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INTRODUCTION

The nervous system of insects has been the subject of much
'study.and research. By far the greatert part of this work has been
on the orders Orhhoptera, Iepidoptera, Hymenoptera, Diptera, and
coleoptera.. This has been limited, in most cases, t.o a parbicular
stage in the life history of the inssct.

Since the changes in the larva, pupa, and adult nervous system
of Passalus cornutus (Cody & Gray *38) and Oryctes nasicornis

(Michels 1830), from the family Scarsbeidae, had been well described,
it seemed desirable to study the changes as they were found in the
family Coccinellidae. It was then possible to make a comparison
between tﬁs different species and also between two different fami-
lies of t\.he same order.,

‘_Egilachna corrupta m., the economically important Mexican
bean beetle, was chosen for study. Only two morphological studies
have been undertaken on this iﬁsect. and these were on the alimentary

“tract (Potts '27) and the external morphology (Sweetman *30). So
f.ar as the guthor is aware no study on the nervous system of E.
corrupts has ever been attempted before. |
"HEVIEW OF THE LITERATURE B

The review of the literature available on the nervous system
of insects will begin with a discussion of general and misccllane—
ous literature. A survey of the literature on the different orders
in phylogenetic arrangement, with the exception of Coleoptera, will
follow the general discussion. This lends some order to the discus-
sion and shows any phylogenetic trend in cephalization of the nervous
system if it exists,
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Dujardin (1850) was one of the early workers in the morphology
of the insect nervous system, He was probably the first to cbserve
the so-called "mua‘hmm‘bodiesﬂ and named them corpora pedunculata,
His conclusion that these structures were the seat of insect nintel-
ligence," )az#:l offored an explanation for their seemingly intelligent
acts, must have stimulated mach of the later work which was done on
these siructures. It is interesting that the work which was done on
these structures by Dujardin was completed with only whole mounts of
the brains of }{ymenophéra and Crt.haptera} (Kenyon \896).

Binet ([892) did a somewhst comparable work en the internal
structure of a thoracic ganglion of an insect. Addiﬂional informa~
tion was given in a later paper vhich was concerned with the entire
ventral ganglionic chain (Binet \894). More information on the
smshroom bodies" was given by Kenyon (18%6). Some additional know-~
ledge was cpnﬁributed by Hilton (1la) who wrote on the motor and
aeﬁsory traéts in insects with notes on the xierve connections.

This was followed with a paper on the functional divisions of the
insect nervous system {Hilton '25).

| A comz;ehensive study of the stomodeal nervous system of in-
sects was given by Bickley ('42). This was the only recent pub-
lished paper which dealt exclusively with the much neglscted stomo-
deal nervous system. Thls system has been most often deseribed as
an incidental item in an overall study of the central nex?vous
system (Bickley *42).

Knowledge of the histology of the insect nervous system was
contributed by Dornesco (*34) who made a cytological study. Other
writers who have writ.ten articles of a general nature are Jawlowski



(*48), Hlanchard (858) and Zawarain (%24). |

The primitive order Collembola was best studied by Hilton. He
studied three generé of this .gmnp,iA@cmra (Hilt.pn '13) s Xenylla
(*up) ,. and Nesnura gigantea Tulb (*lib). These articles were re-
viewed and incorpqrated by Saylor (%36) in a paper on Collembola.
One of the early studies on the order was that of Fhiliplschenko
(r07). 'rhé connection of the frontal ganglion with the central
nervous system of Amurida maritima Guer was discussed only by Denis

(*26). In this primitive order we have the first indication that
the degree of phylogenetic advancement of an organism is not neces—
sarily correlated with the degree of coephalization of the central
nervous system. The head and thoraciec ganglia were present as in
the typieal insect but the abdominal ganglia have fused into a singls
ganglionic mass (Rilton 713 & Bha). |

The nervous system of four genera of ‘r}wsamra was studied by
Hilton ('17). A similar paper which included much of the séme mater-
1al was published by Aphlin (*36). The Thysamura were a primitive
order 4in respect to their body structure and also in the organiza-
tion of the nervous system which conslsts of a sﬁpra-esophageal
ganglion, sub~esophageal ganglion, three thoracic ganglia and eight
abdominal ganglia. The only capﬁalization which had taken place in
this order was a consolidation of the last three embryonic sbdominal
ganglia into one terminal abdominal ganglion in the‘ aduit.

There were only two papers which discussed the central nervous
system of Ephermerida. Inihis book "Biology of the Mayflies,” Need-
ham (?35) gave a general discussion of ths nervous system. A brief
discussion was given by Berry (138) on the nervous system of this
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order. The head ganglia ware found to be the same as those of Thy-
sanura but some cephalization had occurred with a fusion of tha first
abdominal with the third ti;oracic and a conseqneht reduction of the
abdominal gahglia from eight to seven. |

Tho cne published article on Odonata showed the head end thore
acic ganglia to be the same as found in Ephernerids, but cophaliza~
tion had occurred in the abdomen, where only six abdominal gémglia
were found (Hilton *3%)..

Orthoptera was one of the most widely studied orders and its
central nervous system was most often given as the one which was

generally typieal of insects. One of the early studies on this or-

der was on Periplaneta orientalis and also contained a good review
of the early literature on the nervous system of insects (Koestler
|885). ‘The brain of Blatta orientalis was studied by Newton (879).

