X and XI; thus 

comprising the fused ganglia of the last four segments. The structure 

is therefore referred tc as a garIglionie mass(Seabrook and Nesbitt, 

1966). The dorsal and ventral surfaces arc featureless giving no 

indication of the position of the component segmental ganglia. 

.L.t the antcrfor surface the ganglionic mass receives the closely 

appressed ventral connective6 (v.c.) and, lying between them the fine 

median nerve (..m, n,), On Fuperficial examination it appears to give 

rise to four pairs 01 1-:erves, The eighth dorsal nerves (8 d.n.) 

arise from the antero-ateral angles of the ganglionic mass, the eighth 

ventral nerves(8v.n.) arise close behind and below them. The ninth 

dorsal nerves (9 d.n.) join the ganglion at the postero-lateral angles 

and immediately posterad and mesad of these a pair of largo nerve 

trunks arise which supply branches to the ninth abdominal sternum 

and the tenth and eleventh abdeninal terga and sterna. 

If howovo2, the surroundin2 connective tissue is teased away 

it is found that the3e her:ve trunks contain the separate ninth ventral 

nerves (9 v.n. tc the ninth aternm, the e:Aproet nerves (el.a. n.) 

and the cereal no 	(cere, n.) to the eleventh sternum. In • 

addition the male has a genital nerve (gen. n.) associated 
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with the ninth segmena] ganc:LiOn -71th the exception 

of the epiproct nerv( und co.real 	which duso a short 

distance posterad of the ganglionic mass the other nerves retain 

their identity until they enter the ganglionic mass. 

The transverse nerve of the eighth :bdominal ganglion (8 tv. no) 

arises unpaired from the median dorsal surface of the ganglionic 

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

which arises, unpailed, immediately posterad of the eighth transverse 

nerve. 

Innervation 	Lbdominal Segment. 

The Hale (Fig. 3) 

Dorsal Nerve. 

The eighth dorsal nerve arises on the antero-lateral angle of 

the ganglionic mass and passes dorso-lateraa along the tergum. It 

innervates the lateral and dorsal muscles; in addition it gives rise 

to a branch which innervates the sternal muscles of this segment. 

:. short distance after leaving its ganglion the dorsal nerve 

gives rise to a ventral branch which divides. The medial branch 

innervates the median internal ventral muscle (247) and the lateral 

branch innervates the lateral ventral muscle (248). Close to its 

origin this nerve giTeE off in addition an extremely fine branch 

which passes dorsad co anastemose uith the paramedian nerve (pm. n.) 

supplying fibres to the ventral diaphagm (v. d.). 
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Continuing laterad the dor6:a nerve branches off a major nerve 

which passes ane:ad and imwediat.-2v-  aivides again into anterior and 

posterior nerves. Ti1Q anterior nerve paL.ses along the lateral horn 

of the eighth sternal apodeme and at it.; tip turns me sad becoming 

contiguous with the:seventh ly:-..ansverse nerve (7 tv.n.). Lt this point 

it gives rise to a ,air of small nerves. The anterior of the two 

innervates the first external lateral muscle (251) the posterior 

member innervates a small bundle of fibres (250x) derived from the 

internal lateral muscle (231breeht, 1953). _'.ntero-mesad of this pair 

of nerves the anterio-!? branch gives off a very small nerve which 

passes over the apodeme and turns ventral to anastomose with a branch 

of the'seventh ventral nerve (7 	close to the point at which 

this nerve terminates in the xterrA% ventral muscle (254) of the 

seventh abdominal segment. 

The aforementioned posterior branch reflexes upon itself and 

passes ventra'.. to innervate the spiacular muscles of the eighth 

abdominal segment. Is this nerve passes beneath the dorsal nerve it 

bifurcates. The lesser dorsal branch innervates the dilator muscle 

(254), the greater ventral branch innervates the occlusor muscle 

(255) of the spiracle. The greater branch receives a fine sensory 

nerve (s) from the hypodermiJ in the region of the spiracle. 

The dorsal nerve passe4; laterad between the sternal apodemes 

of the eighth and ninth abdominal segments and receives a substantial 

sensory nerve. This nerve appears to innervate a large portion of 



the eighth pleuron. Close to tnc point c_t which this nerve innervates 

the dorsal nerve a short nerve arises which passes ventrad and 

divides; both branch,,s extending over ':he surface of the paradorsal 

muscle (244)- 

The dorsal nerve, proceeding doro-laterally, now becomes closely 

appressed to the torgal musculature. Some distance further a branch 

arises which passes posterad; dividing to innervate the Lwo lateral 

internal dorsal muscles (243t1, b). 	short distance laterad the next 

nerve arises anti passes antero-lator-td roceiving sensory fibres (s) 

from the tergum and supplying a fine nerve to the alary muscles of 

the heart (al.m.). 

The remainder of the eighth dorsal nerve divides serially into 

three branches innervating the internal dorsal muscles (242a, b, c, d). 

The nerve innervating 242b gives off a branch which passes postero-

mesad to innervate the median external dorsal muscle (245) and 

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

Ventral Nerve. 

The eighth ventral nerve is rather insignificant by comparison 

with the dorsal nerve. It leaves the ventro-lateral margin of the 

ganglion, passes ventrad and divides into three branches. The 

anterior branch it, se,nse:v.  (s) receiving fibres from the anterior 

region of the' eighth abdominal sternum. The median passes laterad 

bifurcating distally- to innervate the internal lateral muscle (250) 

and. the third external laten:1 muscle (255). 1. sensory branch (s) 

from the posterior region of the sternum joins this nerve mesad of 



the point of bifurcation  The puscerior branch (x) proceedes posterad, 

without branching, to become con::iguous with the transverse nerve 

of the eighth segment (Fig. 5, 8 tv.n.. 

Transverse Nerve. 

The eighth transverse nel-ve in the 'male is typical of the 

transverse nerves associated with the 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 a shortening of the nerve. 

The nerve arises unpaired from the median postero-dorsal surface 

of the ganglionic mos, passes posterad a short distance closely 

appressed to the rouriloyma and bilcates. The nerve now extends 

laterad passing over the ninth sternal apodemo, and bending ventral 

over its tip to become contiguclis with a 131.aneh of the eighth ventral 

nerve (8 v.n.)0 Lpproximately one thi::d of the distance from the 

point of bifurcation a very fine nerve is given off which passes 

dorsad to anastomose with the paramedian nerve (pm.n.). At a varying 

distance mesad of this point the transverse nerve receives a branch 

from the ninth dorsal nerve. 	the transverse nerve bends ventral 

over the tip of the apodeme a short nerve arises which innervates 

the external lateral lauscle (270) of the ninth abdominal segment. 

The Female (Pig. 4). 

The female eighth abdominal segment is the first of the genital 

segments. The muscle plan differs conJiderably from the male, 
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particularly those muscles associated with the ventral ovipositor 

valves which have no counterpart 4,n the male (Snodgrass, 1935). 

The plan of innervation varies accordingly, 

Dorsal Nerve. 

The eighth dorsal nerve (8 .d.n Ls modified to a lesser extent 

than the ventral nerve. It arises from the antero-lateral angle of 

the ganglionic mast. and proceeds dorso-lateraly. The first nerve 

to emerge is an extremely fine branch passing dorsal to anastomose 

with the paramedian nerve (pm.n.) innervating the muscles of the 

ventral diaphragm (v.d.). Immediately distal to this point a ventral 

nerve is given off uhich innervates the median internal ventral muscle 

(247), the lateral ventr,a muscle 	is innervated by a branch 

of the eighth ventral nerve 3 v.n.) in the female. 

The dorsal nerve passes unbranchin to the mesial face of the 

lateral apodeme of the ovipositor. Lbranch arises which passes 

anterad, and as in the male immediately divides into anterior and 

posterior nerves. The anterior nerve branches to innervate a bundle 

of fibres (250x) belonging to the second internal lateral muscle and 

the first external lateral aluscle (251). .:, very fine nerve arises 

at the same point as the branch to 251, and turns ventrad over the 

tip of the eighth abdominal apodeme. This nerve passes within, 

but does not. innervate, the external ventral muscle (234) of the 

seventh abdominal segment leaving it to anastomose with the ventral 



nerve of the seventh abdominal segment (7 v.n.) close to the termination 

of this nerve in muscle 234. The remainder of the anterior nerve 

becomes contiguous with the transve2so nerve of the seventh ganglion 

(7 tv. n.). The posterior nerve reflexes upon itself, passes ventral 

beneath the lateral apodeme of the ovipusitor and its muscles to 

divide into sensory and motor nerves. The sensory nerve (s) receives 

fibres from the pleuron in the region of the spiracle. The motor 

nerve initially senc.s a branch to the second external lateral, muscle 

(252) and continuing lateral divides, innervating the dilator muscle 

(254) and occlusor muscle (255) of the spiracle. 

The dorsal nerve (8 d.n.) becomes closely appressed to the 

muscles of the lateral ovipositor apodome, crawls over its dorsal 

surface and passes aorso-latorad 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 missing. The large sensory branch to the mid-region 

of the pleuron is also missing, though a lessor sensory nerve is 

present as will be described subsequently. 

.PL considerable distance distal to the apodame a branch arises 

and passes antero-laterad innervating the glary muscles (al. m.) 

and receiving sensory fibres (s) from the dorsal region of the 

pleuron. Close by the origin of this branch a nerve is given off 

which extends antcro-mesad along tho pleuron to innervate the short 

protractor muscle of she ovipositor (256). There is no homologous 



muscle in the male. This branch receives a small sensory nerve (s) 

from the mid. region of the pleuren. L short nerve now arises from 

the dorsal nerve (8 d.n.) which passes antcrad innervating the fifth 

bundle of the internal dorsal muscle 22:22 e) and receiving a sensory 

nerve (s) from the tergum. Clesc by 	this origin of 	branch_ 

a pair of nerves arise which pasA posterad to innervate the internal 

dorsal muscles (243 a, b). 

The dorsal nerve now divides serially four time:, sending branches 

to the remaining bundles of the internal dorsal muscle (242 d, c, b, a). 

The branch to muscle 242a gives rise to z.6 nerve which passes postero-

mesad into the intersegmental fold between abdominal segments eight 

and nine to innervate the median ex.ernal dorsal muscle (245). It 

will be noted that in Lhe female muscle 242 divides into five bundles 

as opposed to four in the male. 

Ventral Nerve. 

The branching of the eighth ventral nerve (8 v.n.) is barely 

homologous to the male. This nerve innervates the ventral ovipositor 

mechanism, the spermathecal duct, and receives sensory fibres from 

eighth abdominal sternum. Unlike the ventral nerve in the male this 

is a substantial nerve. 

The nerve arises from the lateral face of the ganglion passes 

ventral and immediately divides imto posterior and ventral nerves. 

The posterior, greater nerve proceeds unbranching for a considerable 

distance and gives rise to a mcsial '32anch which bec)mos distrr:Alted 
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over the muscles of the spmmathecal duct (asp.n.). _adjacent to this 

branch a nerve passes :ateraa to contribute to the innervation of 

the depressor muscle of the ventral valvula (272). 

The posterior nerve continues without branching until 

it is about to enter the ventral oz-*-cositor valve. .:Nt this point a 

mesial branch innervates the si?orma-6necal duct in the region of the 

spermathecal apperature (asp.n,). The nerve continues into the ventral 

ovipositor valve and divides into mesial and lateral branches which 

receive sensory fibres from the valve, and a central branch innervating 

the depressor muscle of the ventral vaDvula (272). In Dissosteira  

caroling (Snodgrass, 1935) and Locusta migratoria (:labrecht, 1953) 

this muscle is considered to belc,ng to the ninth abdominal segment. 

No details are available as to the innervation of this muscle in 

these species. 

The ventral branch of the eighth sternal nerve (8 s.n.) divides 

into anterior and posterior nerves. The anterior nerve passes forward; 

bends back upon itself passing posterad beneath 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 distance before innervating the lateral ventral 

muscle (248). rrior to entering this muscle the nerve receives 

sensory fibres (s) from the eighth sternum. In the male, muscle 

248 is innervated by a branch of the eighth dorsal nerve (Fig. 2, 

8 a.n.). 
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Transverse Nerve. 

The transverse nerve of the eighth abdominal ganglion (Figs. 2, 

6, 11, 8 tv.n.) in the female differs considerably from that in the 

male. Unlike the male bcth halves of this nerve arise separately 

from the postero- dorsal surface of the terminal ganglionic mass. 

:,fusion of these nerves into a common trunk takes place within the 

ganglion and may be observed by teasing away the neurilema (Fig. 2). 

On emerging from the ganglionic mass the transverse nerve passes 

antcro-laterad enclosing within its sheath the paramedian nerve (pm.n.) 

with which it makes a connection at the point where the paramedian 

nerve crosses over it. The nerve now bends postero-laterad to enter 

the mesial face of the levator muse .c of the dorsal ovipositor valve 

(271) and gives rise to fine anterior and posterior branches to it. 

On emerging from the lateral face of the muscle at the level of the 

apodeme the nerve turns ventral passing beneath muscle 272 (the 

depressor of the ventral ovipositor valve) to terminate as a sensory 

nerve in the fold between the sternum and pleuron of the eighth 

abdominal segment. 

Connections between the eighth transverse nerve and the eighth 

ventral nerve have nut been established, nor have connections been 

established between this nerve and the ninth dorsal nerve as would 

be expected in a normal segment. The function of this nerve also 

appears to have been considerably altered. I, further discussion will 

be reserved for a subsequent section dealing with the median-transverse 

nerve complex. 



Innervation of the Ninth .adominal Segment. 

The Hide  (Fig. 5). 

Dorsal Nerve. 

The ninth dorsal nerve emerges from the postero-lateral angle of 

the terminal ganglionic mass immediately anterad of the large posterior 

nerve trunks. This is a small nerve and its origin is not always 

apparent. On leaving the ganglion it passes postero-laterad to 

innervate the muscles of the ninth tergum. In addition this nerve 

receives sensory fibres from the ninth ard tenth terga. 

The first branch is the very fine paramodian (pm.n.) nerve which 

passes anterad to innervate the muscles of the ventral diaphragm 

(v.d.). The ventral diapliTagm in the male of Schis-Cocerca extends 

across the anterior rc gion of the ninth abdominal segment. 

Distal to the paramedian nerve the dorsal nerve gives rise to 

a substantial branch which passes anterad to anastomose with the 

eighth transverse nerve (8 tv.n.). The ninth dorsal nerve niw 

divides, into lateral and posterior nerves. 

The posterior, sensory nerve redivides into a lesser posterior 

branch receiving sensory fibres (s) from the ventral region of the 

pleuron and a greater lateral branch receiving sensory fibres from 

the dorso-lateral 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 lesser anterior branch passing to the glary muscle (al.m.) and 

receiving sensory fibres (s) from the anterior region of the tergum. 

The greater branch passes posterad giving off a pair of branches to 

bundles of the median internal muscle (260 d.c.). 	this point 

a large sensory branch is received from sense organs of the posterior 

region of the ninth tergum (s) and the tenth tergum (s 10). The 

remainder of the nerve divides to innervate the two remaining bundles 

of fibres belonging to the median internal muscle (260 b, a). In 

the males of Locusta (Llbracht, 1953) and Dissosteira (Snodgrass, 1935) 

this muscle consists of one bundle of fibres only)  although in the 

females there are five bundles as in both sexes of Schistocerca. 

Ventral Nerve. 

The ninth ventral nervc (Pig. 1, 5, 9 v.n.) is included within 

large ventral nerve trunks that issue from the postero-lateral angles 

of the terminal ganglionic mass. If the neurilemma is removed from 

these trunks it will be found that this nerve originates immediately 

beneath the ninth dorsal nerve (9 d.n.). It passes postorad in the 

lateral region of the trunk (Fig. 1), turning ventrad beneath the 

epiproct nerve (epi.n.), and cereal nerve (cerc.n.) to emerge as the 

second nerve from the postero-median face of the trunk. This is 

essentially a sensory nerve, although it does innervate the ventral 

lateral muscles of the ninth abdominal segment. 

On emerging from the trunk the ninth ventral nerve gives risc 

to a small nerve from its lateral surface which becomes incorporated 



within the sheath of the epiproot nerve (cpi.n.). It passes with 

this nerve for some distance. On emerging from the sheath of the 

epiproct nerve it passes posterad a short distance to innervate the 

large retractor muscle of the phallus (261). Prior to entering the 

muscle a very small nerve is given off which proceeds posterad to 

innervate one of the internal lateral muscles (269). IL second branch 

emerges from the median surface of the ninth ventral nerve, divides 

giving a small mesial branch to the ventral muscles (265) and a 

lateral branch which passes beneath the ninth ventral, epiproct, 

and cereal nerves and comes to lie within the sheath of the ninth 

dorsal nerve (9 d.n.). It passes a short distance with this nerve, 

emerges, and turns posterad to innervate the second of the internal 

lateral muscles (268). 

The ninth ventral nerve procecaq posteraa and bifurcates into 

two major branches, the median nerve (9 v.m.n.) which receives sensory 

fibres (s) from the median ventral region of the ninth abdominal 

sternum, and the lateral nerve (9 v.l.n.) which receives sensory 

fibres (s) from the lateral margins of the ninth sternum. 

Genital Nerve. 

The genital nerve (pig. 1, 6, gen.n.), present only in the male, 

is also included among the nerves of the large posterior trunks. 

It arises on the posterior face of the ganglionic mass immediately 

beneath the ninth ventral nerve, passes along the mesial face of 

the trunk and is the first nerve to emerge from the postero-median 
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surface. This nerve is predominantly a motor nerve, it is a 

development of the ninth abdominal ganglion, and is responsible for 

the innervation of the male genitalia. 

Upon leaving the trunk the genital nerve gives off a series of 

very fine fillets to the accessory gland (acc.g.n.) and divides into 

posterior and lateral nerves. The lateral nerve proceeds for a short 

distance and branches serially three times. ,1 posterior branch 

passes to the retractor muscle of the aedeagus (266), a lateral branch 

innervates the protractor muscle of the aedeagus (267), and a second 

lateral branch passes to the retractor muscle of the aedeagus (266). 

The main nerve continues posterad to terminate in the compressor 

muscle of the ejaculatory sac (284). 

The aformentioned posterior nerve redivides into mesial and 

lateral branches. Thu lateral branch sends a nerve to the compressor 

muscle of the ejaculatory sac (284) which also receives a sensory 

nerve (s) from the sternum. The lateral nerve ccntinues posterad 

to terminate in the retractor muscle of the aedeagus (266). The mesial 

branch proceeds posterad bending mcsad and giving off a nerve to 

innervate the muscle of the ejaculatory duct (285). Continuing 

posterad the mesial branch bifurcates; the lateral branch again 

dividing to innervate the lateral dilator muscle of the endophallus 

(281) and tl'e compressor muscle of the endophallus (283). The mesial 

branch divides to innervate the dorsal dilator muscle of the endophallus 

(282) and the cpiphallic muscle of the aedeagus (278). The 
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innervation of the muscle of the subventral lobe of the aedeagus 

was not located. 

The transverse nerve of the ninth abdomina: segment is not 

present in the male of S. gregaria. 

The Female (Figs. 2, 7, 11). 

Dorsal Nerve. 

The ninth dorsal nerve arises as in the mai('  from the postero-

lateral angle of the terminal ganglionic mass jusl anterad of the 

large posterior nerve trunks. It innervates the a3rsal muscles of 

the ninth abdominal segment and contributes to the dorsal ovipositor 

musculature and rectal musculature. In addition it receives sensory 

fibres from the ninth abdominal pleuron and tergum. 

Immediately upon emerging from the ganglion the ninth dorsal 

nerve gives rise to the slender paramodian nerve (FIE. 2 pm.n.). 

This nerve is enclosed within the sheath of the eight -a transverse 

nerve (8 tv.n.). To see its origin one must tease awLy the neuralemma 

at the base of the dorsal nerve. The paramedian nerve receives fibres 

from the eighth transverse nerve and extends forward tle entire 

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

(v.d.). In Schistocerca the ventral diaphragn.00vers only the 

anterior portion of the terminal ganglionic mass, which lies in the 

eighth abdominal segment, and extends posterad into the ninth segment 

as a pair of diaphanous horns terminating close to the origin of the 

ninth dorsal nerve and apparently adhering to the neurilea of the 

ganglionic mass. 



The ninth dorsal nerve (Fig. 7, 9d.n.) now passes postero-

laterad and gives rise to a broad ventral branch passing beneath the 

cereal nerve (cerc.n.) to anastomose with the epiproct nerve (epi.n.) 

within the sheath of the posterior trunk .1s this branch enters the 

trunk a fine nerve emerges from it and passes posterad to innervate 

the ventral dilator muscle of the rectum (Fig. 7, 26L.). The dorsal 

nerve continues postero-laterad and receives a sensory branch (s) 

which arises on the ventral region of the ninth pleuron, passes 

beneath the dorsal ovipositor apodeme and 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 ,lerire receives sensory fibres from 

the remainder of the ninth pleuron. 

The dorsal nerve now proceeds 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 addition a pair of sensory nerves (s) are received from 

the tergum. 

Ventral Nerve. 

The ninth ventral nerve (Fig. 2, 9 v.n.) emerges from the ganglion 

immediately beneath the ninth dorsal nerve and passes ventrad along 

the lateral margin within the neurilemma of the posterior nerve 



trunk turning mesad and passig either between the cereal nerve 

(cerc.n.) and epiproct nerve (0- 1,L.) or beneath them both to emerge 

on the mesial face of the trulik Upon emerging the ventral nerve 

passes postern' close to the muscle;: 	apcdeme of the dorsal 

ovipositor valve for a considerable disance,dividing into mesial 

and lateral branches. 

The lateral branch continues posterad. supplying a small nerve 

to innervate the adductor muscle of the ventral valve (273). This 

nerve gives rise to a very fine branch, which passes antero-mosad 

and divides into a sensory branch (s) ana a branch which passes 

antero-laterad beneath the ninth ventral nerve to contribute to the 

innervation of the levator muscle of the dorsal ovipositor valve 

(271). The lateral branch -oasses postorad entering into, and receiving 

fibres from, the dorsal ovipositor vive (s 3 v 1). The mesial branch 

of the ninth ventral nerve passes to the posterior region of the ninth 

apodeme and turns laterad. Lt this point a branlh arises to innervate 

the muscle of the intermediate or second ovipositor valve (275). 

The mesial branch now passes laterad over the levator muscle of the 

dorsal ovipositor valve giving rise to a posterior branch innervating 

the adductor muscle of the dorsal valve (274). The mesial ne,..vo then 

bifurcates, a short posterior branch passing into the dorsal ovipositor 

valve to innervate the posterior region of the levator muscle of the 

dorsal ovipositor valve (271) and an anterior branch which extends 

forward to innervate the retractor muscle of the ovipositor (263). 



Transverse Nerve. Nerve. 

The transverse nerve of the ninth abdominal ganglion is present 

in the female (Fig. 2, 11, 9 tv.n.). It arises as a substantial 

nerve from the postero-median surface of the ganglionic mass, extends 

posterad close to the right posterior _servo trunk and bifurcates. 

short branch enters the nerve trunk to anastomose with the epiproct 

nerve of the same side and a long branch crosses to anastomose with 

the epiproct nerve of thc opposite side, No function can be attribute'. 

to this nerve at present. 

Innervation of thc Tenth and Eleventh 

Lbdominal Segments. 

The nerves of the tenth and eleventh abdominal segments arc 

combined into the epiproct nerve (epi.n.), the common dorsal nerve 

of the two segments, and the cereal nerve (cerc.n.) the common ventral 

nerve. 

The Hale (Figs. 1, 8). 

Epiproct Nerve. 

The epiproct nerves (epi.n.) and cereal nerves (cerc.n.) arc 

contained within the large posterior nerve trunks (Fig. 1). They 

emerge from the ganglion as a common root and soon separate, the 

cereal nerve lying mesad of the epiproct nerve. Lfter separation the 

epiproct nerve turns beneath the cereal nerve coming to lie mesad 

of it. Only after emerging from the common sheath of the trunk does 



the epiproct nerve again turn beneath the cereal nerve coming to lie 

lateral of it. Continuing posteroZ,  the epiproct nerve (Fig. 8, epi.n.) 

gives rise to a short branch to the ventral dilator muscle of the 

rectum (264). Distal to this branch r z;erve emerges and passes mesad 

to anastomose with the cereal c,.eY e ( 	The epiproct nerve 

then bends posterad and a pair 	widely separated branches arise, 

both pass postoro-ventral to thzi has of the cercus the first to 

innervate the lateral levator muscle of '110 cercus (289) and the 

second to innervate the median 2evator musc?e of the cercus (288). 

The epiproct nerve passes posterad enters the epiproct and divides. 

The dorsal branch innervates tin dorsal dilator muscle of the anus 

(295) and receives sensory fibres (:.l from the epiproct. The ventral 

branch divides supplying nerves to th., adductor muscle of the cercus 

(293) and the adductor muscle of the 1,araproct (294), this nerve 

receives sensory fibres (s) from the epiproct. 