Vialannes worked cut the anatomy of the brain of Oedipoda caerules—

cens and Caloptenus italicus {1838), One of the very good early
studies on the histology, fiber tracts, and the gross mrphoiogy of
the brain of the locust was that of Packard (1830). Bordas (1900)
and Hilton (137a) discussed the nervous system of Orthoptera in
general. The best recent review of the nervous system of the order
was the work of Nesbitt (*41) who discussed and campared several
families in regard to the shape, sise, cephalization, ete., of the
various ganglia of the ‘central nervous system, There was ohly one
study of the peripheial nerves and that was on the innervation of
the pre-genital sbdominal ganglia of the grasshopper (Sehmitt 54).
From these studies we find that in Orthoptex?é there may be a consol-
idation of one, two, or three abdominal ganglia with the third
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thoracic. In other respects the head and thoracic ganglia were like
those found in a typical insect. There were from four to six abdom-
inal ganglia (Nesbitt t4l).

The germs Anisolalius was the only Dermapteran which had been
studied 4n regard to the nervous system and this only as part of a
" more extensive study on Orthoptera (Nesbitt *41), The supra-

' esophageal ganglion, sub-esophageal ganglion, and first two thoracie
ganglia were separate, The third thoracic ganglion was compound as
a-result of fusion with the first three abdominal ganglia. There
were five separate abdominal ganglia.

Berry (38) indicated that the head and thoracic ganglia of
Plecoﬁtera followed the general pattern of insects. He also indi~
cated that there were only five sbdominal ganglia.

From the one paper on Zoraptera (Scott '37) we know that tie
head and ‘thoracic ganglia were not different from the'typieal insect
and there were only two sbdominal ganglia.

" Embioptera resembled most insects in the head and th_oracic
ganglia and showed slight cephalization in the abdominal ganglia,
the mumber being reduced to seven (Crazier '37). In the same paper
the author indicated that the same ganglia were present in the head
and thorax of Corrodentia but with a marked inersase in cephaliza-
tion of the abdominal ganglia, only three being found. In Mallo-
phaga further consolidation of the abdominal ganglia was shown by
fusion of all ganglia with the third thoracic (Crazier '37). Thy-
sanoptera was one of the few orders of insects which had the first
thoracie ganglion fused with the sub-esophageal ganglion, and addi-
tiocnal cephalization was evidenced by a fusion of all abdominal



ganglia into one mass of nervous tiaanew:(saylor 137)s Anoplura
poanesscd e tyrdeal nervous systen mept. for the fnsimi of all
abdominal ganglia into one mass (Crazier *37).

Hesdptera had the supra-esophageal and sub-esorhageal genglia
as ssparate entities but the thoracic and abdominal ganglia were
consolidated into ons it (MMS?‘M and !ﬁltcn/*ﬂl.%). Graichen
(¥36) has also written on Hemipters. In contrast to Nemiptera,
Reuroptera had separate head, thoracic ganglia and nine abdominal
gaﬁglia (Hliton *39).

There were no reports on the adult ¥egaloptera but the larvs
of Corydalis cornuta had received attention from Eraus (894), Hemmar
{108), and Hilton (*1lb)., The variation in ﬁeecptm was in the
abdominal ganglia with the first one fused with the third thoracic
and only six remained as distinct entities (Berry 138).

The social habits of various Hymenoptera gonpled with their
acts of "intelligence” was a motivating force in stimuleting inter-
est in f.his group of insects. (aneral works on this group were those
of Hrandt (s‘é'}%, Alton ('10), Rilton ('40a), Keim ('15), and Vial-
lancs {832), Probably because of its economic importance and avail-
ability for study there was a grest deal of information on the hono‘j
bee. Snodgrass ('25) has written a book on its smatomy and physicl-~
ogy. 4n excellent wndarstanding of the brain of the bee may be
gained from the works of Eenyon (836), Jonescu (f09), and ¥iller
(138). The ants have also been t:he subjest of a Pod desl of stndy
by such authors as %abl-Ruckhard (875}, Janet ('C5), Fietschker
('il), Thompson ('13), all of whom studied the brain of the ant.
<heeler ('26), in his book "Ants,” breifly discussed the nervons
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system. From ﬁhese sources of information it was found that Hymen—
optera have the usual ganglia in the head, two to three thbrade
ganglia and two to seven abdominal centers (Hilton *LOb).

Branch ('22) contributed knowledge of the central nervous sys-
ﬁem of Trichoptefa as part of a study of the internal anatomy of |
Limnophilus indivisus Walker. The adults were sald to have the

usual head ganglia, three thoracic ganglia and seven abdominal gang-
1ia (Hilton *38a).

The larval forms of lepidoptera have probably received more
attention. and been studied more thoroughly as regards the nervous
system than any other order. There was some research on the adults |
but much less than on the larval forms. One of the earliest invest-

igations of the nervous system was carried out on the larva pupé, and

adult of Sphinx lingustri L. (Newport {832 & \®34). The structures
innerv}ated by the chief nerﬁes from each of thevganglia were indica-
ted as well as parts of the stomodeal nervous system. A comparative
study of Mormo maura larva, Combyx larva and Sphinx pupa was comple-
ted by Anderson (!'37). Packard ({893) wrote on the anatomy and
transformations of Lagoa crispata in a general way. Peterson (108)
investigated the anatomy of the larva of Protoparce carolina and
gave the nervous system an unusual amount of attention for astudy of
thia type. The nervous system of the larva of Sphida obliqua

Walker was studied by Du Porte(*15). A rather extensive study of

the nervous system of the larva of Sthenopis thule Strecker was coh-
tributed by Swaine (20 & *21). A comparative study of the brain of
the caterpillar and the imago of Pleris brassicae was published by

‘Hanstrom (*25). A developmental study of the nervous system of
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Aglais antiopa was carried out by Ingles ('28). Another larval
study was that of Hillemann (733) on the meture larva of Papilio
rolyxenes Fab, Hiltbn ('hOa) published a paper on the nervous sys-
tém of lepidoptera ‘bui‘. it was gensrally inferdior to those of the
workers already mentioned. Brandt wrote many papers on the nervoué
system of insects and Al.epidoptera were the subﬁeﬂt of many of them
{(\877a, 1879e, B791). The Supra—esophogeal and sub-esophogeal were
not fusred with other gangllia but in some species there was a con-
solidation of the thoracie ganglia. There were four to five abdom-
inal ganglia in insects of this order. |

The morphology of the mrvous systém of Diptera has been sub-
ject of a fair smownt of attention. Most of this, howsver, has

been limited to one species namely Drosophila melanogastra. The
importance of this species to genetics was one of the factors con-
tributing to the grest amount of study which it had received. Power
(*43) sald that his study of the brain of Drosophila was undertaken .
for the insight which it would give into the genetics and other ine
vestigations with the insect. The research papers of Power (%43,
*L6, 148) on.the brain, the‘ thoracic-sbdominal ganglia and their
conﬁections were among the better papers of recent time. The de~
velopmental anatomy of the némns system of Drosophlla was treated
rathér extensively by Demeree ('50) a's‘par’o of his book on "The
Biology of Drosophila.?” The anatomy and variation of the nervous
system of the insect has also been studied by Hertweck ('31). Other
authors who worked with Diptera were Kurckel (1879), ICB;Z?;& Q(ilé%i)),
Eséheﬁch (*17), Hewitt (¥10) and Turlock (\891':?). The embryology

of the central nervous system of Phormia regina Meigen was studied
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by Schaefer ($38). The metamorphosis éf the nervous system of Aedes
dorsalis was investigated by Wooley ('43). As a part of a paper on
the irxherﬁal morphology of ‘Diptera, Owsley (46) gava some informa-
tion onA thoe nervous system. The amount of céphalization in this or-
der was subject to a great deal of variation., It ranged from separ—
ate suprs-—esophageal, sub-esophageal; separate thoracic ganglia and
eight abdominal ganglia to a consolidation of all thoracic and ab-
dominal ganglia into a thoraciec mass, which also involved the sub-

esorhageal and to a lesser extent the supra-esophageal.
o The Coleoptera have received as much study on the central nerv-
ous system as Hymenoptera, Lépidoptara, and Diptera, Beler (*27)
made & very good study of the central nervous system of nurerous
larvae of Coleoptera. Goaazen {*49) studied the body size, the
head and brains of thirty-two species of beetles. Brandt (879a,
18790, \379g, \881) published papsrs on members of several families in
this order, The outstanding article from a comparative point of
view was the work with Orycetss pasicornis in the larval, pupal, and
adult stages (Michals(880). The brain of Dytiscus was first studied
by Paivre (£92). A good study of the adult form of Dytiscus g_x_;a_rg—
alis was that of Holate (10 & 123). The most recent comparative
study of the larva, pups, and adult forms of a Coleopteran was the
paper by Cody & Gray ('38) on Passalus cornutus Fabricious. Hilton

(139d) gave a review of the articles by Beier (127), Holste (%10),
and Michels ('80). The anatomy of the nervous system of the adult
of Phyllophaga ggl_i_d_g_“éaa'recently been worked out by the author
(in manuscript). The Coleopteravare subject to a great deal of

variation in their nervous system. In general the abdominal ganglia
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were fused into one mass with the thorax 'and head containing the
usual gangiia; In some there may be an almost complets fusion of
the three thoracic and abdominal ganglia into a thoracic mass,
REVIEW OF LITERATURE O EPILACCINIZA corruota
Epil achnza corrupta Mulsant, commonly known as the Mexican bean

beatia, was described in 1850 (Thomas '24,). It was reparted in New
Mexico and Colorado in 1865 (Dougles 132, Chittenden '19). It was
retained in these areas by natural barriers until spproximately 1919
by the surrcunding hot and dry territories which ménded too great
a distance for the bestle to cross by its own power of flight. In
1918 some investigators reported it in Bibb County, Alsbama,but &t
was not positively identified in that state until 1920 (Thomas %24,
Howard 124). It was thought to have crossed from Colorado in ship-
ments of alfalfa hay which mining companies in Alabama imported for
their cattle.(Howard *24). From this point it bﬁgan‘ to spread ovér
the sastern section of the United States. Its advance was unchecked
since thare were no natural barriers such as those which had re~
strained it in Colorado. It appeared in Virginia in 1922 (Priend
'3t), South Carolina and Kentucky in 1922, Tennessee and feorgia in
1925, Rew York 4n 1927 (Cecil %28), in Delavare in 1928 (Dozier 129),
in Canada in 1927 (Cecil 128), Comnecticut in 1929 (Friend '3%), in
Ohlo 4n 1923, and Michigan 4n 1927 (Pettit 127).

" Following its introduction into the Eastern United States it

becams a serdous pest and much research was done in an effort tov
~ cont:vol it and prevent damage to the commercially valuable bean erops.
Most of this work was completed during the years 19201930 and gave
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valusble information on the life mle » éontrol measures, and oC—
curance of the beetle. O(nly two norﬁtological studies of importance
were made, one on the external morphology (Sweetman $30) and another

on ﬁhe alimentary canal (Potts 127).

| The 1ife eycle varied in length depending upon the temperature
but in general followed a regular pattern. The larva hatched from
the eggs in 5=l days and fed during a larval period of 1620 days
before it entered the pupa stage which lasted for 6-8 days. The
adult lived from 25 days in the summer heat up to 58 days in the
cooler spring (Howard '24).