Cereal Nerve. 

The cereal nerve (ccrc.n.) after separating from the common 

root with the epiproct nerve continues posterad passing above the 

epiproct nerve and giving rise to a major branch, the rectal nerve 

(rect.n.). The rectal nerve proceeds dorsad, a branch emerging which 

innervates the dorsal dilator muscle of the rectum (286), and 

bifurcates into cephalad and caudad bronchcs. The cephalad branch 

becomes distributed among the intrinsic muscles of the rectum (rec.m.). 

The caudad branch redivides the lateral nerve innervating the lateral 
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dilator muscle of the roctum (290) and posterior branch innervating 

the intrinsic muscles of the posterior part of the rectum (rec.m.). 

Continuing posterad the cereal nerve divides, the dorsal, sensory 

branch passing posterad and dividing again to receive sensory fibres 

(s) from the lateral and mesial surfaces of the ccrcus. The ventral 

branch passes to the region of Lilo paraproct 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 paraproct (291) and receives 

sensory fibres (s) from the paraproct. 

The Female (Fig. 2, 9). 

The innervation of 4..he postgenital segments in the female is 

similar to that of the male, differing only slightly in the pattern 

of nerve branching and with the addition of the transverse muscle 

and its innervation which is absent in the male. It is also interesting 

to note that the cereal nerve-epiproct nerve conuection is absent 

in the female. 

Epiproct Nerve. 

The two nerves emerge from the ganglionic mass as a common root 

as in the male. However on separation the cereal nerve is laterad 

of the epiproct nerve and only becomes mesial to it some distance 

posterad of the ganglion. 	the epiproct nerve separates from the 

common root it receives a previously mentioned branch of the ninth 

dorsal nerve which anastomoses with it (Fig. 2). The first branch 



of the epiproct nerve is a sUbstantial nerve which passes to -the 

ventral dilator muscle of the rectum (264.) which it innervates in 

co-operation with a branch of the ninth dorsal nerve (Fig. 7, 9 a.n.). 

It is possible that this branch of the ninth dorsal nerve may contain 

fibres from the epiproct nerve ;4hich have passed via the aformentionca 

anastomosis to Innervate the roi;a1 d lator muscle. Snodgrass (1935) 

and Labrecht (1953) both consier this to be a muscle of the ninth 

abdominal segment. 7e have found no indication of its innervation by 

the ninth abdominal ganglion in the male, where it is innervated 

exclusively by a branch of the epirioct nerve (Fig. 8, opien.). 

The epiproct nerve turns lateral and shortly gives rise to a pair of 

branches to the lateral levator muscl 289) and the median levator 

muscle (288) of the ccrcus. Distal to the former nerve a substantial 

sensory nerve (s) is received from the epiproct. Close to this 

sensory nerve a short branch passes from thc epiproct nerve to the 

depressor muscle of the ccrcus (207). The innervation of this muscle 

was not located in the male. This branch to muscle 287 also receives 

sensory fibres from the tenth tergum (s 10). The tenth abdominal 

tergum in the male is innervated by a branch of the ninth dorsal nerve 

(Fig. 5, s 10). Th3 remainder of the epiproct nerve branches to the 

usual muscles associated with the epiproct, the adductor muscle of the 

paraproct (294), the adductor muscle of the ccrcus (293) and the 

dorsal dilator muscle of the anus (295). 



Cereal Nerve. 

The cereal nerve (cerc.n.) prece:Is pestered from the common 

root passing laterad of the epinroct nerve, 2, considerable distance 

caud.ad of the ganglion the large :cc:et:2 nerve (rec.n.) emerges and 

passes dorsal dividing to innervate tcl lau.sclus associated with the 

rectum. The rectal nerve is similar tc hat in tlo male except for 

the nerve to the dorsal dilatGr muscle Gf the rectum (286) which 

emerges close to the posterior ramification A.  the caudal branch 

and directly opposite to the branch to the latera] dAlator muscle of 

the rectum (290). The remainder of the caudal bran,lh ramifies to the 

intrinsic muscles of the rectum. The coplk,.lad bran:1 innervates only 

the intrinsic muscles of the rectum. Continuing posterad and crossing 

above the criproct nerve th) cereal nerve divides into cereal and 

paraproct branches. The lateral or cereal branch gives rise tp a 

branch which turns laterad passing buncath the cereal nerve to 

innervate the transverse muscle (292). 2. small sensory branch (s) 

is then received from the ventral region of the tenth - ergl.m. The 

remainder of the cereal branch proceeds posterad and dividas to 

innervate the lateral and maBial surfaces of the cercus. 	mesial 

or paraproct branch also proceeds posterad and divides. The lateral 

branch innervates the ventral muscle of the paraproct (291) aAL receives 

sensory fibres (s) from the base of the paraproct. The mesial branch 

enters the paraproct to innervate the lateral dilator muscle of the 

anus (296) and receives sensory fibres from the paraproct. 



Discussion 

Terminology  

The lack of an accepted standard terminology plagues comparative 

studies on the segmental innervation of the insecta. This point 

has been taken by Steinmann (1965); h then however proceeds to 

establish his own terminology uhich is unrelated to the segmental 

nature of the nerves. The confusion cau.sed by the use of this system 

cannot be justified particularly after the work of Schimitt (1954) 

and his students, who have established a terminology and applied it 

to several insect orders, (Schmitt 1954, 1959, 1963, 1964.; Libby 

1959, 1961; Knox 1965, and Vasvary 1966). The terms tergal nerve 

and sternal nerve appliea to the segmental abdominal nerves by 

Albrecht (1953, 1956) are unfortunately misnomers as the tergal nerve 

contributes to the innervation of the sternal musculature and the 

sternal nerve innervates a part of the tergal musculature. ',•7e have 

adopted the terminology of Schmitt (1954.) using the. terms dorsal 

and ventral nerve. 

Fregenital Segments. 

The innervation of the eighth abdominal segment of the male in 

Schistocerca gregaria is typical of the pregenital abdominal segments, 

with one exception. The ventral nerve of a typical pregenital segment 

supplies a branch to the ventral external lateral muscle (Pig. 3, 

254.). This muscle is absent from the eighth abdominal segment. 



Orthoptcra. 

This general pattern of pregol:ital abdominal innervation is 

common to the Orthoptera. In 	carolina (Schmitt 1954) 

the innervation of the pregcrital segmcz.ts is similar to Schistocerca, 

the dorsal nerve supplies a 1)72aneh t‘p 	ventral internal lateral 

muscle and the ventral internal mod:lan mlAscle. The ventral nerve 

innervates the ventral external lateral musele, and the second and 

third external lateral muscles, In SchistowIrca the ventral nerve 

contributes to the innervation of '1.1c second internal lateral muscle 

instead of the second e--Lternal lateral muscle as in Dissosteira. 

The dorsal nerve of zcrotylus (Steinmann 1965) innervates the ventral 

internal lateral muscle rnd the external ventral muscle. The ventral 

nerve innervates the extern :1 lateral muscle as in Schistocerca and 

Dissosteira. In some of the pregenital seE,:ments Steinmann finds 

the sternal nei've receiving sensory liramthes from the proceeding 

and following sterna, a feature not found in other :.crididae. 

In the cricket l'.cheta the dorsal nerve supplies a branch nerve 

to the transverse ventral muscle, and to the first and second ventral 

muscles. The ventral nerve innervates the third lateral muscle. 

The dorsal nerve of the tettigoniids Neoconociphalus and 

Ceutophilus (Schmitt 1964) sends a branch to the internal sternal 

muscle and the transverse sternal muscle. The ventral nerve innervates 

the secondary tergo-sternal group of muscles in addition to several 

sternal muscles. The ventral nerve also receives a sensory branch 

from the tergum. 



Other Orders. Orders. 

It is instructive to consider the pattern of pregenital innervation 

in other orders of t:le Insecta. In the plecopteran 'iteronarcys the 

dorsal nerve innervates the segmental musculature. The ventral nerve, 

although it lies in the region of the sterno-pleural muscle is claimed 

to be sensory in function (Schmitt 192). Knox (1965) in a detailed 

study of the prcgenital nervous system and musculature of the abdomen 

of j.croneuria finds the dorsal nerve supplying fibres to the ventral 

internal median muscle and the ventral internal lateral muscle. 

The ventral nerve innervates the external lateral muscle as well as 

the external medLtn muscle. In this case the sensory nerve supplies 

only ventral integument. 

The dorsal nerve does not supply Imnervation to the ventral 

musculature in the phasmid Diapheromera (Schmitt 1954). The innervation 

of these muscles is by the ventral nerve which also innervates the 

tergo-sternal muscle. This muscle is considered by Schmitt as 

homologous to the lateral muscles of the L.crididae. In the same 

paper Schmitt described the innervation of the intersternal muscle 

of Periplaneta (Dictyoptera) by a branch of the dorsal nerve. The 

ventral nerve supplies innervation to the tergo-sternal muscle. 

The dorsal nerve of the hemiptcran Tibicen supplies the entire 

segmental musculature, the ventral nerve subserving a sensory function 

only (Vasvary 1966). 

lihki (1936; described the innervation of a pregenital segment 

of the neuropteran Ohauliodes. In th:ls s-ecies the dorsal nerve 



innervates the first, second and third internal ventral muscle and the 

second external ventral muscle as we12 as the usual tergal musculature. 

The ventral nerve supplies the si.eona paratergal muscle, the external 

intersegmental muscle, the tergo-sterna-_ muscle and the external 

terge-sternal muscle. The pregolAtal Inl.,c-vation of the caterpillar 

of the north american silkworm meth -al.r-Rhpra has been investigated 

by Libby (1959). He found the dorsal /wry:: supplied a branch to the 

ventral internal median muscle, and to tn- ventral internal median 

muscles. The ventral nerve innervated the lateral external muscle 

and the terge-sternal muscle. 

The innervation of the ventral or sternal muscles by a branch 

of the dorsal nerve, and of the ter,a1 muscles by a branch of the 

ventral nerve is widespread throughout the Insecta, being found in 

orders as widely separated as the Ilecopra and the Lepideptcra. 

The exceptions to the rule arc the Phasmida where there is no apparent 

innervation of the ventral muscles by the dorsal nerve. In this case 

the ventral nerve arises as a branch cf the dorsal nerve and may 

carry dorsal fibres to the sternal musculature. The absence of tergal 

muscle innervation by the ventral nerve in the Heniptera is not 

surprising considering the degree of fusion between the adomiaal 

ganglia and the metathoracic ganglion resulting in a highly modified 

arrangement of segmental nerves. 

The innervation of sternal muscles by the first major branch of 

the dorsal nerve is a very conservative feature of the insect abdominal 

nervous system. This nerve should therefore prove useful as a point 



of homology for comparative Studies of the innervation of the insect 

abdomen. It may also prove useful for homologizing the muscles 

innervated by this pai6icular nerve complex. 

The Transverse  Verve Complex. 

Innervation of the Heart and S.*7acles. 

The alary muscles have been described as being innervated 

directly by the transverse nerve in ChauliodDs (Haki 1936) and in 

Hyalophora (Libby 1959, 1961). In Yeriplaneta (2.1exandrowicz 1926), 

Carausius (Opoczynska-Sembratowa 1936), and Lcreneuria (Knox 1965) 

the alary muscles are innervated by a branch of the dorsal nerve. 

The innervation of the alary muscles has not been reported in 

Dissosteira, .Lcheta (Schmitt 1954) and Ncoconoccphalus (Schmitt 1964). 

In this latter group the dorsal nerve anastomoses with the lateral 

nerve of the heart. Opoczynska-Scmbratcwa (1936) has shown fibres 

from the dorsal nerve may pass a short distance with the lateral nerve 

of the heart before extending over the alary muscles as a very fine 

net. This situation probably applies in those genera for which no 

alary innervation is reported. 

In Iteronarcys the alary innervation in the anterior abdominal 

segments is by the transverse nerve and in the posterior segments 

a branch of the dorsal nerve (Schmitt 1963). Basing his views on 

this evidence and on the fact that in all the above genera, with the 

exception of Chauliedes, the transverse nerve anastomoscs with the 

dorsal nerve Schmitt (1965) considere1 that part of the dorsal nerve 



which innervates the alary muscles to be derived from fibres of 

transverse nerve. 

In Schistocerca the alary muscles of the pregenital abdominal 

segments are ithervated by a branch of the dorsal nerve. _In unusual 

feature of the ninth dorsal nerve lends support to Schmitt's hypothesis 

that the branch of the dorsal nerve to the alary muscles is an extension 

of the transverse nerve. In the ninth segaent of the male the 

transverse nerve of the eighth ganglion anastomoses with the ninth 

dorsal nerve in the usual manner, the alary muscles of this segment 

being innervated by a branch of the dorsal nerve. However in the 

female there is no anastomosis between the eighth transverse nerve 

and the ninth dorsal nerve. Ls a result there is no innervation of 

the alary muscles although they are present. 

In the above mentioned genera the transverse nerve innervates 

the spiracular muscles -with the exception of Pteronarcys in which 

these muscles are lacking. The innervation of spiracular muscles by 

the transverse nerve has also been reported in Locusta (Ivanova 1956),  

reriplaneta (Case 1957), and in Schistocerca (Hoyle 1959). 

Lnastomoses. 

Schmitt (1954) used the transverse nerve complex of Dissosteira  

to establish six points of anastomosis between the median, transverse, 

dorsal and ventral nerves. He later (1965) showed them to have 

widespread significance. They arc as follows: 



(a) anastomosis of 7entra:i nerve of prQoeding segment with dorsal 

nerve of segment under condf_do::ation. 

(b) anastomosis of t:ansver:s' nerve and ventral nerve of same 

segment, 

(c) origin of transverse nerve br.2.-r 	to spiracular muscles. 

(a) anastomosis of transverse nervo with paramedian nerve. 

(c) anastomosis of branch of dorsal nerve with paramoaan nerve. 

(f) junction of transverse nerve with median nerve. 

In both the ale and female of Schistocerca V-.J relationship 

between the dorsal, vcatral, and transverse nerves of the seventh 

and eighth abdominal ganglia is typical of the progenital abdominal 

segments (Figs, 10, 11). In the ciAth - ninth segmental complex of 

the male anastomosis "el is missing. The nerve to the spiracular 

muscles is absent as - here is no ninth al- aominal spiracle. In the 

female anastorrses "a", wb" and "c" arc missing. in this instance 

the transverse nerve terminates as a sensory norl,e in the ventral 

region of the tergum. Case (1957) has shown that sensory neurons 

included in the transverse nerve of Feriplaneta terminate in 

mechanorecoptive hairs near the spiracles. The sensory termination 

of the eighth transverse nerve in the female Schistocerca may 

represent the senso organs of a former spiracle. 

The ninth transverse nerve is not present in the male, however 

this nerve is present in the female and anastomoscs with the opiproot 

nerve; the combine?. 'Iorsal nerve of the tenth and. eleventh abdominal 



segments. 117.7_o ins :air of ta:ansverso nerves in Feriplanota anastomose 

with the cereal nerves (Case 1957,. Sq7einnann (1965) has described 

a caudal sympathetic nerve, ar'.sing in a similar manner to the ninth 

transverse ne:2y: of Schistocerca. 1-alt to:minating in the ovipositor 

of Lcrotylus. Our investigation,: ini,.ate that enastomosis "a" is 

between the dorsal nerve and the transverse nerve of the proceeding 

segment and that anastomosis trip" ls between the ventral and transverse 

nerves of the same segment. rcis point Lc:comes cl3ar when one 

considers the anastomosis betwe,,n the ninth aanLve2se nerve and the 

epiproct nerve (tenth and eleventh durbal nerve). 

Genitalia. 

The innervation of the geni:calia has been described by 1laki (1936) 

in the female alder fly Cha,doides, in the male silk moth Eyalophora 

(Libby 1961), in the female blatid Lauftophaea (Engelnann 1963) and 

in the 	—crotylus (;3teinnann 1965). 

Female. 

In Schistocerca mEaria the external female genitalia and their 

muscles are innervated by the eighth and ninth abdominal ganglia. The 

muscles of the ventral valves arc innervated by the eighth dorsal 

and ventral nerves, In addition the ventral nerve receives sensory 

fibres from the ventral valves and innervates the spernatheoal duct. 

The ninth ventral nerve supplies sensory and motor innervation to the 

valves and muscles of the dorsal oviposito.c., The dorsal nerve innervates 



the protractor muscle of the ovipositor. These findings are in 

agreement with Engelmann (1963). 

Stoinmann (1965) claims . 13flt the abdomen of the Orthoptera 

consists of ni:aa segments. It is with this misconception that the 

problem of interpreting his descl'iptc:. of the genital innervation 

of  .crotylus begin, A second major criticism of Steinmann's work 

is that he uses his own corninology for the musculature without 

reference to the established usage of Snodgrass (1935a) although he 

is familiar with this work. There is some reason 'f:o doubt the 

accuracy of his worlr. The innervation of second internal lateral 

muscle and the first external lateral muscle as described in 

Schistocerca is common to the Orthcotera. In ..,,crotylus this rather 

apparent nerve is lecl.ibea as innervating adipose tissue, an unheard 

of situation. Steinmann's work must be treated with reservation. 

This is unfortunate as this study offers the most detailed description 

of genital innervation available. 

Steinmann refers to the vagina as innervated by tEe ganglion of 

the eighth abdominal segment. If however one considers his unusual 

segmentation of the orthoptran abdomen it can be established that 

this is the seventh abdominal ganglion. This would agree wil,h 

our findings in Sohistocerca in which the vagina is innervated by 

a branch of the seventh ventral nerve, and with Lntselwann's study 

of Leucophaea. The innervation of the external female genetalia in 

Acrotylus can thcroforc be attAbuted to the norvos of the eighth 



and ninth abdominal ganGlia. 	steinmann's ruscle terminology 

cannot be related to previous der4,-;riptions the innervation of the 

genital musculature cannot le comnared in detail. 

Mhle. 

The male genitalia is innervatua 	th genital nerve which is 

derived from the ninth abdominal ganglion of Schistoccrca, The 

Genital nerve may le considered as the motor branch of the ninth 

ventral nerve. The ninth ventral nerve is essentially sensory with 

only a few small motor branches arising at its crGin. 

Libby (1961) briefly described the innervation of the male 

genitalia of }ylophora. 	common nerve arises from the terminal 

ganglion to supply the ninth, tenth and eleventh segments, it is a 

branch of this nerve which innervates the genitalia. Steinmann 

gives no details of the innervation of the male genital musculature. 

It is interesting to note however that he illustrates five nerve 

trunks emerging from the terminal ganglion in the female Lcrotylus  

and four in the male. In Schistocerea we find four nerve trunks 

arising from this ganglionic mass in the female and five in the male. 

Segmental Origin. 

Snodgrass (1937) and Engelmann (1963) have made use of the 

innervation of the genitalia as an indication of the E,egmental origin 

of these structures. It may be worth considering th< 1-,plications of 

the genital innervation in Schistocerca in relation to the segmental 



origin of the external genitalia. 

In an embryological study of the aovaJrmont of :aphidium, 

(Conocophalus) 1:hcoliei (1393) descvibod the male genitalia as being 

derived from a pair of ru)imonts on the tenth abdominal somite which 

migrate forward into the 	:1-_:doZ.nal segment as development 

continues. Blse (1934) found that the male genitalia of Helano-ms 

is derived from the fused ru:limentL: of the ninth sternum and tenth 

sternal appendages. Roonwalls (1937) working on Locusta agreed with 

Else that the male genitalia represented a fusion of rudiments derived 

from the ninth and tenth abdominal scsmonts. Quadri (1940) derived 

the subgenital plate from the ninth abdominal segment and the penis 

valves from the tenth segment. 

Snodgrass (1935b, 1937, 1957) ha,) rather vascillatod in 'his 

views on the segmental origin of the male genitalia. In the 

Frinciplcs of Insect Morphology (1935')) he defines them as being 

derived from the ninth abdominal so ''lent. In his 1937 paper he 

beleives that they have developed from the tenth abdominal sec:pent. 

He cites the innervation of the male genatalia of the Tettrigoniiiac, 

by a nerve which ho interprets as tenth segmental in origin, as- evidence 

This nerve arises from a common trunk comprising the cereal nerve 

and the nerve of the tenth segment. .J.n arrangement similar to this is 

found in Schistocerca, however if the sheath of the common trunk 

is teased away it is evident that this nerve is not ,1,211 segmental 

in origin but belongs to the ninth abdominal ganglion. 



It is possible that ha ,1 Srorass done this in his studies of the 

Tettigoniidne the same situation would nave been seen to prevail. 

In a revision of the, male Genitalia (1957) Snodgrass cites the origin 

of the genital muscles on the ninth abdominal segment as evidence 

for a possible ninth segmotal ‘igin of the male genitalia. 	the 

genital rudiments Le behind the ninth abdorinal segment they appear 

ro be tenth segmental. Ho ';herefore points out that the genital 

musculature could have been derived from the interserpontal musculature 

of the ninth and tenth segments. 

Ls previously stated the innervation of the male genitalia in 

Schistocerca is by L ventral nerve of the ninth abdominal ganglion. 

The cereal nerve which is the combined ventral nerve of the tenth and 

eleventh segments oc not contribute to the innervation of the 

genitalia. On thc, basis of segmental innervation the male genitalia 

of Schistocerca would al)pear to be derived from the ninth abdominal 

segment. 

It is generally accepted that the anterior or ventral ovipositor 

valves are derived from the eighth.abdominal sternum and that the 

posterior or dorsal valves arc derived from the ninth abdominal 

sternum. The intcr.accliate valves are considered to be a derivative 

of the dorsal valves (Else 1934, Snodgrass 1935b, Roonwalls 1937, 

=,;tiadri 1940, 7;ngelmann 1963). 7:heeler (1893) found the ventral and 

dorsal valves to be derived from the eighth and ninth fiorna but 



considered the intermeJaate valves 'co arise from the tenth sternum. 

In Schistocerca the eighth ventrol nerve; innervates the ventral 

valves and the 	ventral nerve innervates the dorsal and inter-

mediate valves. Thus the origin of these structures is agreement with 

the findings of the above author_ On the basis of innervation the 

intermediate valves are derived frim the ninth sternum and not from 

the tenth as suggested by Thceler. 

cost Genital Segments. 

The innervation of the post Genital segments is similar in both 

sexes in Schistocerca. The cpiproct mrve represents the combined 

dorsal nerve of the tenth and eleventh segments and the cereal nerve 

is the combined ventral nerve of these segments. They arise from the 

Ganglion as a coranon root. This is similar to the situation in 

Lcrotylus (Steinmann 1965) and ChauluiEes Oaki 1937). T]ngelmann 

(1963) finds in Loucorhaea that cercus and paraprocts arc innervated 

by tre eleventh abdominal nerve and that the tenth abdominal nerve 

innervates the roof of the posterior region of the ,Tagina and the tenth 

tergum. No such innerva'zion of the vagina was found in Schistocerca, 



HIST,IL02Y 

The Seventh Jadomioal Ganglion, 

General Structure. 

The seventh is the least mudifiea of the abdominal ganglia in 

the male of Schistocorca grer;arll.a (Fig. 10). It is situated within, 

and innervates the seventh abdominal segment. The ganglion contributes 

nothing to the innervation of "special structure;" such as the 

internal or external genital apparatus. It zhoula therefore be 

considered as the simplest g%nglion c,f the ventral nerve cord. 

The ganglion lies in the ventral nerve cord and receives at its 

anterior and posterior faces the large paired ventral connectives, 

and between them the unpairud median nerves. The seventh ganglion 

receives three sobrmertal nerves. The dorsal nerve enters the antero-

lateral angle; the ventral nerve is received postero-ventral of it; 

and the transverse nerves join the pestero-dorsal surface. The 

peripheral innervation is identical to that of the eighth abdominal 

ganglion of the male (Fig. 3, 10) which has been described previously. 

The ganglionic structure is typical of an insect abdominal 

ganglion. It comprises a dense central region, the neuropile, 

covered by a cortex of cell bodies or neurocytes. The entire ganglion 

is surrounded by the nerve sheath comprising an outer non-cellular 

neural lamella and its underlying perincurium (Smith and Treherne 

1963). 



Between the neurepile and the perincurium and completely surrounding 

the neurocytes arc the glial culls (rig. 12). :Is in reriplaneta these 

may be divided into outer (c g.) and central (c.g.) glial cells 

(7iigglesworth 1960). These cells appear to have no limiting cell 

membrane apparently forming a syncyti. a. The outer glial cells have 

ovate to spherical nuclei and surround the neurocytes. These are most 

obvious in the dorsal region of the ganglion where they form a 

sponge-like reticulum. The central glial cells have sub-oval nuclei, 

invest the neuropile and appear to send processes into the neuropile 

with the axons. 

The Neuropile. 

The neuropile consists of the tea:'minal arborizations of neurones, 

some of whose cell bodies surround it, and of fine projections from 

the central layer of glial cells. The neuropile is a very dense 

tissue and neurones can only be traced within it to the point at which 

they arborize. Interconnections between individual neurones cannot be 

established using the light microscope. 

The neuropile can be divided into three regions (Pig. 13), a 

pair of dorsal =Jiro-piles (a.np.) and a ventral neuropile (v.np.). 

The dorsal neuropiles are separate through part of their length, 

however in the region of the ganglion between the dorsal and ventral 

nerves there is a large bridge of neuropile extending between the 

two sides (Fig. 14). The ventral neuropile lies in the antcro-ventral 



region of the ganglion and extends posterad to the region of the 

ventral nerve (Fig. 15, v.np.). Caudad of this point the ventral 

neuropile becomes reduced and the remainder .merges with the dorsal 

neuropile. Distributed throughout the neuropiles arc glomerulae. 

These arc dark staining regions of irregular shape which represent 

particularly dense concentrations of terminal arborizations. 

The two halves of the 71.euro?i1e arc separated by the mid-ventral 

fissure which extends dorsa,*in the extreme posterior region of the 

Ganglion, separating the dorsal !lel:replies. The fissure extends 

anterad into the posterior region of the ventral neuropilc where it 

becomes reduced (Fig. 14, v.f.). This fissure and the transverse 

commissure are all that remain as evidence of the primitive condition 

in which the two halves of the ganglion were, it is believed, widely 

separated. One half was associated with each of the ventral connectives 

and interconnected by the transverse commissuros. 

Cell Bodies. 

Surrounding the neuropile and external to the inner glial layer 

are the neurocytes of the neurones comprising the ganglion. These 

cell bodies are several layers thick on the ventral and vontro-

lateral surfaces of the ganglion but are sparse on the dorso-lateral 

and dorsal surfaces. The mid-dorsal region of the ncuropile is bare 

of nenrocytes. ,',natomically there are two apparent types of cell 

bodies: large ovate cells (Iipa et al. 1959) in which the cytoplasm/ 
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nucleus ratio is high, appro-Amatcly 1.5 and globuli cells (Iipa et al. 

1959) in which the cytoplasm/nucleus ratio is low, approxima'xly 

1.15 and may approach unity in some cases. The majority of the cell 

bodies arc of the small globuli typo, 71he large ovate cells contain 

osmophillic granules and may be neuroso3retory (-Agglesworth 1957). 

Such cells arc usually internouroncs of the mid-dorsal and mid-ventral 

regions although there is a least one of this typo of neurone 

associated with each of the peripheral nerves (cf. Dolphin 1965). 

Functionally the neurocytos w:IA-ih.ln the ganglion can be aividAd 

into motor and internuncial neurones. The motor neurones (Fig. 13, 14) 

lie in groups surrounding the bases of the peripheral nerves. 	few 

lie in a small group antcro-dorsal_ of the nerve (a.m.) but the majority 

lie in a large group ventro-postcrad of the nerve extending mesad 

towards the ventral surface of the ganglion (v.m.). The motor neurones 

of Schistocerca arc defined_ as those neurocytcs located within the 

ganglion that send axons into the peripheral ner7es. Collaterals are 

given off to the neuropile of the same side or to the zontralateral 

side. In some cases collatcrals extend to higher centres in the 

central nervous system ( C.N.S.). There is no evidence of motor 

neurones extending into peripheral nerves of the contralaterai side 

of the ganglion. 

The internuncial or association neurones are those neurones 

whose axons and collaterals remain with the C.N.S. and synapse with 



other neurones but never with an effector organ. They are located 

mainly on the ventral surface of the ganglion in three major clusters, 

two lateral groups (Fig. 14, 15, l.v.i.) one on either side of the 

ganglion, and a median group (Pig, 14, 15, 16, m.v.i.). These groups 

contain numerous large ovate cells. in addition there is a small 

group (a.v.i.) on the anterier ventral face of the ganglion. There 

arc two lesser groups of deral interneurones (Fig. 15, 16). The 

anterior group lies close 	the origin of the ventral connectives 

(v.c.). The posterior group extends dorsal from between the ventral 

connectives and is in closely associated with the median ventral group. 

L few internuncial neurones are found on the lateral margins of the 

ganglion. 

Commissures. 

Ls has been noted the corm assures (transverse tracts) unite the 

lateral halves of the ganglion. In the seventh abdominal ganglion 

there are seven well defined commissures (Pig. 15). In addition 

numerous axons cross the ganglion which arc not organised into tracts. 

The dorsal commissure (d.c.) passes across the dorsal surface of the 

neuropile in the region between the dorsal and ventral nerves. This 

commissure contains neurones from, the lateral ventral group of 

internuncials, the postcro-dorsal group of intcrnuncials, and inter-

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

ventral nerves. 



There arc four median commissures. The anterior dorsal median 

commissure (a.d.m.c.) crosses the canglion in the region of the 

seventh dorsal nerve. This ccmmissurc contains fibres from the second 

longitudinal tract (Fig. 13, lt. 2], , ensory neurones from the 

seventh dorsal nerve, axons froE 	median nerve and axons from 

lateral interneurones lying posterad of the seventh dorsal nerve. 

The posterior dorsal median commissure (p.d.m.c.) is a small tract 

passing across the ganglion dorsal of the seventh ventral nerve. It 

contains fibres from the secondand fifth longitudinal tracts ' 

(Fig. 13, lt. 2, lt. 5), ascending and descending fibres from the 

ventral nerve cord, axons from the lateral ventral group of inter-

neurones, and axons from lateral internuncial neurones located between 

the seventh dorsal. and ventral nerves. The anterior ventral median 

commissure (a.v.m,c.) is the largest of the lateral tracts. It lies 

beneath the anterior dorsal median commissure and extends posterad 

close to the region of the seventh ventral nerve. This commissure 

contains fibres from the second and fifth longitudinal tracts as well 

as axons from a group of lateral interneurones located between the 

seventh dorsal and ventral nerves. The posterior ventral median 

commissure (p.v.m.c.) crosses the ganglion posterad of the seventh 

ventral nerve. It ccntains numerous fibres of unknown origin in 

addition to axons from lateral interneurones located aorsad of the 

seventh ventral nerve, axons of large ovate interneurones of the postero-

dorsal group, and axons of neurones in the median ventral groups of 

internuncials. 



The first of the ventral commissures, the anterior ventral 

commissure, crosses the ventral surface of the ventral neuropile 

immediately anterad of the seventh dorsal nerve. This tract contains 

the axons of lateral interneurones lying antero-ventrad and poster-

ventral of the seventh dorFal nerve. The second ventral tract is the 

posterior ventral commissurc (p.v.c.) passing across the posterior 

region of the ventral neuropile immediately anterad of the seventh 

ventral nerve. This small commissurc contains fibres of unknown 

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

Longitudinal Tracts. 

The seventh abdominal ganglion contains six longitudinal tracts 

(Figs. 13, 14, 15, 17). These tracts enter from the ventral connective, 

pass through the ganglion giving off collatcrals and receiving 

neurones and exit via the ventral connective (v.c.). The first 

longitudinal tract (it. 1) passes along the median dorsal surface of 

each dorsal neuropile bends beneath the dorsal commissure and continues 

into the ventral connectives. This tract contains the three dorsal 

giant fibres. It receives axons from cell bodies of the antero-

dorsal and postero-dorsal interneuronc groups. The postero-dorsal 

neurones give collatcrals to the posterior region of the dorsal 

neuropile. In addition collaterals arc given off from this tract to 

the ipsilateral dorsal neuropile. The second longitudinal tract 

(lt. 2) lies along the mesial surface of each dorsal neuropilo. 



Neurones of this tract „dye u collaterals which pass via the anterior 

dorsal median tract to the contralatcral dorsal neuropile. The third 

longitudinal tract (it. 3) pa3scs through the center of each dorsal 

neuropile. Neurones of this tract 3orc'. collaterals to the anterior 

region of the ipsilatcral dorsal licurcf)110. Neurones enter this tract 

from coil bodies of the posere-latora5 margin of the ganglion, close 

to the entrance of the ventr connectives. 

Two longitudinal tracts lie between the dorsal and ventral 

neuropilcs. The largest of these., the fOurta longitudinal tract 

(it. 4), passes along 	median plane of the ganglion joining with 

its fellow of the opT)osite side in the mid region. Collaterals from 

neurones of this tract pass to the j.psilateral dorsal and ventral 

ncuropiles and to the contralatcral ventral neuropile via the anterior 

ventral median condidsouro. Descending neurones enter the tract from 

the antero-ventral group of interncuroncs. .scending interneuronos 

join the tract from the median ventral group. The fifth longitudinal 

tract 1.t.5) passes along the dorsal surface of each ventral neuropile 

lateral of tract four, beneath the anterior ventral median and above 

the posterior ventral medlar commissures. Collatcrals arc given 

off to the anterior region of the ventral neuropile. Lsoending 

interneurones enter this tract from cell bodies in the lateral ventral 

group. The median giant fibre is contained within this tract. 



The sixth sixth longitud,_hal tract (It. 6) passes along the latcro-

ventral margin of thu ventral neur,7110. On entering the neuropile 

the tract bends verrixad and rii,V.cs (71.i., 6, it. 6a). Both sections 

of the tract give off fibres to the il.atefal ventral neuropile 

and re-unite dorsad of the nosterior ventral commissure entering 

the ventral connective as a single tract. 

Neurone Iathways. 

The following section is an atlas of those neurones traced within 

the seventh abdominal go.nglioh of Schistoccrea. It should be realized 

that this is only a partial list of those neurones which constitute 

the ganglion. Many axons were observed which could not be traced 

to a cell body or to the point of arborization within the neuropile. 

One neurone of 	tract will be illusrated and for clarity this 

will be shown on. one side of the ganglion only. 

The neurones have boon illustrated in the parasagittal, sagittal, 

transverse and front.-.1 sections. It is hoped this will give some 

indication of the three dimensional relationships within the ganglion. 

For this reason neurones have been listed as they appear in these 

figures and not entjrcly in natural groupings. (e.g. Neurones of the 

lateral ventral internuncial group arc listed under figures 18, 21 

and 22 and not as a single group.) 



Figure 18 illustrator 'hose neurones which have boon located in a 

parascgitatal section of the ganglion extending from the lateral 

margin of the neuroile to the mcsial face of the ventral connectives. 

1. Ln internuncial neurone with its neuocyte lying in the antero- 

dorsal group at the -1;:int of entx of the ventral connective. 

The axon passes to the tormiva_ ganglionic mass via longitudinal 

tract one. 

2. intornuncial neuron° with its nourocyto located in the 

postero-dorsal group. Its axon passes to the terminal ganglionic 

mass. The collateral is distributed in the posterior region 

of the dorsal neuropilo. 

3. Ln internuncial nouronc, its cell body located in the lateral-

ventral grouo. The axon passes dorsad and crosses to the 

contralatoral side tie. the dorsal commissure. Collaterals are 

distributed in the poste for region of the ipsilateral dorsal 

neuropile. 

4.. 	Ln internuncial neurone, its nourocyto lying in the same group 

as three. The axon ascends to higher centres in the C.N.S. via 

longitudinal tract five. .:.. collateral passes to the mid-regim 

of the ipsilateral dorsal nouropile. 

5. 	internuncial neurone of the same group. The axon passes 

dorsal crossing 3ontralatcrally via the posterior dorsal median 

commissure. Collaterals are widely distributed in the posterior 

and mid regions of the dorsal neuropilo. 



6. L neurone of ion&-.tudinal tract six unicil passes through the 

ganglion. Collate:?als arc widely distributed in the ipsilateral 

ventral nournpfle. 

7. descending neur)no of longitudinal tract six (a). This 

neurone terminates in the ventral ncuropile. 

8. A descending neurone torminatin in the ventral neuropile. 

9. descending noure tominatirg in the dorsal nouropile dorsad 

of the anterior d7rbal median COMMiSSUTC. 

10. in intcrnuncial neurone the nourocyte located in the lateral-

ventral group. Its axon passes to the anterior region of the 

ganglion and divides terminating in the dorsal and ventral 

nouropiles. 

11. An internuncial neurone with itLi neurocyte lying in the posture-

dorsal group, The axon passes bcAoath the posterior dorsal 

median commissurc, turns dorsal and crosses contralatcrally via 

the dorsal commissurc. 

12. An internuncial neurone it6 cell body located in the postero-

dorsal group. The axon passes antcrad turning beneath the 

posterior dorsal median commissure and crossing contralaterally 

via the posterior ventral median commissure. 

13. An ascondin neurone of longitudinal tract five. The axon 

becomes distributed in the anterior region of the dorsal 

nouropilc. 



14. Ln internuncial peurono whore neurocyte is situated in the 

anterior vontl EL-up. The axon passes postero-dorsal joining 

longitudinal tract five and descending to the terminal ganglionic 

mass. Collaterals arc given off to the anterior region of the 

ventral neurolpilo, 

15. L.n internuncial neurone of thc anterior ventral group. The axon 

passes anterad, roflexing upon itself to enter longitudinal tract 

five and descending to the terminal ganglionic mass. 

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

composite of vertical sections through the ganglion in the region 

between the longitudinal connectives. 

16. L neurone of the median nerve descending from higher centres 

in the C.N., The axon passes through the dorsal ncuropile, 

turning ventraa and passing postorad of the anterior ventral 

median commissuro to become distributed in the mid-region 

of the ventral nouropile (Fig. 20 ), 

17. L. neurone of the median nerve descending from higher centres. 

On entering the neuropile the axon passes ventrad, then turns 

posternd to enter the anterior dorsal median commissurc. 

18. neurone of the median nerve with its neurocyte located in 

the dorsal region of the antoro-ventral group of intorneurones. 

The axon enters the median nerve. Collaterals arc given off to 

the mid-region of the dorsal nouropile. 
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19. L neurone of the meLton nerve. The neurocyte is locatea In the 

an-taro-ventral group just vontrad of 18. The axon enters the 

neuropile, passes abpve the anterior ventral median commissure 

and enters the same tract as 16 passing along the dorsal region 

of the neuropile into the mcainn nerve. Collaterals are given 

off to the anterior region of the dorsal and ventral neuropiles. 

20. Ln internuncial neurone with its cell body in the antero- 

ventral group. The axon passes into the mid-region of the dorsal 

neuropile. L collateral is given off to the anterior region 

of the ventral nouropile. 

21. Ln internuncial neurone with its neurocyte in the median ventral 

group of interneurones. The axon passes dorsad to enter the 

posterior ventral median commissure. 

22. Ln internuncial neurone with its neurocyte located in the 

posterior region of the mid-ventral group. The axon becomes 

distributed in the posterior region of the dorsal neuropile. 

23. Ln internuncial neurone of longitudinal tract four. The neurocyte 

lies in the median ventral group adjacent to 22. The axon 

passes to higher centres. L collateral is given off to the 

posterior region of the dorsal neuropile. 

2L. .1r1 internuncial neurone with its neurocyte situated in the median 

ventral group. The axon arborizes in the anterior region of 

the dorsal neuropile. 



25. Ln intornuncial nourono, its cell body located in the extreme 

posterior rebion of the median ventral group. The axon passes 

unbranching to enter the dorsal commissure. 

26. ..1n internuncial neurone with its neurocytc located in the 

extreme posterior region of the fused dorso-ventral neuropile. 

Neurones 27 to 39 arc illustrated in figure 21. This figure is a 

composite of cross sections from the anterior margin of the neuropile 

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

27. L sensory neurone, one of a large tract from the seventh dorsal 

nerve which enters longitudinal tract one and passes to higher 

centres in the C.N.S. 

28. L motor neurone its neurocyte lying in the dorsal group of motor 

cells of the seventh dorsal nerve. The axon enters this nerve. 

No collaterals could bo located. 

29. L motor neurone its neurocyte is one from the large ventral 

group extending mesad of the seventh dorsal nerve. The axon 

enters the nerve. L collateral is given off to the ipsilateral 

ventral neuropile. 

30. L sensory neurone, one of a large tract from the seventh dorsal 

nerve which becomes distributed throughout the ipsilateral 

dorsal neurepile. 

31. L sensory neurone from a small tract of the seventh dorsal nerve 

which passes via the anterior dorsal median commissurc to the 

contralatcral dorsal neuropile. 



32. An internuncial neurone with its neurocyte lying antero-ventrad 

of the seventh dorsal nerve. The axon passes ventrad giving 

a collateral to the ipsilateral ventral neuropile and crossing 

via the anterior ventral commissure to enter longitudinal tract 

five of the contralateral side. 

33. L. neurone of longitudinal tract six which passes dorsad to the 

ipsilateral dorsal neuropile. 

34- 2.n internuncial neurone with its neurocyte situated 	laterally 

between the seventh dorsal and ventral nerves. The axon 

arborizos in the ipsilateral dorsal neuropile. A collateral is 

given to the ipsilatcral ventral neuropile. 

35. neurone of the fourth longitudinal tract. This neurone is 

one of a substantial tract which extends ventrad and divides 

sending branches into both sides of the ventral neuropile. 

There is a possibility that this may represent separate neurones 

to each side. 

36. Ln internuncial neurone with its neurocyte lying postcrad of 

the seventh dorsal nerve. The axon extends via the anterior 

ventral median comnissure to the contralateral dorsal and 

ventral neuropilps. Collatorals arc given off to the ipsilateral 

ventral neuropile. 

37. An intcrnuncial neurone with its cell body lying dorsad of 36. 

The axon passes via the dorsal commissure to the contralateral 

dorsal neuropile. Nu Brous collaterals arc given to the 

ipsilatoral dorsal neuropile. 



38. .1 nouronc of ?.en.,;:tuLinal tract five w.nich passes to the 

contralateral ventral neuropilc 

39. Ln internuncini neurone with its ncurocytc lying in the anterior 

region of the lateral ventral group. The axon enters longitudinal 

tract four. Collaterals arc gi7.on off to the ipsilateral 

ventral neuro2ile. 

7igure 22 illustrates neurones 4.0 to 51 observed in series of cross 

sections in the region of the ganglion extending from a point anterad 

of the seventh ventral nerve to the posterior marg:1.n of the ganglion. 

4.0. An internuncial neurone with its ncurocytc located antero- 

dorsad of the seventh ventral nerve. The axon passes via the 

dorsal commissurc to arborize in the contralateral dorsal 

neuropile. 

41. 2: neurone of longitudinal tract two which passes to the contra-

lateral dorsal neurcpile via the posterior C!ersal median tract. 

42. A neurone of longitudinal tract five wHch passes to the 

contralateral dorsal neuropile via the posterior dorsal median 

tract. 

43. An interneurone with itu ncurocytc situated mesially in the 

lateral ventral group. The axon arborizes in the ventral region 

of the ipsilatcral ventral neuropile. 

44. ini:ernuncial neurone, its cell body located in the posterior 

region of the lateral ventral group. The axon extends into the 

first longitudinal tract. Collaterals arc given off to the 



ipsilateral vc,ntr:,1 nouropile and cross via the dorsal commissurc 

to the contralateral dorsal reuropile. 

45. Ln internuncia neurone its neurocyte located immediately 

antero-aorsaa of the seventh ventral nerve. The axon passes via 

the posterior fentral moCian commissure to enter the contralateral 

longitudinal tract one. Collaterals are given off to the 

ipsilateral ventral neuropile and to the contralateral dorsal 

neuropile. 

46. motor neurone -with its neurecyte in 	large ventral group 

extending mesaa from 'oho seventh ventral nerve. The axon 

enters this nerve and collaterals arc given to the ventral 

neuropile. 

)+7. L sensory neuron:: from the seventh ventral nerve which passes 

beneath the ventral neuropilc into the ventral fissure where it 

becomes distributed in the ipsilateral ventral neuropile. 

48, 	L sensory neurone of the seventh ventral nerve which extends 

into the ipsilateral ventral neuropile. 

14.9. 	J. motor neurone with its cell 1Ddy-  lying 	the dorsal group of 

the seventh ventral nerve. The axon enters this nerve. No 

collaterals could be located, 

50. 	Ln internunoial neurone with its neurocyte located antcrad of 

the seventh ventral nerve. The axon passes into the ventral 

fissure where it arborizes in the ipsilateral ventral neuropile. 

L collateral passes to the ipsilateral dorsal neuropile. 



51. Ln internuncial neurone with its call body located in the same 

group as 50. The axon passes through the ipsilateral ventral 

neuropile and crosses vi the posterior ventral commissurc to 

the contralateral side. It could be traced no further. 

collateral is given off to the ipsilateral ventral ncuropilc. 

Neurones 52 to 76 are illustrated in figure 23. This figure is a 

composite of 	sectionsI dorsal to ventral,through-the ganglion. 

52. :. neurone of the anterior median nerve with its neurocyte 

located in the antero-ventral group. The axon passes into the 

median nerve. 	collateral extends postcrad into the dorsal 

ncuropilc and bifurcates, sending branches to each side of the 

ganglion, Each branch divides again, the anterior fibre arborizing 

in the dorsal ncuropilc, the posterior fibre passing to the 

ventral nouroplle. 

53. Li.' internuncial neurone of longitudinal tract two passing 

through the ganglion. Lntorior and posterior collaterals are 

given off which pass via the anterior dorsal median comissure 

and the posterior ventral median conrniissure to the contralateral 

dorsal ncuropilc. 

54. L neurone from higher centres in the C.N.S. terminating in the 

anterior region of the ipsilateral dorsal ncuropile. 

55. neurone from higher centres in the C.N.S. passing to thc mid- 

region of ipsilateral dorsal nouropilo. 

56. L neurone of longitudinal tract one passing through the ganglion. 

Collaterals are given off to the anterior and mid-regions of 

the ipsilateral dorsal ncuropilc. 



57. An ascending neurone from the terminal ganglionic mass passing 

with longitudfnal tract one and crossing to the contralateral 

dorsal neuropile where it is lost. 

58. L descending axon from a higher centre in the C.N.S. which 

crosses to the posterior regioll of the contralateral dorsal 

neuropile via the posterior ventral median commissure. 

59. Ln ascending neurone from the terminal gangli)nic mnss terminating 

in the posterior region of the dorsal neuropile and sending a 

collateral via the posterior ventral median tract to the 

posterior region of the contralateral dorsal neuropile, 

60. Ln internuncial neurone with its neurocyte located ante-rad of 

the seventh dorsal nerve. The axon passes via the anterior 

ventral median commissure to the ventral region of the contra-

lateral dorsal neuropile. 

61. L sensory neurone from the seventh dorsal nerve which ascends 

the ventral connective to higher centres in the C.N.S. 

collateral is given off to the ipsilateral dorsal neuropile. 

(Fig. 24.) 

62. ;. neurone ascending from the terminal ganglionic mass sending 

extensive collaterals throughout the posterior region of the 

ipsilatcral fused dorso-ventral neuropile. 

63. Ln intcrnuncial neurone with its neurocyte located between the 

seventh dorsal and ventral nerves. Tho axon branches 



extensively throughout the anterior region of the ipsilateral 

dorsal neuropile and sends a collateral to the posterior region 

of the ipsilatcral ventral neuropile. The neurone crosses via 

the posterior ventral median commissure to the contralateral 

side. (Fie. 25.) 

64. motor neurone with its cell body located anterad of the seventh 

ventral nerve. The axon &ntcrs this nerve and the 

ascends the ventral nerve cord. 

65. L sensory neurone from the seventh ventral nerve which passes to 

higher centres in the C,N S, in the same tract as 64, 	I'10). 26). 

L collateral is given off to the posterior region of ;1.e ventral 

neuropile. 

66. motor neurone with 	ncurocyte located immediatelly posterad 

of the seventh ventral nerve. The axon enters this ner-re, No 

collateral was located. 

67. .'. sensory neurone from the seventh ventral nerve which 1..comes 

distributed in the fused ipsilateral dorso-ventral 

68, 69. 1. pair of motor neurones with their neurocytes loci;: ad 

antero-ventral of the seventh ventral nerve. The axons castor 

the seventh ventral nerve. 68 sends a collateral to the mia, 

region of the ventral neuropile. 69 sends a collateral to the 

fused dorso-ventral ncuropile. 



70. 1.n internuncial neurone with its neurocyto located antero-

ventrad of the seventh dorsal nerve. The axon passes antorad 

of the ventral neuropile and crosses via anterior ventral 

commissure to arborizc in the anterior region of the contra-

lateral ventral commissure. 

71. An internuncial neurone with its neurocyte in the same group as 

70. The axons ascends to higher centres in the C.N.S. — 

collateral is given off to the anterior region of the 

ipsilateral ventral ncuropile. 

72. An internuncial neurone with its neurocyte lying antey:o-ventrad 

of the seventh dorsal nerve. The axon passes via the anterior 

ventral commissure to become widely distributed thrc.,, hout the 

anterior and mid-regions of the contralatcral ventr!: neuropile. 

73. An internuncial neurone with its cell body located poscro-

ventrad of the seventh ventral nerve. The axon descends to the 

terminal ganglionic mass. 	collateral is given off to the 

posterior region of the fused ipsilateral dorso-vontrc:. heuropilc. 