The eggs were light yellow and deposited in elustérs of L0-60
on the lover surface of the bean leaf (Howard '2%, Hamilton '29).
Theﬁr were 1,25 mm x .6m (Thomas *24). The eggs hatched in ten
days to two weeks into small first stage larva, The larva increased
progressively in size through four larval stages and fed voraciously
during this period of 16-20 days. Each larval stage had spines
covering the entire body and were a bright yellow. Thevﬁrst stage
larva was 1-1.5m, the fourth stage 5.4-10 mu (Thoms '24). The
larva attached itself to a leaf by the posterior end before molting .
and entering the vp‘mpa stage. 4

The pupas resembled the adult in body structure but still re-
tained 'the yellow color of the larva. They remained in this state
for 6-8 dsys. When the adult emerged from the pupa state it was a
bright lemon yellow without the characteristic black spots. In a
week to 10 days the color déepened and the spots began té appear,
The entire beetle darkened and became capper colored with age.,
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The adult beetle was a copper colored hemispherical insect with
markedly arched wing covers with, characteristically, eight black
spots on sach. They were approximetely % inch in length and slightly
less 4in ﬁidth. The females fed about fourteen days and then began
to lay eggs which totaled as many as 1600 in a single season. The |
fertility was fairly high with L6-52% of the total hatching (Howard
12,,), The males differed from the female only in being a little
smaller and possessing a notch in the posterior abdoﬁnal segment.
The primary food for all stages was the bean family. It had
been known to feed on Phascolus (bush, pole, lims, navy, and kidney
beans) Glycine (soybean), Medicago (alfalfa), and Trifolium (sweet
clover) (Cecil %28, Rodney '28). ¥When the food supply diminished
and the temperatures dropped the adult females went into hiberna-
tion (Cecil 128, Chittenden 519). They preferred wooded areas where
they dug down to the moist leaf mold and were protected from freez-
m temperatures.
MATERIAL & METHODS
The specimens for dissection were collected during the months
of, August, September, and October, from gardens in Eastern Henrico
County, Va. There was no way of knowing precisely the age of a
particular larva, pupa, or adnlt. Some indication was given in he
larva by the size but was not exact because of overlap in the size
between the four stages. A relative age of the pupa was determined
by the degree of pigamentation in the eyes. Pupae without any eye
plgamentation were very young and probably no more than one day old.
This was based on the presence of the larval form of abdominal gang-
1ia of the central nervous system in this stage. Pupas with a 1light
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brown or brown eye color were inbemediaf;e between those without any
color and those with very black eyes. Those with the black eyes
were nearly mature with the adnit ‘:torm of nervous system and soon
enmerged as adults. _

Approximately 100 specimens, each of larva, pupa, and adult,
were collected. Fifty of each stage were cut in half befors fixa-
tion in Bouin's fixative; the remaining fifty were fixed intact.
The Bouin's was heated to 70° C. befors using. The insects were
left in the fixative for 2k hours. At the end of this time they
were removed and stored in 70% aléohol. This was changed two to
three times in -order to remove gome of the pleriec acid but no effort

was made to remove all of it since the stains used were not affected
by the picric acid. Soms additional specimens were fixed in 104
formalin, others in FAA, and some were frozen at -10° C. Preserva-
tion was Hund to be best and most satisfactory in the Bouints,
Those specimens which were fixed by other methods were fair but not
nearly so well preserved. There was no apparent difference between
those cut and those left intact for the purpose of dissection. The
frozen specimens were well preserved but were in general more diffi-
cult to dissect.

 Dissection was done manually under the high power (60x) of a
ateroscopic diasecting microacope. The light source was a8 100 wat.t
bulb focused by a Florence flask of copper sulfata solution and fm‘-
ther intensified by focusing with a magnifying lens. Dissecting .
foi-ceps were made by grind:b;xg an ordinary pair of forceps down to a
- fine point. Scapels were made of razor blades which were broken in

such a manner as to give small chips. These were mounted on wooden
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handles and ground to fine points. At ﬁ.rat. attempts were made to
fasten the insect with "minute natleen" to paraffin but these were vtoo
large for holding the head. The most satisfactory method was to melt
the paraffin and stick the insect into it. It was then possible to
do mast of the dissection without too mmch difficulty. Dorsal,
vén,tra}., and latéral approaches were tried on all stages. The dor-
.s‘al was found to be the most satisfactory for the adult and pupaes;
the ventral was best for the larva.

In each disasection an effort was made to follow each nerve of
the head and thorax from its origin on a ganglion to the structure
which it immervated. Nerves from the abdominal ganglia were traced
only to the segment in which they terminated, The nerves, with the
ganglia and connections were removed as intact as possible, stained,
and nmmhe;i as whole mounte in baham. Fosin, Delafield!s haematox-
ylin, congo:red, and aceto-orcein were staina which were tried.
Delafield's haematoxylin alone was generally best for both whole
mounts and seétiﬁns; | | |

The findings of gross dlsgection were confirmed by serial
histological sections. Specimens were dehydrated in alcohol or
ce]lpsolve and cleared in ;wlene, cedar oil, or carbo-ml and em-
bedded in tissuemat for sectioning. The ten micron sections were
mounted on slides, stalned and mounted in balsam. In addition to
the above named stains picrocarmine was tried, but was'hot.as sat—
isfactory as Delafield’s haematmrylin a;one or Delafield!s counter-
stained with eosin. 7
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DESCRIPTION OF THE NERVOUS SYSTEM OF E. corrupta
The nervous system of the larva of Epilachna corrupta had in

its first instar the approximate shape which it maintained through-
out its larval development (fig. 1—2). ‘Bh#re were no major changes
in either the central nervous systém or stomodeal nervous system
except ﬁr an increase 1n size up to the pupa stage.  Therefore,
the following description of the nervous system of a larva may be
applied to any of the four larval stages (figs. 1-8).