74.. 	motor neurone with its neurocyte located on the postyo- 

median face of the ganglion between the ventral conneyva7, 

The axon passes anterad and bifurcates sending a branch into 

each of the seventh transverse nerves. This neurone is 	of 

a pair (Fig. 27). 



75. sensory neurone from the seventh transverse nerve which 

becomes distributed in the mid-region of the ipsilateral dorsal 

neuropile. 

76. Ln ascending neurone of the median nerve which passes to the 

mid-region of the dorsal nouropile where it can no longer be 

traced. 

The Terminal Ganglionic Nass.  

General Structure. 

The terminal ganglionic mass has been derived from a fusion of 

abdominal ganglia eight, nine, ten, and eleven. Superficially it is 

similar in structure to the seventh abdominal ganglion hav3.1ic; a dense 

central neuropile surrounded by the inner layer of glial co ;+s.  

These arc in turn enclosed on the ventral and lateral surfaucs by a 

cortex of neurocytcs whose processes contribute to the matrix of the 

neuropile. The entire ganglionic mass is ensheathed by the nourilemma 

and beneath this the outer layer of glial cells. 

The Neuropilc. 

The fusion of the four component ganglia is complete, tnu inly 

evidence of segmentation is to be found in the indentations of the 

dorsal and ventral surfaces of the neuropile. This results in the 

structure hiving a four lobed appearance in section and in the 

repetative arrangement of the ncurocytc groups (Fig. 28). This fusion 



of the posterior ganglia with the eighth abdominal ganglion has 

resulted in an extremely dense neuropile which presents considerable 

difficulty when one attempts to trace individual neurones within it. 

Irregularly shaped glomorulac arc distributed throughout the 

fused neuropile. They arc frequently associated with those terminal 

arborizations of the segmental nerves in the ventral neuropile. 

The division of the neuropile into dorsal and ventral lobs, as 

in the seventh abdominal ganglion is apparent only in the extreme 

anterior region of the eighth abdominal ganglion. — shallow ventral 

fissure runs the length of the fused neuropile. 

Cell Bodies. 

The cell bodies (neurocytes) whose processes contribute_: to the 

neuropile are several layers thick on the ventral and latcru surfaces. 

They arc sparse on the dorso-latoral surface, the mid-dorsal region 

being bare. 

Lz in the seventh abdominal ganglion there are two anatomoal 

types of neurocytes. The small globulae cells comprise the m_ljority 

of the motor neurones. The large osmophilic ovate cells are :Duna 

among the neurocytes of the median and lateral ventral internuncial 

groups, and those few cells of the dorsal surface. One of these large 

ovate cells is included among the motor neurones of each of the 

segmental nerves. 

The neurocytes can be divided on a functional basis into motor 

and internuncial neurones which lie in discrete groups. The motor 



neurones arc located in doi sal and ventral groups close to the bases 

of the segmental nerves. 	small group of motor neurones lies antero-

dorsad of the base of the eichth dorsal nerve (Fig. 29, dam.), a larger 

group extends ventro-mesad beneath the neuropile (v.m.). In the case 

of the eighth ventrA. nerve (Fig. 30) the dorsal groups of motor 

neurones (d.m.) is the larger, the ventral group (v.m.) being reduced. 

The ninth segmental nerves (Fig. 31  9d,n., 9v.n.) pass entered 

along the lateral margin of the nouropile from the posterior region 

of the ganglion. The motor neurones arc looated in a large dorsal 

group (d.m.) and a lesser ventral group (v.m.) which extend for a 

considerable distance posterad along the lateral surface of 4;le 

ganglion. There is no division of neurocytcs into discrete. .roups 

contributing to the dorsal, ventral and genital nerves, a7. ,ugh the 

neurones of the dorsal nerve lie entered and those of the ga.lital 

nerve lie postorad within the group. 

Ls the muscles of the tenth and eleventh segments are reduced 

in number, so arc the motor neurones. These neurones lie in small 

dorsal group in the posterior region of the ganglion (Fig. 32, d.m.) 

and to a lesser extent between the fused epiproct/cercal nervo root 

and the' genital nerve. 

The arrangement of internuncial neurone groups (Figs. 30, 31) 

is similar to that found in the seventh abdominal ganglion. Ganglia 

eight, nine, and ten each have a large median ventral group of 



interneurones (m.v.i.) and a pair of lateral ventral interncurone 

groups (1.v.i.). In the eleventh ganglion the ventral internuncials 

arc reduced to a single median group. The four median ventral groups 

of interneuroncs define the posterior limits of the fused segmental 

ganglia comprising the tonzinal ganglionic mass (Fig. 28, 32, m.v.i.). 

In addition to the 1;cntral groups there is an anterior dorsal 

and an anterior ventral group of interneuroncs (Fig. 32, a.d.i., a.v.i.) 

located at the anterior surface of the eighth neuropile. Lntoraa 

and posterad of the eighth dorsal and ventral nerves there arc a few 

lateral internuncial neurones, Similar neurones have not been located 

in the posterior region of the ganglionic mass. Four large ovate 

osmophilic cells arc located bilateraly on the dorsal surf?ot3 of the 

fused nouropilcs. Three of those arc; internouroncs the fouth is a 

motor neurone of the eighth transverse nerve (Fig. 28, 32, ti.u.b.). 

Commissurcs (Fig. 32). 

Each of the segmental ganglia comprising the terminal ganglionic 

mass contains four commissurcs or transverse tracts. In addition 

the eighth abdominal ganglion has a fifth conmissure, the anterior 

commissuro(8a.c.) located in the extreme anterior region of the 

neuropile. The broad dorsal commissures (d.c.) cross the dorsal 

surface of each ncuiopile. There are two lesser median commissures, 

the dorsal median commissure (a.m.c.) and the ventral median commissure 

(v.m.c.) passing across the mid-region of each ganglion. The large 

ventral commissurcs pass across the ventral surface of the ncuropile. 
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The eighth dorsal commissure (8d.c.) carries nerve fibres from; 

the anterior dorsal group of interneurones (a.d.i.), the lateral ventral 

group of interneurones (81.v.i.) and one of the large dorsal neurones 

(d.c.b.). The eighth anterior commissure (8.a.c.) receives neurones 

from the eighth dorsal nerve, the eigh-ch median ventral group of 

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

and lateral interneurones lying anterad of the eighth dorsal nerve. 

The eighth dorsal median commissurc (8d.m.c.) is composed of neurones 

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

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

ventral median commissurc (8v.m.c.) comprises fibres from the eighth 

median ventral group of interneurones (8m.v.i.) and lateral 

interneurones located anterad and postcrad of the eighth do.r;a1 nerve. 

Fibres of the eighth ventral commissurc arise from the eighth dorsal 

and ventral nerves, motor neurones of the eighth ventral nerve, dorsal 

cell bodies (d.c.b.) and interneurones from higher centres in the C.N.3. 

The ninth dorsal commissurc (9d.c.) contains the coons of neurones 

lying in the ninth lateral ventral group of interneurones and 

numerous other fibres which could not be traced back to their origin. 

The ninth dorsal median commissure (9d.m.c.) carries neurones from 

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

of internuncials (9m.v.i.), lateral internuncials lying postcrad of 

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

The only neurones which could be identified in the ninth ventral 

median commissure (9v.m.c.) arose frm cell bodies of the ninth median 



ventral group of internuncials (9m.v.i.). The ninth ventral commissure 

(9v.c.) contains fibres from the anterior ventral group of inter-

neurones (a.v.i.) and the collatorals of interneurones from higher 

ccntrcs in the C.N.S. 

Very few neurones could be :1.dentified in the cornmissures of the 

tenth neuropilo. The tenth dorsal commissure (10d.c.) splits in two 

in the mid-region of the ganglion and contains axons from cell bodies 

located in the lateral ventral group of interneurones (101.v.i.) and 

from a large ovate dorsal cell (d.c.b.). The dorsal median co:nmissurc 

(10d.m.c.) receives fibres from the median. and lateral ventral groups 

of internuncial neurones (10m.v.i., 101.v.i.). iL crossover of fibres 

from the fused epiproct/cercal nerve forms the median ventrai. commissure 

(10m.v.c.). The tenth ventral commissure (10v.c.) contains .-urones 

from the anterior ventral group of internuncials (a.v.i.) and 

intornuncials from higher centres in the C.N.S. 

Neurones contributing to the eleventh dorsal commissure 

and median ventral commissure (lIm.v.c.) could not be identified. 

The eleventh dorsal 
	median commissure (11d.m.c.) contains rvoironcs 

of the eighth median ventral internuncial group (8m.v.i.). The 

eleventh ventral commissure (llv.c.) comprises fibres of the anterior 

ventral group of interneurones (a.v.i.) and from higher centres in 

the C.N.S. In addition numerous unidentified fibres arc present 

in both of these commissures. 
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Longitudinal Tracts. 

The terminal ganglionic mass contains thc same six longitudinal 

tracts that have been idontificd in -nac seventh abdominal ganglion. 

This identification is based on their similar location within the 

ncuropile. They retain this position only in the anterior region of 

the ganglionic mass (Fig. 29). 	they reach the posterior region of 

thc eighth ganglion their positions begin to alter (Fig. 31), The 

fourth and fifth longitudinal tracts merge and move into the mid-line 

of the ganglion. The sixth longitudinal tract (1,t. 6) passes to the 

lateral margin of the ganglion and enters the eighth ventral nerve. 

the level of the tenth ventral intcrnuncial groups (Ag. 32) 

the fourth longitudinal tract has become extremely diffuse m.a fills 

much of the mid-region of the gangliun. Longitudinal trac:o 

(1.t. 3) has merged. with the lateral margin of longitudinal -tract one 

(1.t. 1). Longitudinal tracts one and two (1.t. 1, Lt. 2) continuo 

into the eleventh ganglion where they become diffuse. 

It is of interest to consider the origin of the longitudinal 

tracts within the terminal ganglionic mass. Longitudinal tract one 

arises in the extreme posterior region of the eleventh ganglion from 

fibres which enter it directly from the fused epiproct/cercal nerve 

and from the ninth dorsal nerve. This tract also receives neurones from 

the eighth dorsal nerve and interneurones from the lateral ventral 

groups of the tenth, ninth and eighth ganglia. It has previously 

been shown that neurones of the seventh dorsal nerve and interneurones 



of the seventh lateral venal group contribute to this tract. 

Longitudinal tract two also arises in the posterior region of the 

ganglionic mass. It receives neurones from the median ventral 

internuncial groups cf ganglia ten and eighth and from the lateral 

ventral internuncial group of ganglion ten. 

.Ls has been noted longituainal tract three arises in the posterior 

region of the ninth ganglion as a split from longitudinal tract one. 

This tract receives fibres from the median ventral internourone group 

of ganglion nine and the lateral ventral in';ornuncial groups of ganglia 

nine and eight. Longitudinal tract four is formed from a merging of 

ascending sensory neurones of the genital and ninth dorsal and ventral 

nerves. 

Neurones of the fused epiprocthercal nerve have been 1)own to 

enter longitudinal t:-aot one; however a small number of fibres from 

this nerve also enter longitudinal tract five. This tract receives 

internuncial neurones from the lateral ventral groups of ganglia 

ton, nine and eight. Longitudinal tract six arises as a sdb:4tantial 

group of fibres from the eighth ventral nerve which pass directly 

up the ventral connectives to higher centres in the C.N.S. It is 

worth noting that these "straight through" neurones of the o ghth 

ventral nerve, ninth dorsal and ventral nerves, and genital nerve 

account for substantial regions within the isilateral ventral 

connective . 
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Neurone Fati-.ways. 

The following is an atlas of 'chose neurones traced within the 

terminal P:anglion5.c mass of histocerca. In the figures one neurone 

of a pathway 17M be illustrated and for clarity it will be shown 

on one side of the go.nglion only, 

Figures 34. and 38 illustrate those neurones locatea in a series 

of vertical sections through the eighth abdominal ganglion. 

1. L motor neurone of the eighth transverse nez.ve. The neurocyto 

is a large ovate osmophillic cell loct.ted near the mid-dorsal 

surface of the ganglion. 	No collateral was located. (rig. 35.) 

2. L sensory neurone of the eighth transverse nerve. The neurone 

passes along the dorsal surface of the ganglion and errors 

the posterior region of thc eighth neuropile. It arbwi.zes 

in the postcro-IJodian region of the ganglion. 

3. Ln internuncial neurone of the anterior dorsal group, the axon 

passes up the ventral connective. 

4. interneurone of the same Group, the axon passes up the ventral 

nerve cord, the collateral enters the eighth dorsal commissure. 

5. Ln interneurone, its nourocyto is one of the dorsal cell bodies. 

The axon arborizes in the postero-median region of the eighth 

ganglion, a collateral enters the eighth dorsal oommissure. 

6. .L11 in+crnuncial neurone, its cell body lying on the dorsal 

surface of the ganglion. The axon passes up the ventral 

connective to higher centres in the C N.S. 	collateral passes 

to the anter.)-dorsal region of the eighth neuropile. 
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7. intorneuronc of the anterior ventral group. The axon passes 

up the ventral. nerve cord. 

8. .111 interneurono of the same group as seven. The axon passes 

to the =bore-dorsal region of the eighth neuropile. 

9. L neurone of the eighth mcaiar 	intornuncial group. 

The axon passes to the contralateral side via the eighth ventral 

median commissure, a collateral is given off to the mid-region 

of the eighth neuropile. 

10. Z.n intorneurono of the same group. The axon passes to tho 

contralateral side via the eighth dorsal median commicsure. 

The collateral extends into the mid-region of the ninth neuropile. 

11. Ln interneurene of the same group as nine and ten. Thc, axon 

passes to the ani:orc--entral and postoro-vontral regieu of 

the ninth neuropile. 

12. neurone of the eighth median ventral group of internuncials. 

The axon passes to the dorsal region of the eighth neuropile. 

collateral extends postorad into the ventral region of the 

tenth neuropile. 

13. :..n intornouronc of the same group as twelve. The axon loops 

forward into the dorsal region of the ganglionic mass and 

bends posterad extending to the eleventh neuropile where it 

crosses to the contralatoral side via the eleventh dorsal median 

commissurc. The collateral enters the dorsal region of the eighth 

neuropile. 
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internuncial neurone from higher centres in the C.N.S. 

The axon arborizes in the mie.-ventral region of the eighth 

notu:upilo. 

15. ;al inteniunoial neurone from higher centres in the C.N.S. 

The axon terminates in the po7tero-moaian region of the eighth 

Ganglion. 

The neurones of the ninth abdominal ganglion which have been traced 

in vortical sections are illustrated in fiGvres 56 and 36. 

16. .Ln internuncial neurone of tho ninth median c.:ntral grou-.). 

The axon gasses co the mid-.region of the tenth neuropilo. 

collateral is given off to the ventral region of the tenth 

neuropile. 

17. Lm interneurone f 'eh) same group as sixteen. The axon passes 

unbr-mching tc higher centres in the C.N.S. via the ventral 

connectives. 

18. .:,11 interneurone of the ninth median ventral group. The axon 

passes through the dorsal regions of the ninth and tenth 

ncuropilcs into the ventral region of the tenth nourDpile. 

Collaterals are given off to the ventral region of the ninth 

neuropile and the dorsal region of the eighth ncuropile. 

19. internouronc of the ninth median ventral Group. The axon 

crosses to the contralateral side via the ninth dors,.l median 

commissure. 



20. .. descending jnturneuronc from higher centres in the C.N.S. 

The axon bonds dorsal of the eighth anterior commissurc and 

connues posteraa to abcrizo in the mid-region of the ninth 

nouropile. 

21. A'.n interneuronc from higher contros in the C.N.S. which becomes 

widely distributed in the mid and dorsal regions of the ninth 

nouropile. 

22. :An interneurone with its neurocyte located on the dorsal surface 

of the ganglion. The axon ascends the C.N.S. via the ipsilateral 

ventral connective. Collaterals arc given off to the amid-regions 

of the ninth and tenth neuropiles. 

23. neurone from a higher centre in the C.N.S. The axon passes 

to the ninth ventral Leuropile, 	coll-Aeral is given off to 

the eighth ventral neurol;i1e. 

Those neurones traced in vortical sections of the tenth and eleventh 

abdominal ganglia are illustrated in fi.gures,57 and 38. 

24. Ln internuncial neurone of the tenth median ventral group. 

The axon passes to higher centres via the ipsilatoral ventral 

connective. Collaterals are given off to the dorsal regions 

of the eleventh and ninth neuropiles, and to the mid-region 

of the eighth neuropile. 

25. lAn interneurone of the tenth lateral ventral group. The axon 

passes via ipsilatcral longitudinal tract one to higher centres 

in the C.N.S. This ncurene is onD of the three dorsal giant 
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fibres (Fig. 49), the other two neurocytes lie adjacent to it 

and their axons follow the same pathway. 

26. Lncurono from higher centres in the C.N.S. The axon passes 

via longitudinal tract five to the mid-region of the eleventh 

neuropile. 

27. ...neurone from higher centres in the C.N.S. The axon passes 

via longitudinal tract one to the ventral region of the eleventh 

neuropile. 

28. Ln internunlial neurone with its cell ooh located in the tenth 

median ventral group. The axon arborizes widely in the ventral 

region of the tenth neuropile. 

29. Ln inturneurone with its neurocyte located in the tenth median 

ventral group. The axon enters the tenth ventral median 

commissure. 

30. An interneurone its neurocyte lying in the eleventh median ventral 

group. The axon passes anterad and divides in the posterior 

region of the ninth neuropile. 

31. Ln interneurone of the same group as thirty, The axon arborizes 

in the posterior region of the eleventh neuropile. 

32. ..n internuncial neurone. The neurocyte is one of the large 

ovate dorsal cells. The axon enters the tenth dorsal commissure. 

33. ,'. motor neurone with its neurocyte located in a dorsalgroup 

at the posterior margin of the eleventh ganglion. The axon 

enters the fused cpiproct/cercal nerve. 



Figure 39 illustrates those neurones observed in a series of transverse 

sections of the terminal ganglionic mass extending from the anterior 

margin to the level c...e eighth ved&ral inte:,%neuron,-) groups. 

34. .:. sensory neurone one of a small tract from the eighth dorsal 

nerve which passes to higher centres in the C.N.S. via ipsil-

ateral longitudinal tract one, (Fig. 40.) 

35. Z. sensory neurone of the eighth dorsal nerve which becomes 

distributed in the dorsal region of the ipsilateral eighth 

neuropilc. 

36. L sensory neurone of the eighth dorsal nerve. The axon passes 

to the ventral region of the coatralatcral eighth ventral 

neuropile via the eighth ventral commissure. L collateral 

passes via the dorsal median commissure to the contralatoral 

eighth dorsal neuropilc (Fig. 41). 

37. L sensory neurone of the eighth dorsal nerve which passes to 

the ventral region of the ipsilateral eighth neuropilo. 

38. :.motor neurone, its axon entoring.the eighth dorsal nerve. 

The neurocyte lies in the dorsal group of motor neurones. No 

collateral was located. 

39. 38 but lying in the ventral group of motor neurocytes. 

4.0. L neurone from the eighth transverse nerve which becomes 

distributed in the dorsal region of the eighth neuropile. 

1+1. Lneuronc of longitudinal tract one which passes via the eighth 

dorsal median commissuro to the contralateral eighth dorsal 
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neuropile. - collateral is given to the ipsilatcral eighth 

dorsal neuropile. 

42. Ln iaternuncial neurone with its nenl-ocyte located laterally-, 

posterior to the eighth dorsal nerve. The axon becomes distributed 

in the ventral region of the ipsilateral eighth neuropile. 

43. Ln internuncial neurone with its ncurocyte located in the same 

group as 42. 	The axon arborizes in the ventral region 

of the ipsilateral eighth nouropilo. 

44. .;ten intornuncial neurone with its cell body located between 

the eighth dorsal and ventral nerves. The axon crossr:s to the 

dorsal and mid-regions of the contralatoral eighth neuropile 

via the eighth ventral median commissure. 

45. Ln intcrncuronc of the eighth lateral ventral group. The axon 

enters longitudinal tract five, a collateral arborizes in the 

ventral region of the ipsilatcral eighth neuroi.iile. 

46. Ln interneurone, its cell body located in the eighth lateral 

ventral Group. The axon arborizes in the ipsilateral eighth 

neuropile. 

47. Ln internuncial neurone of the eighth lateral ventral group. 

The axon passes aorsaa to enter longitudinal tract throe. 

Collaterals cress via the eighth dorsal, and median dorsal 

commissures, to the dorsal and ventral regions of the contra-

lateral eighth neuropile. 
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48. Ln internuncL,1 neurone with its neurocyte located in the eighth 

lateral ventr,12 group. The axon enters ipsilateral longitudinal 

tract one. The collateral crosses via the eighth dorsal core issurc 

to the contralateral eighth dorsal neuropile. 

49. L neurone of longitudinal -Graec four which passes ventral and 

proceeds along the ventral surface of the ipsilateral eighth 

neuropile to )000MC distributed in tho ventral and mid-region 

of this neuropilo. 

50. Ln interneuronc of the eighth median ventral Group. (Fig. 42.) 

The axon passes dorsad to enter ipsilateral longitudinal tract 

two. The collateral passes to the mid-region of the contra-

lateral eighth nouropilc. 

Figure 43 illustrate:, those neurones located in a series of transverse 

sections extending from a region posterior to the eighth ventral 

interneuronc groups to the posterior region of the ninth ventral 

interneurono groups. 

51. One of a large group of sensory neurones from the eighth ventral 

nerve which form longitudinal tract six and pass up the 

ipsilateral connective to higher centres within the C.N.S. 

52. A sensory neurone from the eighth ventral nerve which passes 

antero-dorsad through the ipsilateral neuropile to cross via 

the eighth dorsal median commissure to the dorsal region of the 

contralateral eighth neuropile. 
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53. L sensory nourunc of Lhe eighth ventral nerve which divides 

throughout the ipsilateral eighth ventral neuropile. 

51i.. 	.1 sensory neurone of thJ: eighth ventral nerve. This axon 

passes boneatb the ventral surface cf the neuropile and extends 

dorsally into the ventral fissure arborizing in the mid-region 

of the ipsrateral eighth nouropile. 

55. L motor neurone of the eighth ventral nerve, the nourocyte 

located in the ventral group of cell bodies. Collatorals 

are given off to the ventral region of the ipsilateral eighth 

neuropile (Pig. 44). 

56. L motor neurone of the eighth ventral nerve the nourocyte 

lying in the dorsal group of cell bodies. - collateral enters 

the mid-region of the ipsilateral eighth neuropile. 

57. :.motor neurone of the eighth ventral nerve, the nourocyte 

located in the samc group as 5. 	The collateral passes 

via the eighth ventral commissure to the ventral region of 

the contralatcral eighth neuropilo. 

58. L. sensory neurone of the eighth ventral nerve. The axon passes 

via the eighth ventral commissurc to the mid-region of the 

contralateral eighth neuropile. 

59. internuncial neurone of the ninth lateral ventral group. 

The axon passes via the ninth dorsal commissure to the dorsal 

region of the contralatcral ninth neuropile. .', collateral is 



given off to f.he dorsal regi-Jn of the ipsilateral ninth ncuropile. 

60. Ln intorneuron with its cell body located in the ninth lateral 

ventral group. The axon passes aorsad to enter ipsilatcral 

longitudinal tract three. The collateral arborizes in the ninth 

dorsal neuropile of the SMO Si 10. 

61. Ln internuncial neurone of the ninth lateral ventral group. 

The axpn onte:'s longitudinal tract one, a collateral passes 

into the dorsal region of the ipsilateral ninth neuropilc. 

62. Ln internuncial neurone of the ninth median ventral group. 

The axon passes dorsad in the ventral fissure, turning laterad 

above longitudinal tract four to enter contralateral longitudinal 

tract three. 

63. Ln interncurone of the ninth median ventral group. The axon 

enters ipsilateral fused longitudinal tract four/five. The 

collateral crosses via the ventral median commissure to the 

ventral region of the contralatcral ninth neuropile. 

6i.. Ln internuncial neurone with its neurocyte located on the dorsal 

surface of the neuropilc. The axon passes into the ventral 

fissure where it divines a branch going to the ventral region 

of the ipsilateral and contralateral ninth neuropilc. 

65. Ln internuncial neurone with its cell body situated on the 

dorsal-lateral surface of the neuropilc. 

The axon passes into ipsilateral longitudinal tract four. 



66. An internuncial neurone with its cell body in a lateral Group 

dorsal of the eighth ventral nerve. The axon passes to the 

antero-ventral region of the contralateral ninth neuropile 

via the ninth ventral commissurc. - collateral is passed to 

the antero-ventral region of the ipsilatcral ninth neuropile. 

67. An intornuncial neurone with its cell body located in a lateral 

group, dorsal of the eighth ventral nerve. The axon passes 

via the ninth dorsal median commissure to the anterjor mid-region 

of the contralatoral ninth neuropile. 	collateral is given 

off to the ipsilatcral ninth neuropile. 