The supra-esophageal ganglion (1Br, 2Br, 3Br) (ﬁg_s. 1, 3, 6,
8) was located in the head dorsal to the esophageus. The shape
might be compared to two inverted teardrops which have fused by
the sides of the bulbous lobes, This shape was most apparent from
a lateral or posterio-ventral view. Projecting from the morpholog-
ically anterior surface of sach lobe were four‘ nerves, The most
lateral and dorsal area of each lobe was the proiocerebrm (lBr)
(rigs. 2, 3, 6, 8). It‘was from the protocerebrmm that the optic
nerve (OpNv) (figs. 3, 4, 5, 6, 7) origjmtgd. Each nerve took an
anterio-lateral course to the side of the head where it divided
into thres fasciles and these in turn innervated three pigimented
ocelll which were in the position that corresponded with the eompound
eyes of the adult. Ventral and medial to the proto-cerebrum near the
base of the optic nerve was the antennal nerve (AntNv) (figs. 3,4,5)
which began in the deutocerebrum (2Br) (figs. 3, 4, 6). The much
reduced tritocerebrum (3Br) (figs. 3,4,6,8) was ventral and medial
to the deutocerebrum. From the tritocerebrum thers was a nerve
© trunk which extended anteriorly and divided immediately into the



16
lébral neﬁe (InNv) (figs. 1,3,5) and the frontal ganglionic connec-
tive (FrCon) (figs. 1,2,3,5), At the point of division the frontal
ganglionic connective turned medially to join the frontal ganglion
(FrGng) (figs. 1,3,5,7,8), From the posterio-ventral surface the
circumesophageal connectives (CoeCon) {figs. 1,2,7,8) originated and
extended around the esophageus to the sub-esophageal ganglion (Soelng)
(figs. 1,3,4,5,7). Approximately 2/3 of the distance batweén the
origin of the circumesophageal connective and its junction with the
sub-esopizageal ganglion there was a nerve tract between the two con-

nectives which was the tritocersbral commissure {Com) (figs. 1,3,5).

‘(his was called the sub-esophageal commissure by some authors.)

Midway between the tritocerebral commissure and the junction of the
circumesophageal connectives with the sub-esophageal ganglion, the
mandibular nerve {MdNv) (figs. 1~6, 8) originated and extended an-
teriorly. In sections it was possible to see that the nerve had its
true origin in the fibers of the sub-esophageal ganglion.

The sub-esophageal ganglion was in general oval but compara-
tively flat dorsally and more rounded ventrally. There were three
pairs of nerves which arose from the sub-esophageal ganglion. The
mandibular has already been mantioned. Slightly posterio-laterzl
to the mandibular were the maxillary nerves (MxNv) (figs. 1,3,557,8),

The labial nerves (IbNv) (figs. 1,2,3,5,7,8) began st.ill-n—aore 1at-
erally and about midway of the ganglion. The sub—esophageal was
Joined posteriorly to the first thoracic (T1) (figs. 1-8) by a
relatively short connective;

The thoracic ganglia (T1-T3) (figs. 1-12) were somewhat shield-
shaped in appearance from a dorsal or ventral view and were slightly
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elongated ovals from a lateral view, There were two major pairs of -
nerves from the second (T2) and third (T3) thoracic ganglia but only
one pair from the first thoracic ganglion (T1). The anterio-d rsal
pair led to the lateral and dorsal body muscles, and the posterio-
ventral pair (TLNv2 ) (figs. 1,3,5,7) led to the leg mscles. The
connectives between the first and second, also between the second
and third ganglia, were quite long. In the larva each thoracic
ganglion was located in its respective segment. '

‘i‘he’ abdominal ganglia (Al-a8) (figs. 1-8) were all similar in
size and app'ear.ance‘ except for the terminal ganglion which was the
'lai-gest. The connectives between a1l the ganglisa were short espec—
iélly in the early stages. In the third and fourth larval stages
the connectives were often somewhat elongated in contrast to those
in the first two stages. There was one pair of nerves from each
ganglion that innervated the segment from which the ganglion arose,
In the first stage larva thers was already a fusion of embryonic
abdémin'al ganglia eight to ten into one gaxiglion and a migration of
the ganglia forward into the anterior segments. In the first stage
the first abdominal ganglion was in the third thoracic segment which
was also true of all other larval stages. The second abdominal and
usually the third or part of the third were in the first abdominal
segment. The second abdominal segment occasionally contained parts
of the third ganglion and always the entire fourth and generally
part or all of the fifth ganglion. The third segment contained the
remainder of the £ifth and ganglia six to elght in the last thres
‘larval stages but in the first larval stage the eighth or terminal
ganglion was found in the fourth ahidominal segment. The terminal
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ganglion, was the result of fusion of aefez-al ganglia and as such was
the only abdominal ganglion with more t.ha:i one pair of nerves, There
were two pair of nerves on the términal ganglipn; an anterior pair
{rhich were comparatively small innervated the eighth abdominal sege-
ment, and a larger poster:lbr palr which innervated the terminal sog-—
ménts, In some wel’l stained whole mounts it was possible to make
aut t-he dual nature of this large pair. This indicated that reme
nants of the eighth, nineth, and tenth ganglia were still present
and had fused instead of disappearing.