Figure 45 illustrates those neurones located in the region extending 

postorad from the ninth ventral internuncial neurone groups to the 

posterior margin of the ganglion. 

68. L motor neurone of the genital nerve. The cell body is located 

lateral of the genital nerve in the dorsal group. The axon 

curves dorsal of the ninth dorsal nerve passing ventrad to enter 

the genital nerve. 

69. A motor neurone with its neurocyte lying lateral of the ninth 

ventral nerve. The collateral passes dorsal of the Genital 

nerve to enter the ipsilatcral ninth neuropile. This neuropile 

extends postcred as a pair of horns along the antoro-lateral 

margin of the tenth neuropile. 
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70. L motor neurone of the ninth dorsal nerve with its neurocyte 

in the dorsal group. The collateral arborizes in the ventral 

region of the ipsilateral ninth neuropile. 

71. A motor neurone of the ninth ventral nerve with its nourocyte 

in the dorsal group of cell boaies. 

72. L motor neurone of the ninth ventral nerve its cell body in 

the ventral group, The collateral passes to the ipsilateral 

ninth ventral neuropilo. This neurone may be similar to 

neurone 69. 

73. L neurone of the tenth lateral ventral group. The axon enters 

the fused cpiproct/cercal 

74. Ln internuncial neurone of the tenth lateral ventral Group. 

The axon passes to ipsilateral longitudinal tract two. 

Collatcrals arc widely distributed in the ipsilateral tenth 

neuropile. 

75. in interneurone with its neurocytc lying in the tenth median 

ventral group. The axon enters contralateral longitudinal 

tract two. Collaterals are widely dispersed in the ipsilateral 

tenth neuropile. 

76. .n interneurone with its cell body located in the tenth lateral 

ventral group. The axon enters ipsilateral longitudinal tract 

two. L collateral passes via the tenth dorsal commissure to 

the dorsal region of the contralateral tenth neuropile. 
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77. internouronc of the dorsal surface of the tenth neuropile. 

The axon enters ipsilatcral longitudinal tract one. The 

cAlateral passes to thu contralateral dorsal region of the 

tenth neuropilc. 

78. - neurone of the fused. epiprocticercal nerve, which terminates 

in the ipsilatcral tenth neuropilc. 

79. _1 neurone of the fused exiprocVcorcal nerve which crosses 

via the tenth ventral median commissure to arborize in the 

contralatcral tenth neuropile. 

Figure 4-6 illustrates those neurones observed in frontal sections 

through terminal ganglionic mass. Neurones previously described 

will be omitted, with the exception of sensory neurones from the eighth 

dorsal and ventral nerves. 

80. Ln internuncial neurone with its neurocyte located in the 

antero-lateral region of the ganglion. The axon passes lap 

the ventral connectives to higher centres in the C.N.S. 

81. Ln interneurone of the eighth median ventral group. The axon 

divides, passing to the eighth neuropile of the ipsilateral 

and contralatcral sides. 

82. Ln interneurone of the ninth median ventral group. The axon 

passes anterad and divides arborizing in the ipsilateral and 

contralatcral eighth neuropiles. 

83. Ln internuncial neurone of the antero-lateral margin of the 

ganglion. The axon passes posterad sending branches to the 
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anterior and posterior regions of the contralateral eighth 

nouropile. 

84. L sensory neurone from the eighth ventral nerve which arborizes 

in the ipsilateral ninth ncuropile. 

85. sensory neurone from the eighth ventral nerve which passes 

to the contralateral eighth nouropile. L collateral is given 

off to the ipsilateral eighth neuropile. 

86. sensory neurone from the genital nerve which arborizes in 

the posterior region of the ipsilateral ninth neuropile. 

87. .:, motor neurone of the ninth dorsal nerve the neurocyte located 

on the lateral margin of the neuropilo immediately postcrad 

of the eighth ventral nerve. L collateral passes to higher 

centres in the C.I\LS via longitudinal tract four. 

88. sensory neurone of the genital nerve which passes anterad 

into the mid-rcbion of the ipsilateral ninth neuropile. 

89. L motor neurone of the ninth dorsal nerve with its neurocyte 

located on the lateral margin of the ganglion posterad of the 

eighth ventral nerve. The collteral extends into the mid-region 

of ipsilateral ninth neuropile. 

90. L motor neurone of the ninth sternal nerve with the neurocyte 

in the same group as cightynine. The collateral passes to the 

mid-region of the ipsilateral ninth nouropile. This neurone 

may be the same as neurone seventyone (Fig. 45). 
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91. L sensory neurona of the ninth dorsal nerve arborizing in the 

anterior region of the ipsilatoral ninth neuropile. 

92. L sensory neurone of the ninth dorsal nerve which crosses into 

the anterior region of the contralatcral ninth neuropile. 

93. sensory neurone of the ninth ventral nerve which crosses to 

the mid-region of the contralatcral ninth neuropile. 

91+. L sensory neurone of the ninth ventral nerve which passes into 

the mid-region of the ipsilateral ninth neuropile. 

95. .:, sensory neurone from the ninth dorsal nerve. This is one of 

a large tract which passes along the lateral margin of the ninth 

neuropile, turning mesad to join longitudinal tract four and 

ascend the C,N,S, Numerous col] tercels are given off to the 

ipsilatcral ninth neuropile (Pig. 47). 

96. .1 sensory neurone of the ninth ventral nerve. This is one of 

a large tract which passes with the tract from the ninth dorsal 

nerve into the ventral connective ascending to higher centres 

in the C.N.S. Collaterals are given off to the ipsilatcral 

ninth ventral neuropile.(Fig.47) 

97. sensory neurone of the genital nerve, one of a largo tract 

which passes through the mid-region of the ninth neuropile 

forming longitudinal tract four and ascending to higher centres 

in the C.N.S, via the ipsilateral ventral connective. 

Collatorals are given off to the ipsilatoral ninth neuropile 

(Fig. 47, 48). 
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98. sensory neurone of the fused cpiproct/cercal nerve. This 

neurone is on, of a small tract which passes anterad into the 

mid-region of the tenth neuropile where it becomes incorporated 

into longitudinal tract five and passes to higher centres in 

the C.N.S, (Fig. L7.) 

99. 2. sensory neurone of the fused epiproct/ccrcal nerve. This 

neurone is one of a large group which pass in the same tract 

with neurone nintycight to the tenth neuropile where they 

arborize. 

100. :,motor neurone of the fused epiproct/cercal nerve. The 

neurocyte lies in the extreme postero-median region of the 

ganglion between the roots of the epiproct/cercal nerves. 

The collateral arborizos in the ipsilatcral eleventh neuropile. 

101. internuncial neurone with its ncurocyte located in the eighth 

lateral ventral Group. The aln passed to the oontralateral 

eleventh neuropile. Collatcrals are given off to the 

contralateral ninth and tenth neuropilos. 

102. .2.n internuncial neurone, one of a small tract from higher 

centres in th,: C,N.3, which terminates in the ventral region of 

the contralatcral eleventh neuropile. Collaterals are given 

off to the ventral regions of the contralateral eighth, ninth 

and tenth neuropiles. 
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103. .1 sensory nata-one of the fused epiproct/cercal nerve. This 

neurone arbor ,es immediately it enters the posterior surface 

of the eleventh neuropile. 

104. Z. sensory neurone of the fused epiproct/cercal nerve which 

passes to the contralaral :uench neuropile. This neurone may 

be one of the same group as neurone seventynine (Fig. 45). 

105. motor neurone of the fused epiproct/cercal nerve. The neurocyte 

lies in gap between the bases of the genital nerve: and the 

epiproct/cercal nerve. .1 collateral is given off to the 

posterior region of the tenth neuropile. 

Giant Fibres 

Four neurones in each. Df the ventral connectives may be considered 

as abdominal giant fibres (Fig. 49). They have diameters ranging 

from 12.6 to 14.7 microns (table 1). The largest of the subsidiary 

fibres in the connectives has a diamotor of 8.4 microns, the 

remainder of the neurones having diameters of 5 microns or less. 

The giant fibres arc situated in two groups within the connective 

(Fig. 49); a dorsal group containing three fibres (1, 2, 3) and a 

single median fibre (4). The fibres of the dorsal group arise from 

neurocytes located in the tenth lateral group of internuncial neurones 

(Fig. 37, neurone 25). Each of the fibres in this dorsal group 

springs from a single large ovate neurocyte. The axon passes aorsaa 

into longitudinal tract one and ascends the nervous system, entering 



Table 1. Diameter in microns of giant neurones in the abdominal 

verve corcL of 

Location in Co,:.d. 

Schistocorca. 

3 

Pibrc 

1 2 

7ithin 8th ganglion 9.5 10.0 8.4 8.4 

Between ganglia 8/7 12.8 16.6 14.3 13.2 

7Tithin 7th ganglion 9.9 11.2 10.3 8.4 

Between ganglia 7/6 11.5 14.7 14-.7 12.6 

Trithin 6th ganglion 9.5 10.0 10.5 8.0 

Between smglia 6/5 10.5 10.5 12.1 11.0 

the fused_ abdominal-mathurc.cic ganglionic mass and passing to the 

level of the motathoracic gnaglion. The median giant fibre extends 

into the terminal ganglionic mass to the level of the ninth abdominal 

ganglion where it becomes very attenuated and is lost among numerous 

large axons from neurocytes of the ninth median ventral group. This 

fibre also extends the length of the abdominal nervous system)  passing 

through the mid-region of each ganglion and apparently arborizing 

within the motathoracicganglion. 

_s the giant fibres pass through the various abdominal ganglia 

they become reduced in diameter (table 1). This is particularly 

true within the terminal abdominal ganglion (Fig. 51) and to a lesser 

extent within the other abdominal ganglia. The neurones pass without 

interruption through abdominal ganglia 7 to 1, there is no indication 
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of any segmental septa nor is there any evidence that neurocytes in 

these abdominal ganlia contribute to the fibre. 

The neurones of the dorsal group have been observed to branch 

in the anterior region of abdominal ganglia 6 and 7 (Fig. 53, 5LO. 

The branches appear as numerous ve1:5-  short projections from the ventral 

surface of the neurone and arborize immediately within the antero-

dorsal region of ti-e ipsilateral neuropile. There is also evidence 

that giant fibre one gives rise to a collateral which crosses via the 

dorsal commissure to the contralateral side of the neuropile in the 

seventh ganglion, Branching of the dorsal giants may occur in the 

eighth ganglion but the branching is not clear and the author is not 

certain of its existance. Branching has not been observed in the 

median giant fibre. 

Discussion. 

Structure of a Serpental Ganglion. 

The structure of the seventh abdominal ganglion is typical of 

those abdominal ganglia which have not undergone fusion due to 

cephalization. For reasons previously enumerated this ganglion may 

be considered the least modified of the abdominal ganglia. It will 

be of value to discuss and review the structure of a simple segmental 

ganglion prior to discussing the effects of ccphalization. 
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Neuropile. 

The neuropile i.s throe lobed, comprising a pair of dorsal lobes 

and a single ventral lobe. Tile single ventral lobe has undoubtedly 

arisen from the fusion of paired ventral lobes derived from opposing 

halves of the ganglion, one associated with each of the paired ventral 

nerve cords. The only feature now remaining which bears witness to 

this primitive sep.ration is the ventral fissure. Posteriorly the 

ventral neuropile is reduced and the remnants merged with the dorsal 

neuropile. 

Within the neuropile are numerous glomorulac associated with the 

terminations of segmental sensory fibres. These glomorulae arc 

similar to the ventral association centre in the thoracic ganglia 

of reriplaneta (ripe, pt al, 1959) 	Schistocerca  sensory neurones 

arborize in the dorsal and ventral regions of the neuropile and 

glomerulae are found in ,,uth regions 

Commissuros. 

Seven commissures or transverse tracts link the opposite halves 

of each unfused abdominal ganglion in Schistocerca. They carry sensory 

and internuncial axons and the collatcrals from motor neurons, ils 

the central nervous system Is a bilateral structure it would appear 

that these tracts serve to pass information between opposing halves of 

the ganglion in order to co-ordinate reactions. Mill (196/4-) has 
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described six commissures in a typical single abdominal ganglion of 

the larva of ..,eschn, Ten commissures are present in each thoracic 

ganglion of Periylaneta and pipa et al (1959) have noted that these 

are also present in the first abdominal ganglia which in this genus 

are fused with the motathoracic ganglion. Those commissures which 

can be homologized between these species from different orders are 

listed in table 2. 

Table 2. 	comparison of tho commissures of Schistocerca, Ieriplaneta  

(Tipa et al 1959) and .Lesonna (hill 1964) based on location 

within the abdominal ganglion and on neurone content. 

L.eschna 

anterior dorsal transverse 
tract 

posterior dorsal transverse 
tract 

anterior transverse 
tract 

subdorsal transverse 
tract 

ventral transverse 
tract 

Schistocerca 

dorsal commissure 

dorsal oemmissure 

anterior dorsal 
median commissure 

posterior dorsal 
median commissure 

anterior ventral 
median commissure 

posterior ventral 
median commissure 

Periplaneta  

dorsal commissure 2 

dorsal commissure 5 

dorsal commissure 1 

supra median 
comnissure 

anterior ventral 
commissure 

posterior ventral 
commissure 

commissural loop 1 
commissural loop 2 

posterior ventral 
commissure 
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Fibres of the central. transverse tract of :.eschna cannot be correlated 

with the commissurcs found in Schistocerca. There are no ventral 

tracts comparable to those of Schistocerca to be found in .leschna. 

      

The correlation between the transverse tracts of  eriplancta and 

Schistocerca is good. Dorsal commisures 3 and 4 in Periplancta  

cannot be accounted for; it may be however that these together form 

a commissure equiva:.ent to the anterior ventral median commissure 

of Schistocerca. 

Longitudinal Tracts. 

Seven pairs of longitudinal tracts have been described in the 

thoracic ganglia of Ioriplancta (Pipa et al 1959) which retain their 

position within the first two Lodominal ganglia. with the exception 

of the ventral tract for which there is no counterpart they can be 

related to those of Schistocerca on the basis of their location 

as follows:- within the ganglion 

Feriplancta  

dorsal tract 

dorsal median tract 

dorsal intermediate tract 

ventral median tract 

ventral intermediate tract 

ventral lateral tract 

ventral tract 

Schistoccrca 

longitudinal tract one 

longitudinal tract two 

longitudinal tract three 

longitudinal tract four 

longitudinal tract five 

longitudinal tract six 
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Little can be said of the exact homologies of these tracts as we 

have scant data on their neuronal eimIonents 

Cell Bodies. 

.', regular arrangement of neurone .croups within subsequent 

abdominal ganglia has been reported by Pipa et al (1959) and Hill 

(196/0. This repetative arrangement is evident in the various 

abdominal ganglia of Schistoccrca. Neurones contributing to a 

particular group of tracts lie within a discrete group. 

Mill has identified cloven groups of neurocytes within each 

abdominal ganglion of :_eschna. Seven groups of cell bodies have 

been described in each simple ganglion of Schistocerca. In addition 

small numbers of lateral interneurones are located anterad and 

posterad of the dorsal nerve. ,1 comparison of the neurone groups in 

the seventh abdominal ganglion of Leschna and Schistoccrca is given 

in table 3. It is evident that the major neurone groups of Schistocerca  

can be correlated with those of .leschna. However i.cschna lacks the 

dorsal groups of motor neurones and the anterior Groups of inter- 

neurones found in Schistocerca  . Schistoccrca in turn lacks the 

major interneurone groups E and F found in the dragonfly nymph. 

Mill has described mid-ventral cell groups as paired extending close 

to the mid line of the Ganglion in Leschna. In Schistocerca those 

groups have fused, forming a single median ventral group. 
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Table 3. .:. comparison of corresponding neurone groups of the seventh 

abdominal ganglion of Leschna and Schistocerca based on 

location. 

Neurone group  	Typo of Neurone 

Leschna 	Schistocerca 	Luschna 	Schistocerca 

Ll 	Dorsal motor 	internuncial* 	motor 
7th dorsal nerve 

L2 	ventral motor 	motor 	motor 
7th dorsal nerve 

B lateral intornuncial intornuncial* 	internuncial 

C 	ventral motor 7 	internuncial* 	intornuncial 
vontral nerve 
lateral ventral 	motor 	motor 
internuncial 

lateral ventral 	intonuncial* 	intornuncial 
internuncial 

B - 	internuncial* 

F 	 - 	 intornuncial* - 

L median ventral 	internuncial* 	internuncial 
internuncial 

N 	median ventral 	internuncial* 	intornuncial 
internuncial 

N posterior dorsal 	internuncial* 	internuncial 
internuncial 

F 	anterior dorsal 	internuncial* 	intornuncial 
internuncial 

dorsal motor 7th 	motor 
ventral nerve 

anterior ventral 	intornuncial 
internuncial 

* function attributed to neurones by present author on grounds used for 
classification of neurones in Schistoccrca. 



Cephalization. 

There is a tendency in the insecta for the central nervous 

system to become condensed in an anterior direction. In the primitive 

condition a ganglion was situated in each of the body segments which 

innervated the segment in which it lay. In the terminal ganglionic 

mass of Schistocerca we have the opportunity to consider the effects 

cf cephalization oh the individual segmental ganglia. 

It will be recalled that this ganglionic mass innervates 

abdominal segments eight, nine, ton and eleven. The structure is 

located within the eighth abdominal segment, the more posterior 

ganglia have migrated forward to fuse vith the eighth ganglion. 

ins a reference point for the discussion we will use the structure 

of the seventh ablominal ganglion which, it will be recalled is 

considered the least modified of the abdominal ganglia in Schistocerca. 

The effects of cephalization on the nouropile, commissures and neurone 

groups will be considered. 

Neuropile. 

The three lobed condition of the neuroplle found in the seventh 

abdominal ganglion is evident only in the anterior region of the eighth 

ganglion. Lt the level of the eighth ventral nerve the neuropile 

has becomes a simple fused structure, the division into paired dorsal 

and single ventral lobes having completely disappeared. The fused 

condition prevails in the neuropiles of the ninth, tenth and eleventh 



ganglia. The ventral fissun. extol-lab the full lcngth of the fused 

neuropiles but is reduced in depth. 

The segmental divisions of the fused neuropile are attested to 

only by the dorsal and ventral notches at the posterior margins of 

the first three of the component units. L. similar condition prevails 

in the thoracic and subaesophageal nouromores of 1?rrip (Guthrie'1961) 

in this instance however the condensation of the abdominal ganglia 

has progressed to the point that individual neurcere2 appear indivisible. 

Fewer (l948) shows no external division of neuromeres within the fused 

thoracico-abdominal ganglionic mass of Drosophila and. divides the 

neuromeres on the basis of vertical fibre tracts. 

There has been a considerable reduction in size of each 

segmental neuropile comprising the terminal ganglionic mass of 

Schistocerca. The ninth neuropile is the largest of these units as it 

extends for some distance posterad along the lateral margins of the 

tenth neuropilo. The tenth and eleventh ncuropiles are reduced the 

eleventh being the smaller. This increase in size may be related 

to the fact that the ninth ganglion innervates the male genital 

apparatus. The subsequent reduction of the tenth and eleventh neuropiles 

may have been affected by the reduced number of muscles and. by the 

reduced size of these abdominal segments. 

Commissures. 

L. considerable reduction in the number of commissures takes 

place as condensation progresses. _Is previously noted there are seven 



commissures in the seventh abdominal ganglion. The eighth abdominal 

ganglion represents the least modified of the ganglia within the 

terminal ganglionic mass. In this ganglion the number of commissures 

is reduced to fivz and in subsequent ganglia the number is reduced 

to four although in the tenth ganglion the dorsal commissure has 

become divided into two. 

This tendency toward the reduction of transverse tracts with 

ganglionic condensation has been noted in aorris. Guthrie mentions 

"several commissures", associated with each thoracic ganglion but 

only two in each of the more condensed abdominal ganglia. In the fruit 

fly Drosophila, Power makes no mention of commissures in the extreme 

condensed abdominal center although these are present in the more 

diffuse thoracic ganglia. 

Cell Bodies. 

The retention of a regular array of neurocyte groups is a 

conservative feature of the nervous system under the stress of 

condensation in Schistocerca. Power (19L8) refers to the regular 

organgization of the abdominal centre of Drosophila noting that the 

vertical fibre groups are useful references to define the limits 

of the neuromeres. Guthrie (1961) however, has reported that the 

organization of individual elements in the abdominal centres is less 

regular than in the more diffuse higher centres of Gerris. Uill (1964) 

has observed an increase in the number of neurocyte groups in .lesohna 
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but does n)t relate this to the segmental nature of the ganglionic 

Mass. 

In the case of Drosophila  and Gerris in which a high degree 

of fusion has taken place among the abdominal ganglia the dorsal 

surface of the neuropile is covered with neurocytes, many of them 

being motor neurones. However Mill shows no apparent increase in 

the area of dorsal heurocytes in the eighth ganglion of :,eschna. 

In  Schistocerca the regular arrangement of median and lateral 

ventral interneurone grcups within the terminal ganglionic mass is 

evident. This regular arrangement breaks down only in the eleventh 

abdominal ganglion which is Greatly :educed. In this case the lateral 

and median ventral interneurone Groups have merged into a single unit. 

The repetitive arr,.,.n,oment of the ventral interneurone groups within 

the terminal ganglionic mass of Schistoccrca allows these neurones 

to be used to define the posterior limits of the component segmental 

ganglia. On this basis it can be established that the terminal 

ganglionic mass has been derived from the fusion of four cbdotinal 

ganglia. 

abdo'qinal Ganglia subsequent to the eighth, the anterior 

dorsal intorneurone Group may be represented in reduced form as 

dorsal cell bodies and there is evidence that the antero-ventral 

group of interneurones may have become incorporated within the median 

ventral internuncial group. 
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Lccompanyin 	oe:Alerisatioz. of the _ganglia is a tendency for the 

ventral groups of moor neurones to become reduced. and for the dorsal 

group to extend onto the dorsal surface Of the neuropile. . This 

tendency is apparent in the ninth gan;lion of Schistocerca and in the 

case of the eleventh abdominal ganLlion motor neurones are located 

on the mid-dorsal surface of the neuropile. The motor neurones of 

the abdominal ganglia of Gerris are located on the dorsal surface of 

the neuropile. 

Neurone Fathways. 

It would be a laborious task fcr the reader, as for the writer 

if one were to compare in detail tho individual neurone pathways 

of Schistocerca with those 1.escribed in other genera. The discussion 

will therefore be limited to the salient points. 

Sensory neurones have been reported as passing directly through 

the ganglion of the segment of origin to higher centres within the 

C.N.S. in Corydalis (Hilton, 1911) and .',eschna (Zawarzin, 1924; 

W_11, 1964). Guthrie (1961) found only a few sensory fibres passing 

to higher centres in "orris. Contrary to the above Fyle (1941) 

has not found such fibres in the thoracic ganglia of Ephestia and 

Hess (1958) using neurone degeneration techniques was unable to find 

sensory fibres from the cercus of Feriplaneta passing uninterrupted 

through the last ganglion. 



In Schistocerca sensory fibres from the dorsal and ventral 

segmental nerves of abdominal ganglia six, through eleven have been 

observed to send neurones via. the ipEilateral ventral connective 

to higher cent2es in the C.N.S. It has not been established how far 

these fibres pass within the C.N,S. however those fibres originating 

in the ninth, tenth and eleventh segmental nerves pass completely 

through the terminal ganglionic mass. It may be that these fibres 

ascend at least to the level of the metathoracic ganglion. Sensory 

fibres of the above type from the seventh dorsal nerve have been 

observed to give off collaterals to the ipsilateral dorsal neuropile. 

Contrary to the views of Guthrie (1961) numerous sensory neurones 

arborize in the dorsal neuropile although the majority of them enter 

a glomerular region in the ventral nauropile. Sensory fibres cross 

to the contralateral side of the ganglion although they have not 

been seen to enter the contralateral ventral connective. 

Motor neurones entering the segmental nerves of the contra- 

lateral side have been observed in Corydalis (Hilton, 1911), Leschna  

(Zawarzin, 1924b; Mill, 1964) and Gerris (Guthrie, 1961). The se neurones 

enter the ipsilateral segmental nerves only in Ephestia (Pyle, 1941). 

The current study on Schistocerca indicates that motor neurones 

enter segmental nerves of the ipsilateral side only. Large collaterals 

from some of these have been observed to pass via the ventral commissure 

to the contralateral side but these fibres have not been observed 

to enter segmental nerves. The majority of the motor collaterals 

arborize in the ventral neuropile of the ipsilateral side. It is the 
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ventral neuropile in which many of the sensory neurones arborize; 

this leads one to sp:!culate that such an alliance may give rise to 

numerous segmental reflex arcs. 

summary of the internul,cial neurones of Schistocerca may prove 

of value. Interneurones of the modiall and lateral ventral Groups 

contribute fibres to the longitudinal trau:t1z. Those of the median 

ventral group send axons into longitudinal tracts of the contralateral 

side and give off collaterals to the ipsilateral neuropile of the 

same ganglion. Interneurones of the lateral ventral group send axons 

into longitudinal tracts of the ipsilateral side and give off 

collaterals which arborize in the contralateral neuropile of the same 

ganglion. The lateral in'6erneronco nTfear to function as local 

association neurones within the canjlion of origin. 