" The shield-shaped frontal gaﬁglion uf. the stomodeal nervous
| system lay in the mid-line dorsal to the esophagens s and aﬁterio—
- wentral to the supra-esophageal ganglion. It was Joined to the
central nervous system by the frontal ganglionic comnectives from
#he tritoeereﬁmt There were two nerves which arose from the gang-
lion, the frontal nerve (Friiv) (f£igs. 1~5,7) which extended forward
_ to the clypeus and the recurrent nerve (RNv) (figs. 1,3,5) which ex-
tended posteriorly to the occipital ganglion (0cGng) (figs. 1,3,5,7).
The occipital ganglion was located on the dorsum of the ésophageus
,just aﬁ the posterior margin of the supra-esophageal ganglion, It
sent two nerves po_steribrly, one on each ai_.dg of the‘ digestiva'trach.
| It was in the transition from the larval stage to the pupa
that the most marked changes occurred in the morphology of the ner-~
vous systen. The protocerebrum (1Br) (fig. 9) had increased in dias-
‘meter end in length so that the supra-esophageal ganglion (1Br, 2Br,
& 3sz-) (fig. 9) waé a great deal wider than in the larva. The number
| of fasicles or optic nex;-ves, (OpNv) (fig. 9) had increased from three

to many which entered the compbund 6y€e.
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in interesting feature of the supra-esophageal ganglia of the
yupa was the presence, on the lateral posterio-dorsal aspeect, of
three black spots (FiSp) (fig. 9) vhich gave a gross and microscope
appearance of an arsa of degenerstion,.

The most lateral lobe of the bruin was the optie lobe and ccne
tained the optic glomerulf snd the chiassmata betwoen the glomernld.
The antennal nerves originated near the base of the ortiec lobes on
the deutocersbrum. Hedlal to the antennsl neryves ths labral nerves
and frontal ganglionic connectives began from a common trunk (Anthv,
2Br, Ibliv, Fron) (fig. 9). 7The labral extended anterforly much the
same as it did in the larva, The frontal comnective, however, was
Qst nearly oo long and arched but turned more directly medially to
the frontal ganglion than it did in the larval stage. dJanet {'05),
sccording to Thompson (*13), placed the frontal comnective in the
protoesrebrus bacauss it originated more anteriorl}. Janet also
believed that the tritocerebrum was represented by the merve to the
interior dilator muscle of the pharymx, The frontal and lsbral '
nerves did srise ¢lose to the protocersbriez but in the early larva
all of the nerves from the brain were close to sach other,

' The supre-csophageal was joined to the sub-esophageal by the
¢ircumesophagesl sonnectives (CosCon) (fig. 9) which circled the
esophageus. The tritocersbral commissure (3Com) (fig. 9) in the
pupa was locatsd very closs $o the sub-gsophagesl ganglion, leaving
in many eases only a smsll opening between itself and the ganglion.
There was some dispute as to whether it was actually a comissure
between the tritocersbrun or 1§ if wes 2 fusion of two lateral
nerves which arose from the connective, This idea was prompted by
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the observation that the distance from the tritocerebrlm to tho
commissure in the adult]w.s fairly great., vheeler ('26), however,
stat.eé that .‘m the formation ot tha brain in ants only the proto~
cerebrum was pre-oral at first, and the rest of the brain was post-
oral. The dautocerebxm and tritocerebrum moved anteriorly prior
to hatching,

The mamiibular nerves originited near the base of the sub-
esophageal connectives and in some cases were parallel to fha con=—
i;ectives for a short distance. In such instances it was possible
by sAggital sections to .see the line of fusion between the mrve and
the comnective. The mmdllary nerves had not changed position |
markedly l’rom the larva and were posterio-lateral to the mandibular
nerves, The lebial nerves were still sbout midway of the ganglion
~and on the ventro-lateral margins of the ganglion{Mdliv, MxNv, and
Lniv) (fig. 9).

- The ‘thoracie ganglia of the pupa were more varied in size and
shape than those of the larva. The first thoracle ganglion was 16—
cated in rt’he anterior portion of the first thoraciec segment and the
smallest of the thoracic ganglis. The major nerve from this ganglion
imenatﬁed the leg muscles while a smaller one extended dorsally and
anteriorly to the dorsal muscles of the first thoracic segment. The
second thoracic ganglion was slightly larger and a large nerve ex-
tended from the posterior portion of the ganglion to the legs of thg
second thoracic segment. A nerve from the anterior region of the
ganglion innervated the el_ytrar muscles (Tiliv2) (fig. 9). The third
thoracic ganglion, like the first and second, was located in the an-
terior portion of the segment which it inmervated. Two pairs of
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nerves from the anterior region of the gangiia innervated the wing
. muscles, and a large nerve from the posterior end of the ganglion
_innervated the third pair of legs, dJust posterior to this nerh;e were
two pair of smaller nerves which represehted the first and second ab-
dominal ganglia fused with the third thoraciec ganglia. Near the
third thoracic ganglion but not fused with it, or with the other
abdominal ganglia, was the third asbdominal ganglion. It still in-
nervated the third abdominal ssgment even though it was now located
in the third thoracic segment. Immediately posterior to this gang-
lion was a mass of nerve tissue which may be called a figanglionic
mass® (Cody & Gray *38). This mass represented a fusion of segments
4=10 of the abdominal ganglia. The mass as described by Cody &
Gray included all of the abdominal ganglia.

‘ i‘he stomodeal nervous system in the pupa was very similar to
that found in the larva. The frental ganglion (FrGng) (fig; 9) re-
mained shisld-shaped and sent the frontal nerve (Friv) (fig. 9) an-
teriorly and a recurrent nerve (RNv) (fig. 9) posteriorly to the
occipital ganglion (OcGng) (ﬂg. 9), which again sent a nerve poster-

iorly along edch side of the intestinal tract. From the posterior
aspect of the brain a very minute, posterio-lateral nerve joined the
Corpus Alatum (CA) (fig. 10,12) to the supra-esophageal ganglion.
These two bodies of glandular appearance, which lie bilaterally on
each side of the digestive tract, may have been present in the larva
but were not observed. ,

' There were no signiﬁ.canf changes in the nervous system of the
adult over that of the late pupa. This may be seen by comparing the
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pupa {figs. 9, 10} with the adult (figs. 11, 12). The description
of the pupa can aiso be applied to the adult. |

| There was found in the early pupa or the lste larva a transi-
tion stage in the transformation of the larval nervous system in the
adult-system. This stage had characteristics of both theilarva and
the adult, The larval characteristic was the retention of the eight
abdominal ganglia whié¢h had not yet fused. The adult characteristic
was the broadening of the optic lobes into the adult form., Tt
seemed, therefore, that ths changes occurred first in the head re-
gion and progressed posterlorly in the transformation from the
1arvato the adult.
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DISCUSSION

A review of the literature on tho nervous systems of the larvae

of, Passalus cormutus (Cody & Gray '38) and Orycetes nasicornis
(Michels '80) of the famlly Scarabaeidas revealed that there was

1ittle variation from that found in Epilachna corrupta, a Coccinele-

ué. 0. nesicornis varied from both P. cornutus and E. corrupta in
the location of the sub-ssophageal in the first thoracic segment in-
stead of in the head and in the fusion of the first abdominal gang-
lion with the third thoracic ganglion {leaving seven separated ab-
dominal ganglia).

The pigment spots which were associated with the supra-esophageal
ganglia of the pupa and adult of E. corrupta are comparable to the
ones mentioned by Newport (%32 & %34) as being present in the pupa
‘of Sphinx lingustri L. He thought that they might be pigment spots
which became part of the choroid. In another genus Papilo he showed

five similar spots in the pupa and located in a corresponding area,
There were six optic fasicles in the larva of this species, It was
not likely that these spdts became part of the choriod in E. corrupta
since they were present in the same area on the supra-esophageal
 ganglion of the adult form (PiSp) (fig. 11), It was observed that
this pigment in practically every case, was organized into three
distinct passes, It will be recalled that in the larva there were
three pigmented spots or ocelli Joined to the brain by the optie
nerve. These spots in the pupa and adult must represent pigment
which remained from the jarval ocelli and was not absorbed or excre~
ted during metamorphosis.
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A comparison of E. corrupta adult with three adult Scarabeidae

(0. nasicornis, P. cornutus, and Phyllophaga ephlida (Moore, in manu-
scﬁpb) showed more differences than occurred in the larva, P.cornu-
tus was not unusual except for a complete fusion of all abdominal
ganglia into one unit. The adult of 0. nasicornis differed from this
only in the location of the sub-esophageal ganglion in the first
thoracic segment instead of the head. P. ephlida presented the most
variation and the most marked consolidation of nerve tissue with a
fusion of all thoracic and abdominal ganglia into one:mass., In P. .
‘ephlida as in D. nasicornds the mb——e;;phageal was 1o::at§d in the
first thoracic segment. In L. cormgﬁa the 'i’irst two abdoﬁinal gang-
1ia were fused with the third thoracic ganglion, the third abdominal
ganglion remained separate and the fourth to eighth larval ganglia
fused into one mass in thg adult. | |

Ir rererenée is made to Table 1 certain conclusiona may be
drawn about the cephalization of the insect nervous system. The
supra~esophageal, with the exceptibn of Diptera, is weli stabiiized
both in rogard to lceation end fusion with other ganglia. The sub-
esophageal, with two exceptions, is subject to few variations. In-
“the thorax there is an increase in occurrence of fusion between
ganglia. The cephalization of abdominal genglia presents an inter-
esting and varisable ‘pattem. In general the. terminal three to four
erbryonic ganglia fuse into one ganglioh by the time the 1Arva1 stage
48 preached. In scme larve thers may be 2 fusion of all the ventral
ganglia into one muss (Cody & Gray '38). In the adults there may be
a8 further reduction in nmbsr of abdominal ganglia with the fusion
of one, two, or three ganglia to the third thoracic and in some
l;i:,_ecies there may be a fusion of all abdominal ganglia into one mass,
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Insect Brain esovhageal Thorax Abdomen Remarks
) Zbdominal ganglia
Collembola X X 2=3 Fused fused to T-3
Thysanura X X 3 Terminal GnN:Z.large
Pirst abdominal
Ephemeropters X ;4 3 fused with T-3
, FPirst abdominal
Cdonata X X 3 6  fused with 7=3
1, 2’ 3’ ganglia
Orthoptera X > 4 3 I~6 fused with -3
Firat abdominal
Dermaptera 4 X 3 6 fused with T-3
Plecoptera by b ¢ 3
Firat abdominal
Isoptera k4 X 3 fused with T3
. Abdominal ganglia
Zoraptera b 4 X 3 2«3 fused with T~3
Embioptera X ) 4 3 7
Corrodentin b4 X 3
: One mass fused
H¥allophaga X x -3 1 with T3
Fased with Not fused with
Thysanoptera X ™1 23 Fused T3
, Clonely
Anoplura X X Joined Fused
Hemiptera X X ) 1 Fusad
‘Beurortera X ) 4 3 9
Hecoptera X X 3 6
Bymenopters X X 23 27
: lybesn o Peoec oot
Coleoptera X Segment -1 3 12 g 4 9% :
Trichoptera ) 4 b 4 3 7
Lepidopters z X 243 L=5
‘ All ganglia may be
Dipters X X 3 1~8 fuaed Ainto one unit
Siphomapters X x 7