It is of interest to attempt a correlation of the neurosecretory 

cell types described by Dolphin (1965) in the ventral ganglia of 

Schistocerca with the neurone cell groups described in this thesis 

(table 4.). The distribution of neurosecretory cells in the seventh 

abdominal ganglion correlates well with the neurone groups of the 

seventh abdominal ganglion. Unfortunately the compound nature of the 

terminal ganglionic mass is not evident in the distribution of the 

neurosecretory cells. Dolphin carried out a number of ligation 

experiments which indicated that the neurosecretory product is passed 
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anteraa and posteraa within the ventral connectives and peripheray 

within the segmental nerves. 

Table L1. Correlation of neurosecretory cells with major neurone 

groups in the 7th abdominal ganglion and terminal ganglionic 

mass of Schistocerca. 

7th Ganglion 	Terminal Ganglionic Mass  

Neurone Group Cell types 	Neurone Group Cell types 

B2 a.a.i. 	B2, C 

a.m. 7d.m. 	C 	a.v.i. 
8a.n. 

v.m. 7 d.n. 	C 	v.m. 8d.n. 	D 

(IP. 7v.n. 	C 	d,m. 8v.n.. 	C 

v.m. 7v.n. 	C (D?) 	v.m. 8v.n. 	C, D 

1.v.i. 	..-1, L2, B2, C 	d.c.b. 	D 

m.v.i. 	B2, D 	9 ganglion 	C, D 
motor neurones 

p.a.i. 	B2, C, D 	9 l.v.i. 	C 

9 m.v.i. 	B2, D 

11 m.v.i. 	B2, D 

.:. few generalizations can be drawn concerning the cells of origin 

of the neurosecretory product in those nerves and connectives. The 

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

ventral nerve carries secretions from C and possibly D. cells. 



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

ganglion carry the secretions of both C. and D. cells. Neurohaemel 

organs have been described on the transverse nerves of Schistocerca 

(Brady and Maddrell, 1967); in the eighth abdominal ganglion this 

nerve arises from paired neurocytes cf the dorsal cell bodies. The 

product released at this site would be derived from D. cells of this 

group. It must be pointed out that the above is based on a comparison 

with published material, to confirm these conclusions and to extend 

them further would. require a comparison of identical sets of serial 

sections, one set s'.:alhod for neurosecretory material the other to 

show the neurone tracts. 

Median Nerve. 

Zawarzin (1924a) has carried out a detailed stud of the median-

transverse nerve pathways in a thoracic and an abdominal ganglion 

of Leschna. In the thoracic ganion the median nerve arises from 

a pair of globular cells in the posterior region between the ventral 

connectives. In addition this nerve contains two sensory neurones 

which arborize in the dorsal region of the neuropile. The median 

nerves of the abdominal ganglia arise from a pair of similar cells. 

The motor axons pass postere.d and divide one entering each ventral 

connective. They pass via the connective to the next lower ganglion, 

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



the unpaired unpaired ventral nerve of Phormia to contain four neurones and 

Hoyle (1959) has established the presence of a fast and a slow axon 

in the thoracic median nerves of Schistocerca. 

The transverse nerves of the seventh abdominal ganglion of 

Schistocerca arise from a pair of large ovate neurones placed similarly 

to those in the thoracic ganglia of Leschna. Each of these neurones 

divides sending a branch to each of the paired transverse nerves. 

unknown number of sensory neurones arborize in the pestero-dorsal 

neuropile. Intthe terminal Ganglionic mass of the male the transverse 

nerve arises from a pair of large ovate cells on the dorsal surface 

at the posterior margin of the eighth abdominal ganglion. In 

addition several neurones are locatea 'between the anterior ventral 

commissures in the simple ganglia which send axons anterad via the 

median nerve, Descending fibres from this nerve arborize in the mid- 

region of the ganglion. The median transverse nerve system in 

Schistocerca appears somewhat more complex than in .leschna. The 

function of the median nerve remains a mystery)  one might speculate 

that it is involved in the co-ordination of the spiracles in adjacent 

segments. Such an analysis would make an interesting clectrophysiological 

investigation. 

Giant Fibres. 

abdominal giant fibres have been described in Periplaneta 

(Roeder, 1948)1  Locusta (Cook:  1951))  :.nax (Hushes)  1953) and 

.Leschna (Mill, 1964.). These fibres synapse caudaly with afferent 



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

thoracic ganglion. The giant fibres of :,nax and 2.eschna synapse 

in each of the abdominal ganglia. ripa et al (1959) report certain giant 

fibres of the ventral group in reriplancta pass uninterrupted through 

the thoracic ganglia and may ascend to the brain. 

There are six fibres of giant proportions arranged in two groups 

in the ventral connectives of Teriplaneta 	Thew range in diameter 

from 20 to 45 microns. In Locusta the giants are considerably 

smaller, there being four neurones with a diameter of 8.9 to 15.2 

microns. Two abdominal giant fibres have been described in the ventral 

connectives of Lax and :,c-schna. In .Lnax they have diameters ranging 

between 12 and 16 microns and in L.,:schna the diameters are from 13 

to 15 microns. 

The configuration of giant fibres In Schistocerca is reminiscent 

of the situation in Locusta. There are four fibres with diameters 

ranging from 12.6 to 14.7 microns. 	in Locusta they are arranged 

in a dorsal group of three fibres and a single median fibre. 

These fibres extend from the terminal ganglionic mass into the 

metathoracio ganglia. 	they pass through the various abdominal 

ganglia they become reduced in size as do those of Feriplancta and 

Locusta. Hess (1958) has pointed out that not only do the fibre 

diameters become reduced but the fibre sheath similarly becomes 

thinner within a ganglion. 
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Roeder has traced the giant fibros of Feriplaneta into the 

posterior region of the sixth abdominal ganglion where they each 

appear to become associated with groups of neurocytes. He therefore 

considers these fibres to be multicellular in origin. In Locusta 

Cook has traced the median fibre to a single nourocyte in the extreme 

posterior region of the ganglion. Schistocerca offers no evidence 

to support Roeder's hypothesis that giant fibres reprosent a syncytium. 

In this case each of the dorsal group of giant fibres arises from 

a single neurocyte located in the 'cents lateral ventral group of 

intorneurones. The median fibre has been traced to the region of 

the ninth ventral internuncial groups but has not been followed to 

its neurocyte. 

Giant fibres oz the dorsal group have been shown to branch in 

abdominal ganglia 6, 7 and 8 of Schistoccrca. Branching probably 

occurs also in abdominal ganglia 1 through 5 although this has not 

been investigated. No branching has been observed in ganglia nine 

and ten. It has not been possible therefore to establish the synaptic 

region between these fibres and the cereal afferents. However the 

dorsal group of giants and the cereal afferents lie side by side 

in longitudinal tract one and synapses between these neurones of the 

type described by Young (1939) between second and third order giant 

neurones of the squid may possibly exis.;;. It is further possible that 

as the giant fibres become very attenuated at this level in the ganglion 

the branching has been overlooked. 



7125- 

LITXTRO1HYSIOLOGY 

Giant Fibres. 

It has been shown in Ioriclancta (Tumphrey and Rawdon-Smith, 

1937; Roeder, 1948), Locusta (Cook 1951. 1952; Fielden, 1960), 

Lnax (Fielden, 1960) and Leschnea 	1963) that stimulation 

of cereal afferent neurones results in high amplitude and velocity 

action potentials in neurones of the ventral connective. These 

neurones arc considered to bo the giant fibres. The foregoing 

histological invesligations have shown Giant fibres to be present 

in the abdominal connectives of Schistocerca. 

Behavioural responses to cereal stimulation have been described 

in ieriplancta (RooJer, 19);.8) and in .1nax (Hughes, 1953). In the 

case of ieriplancta the animal runs quickly forward. Cook (1951) 

does not find this response in Locusta which appears unmoved 

upon cereal stimulation. 	preliminary series of experiments 

were carried out on Schistocerca to determine if an evasion response 

could be initiated. Schistocerca in which the compound eyes had 

been occluded with black paint refused to move when a puff of air 

from a fine jet was directed at the cerci. Similar results were 

obtained. using lecapitated Schistocerca. In control of the 

the slightest movement of the experimenter caused a jump. However 

if the air jet could. be  brought unobtrusively within range of the 



cereus a puff of air had no apparont effcot. It would appear 

that evasion responses are closely linked to the visual system 

in Schistocerca. 

In view of the anomoly between this behavioural pattern 

and the presence of Giant fibres it was considered of interest 

to carry out an electrophysioloGical study of the Giant fibre 

system in this locust. 

Stimulation of Cerei. 

Isolated abdomens of Schistoccrca wore used from which the but 

and internal Genital oriGons had been removed. When recordinG 

electrodes are placed on the cereal nerve and on the ipsilateral 

ventral connective between the terminal GanGlionie mass and the 

seventh abdominal GanGli)n and a puff of air is directed at the 

ecrcus larGe amplicude spikes arc recorded from the ventral 

connectives (FiG. 55,a), This response corresponds to the burst 

of afferent activity in the cereal nerve, In addition to the complex 

of large spikes there is an increase in the numbers of medium 

amplitude spikes. The resp,nse is recorded approximately 15 to 20 

milliseconds after the onset of a natural stimulus. 

similar response is observed when one of the recordinG 

electrodes is placed on the contralateral connective at the same 

level. If one compares the response in the ipsilatcral and contra-

lateral connectives (rig. 55b) it will be observed that the contra-

lateral response is of shy.-ter duration and has fewer fibres 

respondinG (on the basis of amplitude). The response in the 
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contralateral connecave appears to be rc.ther labile, not being 

of a consistent duration relat:;.To 'co the response in the ipsilateral 

connective. al de_Lay occurs between the onset of the response 

in the contralateral connective relative to the ipsilateral connective. 

Speca of Conauctic.n. 

The specs'._ of conduction of these large action potentials has 

been measured fo:. the 3.-:silateral and contralatcral connectives 

between the terminal ganglionic mass and the seventh abdominal 

ganglion. With Loth recording electrodes placca on the ipsilateral 

connective approximately one millimeter appart a complex of three 

or four large spikes is recorded (Fig. 56a). These spikes have 

velocities ranging from 3.3 tc 1.5 meters per second. If measure-

ments are made bet-:;cen each spike of a given complex and the same 

spike in a complex recorded from a second point further up the 

connective three different conduction speeds are obtained (table 5). 

It will be noted that when four spikes are present in a volley 

that one pair have the seine conduction velocity and may well 

represent repetitive firing of the same neurone. 

].though there is a consiaeral disparity in the velocities 

of these potentials the variation in any one volley 

is not great. The overall disparity may be due to raising of 

the connectives out of the haemolymph and/or saline in order to 

reduced shunting and to reduce the stimulus artifact. This would 
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have an adverse effect on the rate of conduction (HodGson, 1939, 

cited in Bullock and HorridGe, 196'0. It was necessary to dry 

the preparation in the rejon of the electrodes, particularly 

the stimulatinG electrodes or the stimulus artifact completely 

obscured the Wiley of potentals. 

Table 5.  Conduction speeds in meters per second of individual 

potentals from complex volleys recorded from the 

ventral connectives on stimulation of the cereal nerve 

in three different preparations. 

Ireparation Ipsilateral connective Contralateral connective 

1 

spike in volley spike in volley 

2 4 1 2 

a 3.3 3.0 2.3 - 3.0 2.4 

b 1.8 2.3 1.8 1.5 4.5 

c 1.9 2.1 - - 3.0 - 

If the electrodes are now moved to the contralateral connective 

at the same level and the cereal nerve is stimulated no more than 

two spikes are recorded (FiG. 56b). They have velocities of 4..5 

to 2.4. meters per second. 

Electrical stimulation of the epiproct nerve did not result 

in Giant potentials in the ventral nerve cord. The nerve to the 

paraproct in Schistocerca is too short to be picked up with 



stimulatinG electrodes of the type used. However mechanical 

stimulation did not result in Giant potentials in the connectives. 

Roeder (1948) reportel a decrease in the velocity of conduction 

across a GanGlion and related this to the reduction in the diameter 

of the Giant fibres as they pass through the GanGlion. In the 

histological studies similar though smaller reduction has been 

found in the diameter of the Giant fibres of Schistocerca as they 

pass through the seventh abdominal GanGlion. If the stimulatinG 

electrodes remain on the cereal nerve and recording electrodes 

are placed on the ipsilateral connective above and below the 

seventh abdominal Ganglion 	those potentials recorded by the 

anterior electrode show a substantial shift to the right (Fig. 56c) 

indicating; a decreaEe in conduction velocity. Three potentials 

are recorded with velocities of 1.1, 1.2 and .71 meters per second. 

Synaptic Delays. 

Delay times have been measured for the cereal afferent Giant 

fibre synapse of leriplaneta (Rocaer, 1948) Locusta (Fielden, 1960) 

Anax (Fielaen, 1960) and Aeschna (Mill, 1963). As there is a 

disparity in the velocity of conduction in the ipsilateral and 

contralateral connectives in Schistocerca it was considered of 

interest to measure the synaptic delay.for both sides of the cord. 

To measure this feature the stimulating electrodes remain distal on 

the cereal nerve, recordinG electrodes are placed at the base of 
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of the cereal nerve and anterad of the terminal ganglionic mass on 

the ipsilatcral connective (Fig. 56d). Delays measured in this 

manner range from 2.4 to 3.3 mildAseconas. To measure the delay 

due to the contralateral synapse the anterior electrode was moved 

to the same level on the contralatcral connective (Fig. 56o). 

Delays at this synapse ranged from 3.5 to 4.3 milliseconds. 

In both the above preparations a smooth build up in the 

amplitude of the pre-synaptic cereal response took place with 

increased intensity of stimulation prior to a post-synaptic response 

in the ventral connective. ,"..n increase in stimulation frequency 

at subliminal intensities immediately below threshold level for a 

post-synaptic response did n-)t result in action potentials in the 

post-synaptic fibres. No measurements were made on the stability 

of the synapses under conditions of high frequency stimulation at 

supra threshold levels. It was observed however that at high 

frequencies the number of spikcs in a complex became fewer as the 

frequency was increased Very high frequency stimulation resulted 

in the disappearance of all giant potentials from both connectives. 

Stimulation of the Ninth Sternum.  

The ninth stern-1m of the male Schistoccrca has several rows 

of large hairs along its dorso-lateral margin. These hairs are 

similar to those found on the ccrcus and are of the type L. or B 

described by Thomas (1965). This region is innervated by the lateral 



branch of the ninth ventral nerve. ITrhanic-1 stimulation of these 

receptors using a single hair resulted in bursts of high amplitude 

potentials in both the ipsilateral and contralateral ventral 

connectives (Fig. 57a, b). Stimulation of the dorsal ovipositor 

valve of the female in a like manner gave similar results (Fig. 570,d). 

These potentials are of similar amplitude to those recorded from 

the connectives while stimulating the cercus and lea to a suspicion 

that sensory neurones of the ninth sternum might also synapse 

with the abdominal giant fibres. Stimulation of the eighth sternum 

in the same ray resulted in low amplitude volleys in the ventral 

connectives (7iG. 570) and ruled ut the possibility that afferent 

neurones of this seLment also synapsca with the giant fibres. 

This was confirmed using electrical stimulation. 

Speed of Conduction. 

Experiments rimilar to those using the cereal nerve preparation 

have been carried out on the ninth ventral nerve to determine 

the conduction speeds in the post-synaptic interneurencs of the 

ventral cord. It was anticipated that this could give evidence 

concerning the identity of these neurones and confirm the possibility 

that they are the same in-Lei-neurones as those synapsing with the 

cereal afferents. 

In the following experiments stimulating electrodes were 

placed distally on the lateral branch of the ninth ventral nerve 
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:lith both recordinG electrodes placed on the ipsilateral ventral 

connective a s:ike complex as illustrated in fiGure 58,(a) is 

obtained. Conduction speeds for Giant potentials in the ipsilateral 

connective ranee between 1.9 and 1.5 meters per second. If the 

electrodes are transferred tc the oontralateral connective a complex 

of spikes is obtained as in fiGure 58 (b). In this case the 
conduction velocities arc between 3.8 and 3.0 meters per second. 

The velocities of individual spikes within these complex volleys 

is Given in table 6. It is apparent that there are three spike 

velocities on the ipsilateral side and two on the contralateral 

side, those on the contralateral side havinG the hiGher velocities. 

Ls in the spike complex obtained on stimulation of the cereal nerve 

there is a tendency f'or repetitive discharGe in one of the ipsilateral 

post-synaptic fibres. 

Table 6.  Conduction speeds in meters ler second of individual 
potentials from complex volleys recorded from the ventral 

connectives on stimulation of the ninth ventral nerve 

ia three preparations. 

treparation Ipsilateral connective Contralateral connective 

b 

c 

spike in volley spike in volley 

1 2 	3 	4 1 2 

1.9 

1.6 

1.5 

1.6 

1.2 

1.6 

1.5 

1.8 

ONO 

VMS 

1.5 

3.0 

3.8 
3.8 

3.3 
3.3 



Synaptic Delays. 

Synaptic delays have 1Joen measured between the ninth ventral 

afferent neurones and post-synaptic interneurones of the ventral 

nerve cord. 1,1th recorainG electrodes Placed on the 9th ventral 

nerve and on the ipsilateral ventral connective (PiG. 58c) delays 

between 2.0 and 2.1 milliseconds havo been recorded. If the 

anterior recordinG electrode is placed on the contralatoral 

connective (PMG. 58d) the ranee of delays is from 4.6 to 5.2 

milliseconds. 

Like the cereal nerve preparation, increase in the amplitude 

of the compound action potential occurred in the pre-synaptic ninth 

ventral nerve as the stimulatinG voltaGe was increased. Increased 

frequency of stimulion at intensities immediately below those 

required to brinG about a post-synaptic response in the ventral 

connectives failed to give such a response. Repetitive stimulation 

had no effect on the synaptic delay. 

Electrical stimulation of the ninth dorsal nerve and of the 

median branch of the ninth ventral nerve did not result in a 

"Giant" response in the ventral connectives. However in one 

experiment durinG which the Genital nerve was stimulated electrically 

a response of Giant maGnituae was obtained from the combined ventral 

connectives MG. 58e). Conduction speeds measured from this 

preparation varied from 3.3 to 2.0 motors per second. 
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Connections athin the lietathoracic Ganglion. 

Though giant Totentials a?:e recorded from the ventral nerve 

cord as a result of cereal stimulation Schistocerca does not 

respond as do IoriTaanota and L.nax with an evasion response. It 

was thus pertinent to investi;mto the synaptic connections between 

the abdominal giant fibres and subsecuent neurones at the level 

of the metathoracic ganGlim, :.largo nerve innervates the meta-

thoracic leg of the desert locust. Electrodes were placed on the 

ventral nerve cord below the motathoracic Ganglion and on the leg 

nerve and puffs of air were directed at the cerci. Bursts of 

potentials corresponding to these puffs were recorded from the 

ventral nerve cord (Fig. 59a) but nu response could be obtained 

from the leg nerve - The poi,entials recorded from the leg nerve 

commencing 1.3 sec:nds after the )nset of tl--) interneurenal volleys 

were part of a rhythmic activity in the nerve and not related to 

the cereal stimulation. Cereal stimulation in no way affected this 

rhythm which built up to a peak over a period of 3.3 seconds and 

declined. Electrical stimulation of the cereal nerve did not 

result in activity being recorded from the leG nerve (Fig. 59c). 

complex of small to medium amplitude potentials have boon 

recorded from the connectives between the metathoracic and mesa-

thoracic ganglia as a result of cereal stimulation (Fig. 60). 

The only potentials recorded at this level have been from the 



ipsilateral connectives. There is no apparent activity in the 

contralateral th,:racie connecti -e. j, short delay of 1.5 milli-

seconds occurs beLween the arrival of the volley in the abdominal 

connective and the response in the thoracic nerve cord. No spikes 

of Giant amplitude have boon recor0.-)d from the thoracic connectives 

in resronse to cereal stimulation. 

Discussion.  

Speed of Conduction. 

It has been shown (e.G. Nichol and UtteridGe, 1955; Bullock 

and HorridGe, 1965) that the speed of transmission in neurones 

varies directly as the diameter of the axon. Roeder (1943) 

established the nurrJ-i,v. of 7,(1:5ive interneurones in the cereal nerve-

giant fibre resp-,nse of 1-orirl,tn.:ta on the basis of spike height. 

However the base line drift tends to obscure the sLlall amplitude 

differences which would be expected in Schistocerca where the Giant 

fibres have small differences in diameter. Furthermore the data 

of Ficlden (1963) indicates rapid repetitive firinG of an inter-

neurone may possibly result in an apparent small variation in 

amplitudes from a binGle fibre. The speed of conduction is therefore 

considered a better basis on which to determine the number of neurones 

contributinG tc 	comIlex volley. The data presented for Schistocerca 

indicates that there arc throe neurones active in the ipsiItcral 



connective: nna two JiL it ocabx, ATatoral porn 	As these are 

lnycest 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 interneurones 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 Schistocerca, 

it is however not common and is usually from the slowest of the 

neurones in a given complex. 

The conduction velocity for the giant fibres cf Schistocerca  

range between 1.5 and 4.5 meters per second and are slow when 

compared with those of leriplanea at 5 to 6 meters per second 

(Iumphrey and Rawdol_-Smith 1937; P.oeder, 1948), Loousta at 2 to L. 

meters per second Gook, 1952; I.:Leiden, 1960; and Anax at 3.5 to 4.5 

meters per second (Fielder', 1960). The higher conduction velocity 

in leriplanota is correlated with the larger fibres. However the 

giant fibre diameters of Schistocerca are similar to those of :alax 

and Locusta. In Schistocerca the fastest conduction speeds 

obtained compare favourably with those reported in the literature and 

only when the slower replicates are averaged that the giant fibres of 

Schistocerca ap':ear so efficient. 	was previously pointed out this may 

be due in part to the drying out of the preparations which would have the 
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effect of reducing the velocity of conduction. It would be of 

considerable interest to study the diameter of the sheath, for a 

thin sheath may vi,;11 ha-re the effect of reducing conduction velocity. 

Bullock and Horridge (1965) have noticed that the conduction velocity 

of the giant fibres of the prawn Leander is high (18 — 23 meters 

per second) and the fibre dia!ieber is relatively low (35 microns). 

They point out that gi,Ini; -fi ..20s of this crustacean have a sheath 

that accounts for 10"poreent of the fibre diameter. It would be 

interesting to relate the giant fibre conduction speeds to neurone 

and sheath diameter in a series of insect preparations. 

Conduction velocities of those neurones is which make synaptic 

contact with the ninth ventral nerve are within the range 1.5 to 

3.8 meters per 	:,[7.n on the basis of conduction rate it 

is established tlar 'three -Cibre; ere -,ctive in the ipsilateral 

connective and two in tbe contralaterai. connective, Ls there are 

only four giant neurone in each connective it may be concluded 

that these arc the same fibres activated by the cereal nerve. 

Histological observations suggest that the giant fibres activated 

in this response are those of the dorsal triad, for these have a 

common margin and lie in the same longitudinal tract as the cereal 

afferent fibree, 

L. feature of internourenes is their extensive receptive fields. 

They act as integrative centers for convergence of many sensory 

units (';ennedy and Ire5bon, 1960; Fielden, 1960; Fielden and Hughes, 

1962). In addition Fielden (1963) has shown that the majority of 
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interneurono u.t.;tz: in the dragon fly nymph L.nax responl tr) stimuli 

from more than one segment. It is not surprising therefore that 

the giant internourones should be activated by afferent fibres 

from more than one segment. 

Roeder (1948) has shown that there is a decrease in the 

velocity of giant fibre potentials as they pass through a segmental 

ganglion. In Schistocerca there is a 55 percent reduction in 

velocity for a 30 percent reduction in fibre diameter. Such a 

reduction in the velocities of the potentials may not be entirely 

correlated with the reduction in the diameter of the giant fibres. 

If this is the case then a factor other than simple -.'eduction in 

neurone diameter must be postulated. Hess (1958) has shown not 

only do the 4ant 	(1 -zease 3n diameter within the ganglion 

but their sheath:., decrease in thicknc2d alsc, It may be that 

the decrease in ,;heath thickness 3ontfibuted considerably to the 

decremental conduction within the ganglion. 

Synaptic aelationships. 

The Terminal Ganglionic Mass. 