TABLE 1
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consolidation of thorac& and abdominal, and in Diptera a cephaliza-
tion of all the ventral ganglia.
| It has been said,that, "Ususlly in insects, concentration (of
nervous tissue) progresses with the development of the insect, both
_ontogemti;caliy and phjlogenet.ically.“ {Cody & Gray 138). ?rom the
above discussion and Table 1 we may say that there is & slight trend
tm&ard cephaiization in the mre‘ advanced orders of insects, however,
this cephalization of thaA némus system does not parallel the ad-
~vancement or aéecia{lizatian of the insect. It wouid seém more
accurate to say that variability in the form of the nervous system
increases with the ﬁ;qugexiatic advancement of the insect, because
'émémples of esphalization found in the advanced insects may also be
fonnd in the more primitive types.
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SUMMARY

1. The literature available on the morphology of the nervous system
in insccts is reviewed.

2. A description of the nervous system of the 1a.rva, pupa, and
a_dult of E. gcorrupta is given. ' ’

3. An explanation of pigmented spots on the optic lobes of the pupa
and adult of E. gorrupta is given.

4. The significant differences in the nervous system of the larvae
of E. corrupta, P. gormutus, and 0. nasicornis are discussed.
P, eghlida in addition to those mentioned ebove are the adults
vhich are compared,

5, From the literature avallable it is not possible to say that

there is any dominant tendency toward cephalization of the nervous

systen in insects with phylogenstic advancement. It is rather
an incresse in the varisbility of the morphology of the ‘nervous
system.
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Appendix IX



M EY . o 4 o 2 » + o o » Antermal Nerve
IBFe o o o o » o o o = o . Frotocersbrmn

28!*; e« = & s« =« s s o =« » o Doutocerebrum

3BPs 4 o o« » s s o s o o o Tritocerebrun
CAe ¢ o 5 % « + s = « o o Corpus Allatum
CosCone 4 o « 5 »+ = » o o -o Circus~esophageal connective
3Comase « « o« s « o« » & x « Tritocorebral comxissure |
FryCon « s« =« +« » » + » » « o Frontal ganglion
Fﬁ!v.ﬁ. .. . .“ s« = » + « Frootal nerve

Iblv . » » ¢« o« & e & s = o lablal neprve

InRY & 4 s« = @ , + + s « e labral nerve
HIBY « o o+ o « o o o « « o Kandibular nerve

BAY o s « o ¢« o ¢ » s « o Haxillary nerve
OGng « o « o« s = s o » =« o Occlipital ganglion
Opliv o o« o« = =« = » » + o o Optic Herve

PISP « = o « = » o« = « o o Fignent spot

T e s 2 @ ... « » s s = o Recurrent nerve
3060NZs « o « ¢ = » = » » « Sub-esophageal ganglion
T « « = » o« « » » + » a o Thoracic ganglion
TIHY o © « o o« o = = » o = Herve to Thoracic leg
THIY & 4 « ¢« = = o o » « = lerve to wings

#The above key follows Snodgrass (135) where terms are applicable,
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Plate I-The Nervous System of the first and second stage larvae
Explanation of figures l-
Figure 1 - Ventral view of a first stage larva,
.Figure 2 - lateral v:iew of a first stage larva.
Figure 3 - Ventral view of a second stage larva.
Figure / -~ Lateral view of a second stage larva.
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Flate II - The ﬁervous System of the third stage larva
Explanation of figures 56
Figure 5 « + + Ventral viem
Figure 6 . . « lateral view
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Plate IIT - The Nervous System of the fourth stage larva
Explanation of figures 7-8
Figure 7 Dorsal view
Pigure 8 Lateral view
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Plate IV - The liervous Sysbem of the Pupa
Explanation of figurea 9-10
Figure 9 Jertral view
Figure 10 Lateral view






Plate ¥ - The Nervous System of the Adult
Explanation of figures 11-12
Figure 11 Ventral view.
Figure 12  Lateral view.




FI1G. 11 FIG. 12



Appsmdix IV



VITA

Raymond F. ¥oore, Jr., was borm Decerber 17, 1927, at Fisherse
ville, Virginia. He was educsted in the public schools of Augusta
County, Virginia, and was graduated from Hew Hope High School, Hew
Hope, Virginia in June 3.%5.‘ Re sorved two years in the U, 35, Ammy
after which he entered the University of Dobuqua, Dubuqus, Towa, in
1548 and transferred to Bridgewater College, Bridgewater, Virginia,
in September, 1949. He was gradusted from Bridgewater in June, 1951,
with the B. A. degree. In June, 1951, he was married to Verma Hess
Caricofe, He attended the Medieal College of Virginia from Sertem~
ber, 1951, to June,1954. In September, 1954, he entered the Graduate
Séhool of the University of Richmond as a ca#didata for the degree
of Faster of Arts with major emphasis on Biology.



	University of Richmond
	UR Scholarship Repository
	6-1956

	The comparative morphology of the central nervous system of the larva, pupa, and adult of Epilachnia corrupta
	Raymond F. Moore
	Recommended Citation


	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57