The smooth buildup of the pro-synaptic compound afferent action 

potential represents an increase in the number of afferent neurones 

activated. This an;;_ the fact that increased frequency of stimulation 



at levels of intensity immediately beneath those neoesocxy tJ bring 

about a post-gynaptic response, at a lower frequency, did. not bring 

about such a response ti:io woul? iixacato that the synapse is frequency 

independent and that spatial summation occurs when a suitable 

number of afferent neurones discharge. Convergence of a number 

of afferent fibres or a single interneurone resulting in spatial 

summation appears to be a characteristic of interneurones 

(Roeder, 1948; Kennedy analreston, 1963; Fielden, 1963; Ficlden 

and Hughes, 1962; Mal, 1963). 

Synaptic delay times of 1.0 to 1.9 milliseconds h:ve been 

established for tna cereal afferent-girmt fibre synapse in reriplaneta, 

(Iumphrey and Rawden-Smith, 1937; Roeder, 1948). In Locusta the 

delay is 2 tc miAliseconas (Fieiden, 1960) and in 4",nax the delay 

between paraproct o.fferents and liant fibres is 2.0 to 4.5 milli- 

seconds. In Schistocerca the giant fibre-cereal afferent delay 

time varies between 2.b and. 4..5 milliseconds and the delay between 

the ninth ventral afferents and the giant fibres between 2.0 and 

5.2 milliseconds. In both cases the contralateral delay is 

substantially longer than the ipsilateral delay. This delay can 

not be accounted for by the increased transmission distance of 

the afferent neurones to the contralateral neurprile no of contra- 

lateral giant 	collaterals into the ipsilateral neuropile. 

One must either postulate synapses of a different nature on either 

side of the ganglion or the possibility of a second order inter- 



neurone interposed t.steree:1 the afferent neurone and thr!  giant fibre 

on the contralatoral side. This would add. only additional synapse 

to the system and this could be accounted for by the discreparcies 

in delay between the ipsilateral and. contralateral synapses. 

The Ifetathoracic Ganglion. 

The escape reaction in leziplanota is initiated_ via giant 

pre-synaptic fibres and pest-synaptic motor neurones of the crural 

nerve. Where as the cereal-giant synapse is stable the giant-leg 

nerve synapse is easily fatigued (Rocaer, 1948). In both 

Feriplanota and Locust: (Cook, 1951) a puff of air on the cercus 

results in efferent yotenti-Ils in the leg nerve. Such a response 

could not be obtained in Schistoc.4.3a nor could. the evasion response 

which is so well known an +;:ic ceekreach Tt is evident that the we-..k 

link in this bel- n.vioural sycbel,: is nie giant fibre-leg nerve 

connection and in Uchisi,ocbrca this 	Toner,  ::::inetional. Roeder 

has shown that this synaT-;se is temporarily summated in reriplaneta 

and Knight (1965) has pointed out that in :.max motor synapses are 

frequency dependent. Several hypothesis can be lut forward to 

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

(a) Repetative firing is not common in the giant internourones 

of Schistocerca and. a puff of air delivered to the cercus 

does not result in an extensive burst of giant fibre volleys 

as it does in the cockroach. It may be that a sufficient 



frecency of pre-spmctic volleys is not delivered-to the 

giant-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. 

(0) Glial cells have ameeboid processes that may penetrate the 

neuropile and completely ensheath the neurone leaving only 

the areas of synaptic contact bare. It is possible that 

these giant leg nerve synapses have become non-functional 

by covering the synaptic regions, although no such case is 

known. 

(a) Roeder has shown that in Teriplancta the head has a 

disinhibiting effect on this behavioural pathway. Removal 

of the head has an inhibiting effect 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 any 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. 	increase in the frequency of electrical stimulation 

of the giant fibres causes rapid volleys to ascend the cord)  no 

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



these suggestions is little more than an excercise in speculation. 

The evidence of Roeder (1948) lends support to the fourth view that 

the giant-erural synapses are permanently inhibited. 

Only a small response is found in the thoracic conne&c.ivec in 

reply to the ascending giant fibre volley in. the abdominal 

connectives. It is evident that those giant fibres which are 

active in the cereal-giant response terminate in the metathoracic 

ganglion and do not pass uninterrupted to higher centres in the 

C.N.S. The delay across the metathoracic ganglion is briof 

comparison with the afferent-giant fibre syna:ses, being 	mil';- 

seconds. This figure however is fairly high when compared with 

Ieriplanota  (0.15 to 0.5 milliseconds). 

Evolution of Giant Fibres. 

Hughes (1965) has sleculated on the evolution of gia,14.-

deriving a hypothetical ancestral type. This neurone wou1ao 

capable of conduction in both directions and would make gyr?c;:ic 

contact with afferent and efferent neurones in each segment. The 

histological and electrophysiological data derived for Schis':ol:pc. 

lend support to Hughes' hypothesis. In Schistocerca the Gir,,nz.; 

fibres branch in the abdominal ganglia and further, they synze 

with afferent neurones in at least two abdominal segments. 

segmental afferent supply has not previously been described irJr 

giant fibres. 

.0 
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Esser (1961) has suggested that giant fibres have evolved 

independently many times in the arthropods. However if one compares 

the giant fibre systems of Lnax, Feriplaneta, Locusta and Schistocerca., 

they can be arranged in an evolutionary series. In Lnax i-ho giant 

fibres have effective efferent synapses in each abdominal and thoracic 

ganglion, an evasion response is present. In Feriplaneta th s has 

been reduced to efferent connections in the metathoraeic ganglion 

only, the evasion response is present. In Locusta the same case 

exists as in ifipXplaneta except that the giant fibres are 1.eancoa 

in diameter and no evasion response occurs. 

In Schistocerca the number and size of the giant fibre  

similar to Locusta however no evasion response occurs and 

giant-leg nerve synapse is no longer functional. 

Cook (1951) has rightly pointed out that it is not surpri6ii,g 

that an evasion response does not occur in Locusta considerir ±ho 

small size of the cerci and the fact that they are covered by wings. 

It might be further noted that a gregarious way of life wou1,7 13o 

incompatible with a cereal evasion response. It would be of 

considerable interest to study the physiology of the giant 

system of Schistocerca throughout the ontogeny of the individi2a1 

particularly the response at the metathoracic ganglion. 
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Occassional Observations. 

The followinc section comprises a series of unrelated observations 

obtained during the foregoing study. They are not conclusive in 

themselves but may be taken as indications of functional pathways, 

the details of which leave considerable scope for further stIldy. 

Mechanical stimulation of the cercus brings about an efferent 

response in the contralateral cereal nerve which corresponds to the 

afferent volleys in the ipsilateral cereal nerve (Fig. 61), These 

efferent volleys do not always ocdur following an afferent 3arst„ 

nor does their duration correspond to the length of the aft,::::ent 

volley. This indicates a rather labile synaptic function. 

similar pathway has been reported from th© uropod nerves o the 

cray fish (Pielden, 1960) and from the fifth roots (paraprc,3t norves) 

of Leschna (Mill, 1963). 

Stimulation of the mechanoreceptive hairs on the dorn,)-lateral 

margin of the ninth sternum results in a low frequency burst of 

efferent potentials, apparently from a single neurone of the -14,:htb 

dorsal nerve (Fig. 62). This indicates a pathway between me-t;aada-

receptors associated with the lateral branch of the ninth ventral 

nerve and efferent neurones of the eighth dorsal nerve. The data 

gives no indication whether the efferent synapse is with affcrert 

ninth ventral fibres which have boon shown histologically to Il:ass 
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through the eighth ganglion or with an interneurone. 

41 similar pathway is observed on stimulation of the cercus 

(Pig. 63). High frequency bursts are recorded from the eighth 

dorsal nerve upon stimulation of the cercus. Potentials in these 

volleys are of two amplitudes and do not always occur on cereal 

stimulation, nor was this pathway apparent in all animals tested. 

There is a labile synapse in the system. 

Lateral bending of the cercus results in a low frequency 

efferent volley in the eighth dorsal nerve (Fit. 64) which carresl:onded 

to the period of the stimulus and ceased on cessation of tho 

stimillus. The sense organs responsible for such stimuli hnvi,  

been located, they may be stretch receptors located in thu cereal 

muscles or possibly campaniforn organs which have been sho.ia tc 

be present on the cercus (Thomas, 1965). 

Mechanical stimulation of the paraprocts results in a b-ra-st 

of low frequency, low amplitude potentials in the contralatc7JA 

ventral nerve of the sixth abdominal segment (Fig. 65). A s'uniivr 

response is not obtained in the ipsilateral sixth ventral nerve. 

The synaptic pathways in this response are not clear. There are 

four possible pathways on the basis of our histological data., 

1. Afferent fibres synapsing with contralateral interneunmes 

whose collaterals extend into tho ipsilateral ventral 
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neuropile. These interneurenes would then synapse with 

efferents of the sixth ventral nerve. 

2. Z.fferent fibres synapsing with ipsilateral interneurone:. and 

these in turn with collaterals of the motor neurones which 

pass to the contralateral side. 

3. :efferent fibres passing directly up the ventral connective 

and synapsing with contralateral collaterals of the sixth 

ventral nerve. 

..,fferent fibres passing to the contralateral half of thc 

terminal ganglionic mass and synapsing w:14;h Intorn,:urenes which 

would in turn synapse with efferent fibres in th sixth 

abdominal ganglion. 

This problem could be resolved by a sequential cuttinc Jf tue 

ventral connectives to determine the connective which is i;:rIctional 

in this pathway and by the application of a synaptic blocif (e.c, 

nicotine) to the terminal ganglionic mass to establish whether or 

not synaptic contact takes place at this level. 

The behavioural significance of such a pathway is apparent, 

Contractions of muscles on the contralateral side only would cause 

the animal to bend the posterior region of L,, abdomen away f2om 

the noxious stimulus. 

Stimulation of the seventh tergum causes potentials to be 

picked up by electrodes placed on the ventral connective below the 



seventh abdominal ganglion (Fig. 66). Though these could conceivably 

represent descending sensory neurones (they have not been located 

histologically) it is probable that they reiresent interneurones. 

The problem could be resolved through the use of electrical 

stimulation and/or a synaptic block. 

In one particular preparation a locust was observed extending 

and withdrawing the aeaaeagus. Section of the ventral nerve cord 

immediately anterad of the terminaT rfan4i-mic mass had no effect 

on this activity. 

Electrodes wer:: placeci on both ;-enital 	ana the neural 

nature of this activity was recorded ag. 	the .grolaxeaN 

state there is a constant barrage of :!.o,f anflitwl.e reten-Gial3 with 

the slow repetitive firing of a high amplitude neurone. The latter 

potential probably represents a note-c neurcn rJrd.ni.r. 	a state 

of tonus in the muscle involved. Tith bhe extension ol-! the 

aeaaeasus there is an increase in the fequoney ef firing in all 

neurones particularly in the ones resi:onsiole for the high atillituae 

potentials. 1,s extension continues the large :cotential 	into 

synchrony between nerves and with 	these break up into short 

high frequency bursts in exact syneey...0:;:,:" each Eeparated by a pair 

of medium ampiltude spike . mach 	!ese 	ap12:eximately 

.07 of a second. and is separated by s a .interval. or X05 .1` a second 

during which the two lesser neurones continua firin. It mpy be 
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postulated that these are sensory neurones giving information on 

the degree of extension. The occurrance of discrete bundles of 

large amplitude signals only occurs during maximum extension. 

These may represent motor neurones maintaining maximum contraction 

of the muscles and thus of the aedaeagus. Upon cessation of these 

large potentials the aedeaegus retracts into the genital pouch. 

The fact that this rigid synchrony between nerves is maintained in 

the absence of higher centers would indicate the presence of a 

timing device in the terminal ganglionic 

Iopov (1958) has shown that female locusts ore sensible to 

sodium chloride solutions. He doteminod that SchizItocerca females 

would not oviposit in soils containing 25 gram,, per litre sodium 

chloride in water. 

The cercus of a male Schistocerca was stimulated_ with a small 

drop of saturated sodium chloride solution. 11 very high frequency 

burst of impulses is obtained from the cereal nerve (Fig. 68, 

lower record) lasting approximately 3 seconds. pit this point the 

sense organs become adapted although the saline solution is still 

present. These afferent neurones synapse 7,ith interneurenos of the 

ventral connectives (upper record) 'This synapse is labile and 

adapts raridly the volley is in the v3-atc•=11_ eo2:a lastiltG ,07 of 

a second and consists of only nine spikes of two sizes. 	like 

stimulus applied to the ninth sternum of the male gave no response 

in the ninth sternal nerve. 



The cord. of the male Schistocerca boar chomorceoltors 

oonsiblo to concentrated sodium chloride solutions. Thomas (1955) 

however has been unable to locate anatomically any chemorecol,tors, 

unique to the posterior scGmonts of the female Schistocerca 

which nicht he salt sonsitivc. 



SITIJITLRY  

The terminal ganglionic mass situated in the eighth abdominal 

segment of Schistocerca rTegaria innervates abdominal segments 

eight, nine, ten and eleven. 	summary of the detailed segmental 

innervation is Given in table 7. 

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

branch 

and eleventh 

8th. dorsal 

abdominal segments of Schistocerca. 

nerve (male) 

muscle innervated 	other function 

1 

2a 

v.d., 	247, 

254, 255 

248 	anastomoso pm.n. 

s-ventral tergum 

b 250x, 251 anastomoso 7 v.n. 

main branch is contiguous 

with 7 tv.n. 

3 

4 244 

s tergum 

gal 

5 214.3a, b, 

6 glary s-tergum 

7 242c, a, 

8 242b, 245 :-.-:i.ntesega,-.mtLa fold and 

tergum 

9 242a 
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branch 

8th. dorsal nerve (female) 

muscle innervated other function 

1 v.d. anastomose rm.n. 

2 247 

3a 252, 254, 255 s-ventral tergum 

b 250x, 251 anastomose 7 v.n; main branch 

contiguous with 7 tv.n. 

4 glary s-tercum 

5 242e 

6 243b 

7 245a 

8 242c 

9 242b 

10 242a, 245 

8th. ventral nerve (male)  

branch 	muscle 	other function  

1 	 anastomose-8 tv.n. 

2 	 s-sternum 

3 	250, 253 	s-sternum 

8th. ventral nerve (female)  

branch 	muscle 	othel. function 

1 	250, 248 	s-sternum 

2a 	 srermathecal duct 

b 	272 	SNP 

c 	- 	srermathecal apperature 
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branch 	muscle 	other function  

d, e 	 s-ventral ovipositor valve 

f 	272 

8th. transverse nerve (male) 

branch 	muscle 	other function  

1 	 anastomose-pm.n. 

2 	 anastomoso-9a.n. 

3 	270 

8th. transverse nerve (female) 

branch 	muscle 	other function 

1 	 anastomose-m.n. 

2 	271 	- 

3 	- 	s-tergum 

9th. dorsal nerve (male) 

branch 	muscle 	other function  

1 	v. d. 	per. n. 

2 	- 	amexitamose 8 tv.n. 

3a 	alary 	s-tergum 

b 	260a-c 	s-9 tergum, 10 tergum 

9th. dorsal nerve (female) 

branch 	muscle 	other function ______________• 

1 	v. d. 	dim. n. 

2a 	264 	- 

b 	- 	anastomosc eIl.n. 
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branch 	muscle 	other function  

3 	262 

4 	 s-tergum 

5 	260 a-e 	s-tergum 

9th. ventral nerve (male)  

branch 	muscle 	other function  

1 	261 

2 	265, 268 

3 	 s-lateral sternum 

4 	 s-ventral sternum 

genital nerve (male only)  

branch 	muscle 	other function 

1 	 accessory gland 

2 	266,267, 284 

3 	266, 284 	s. 

4 	285 

5 	281, 283 

6 	278, 282 

9th. ventral nerve (female)  

branch 	muscle 	other i. Lon  

la 	273, 271 	s. 

b 	- 	 s-dorsal valve 

2 	275 

3 	274 

4 	271, 263 
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Dri;roct nerve (male)  

branch 	muscle 

1 	264 

2 

3 	289 

4 	288 

other function 

 

enastomose-cerc.n. 

5 	295 	s-epiproct 

6 	293, 294 	s-epiproct 

Eriiroct nerve (female)  

branch 	muscle 	other function 

1 	264 	IMO 

2 	289 	OW 

3 	288 

4 	 s-epiproct 

5 	287,294,293,295 	s-lo tergum 

Cereal nerve (male)  

branch 	muscle 	other function  

1 	286,290,rectal muscles 	s? 

2 	291,296 	s-paraproct 

3 	 anastomose-epi.n. 

4 	 s-cercus 
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Cereal nerve (female)  

branch 	muscle 	other function 

1 	286,290,rectal muscles s? 

2 	296,291 	s-iarairoct 

3 	292 

4 	 s-cercus 

Com;arison with other orders of the Insecta has shown that 

the innervation of some of the ventral musculature by the first 

branch of the dorsal nerve is a conservative feature of the insoot 

nervous system. The transverse nerve of the abdominal segments 

of Schistocerca is unique among all species studied so far. 

It arises independently from the ganglion anterior to tho 

segment which it innervates and not as a branch of the median 

nerve or of the dorsal nerve. The only parallel is found in the 

thoracic segments of certain species. 

The genitalia are innervated in the male by a nerve of the 

ninth abdominal ganglion, the genital nerve, and in the female 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 d)rsal 

and intermediate ovipositor valves are derived from the ninth 

abdominal segment. 
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Histological studies of the simple seventh abdominal Ganglion 

reveal a three lobed neurolAle containing seven transverse 

commissures and six longitudinal tracts. The neuronal composition 

of these tracts has been studied. 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 ganglion. The median ventral group gives fibres to the 

contralateral connective via longitudinal tract four. Motor 

neurones are located in a dorsal and ventral group at the base of 

each segmental nerve. Their axons enter the ipsilateral segmental 

nerves. Sensory neurones arborize in the ipsilateral and contra-

lateral sides of the ganglion and also ascend the ipsilateral 

ventral connective. Seventyfive neurone pathways have been traced 

within the seventh abdominal ganglion. 

Sections of the terminal ganglionic mass reveal a neuroiile 

comprising four fused units corresponding to the eighth, ninth, 

tenth and eleventh abdominal gcnglia which have condensed to form 

the ganglionic mass. Segmentally arranged  s:ps of median ventral 

and lateral ventral 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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five of tho original seven and each subsequent ganglion retaining 

four. The same six longitudinal tracts that are found in the 

seventh abdominal ganglion can be identified in the terminal 

ganglionic mass. The anterior dorsal and ventral interneurone 

grouls are present in the eighth ganglion but in the subsequent 

ganglia they are reduced amd have become incorporated into the 

remaining neurone groups. The median ventral and lateral ventral 

groups of interneurones are 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 neurones of  the  eighth abdominal ganglion retain the same 

positions as those in the seventh ganglion. In the ninth ganglion 

the ventral group becomes reduced and the dorsal group extends 

toward the dorsal surface of the neuropile. 'Ath the increased 

condensation in the tenth and eleventh ganglia the motor neurones 

become distributed over the dorsal surface of the neuropile. 

One hundred and five neurones, many representative of tracts, 

have been traced within the terminal ganglionic mass. The 

distribution of neurones of the genital nel 	-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 connective of 

Schistocerca. Each fibre of the dorsal triad has been shown to 
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originate from a single nourocyte in the tenth lateral ventral 

group of interneurones. These fibres pass without interruption 

into the metathoracic ganglion although their diameter becomes 

reduced as they pass through the various abdominal ganglia. Short 

branches are given off to the dorsal neurorile of the abdominal 

ganglia and certain of these branches pass via the dorsal commissure 

to the contralateral side of the ganglion. 

Illectrophysiological studies have indicated that there are 

three giant fibres activated in the ipsilateral connective and two 

in the contralatcral connective when the serous 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 these fibres range from 1.5 to 

4.5 meters per second. Synaptic 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. L second 

order interneurone is postulated between the cereal afferent fibres 

and the contralateral giant fibres. There is a considerable 

reduction in velocity as the potentials pass through the seventh 

abdominal ganglion. This decrease cannot 1 - ^Peounted for on the 

basis of reduced neurone diameter alone and may be related to a 

reduction in sheath thickness within the ganglion. 

Lfferent neurones of the lateral branch of the ninth sternal 

nerve have been shown tp synapse with the giant fibres. 
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This conclusion is based on the similarities of conduction velocity 

and amplitude of potentials when compared to the volleys recorded 

upon cereal nerve stimulation. 

Though the giant fibres respond to cereal and ninth sternal 

stimulation there is no evasion response in Schistocerca. This 

lack of response is correlated with the absence of functional 

synapses between the giant fibres and the efferent neurones of 

the metathoracic leg nerve. The giant fibres activated by cereal 

stimulation terminate within the metathoracic ganglion. Only low 

amplitude potentials in the thoracic connectives above this ganglion 

can be correlated with the abdominal giant fibre vollqys. 

evolutionary sequence towards loss of function in giant 

fibres has been suggested which is illustrated. by ,',nax, reri,Aaneta 

Locusta and Schistocerca. 

Other electrophysiological data concerning functional pathways 

in the abdominal nervous system of Schistocerca are reported; 

including the following observations. Synaptic connections exist 

between the ipsilateral and contralateral cereal nerves. :, 

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 the cercus. These afferent neurones 

synapse with interneurones of the ipsilateral ventral connective. 
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FIGURES  

Lbreviatons us9:-1 in,Fi:wres 

a, b, c, d, e, f, - points of anastomosis 

a.c. - anterior commissure 

a.d.i. - anterior dorsal group of interneurones 

a.d.m.c. - anterior dorsal median commissure 

al.m. A glary muscle 

a.v.i. - anterior ventral group of interneurones 

asp.n. - nerve of the spermathecal apporature 

a.v.i. - anterior ventral group of interneurones 

- anterior ventral median commissure 

c.g. - central glial cells 

cerc.n. - cereal nerve 

d.c. - dorsal commissure 

d.c.b. - dorsal cell bodies 

d.m. - dorsal group of motor neurones 

d.m.c. - dorsal median commissure 

d.n. - dorsal nerve (proceeded by number of ganglion of origin) 

d.np. - dorsal neuropile 

opi.n. epiproct nerve 

gen.n. - genital nerve 

1.t. - longitudinal tract (followed by number) 

1.v.i. lateral ventral, group of interneurones 

m.n. - median nerve 

m.v.i. - median ventral group of interneurones 



np. - neuropile 

0.g. - outer glial cells 

p.d.i. - posterior dorsal group of interneurones 

p.d.m.c. - posterior dorsal median commissure 

pm. n. - paramcdian nerve 

p.v.m.c. - posterior ventral median commissurc 

rec.m. - rectal muscles 

rec.n. - rectal nerve 

s - sensory branch nerve 

- transverse nerve (proceeded by number of ganglion of origin) 

v.c. - ventral connective 

v.c. - ventral commissuro (proceeded by number of segment) 

v. d. - ventral diaphragm 

v.f. - ventral fissure 

v.m. - ventral group of motor neurones 

v.m.c. - ventral median commissure 

v.n. - ventral nerve (proceeded by number of ganglion of origin) 

v.np. - ventral neuropile 

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

9 v.m.n. - ninth ventral median nerve 
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Muscle Enumeration ( Sno dp-a as 19_35) 

Number 	- Muscle 

234 	ezt=a1 ventral 

242 (a-c) 	median intornal dorsal 

243 (a. b.) 	1.2.teral internal f_orBal 

244 	paradorsal 

245 	median external dorsal 

247 	median internal ventral 

248 	lateral ventral 

250x 	first internal lateral 

250 	second internal lateral 

251 	first external lateral 

252 	second external lateral 

253 	third external lateral 

254 	dilator of spiracle 

255 	occulusor of spiracle 

260 (a-e) 	median internal dorsal 

261 	retractor of phallus 

262 	long protractor of ovipositor 

263 	retractor of ovipositor 

264 	ventral dilator of rectum 

265 	ventral muscles 

266 	retractor of aedeagus 

267 	protractor of aedeagus 

268 	internal lateral 

269 	internal lateral 
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Number 	Muscle 

270 	external lateral 

271 	levator of dorsal valve 

272 	depressor of ventral valve 

273 	adductor of ventral valve 

274 	adductor of dorsal valves 

275 	muscle of intermediate valves 

278 	epiphalic muscle of aedeagus 

281 	lateral dilator of endophallus 

282 	dorsal dilator of endophallus 

283 	compressor of endophallus 

284 	compressor of ejaculatory sac 

285 	muscles of ejaculatory duct 

286 	dorsal dilator of redtum 

287 	depressor of cercus 

288 	median levator of cercus 

289 	lateral levator of cercus 

290 	lateral dilator of rectum 

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. 

cerc.n. 

epi.n. 

7is. 1. Terminal san,:lionic 71ass (male). Scale 0.8 mm. 



m.n. 
V.C. 

pm.n. 

Bd 

8tv.n. 

9d.n. 

9 tv.n. 

9v.rt 

cerc.n. 

-17r-; 

epi.n. 

	1 

Terminal san3.1ionic mass (female). Scale 0.8 mm. 



Fig. 3. Innervation of the eighth abdominal segment (male). Scale 0.8 mm. 
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Fis. 5. Innervation of the ninth abdominal &e rent. 

Scale 0.8 
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266 

7,z. 6. Inne,-vation 7f 	scnitalia. Scale 0.8 mm. 
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271 

260e 
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As. 7. Innervation of the ninth abdominal segment including the 

dorsal and intermediated ovipositor valves (female). 

Scale 0.2 211,14 
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2ig.3. Innervation of the tenth ana eleventh abdominal segments 

(male). Scale 0.8 mt. 
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Fig. 	Innervation of the tenth and eleventh abdominal segments 

(female). Scale 0.8 min. 
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rig. 10. The median nerve - transverse nerve complex of the seventh 

abaominal ganglion and the terminal ganslionic mass (male). 



m n. 

11. The median nerve - transverse nerve complex of the seventh --o• 

abdominal ganglion and the terminal ganglionic mass 

(female). 



Fig. 12. Transverse section through dorsal region of the seventh 

abdominal ganglion showing outer filial cells (o.g.) 

and central filial cells (0.8..) (x2300). 
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7dn. 

jig. 13. Transverse section of seventh abdominal ganglion at the 
level of the seventh dorsal nerve, showing lobes of neuropile. 

Fig. 14. As in figure 13, at level of seventh ventral nerve. 

Fig. 15. Vertical section of seventh abdominal ganglion showing 
lobes of neuropile, commissures, longitudinal tracts and 
groups of neurocytes (arrow points anterad). 



Fig. 16. Median ventral internuncial neurone group of the 

seventh abaominal ganglion. (Sagittal section x240, 

arrow points anterad.) 



Fig. 17. Longitudinal tracts passing through the seventh 

abdominal ganglion. (Vertical section x2300  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). 



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). 



rig. 20. Sagittal section through the seventh abdominal 

ganglion showing the distribution of fibres of the 

median nerve (arrow) (x220). 
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Fig. 21. Neurones of the seventh abdominal ganglion compiled from a series of transverse 

sections extending from the anterior margin to the level of the seventh dorsal nerve. 



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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Fig. 23. Neurones of the seventh abdominal ganglion compiled from a 

series of frontal sections. (Arrow points anterad.) 



Fig. 24. Fibres of the seventh dorsal nerve (arrow) entering; 

the ipsilateral ventral connective to pass to higher 

centres in the central nervous system. (Frontal 

section x250.) 



Fig. 25. Large axon branching in tho dorsal nouropile of 

seventh abdominal Ganglion. (Frol,:. section x720.) 



Fig. 26. Fibres of the seventh ventral nerve (arrow) ,assing 

through the seventh abaominal ganglion to enter the 

ipsilateral ventral conneotivo and_pass to higher centers 

in the central nervous.systom. (Frontal section x 250.) 



Fig. 27. Motor neurones of the seventh transverse nerve 

bifurcating (arrow) in the dorsal nourorile of the 

seventh abdominal ganglion. (Froi..,.A. section x280.) 
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Fie. 28. Vertical section through the terminal ganglionic mass 

showing major groups of ventral internuncial neurones. 

The four cell groups indicate the ganglia that fused 

to form the terminal ganglionic nu...). (arrow 1:oints 

anteraa) (x160). 



-200-- 

30 
	

29 

8v.n. 

31 

 

159. 

Transverse sections of terminal ganglionic mass showins longituainal 
tracts ana grous of neurocytes. 

Fig.. 29. At the level of the eighth dorsal nerve. 

Fig. 30. At the level of the eighth ventral nerve. 

Fig. 31. At the level of the ventral interneurone 	of tenth 
abdominal_ ganglion. 
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Fig. 32. Saggital section of terminal ganglionic mass showing neuropile, commissures, 

longitudinal tracts and groups of neurocytes (arrow points anterad). 
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Fig. 33. Longitudinal fibre tracts entering the terminal 

ganglionic mass. (Vertical section x170.) 
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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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Fie. 35. Vertical section throuch the terminal ganglionic mass 

showing origin of the eighth transverse nerve (arrow) 

(x160). 
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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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Fig. 37. Neurones of the tenth and eleventh abdominal ganglia compiled from a series of vertical 

sections of the terminal ganglionic mass. (Arrow points anterad.) 
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Fig. 38. Composite figure of terminal ganglionic mass showing those neurones illustrated in 

figures 34, 36 and 37. Neurone numbers omitted for clarity. (Arrow points anterad.) 



Fig. 39. 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. 



Fig. 40. Fibres of the eighth dorsal nerve (arrow) entering the 

ipsilatoral ventral connective to pass to higher centers 

in the central nervous system. (Frontal section x185). 



Fig. 4. Sensory neurones of the eighth dorsal nerve entering 

the eighth abdominal Ganglion. (Transverse section x260). 



ri;;. 42. Transverse section through the terminal ganglionic 

mass in the region of the _ninth median ventral group 

of interneuroncs. (x240) 
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Fig. 43. Neurones of the terminal ganglionic mass compiled from a series of transverse sections 

extending from the eighth ventral groups of interneurones to the ninth ventral groups 

of interneurones. 
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Fig. 44. Sensory neurones (s) of the eighth ventral nerve 

entering the eighth abdominal ganglion. l'otor 

neurones of the ventral group (v.m.) enter the 

segmental nerve. (Transverse section x260.) 



l 	 I 

 

1507 

Fig. 45. 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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J. O.• :7,--urones of the terninal 5anc,lionic mass compiled from 

a series of frontal sections. 
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Fig. 47. Fibres of the fused epilroot/oere ' nerve, genital nerve, 

and the fused ninth dorsal/ventral nerve lassing through 

the terminal ganglionic mass to enter the ipsilateral 

ventral connective. (Frontal section x260.) 
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Fig. Z,.8. Fibres of the genital nerve passilib through the 

terminal ganglionic mass and entering the ipsilateral 

ventral connective. (Frontal section x180.) 



Fig. 49. Transverse section throuGh the ventral nerve cora 

between the seventh abdominal ganglion and the 

terminal ganglionic mass showing Giant fibres. (x535) 



FiG. 50. Nerve cell bodies of the dorsal group of giant fibres 

located in the tenth lateral ventral group of 

internuncial neurones (x2300). 
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Fig. 52. Giant fibre passing uninterrupted through the dorsal 
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Fig. 51. Vertical section of the terminal ganglionic mass showing 

reduction in the diameter of a giant fibre (arrow) as it 

enters the dorsal region of the neuropile (x130). 

neurorile of the seventh abdominal ganglion. 

(Vertical section x230.) 



Fig. 53. Branching of Giant fibres within the dorsal neurol?ile of 

the seventh alpdominal ganglion. (Transverse section x2300) 

Fig. 54.. Branching of a giant fibre in the dorsal neuroile of 

the seventh abdominal ganglion. Fibre 1 sends a 

collateral into the dorsal commissuro. 

(Transverse section x2300.) 
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Fig. 55. Stimulation of cercus with a puff of air. 

(a) Upper trace - ipsilateral ventral connective between the terminal 

ganglionic mass and the seventh abdoulnal ganElion. Lower trace -

ipsilateral cereal nerve. 

(b) Upper trace - contralateral ventral connective between the terminal 

ganglionic mass and the seventh abdominal gan2lion. Lower trace -

ipsilateral ventral connective at the same level. (Scale = 0.4 seconds.) 



Pig. 	Llectrioal stimulation of cereal nerve. 

(a) Speed of conduction in.ipsilatoral ventral connective 

between terminal Ganglionic mass and seventh abdominal 

ganglion. 

(b) .",s in (a) but in contralateral connective. 

(c) Speed of conduction across the seventh abdominal 

gr,flelion, ipsilateral connective. 

(d) Synaptic delay between cercal afferent fibres (lower 

trace) and ipsilateral post-synaptic fibres (upper 

trace). 

(e)Synaptic delay between cereal afferent fibres (lower 

trace) and contralateral post-synaptic fibres (upper 

trace). 

(f) Ilan of electrode positions used in the above experiments. 
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Fig. 57. Mechanical stimulation of the ninth and eighth abdominal 

segments. 

(a) Stimulation of row of hairs on aorso-lateral margin 

of the ninth sternum (male). Recording from ipsilateral 

ventral connective between terminal ganglionic mass and 

seventh abdominal ganglion (wave form 100 cycles or 

second). 

(b) (a) but recording from contralateral ventral 

connective (wave form 100 cycles per second). 

(c) 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 second). 

(d) (c) but recording from contralateral ventral 

connective (wave form 100 cycles per second). 

(e) Stimulation of eighth sternum (male). Upper trace 

ventral connectives between terminal ganglionic mass 

and seventh abdominal ganglion, lower trace eighth 

ventral nerve (2.5 "= 1 second). 
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Fig. 58. Electrical stimulation of lateral branch of ninth ventral 

nerve. 

(a) Speed of conduction of post-synaptic fibre in 

ipsilateral connective. 

(b) Ls in (a) but in contralateral connective. 

(c) Synaptic delay between afferent fibres of the ninth 

ventral nerve (lower trace) and ipsilateral post-

synaptic fibres (upper trace). 

(d) Synaptic delay between afferent fibres of the ninth 

ventral nerve (lower trace) and contralateral lost-

synaptic fibres (upper trace). 

(e) Electrical stimulation of genital nerve recording 

from both ventral connectives between terminal 

ganglionic mass and  seventh -bl-r4nal ganglion. 

(f) Ilan of electrode positions used in the above 

experiments. 
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Fig. 59. The effect of cereal stimulation on efferent neurones of the metathoracic 

leg nerve. 

(a) ruff of air on cercus, u)per trace - ventral nerve cord below metathoracic 

ganglion, lower trace - ipsilateral metathcracic leg nerve (scale = 1 second). 

(b) Electrical stimulation o'L* cereal nerve, upper trace - netathoracic leg 

nerve, lower trace - ventral nerve cord below metathoracic ganglion 

(Total trace 20 milliseconds.) 

Fig. 60. Electrical stimulation of cereal nerve, upper trace - iTJsilateral thoracic 

nerve cord between metathoracic and mesothoracic ganglia, lower trace -

ipsilateral ventral connective below metathoracic ganglion . (Total trace 

20 milliseconds.) 
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Fig. 61. Response in contralateral cereal nerve to stimulation of cercuc with a fine 

brush, upper trace - contralateral cercal nerve, lower trace - ipsilateral 

cereal nerve (scale = 1 Jecond). 

Fig. 62. Response in ventral conn:ctive (lower trace) and the eighth dorsal nerve 

(upper trace) to stimulation of the ninth sternum (scale = 1 second). 



Fig. 63. Response in the ipsilateral eighth dorsal nerve (upper trace) and the 

ipsilateral cereal nerve (lower trace) to stimulation of the cercus. 

(2.5'; = 1 second.) 

Fig. 64. Response in the ipsilateral eighth dorsal rerve to the lateral bending 

of the cercus (wave form 50 cycles per seccnd). 
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Fig. 65. Response in the contralateral sixth ventral nerve to stimulation of the 

paraproct with a needle (wave form 100 cycles per second). 

Fig. 66. Response in the ventral conne;tive below the seventh abdominal ganclion 

to stimulation 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 terminal ganglionic mass. (Scale = 1 second.) 



Fig. 68. Stimulation of the cerczs with a saturated aqueous solution of sodium 

chloride, upper trace - cereal nerve, lower trace - ipsilateral ventral 

connective between terminal ganglionic mass and seventh abdominal 

ganglion (scale = 0.1 siconds). 
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Abstract 
The morphology and histological structure of the supraoesophageal 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 supraoesophageal 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 Hanstrom in 1928 and again in 

'Present address: Department of Zoology and Applied Entomology, Imperial College of 
Science and Technology, London S.W.7, England. 
Canadian Journal of Zoology. Volume 44 (1966) 
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1947. The reader is referred to these articles for a complete bibliography. In 
the latter of these papers, Hanstrom 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 Y 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 Hanstrom (1947). The names of the muscles are those of Schmidt 
(1915). 

Morphology 
The supraoesophageal 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 (o.l.) 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 (Hanstrom 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-eyed Crustacea and that the term "optic nerves" be reserved for those 
nerves connecting the lamina ganglionaris to the ommatidia of the eye. 
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3 SEABROOK AND NESBITT: BRAIN OF ORCONECTES VIRILIS 

II FIG. 1. Dorsal view of supraoesophageal ganglionic mass. 
FIG. 2. Dorsal view of right side of the supraoesophageal ganglionic mass, showing 

detail of the accessory nerve. 
FIG. 3. Ventral view of left side of the supraoesophageal 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 supraoesophageal 
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 eyestalk, 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 retractor lateralis muscle of the 
eyestalk. The first root of the accessory nerve turns caudad shortly after 
emerging from the supraoesophageal 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.i  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. n.), 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.2 acc. n.) 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 et 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, t.n.) 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, ant.i  n.) arise from the deutocerebral 
hemispheres on the anteroventral face of the supraoesophageal 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 (ant.i  acc. n.). 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.2  
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 c and promotor II (Schmidt 1915) of the antennae and the 
posterior branch innervates muscle depressor b (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.2 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.2  exo n.), and a greater, slightly posterior branch 
to the endopodite (ant.2 endo n.). 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 (ant.2 n.1) divides. The smaller branch anastomoses with a branch of the 

FIG. 4. Dorsal view of a portion of the supraoesophageal 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 (ant.2  n.2) innervates muscle b (Schmidt 1915) of the mero-
podite. The median branch (ant.2  n.3) proceeds posteroventrally, becoming 
closely appressed to a branch of the accessory nerve (ant.2 acc. endo. n4). 
Together they innervate the region of the nephropore at the base of the 
antenna. The distal branch (ant.2  n.4) 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.2  n.5) is given off which proceeds 
caudad, crossing above the previous nerve and entering the nzusculus abductor 
exopoditis (Schmidt 1915). 

The previously mentioned nerves (ant.2 n.2, a, 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 (ant.2  exo n.) and 
endopodite (ant.2 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, ant.2 acc. n.). 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 (ant.2 
acc. n.i ) 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.2  acc. 
exo. n.), the accessory nerve to the exopodite of the antenna. This nerve divides, 
one branch (a) innervating the connective tissue and hypodermis of the exo-
podite, and the second branch ((3) innervating the muscles of the exopodite. 
There is some variation in the form of this nerve. The a and (3 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.2  acc. endo. n.). 
This nerve gives off a small nerve (ant.2 acc. endo .1 n.) which proceeds postero-
ventrally, anastomosing with a branch of the antennal nerve (ant.2 n.3), to 
innervate the region of the nephropore. The endopodite branch of the accessory 



FIG. 5. Ganglia of the optic lobe. X 24. 

Seabrook and Nesbitt—Can. J. Zool. 



FIG. 6. Corpora pedunculata. X 100. 
FIG. 7. Frontal section through the supraoesophageal ganglionic mass. X24. 
FIG. 8. Frontal section through the supraoesophageal ganglionic mass. X24. 

Seabrook and Nesbitt—Can. J. Zool. 
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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 supraoesophageal 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 Carcimcs-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. 5, 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.e.) 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 
inter= (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 interim 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, nt.i.), which has 
a spherical form,. and in 0. 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 pedunculata. 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 pedun-
culata to lower centers in the supraoesophageal ganglionic mass, and giving 
off collaterals to the medulla interna and the corpora peduncttlata. 

The largest of the neuropilar bodies located in the eyestalk is the corpora 
pedunculata (Fig. 5, c.p.). It is a dense spherical ganglion which does not show 
the stratification typical of the medulla externa and medulla interim. In Orco-
nectes, the X organ (Fig. 5, X) has been located on the lateral surface of the 
corpora pedunculata. It 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 intern at the 
surface of the eyestalk appears on superficial observation to he derived from 
the neurilemma, as indicated by Hanstrom (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 interra. The corpora pedunculata is connected with the deutocerebrum 
by the tractus oifactorio-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 
strictly an optic ganglion. In addition to the tractus olfactorio-globularis, 
numerous neurons of the corpora pedunculata descend into the lower centers 
of the supraoesophageal 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.t.). 

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. 



PLATE III 

FIG. 9. Frontal section through the deutocerebrum. X 100. 
FIG. 10. Origin of the rostral nerves. X24. 

Seabrook and Nesbitt—Can. J. Zool. 



FIGS. 11 and 12. I tontal sections through the 
X 24. 

Seabrook and Nesbitt—Can. J. Zool. 
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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, 	These paired areas of neuro- 
pil lying medial of the large deutocerebral lobes have a glomerular structure. 
They each receive a nerve tract (tr./.p.) from the large group of cell bodies 
that cover the anterodorsal face of the supraoesophageal ganglionic mass in 
the region lying between the optic lobes. This nucleus also gives rise to a pair 
of rostra' 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 (o/./.), accessory (al.), and parolfactory (p.1.) lobes. 
The definitions of the lobes are those given by Hanstrom 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 (al) is well developed in 0. 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.1.). This 
is located mesad of the large accessory lobe. In 0. 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, 
1.r.) has connections in the deutocerebrum. Descending fibers originating in 
the corpora pedunculata and medulla interna become distributed in both the 
olfactory and accessory lobes. Ascending fibers arise from cell bodies in the 
lateral group (Lc.) and proceed medially, giving a few collaterals to the ol-
factory lobe and many to the accessory lobe. This large 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 pedunculata 
and medulla interna. 

The large olfactory commissure (Fig. 13, o/. c.) connects accessory lobes of 
the opposite sides. This is a large, loose tract which crosses the supraoesoph-
ageal ganglionic mass directly ventrad of the tractus 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 corn-
missure within the supraoesophageal 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 supraoesophageal ganglion. 

The tritocerebral lobe (Fig. 14, 1.) 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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PLATE V 

FIG. 13. Frontal section through the supraoesophageal ganglionic mass. X24. 
FIG. 14. Tritocerebrum. X 100. 

Seabrook and Nesbitt—Can. J. Zool. 
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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 lying mesad of the tritocerebral lobes. 

Hanstrom (1947) referred to a tegumentary neuropil associated with the 
main tritocerebral neuropil. In 0. virilis, this tegumentary lobe (t./.) is poorly 
developed. It receives a group of sensory axons from the tegumentary nerve 
(t.n.). This nerve enters the supraoesophageal 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 tractus olfactorio-globularis. There is no pre-
oral tritocerebral commissure such as the preoral optic and olfactory corn-
missures. The tritocerebral commissure is referred to as the stomadeal corn-
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. 

FIG. 15. Neurons of the optic lobe. 



SEABROOK AND NESBITT: BRAIN OF ORCONECTES VIRILIS 	 13 

Protocerebrum 
Neurons 1 to 20 are illustrated in Fig. 15. 
1. A sensory neuron with its neurocyte lying at the base of the retinal 

elements, the axon terminating in the lamina ganglionaris. 
2. 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. 

3. 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. 

4. 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. 

5. 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. 

6. 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. 

7. 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. 

8. 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. 

9. 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. 

10. 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. 

11. An internuncial neuron with its cell body lying on the lateral surface of 
the corpora pedunculata, 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. 

12. A small internuncial neuron gives branches to the medulla interna and 
corpora pedunculata. 

13. 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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14. 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 tractus olfactorio-globularis. 
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. 

16. 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. 

17. 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 extern. The collateral enters the corpora pedunculata. 

18. An internuncial neuron with the neurocyte located on the medial ven-
tral surface of the medulla interna. It gives off an axon which passes 
along the posterior surface of the medulla interim and enters the lateral 
surface of this lobe. The collateral enters the median face of the medulla 
interna. 

Is 

FIG. 16. Neurons of the protocerebrum,-except those of the optic lobe. 
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19. These axons represent numerous ascending tracts from lower centers, 
which terminate in the corpora pedunculata. These could not be traced 
to their neurocytes. 

20. 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. 

(a) An ascending neuron within the tractus 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 pedunculata of the opposite 
eyestalk. 

Neurons 21 to 31 are illustrated in Fig. 16. 
21. 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. 

22. 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 lobos paracentralis. 

23. A sensory neuron from the accessory nerve via the first root. This axon 
enters the lobus paracentralis. 

24. An internuncial neuron, the neurocyte of which is located in one of the 
eyestalk ganglia. The axon is distributed in the lobus paracentralis. 

25. 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. 

26. 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. 

27. 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. 

28. 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. 

29. An internuncial neuron with its cell body located in the midregion of 
the group of cell bodies on the anterodorsal face of the supraoesophageal 
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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 cerebri. 

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 tractus 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 supraoesoph-
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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FIG. 17. Neurons of the deutocerebrum and the tritocerebrum. 

38. 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 corn-
rnissure. The neurocytes belonging to these axons have not been located. 

39. 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. 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. 

41. An internuncial neuron with its neurocyte located in the lateral nucleus. 
The axon and collateral are both distributed in the accessory lobe. 

42. An internuncial neuron of the tractus 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. 

43. An internuncial neuron of the tractus 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. 

44. 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. 

45. An internuncial axon belonging to the tractus 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. 

46. 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. 

47. 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. 

48. 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. 

49. A sensory neuron from the medial branch of the antennulary nerve, 
entering the anteroventral face of the parolfactory lobe. 

50. 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 0. 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 supraoesophageal 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 tractus olfactorio-globularis are found 
to originate in the medulla interna, rather than in the corpora pedunculata, 
as described by Hanstrom (1947). The ascending fibers from the deuto-
cerebrum, however, were found to terminate in the corpora pedunculata. 
Contrary to Hanstrom (1947), no ascending connections from the lower 
parts of the brain could he found to centers higher than the corpora peduncztlata. 

The following masses of neuropil are located within the protocerebrum of 
0. virilis: the lamina ganglionaris, medulla externa, medulla interna, corpora 
peduncztlata, pons cerebri, central body, and lobos paracentralis. A loose area 
of synaptic tissue considered to be analogous to the corpus henziellipsoidale 
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 tractus 
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 Emetics olfactorio-
globularis would attest to the ancient and close connection of the protocerebrum 
and the deutocerebrum. 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 0. 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 supraoesophageal ganglion are de-
scribed and illustrated. 
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ABBREVIATIONS USED IN FIGURES 

acc.1 n. 	first root of the accessory 
nerve 

acc.2 n. 	second root of the accessory 
nerve 

a.l. 	 accessory lobe 
ant.2  is. 	nerve of antennule 
ant.i  acc. it. 	accessory nerve of the 

antennule 
ant.1  acc. a.n. anterior branch of the acces- 

sory nerve of the antennule 
ant.'  acc. p.n. posterior branch of the 

accessory nerve of the 
antennule 

ant.2 acc. n. 	accessory nerve of the 
antenna 

ant.2  acc. endo. accessory nerve of the 
n. 	 endopodite of the antenna 

ant-2 acc. endo. a branch of the endopodite 
11.1 	 branch of the accessory 

nerve of the antenna, in-
nervating the region of the 
nephropore 

ant s  acc. exo. accessory nerve of the 
n. 	 exopodite of the antenna 

ant.2  acc. 11.1 	a branch of the accessory 
nerve of the antenna to 
the hypodermis 

ant.2 endo. at. nerve of the endopodite of 
the antenna 

ant.2 exo. n. 	nerve of the exopodite of 
the antenna 

ant.s tn. n. 	motor nerve of antenna 
a711.2  is. 	nerve of the antenna 
ant.2 n.1 	nerve of the compressor 

muscle of the basipodite 
of the antenna and of the 
levator muscle of the same 
appendage; a branch is 
given off to the green 
gland 

ant.s 71.2 	nerve of muscle b of the 
meropodite of the 
antenna 

ant.2 n.2 	nerve to the region of the 
nephropore 

ant.2  n.4 	nerve of the adductor muscle 
of the exopodite of the 
antenna 

ant s  rt.5 	nerve of the muse:tins 
abductor exopoditis of the 
antenna 

c.b. 	central body 
c.c. 	central chiasma 
c.e. 	chiasnza externunz 
c.i. 	chiasnza internum 
c.c. (Figs. 1, 17) circumoesophageal corn- 

missure 
c.p. 	corpora pedunculata 
d.g.n. 	unpaired dorsal gastric 

nerve 
/.c. 	 lateral nucleus of 

deutocerebrum 
1.g. 	lamina ganglionaris 

lob us paracentralis 
rn.c. 	medial nucleus of 

deutocerebrum 
nt.e. 	medulla externa 
tn.i. 	medulla interna 
o.c. 	optic commissure 
o./. 	 optic lobe 
a/. c. 	olfactory commissure 
o/. 1. 	olfactory lobe 
om. n. 	occulomotor nerve 
o.n. 	optic nerve 
o.t. 	 optic tract 
p.c. 	pans cerebri 
p.c.t. 	nerve tracts connecting 

pons cerebri and central 
body 

p.l. 	parolfac tory lobe 
r.n. 	rostral nerve 
s.g. 	sinus gland 
stat. n. 	nerve of the statocyst organ 
t. 	 tritocerebral lobe 
t./. 	 tegumentary lobe 
tr. 	 tractus olfactorio-globularis 
v.g.n. 	unpaired ventral gastric 

nerve 
X. 	X organ 
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