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INTRODUCTION

/
!
Haplorhynchites aeneus (Boheman) is a member of the family

Rhynchitidae ('saw-toothed snout beetles') of the superfamily Curcul-
ionoidea. The adults live in association with seQefal speciés of sun-
flower (Heliantheae spp.). Females cut stems below the flower headé,
and eggs are deposited in the bases of the disk-flowers. Developing
larvae feed on pollen and decaying tissue of the disk flowers, and bore
into the ground to overwintef as fourth instar larvae; pupation and
emergence occur in July (Hamilton, 1973). Although H. aeneus is not
considered to bera major economic pest at this time, it is known to in-
fest large crops of sunflowers harvested commercially for their oil.

The biology and external morphology of H, aeneus has been stud-
ied in detail primarily to determine its taxonomic position (Bamilton,
1973). Internal morphological studies have been done on scattered mem-
bers of the superfamily Curcdlionoidea, but the nervous system has been
briefly touched upon. The principal objective of this investigation is
to describe the gross morphology of the Central (Somatic) and Visceral
Nervous Systems of H. aeneus, including innervation of the internal
organs. A second»objective is to provide the basis for similar, éompar—
ative studies on internal systems in other sﬁecies and genera of Rhyn-
chitidae, with thé dual purpose of determining the evolutionary position
of this family with respect to other Curculionoidea, and of lending sup?
port to the theory that taxonomic characters are internal as well as ex-
_'ternal, and should be employed in classification.

1



This study is not a histological one, nor has there been an
attempt made to identify homologcus muscles and nerves with those of
other insects. Rather, it provides gross anatomical information which

is fundamental to future investigations in physiology and phylogeny.



REVIEW OF LITERATURE

" The nervous system of insects in general has been intensively
studied; with emphesis on the histology and histophysiology‘of the
Central Nervous System. However, the gross morphology of the entire
nervous system is hnown“for”only selected representative speelmens, and
as e result, few attempts?hayezbeen made to assess the vslueﬂof gross
neuroanatomical characteristics in the higher'classificetion of insect
familiesr | o |

" Bullock and Horridge (1965) have consolidated the information
known on the anatomy of both the Central and Visceral Nervous Systems
in a major treatise, which includes selected illustrations on the neuro-
anatomy of‘each order asidgTi;es'a comprehensive bibliography, up to
1965.  Other genersl norks’releting‘strncture and function are Roeder
(1958); ﬁoékstein‘(i9649, Wigglesworth (1965), and Chapman (l971).
Smith and Treherne (1963) discuss the physiology of the finer details
of insect" neuroanatomy.ﬁ‘ :

’ The'greatest single obstacle in the fewidetsiled accounts of
nerye tooography'mhlchNhaveﬂbeen done is the’search‘for a satisfactory
method of:nomenclstureyfor the nerves, which in turn inyolves the)es-
tshliShment of a workable criterion of mnscle:homology. This‘situetion
is further complicated by the extreme diversity seen among ‘'species in
nerve fusion and branching, as well as in variation in muscle origin

and insertion. Pipa and Cook (1959) studied in great detail the thorac—

ic nerves of Periplaneta americana (L ) (Dictyoptera Blattidae) label-

3



4
ling the nerve branches according td the individual muscles imnervated,
based on'a previous work by'Carbonnell (1947) on the thoracic muscula-
ture of the same insect. Schmitt (1959) did a similar study of the

thoracic nerves of Dissosteira carolina (L.): (Orthoptera: Acrididae)

but here again‘referred*to a previous work on the thoracic muscles of
the same grasshopper by Snodgrass (1929) to designate individual nérves.
Schmitt (1962) gives a-comprehensive review of major works and the ter-
minolegy'employed'in the thoracic and abdominai nervous systems.of se-
lected 'well-studied insects. Shankland (1965) reviews~muscle and nerve
nomenclature, and uses the terminology of Pringle (1939) for his work
on the muscles and-nervea of; the pregenital abdominal segments&-of P.
américana (L.). Youssef (1968 and 1971).alsohreviews~thor0ughly the
fi‘i‘stbﬁ‘é‘é”& ‘Ude of tiscle 4l nerve nomerclature, :ﬁb{m devises a:-new
method based on the attachment of the muscle innervated and the degree

of branching the nerve-has:undergone before entering the muscle. Yous-

sef's works on the pregenital abdominal morphology of Nomia melanderi
(Ckll.) (Hymenoptéra: Halictdidae) and the nerves and muscles of the

head of Apis mellifera (L.). (Hymenoptera: Apidae). are two of the more

detailed and informative studies done on the subject.

... The Visceral: Nervous System of insects includes the Stoﬁatof
gastric, Proctodeal; -and Ventral Sympatﬁetic Nervous systems,‘and has
been ‘a subject of growing interest since its‘neﬁroendocrine functions
have -been revealed. Botrdas (1900).described the retrocerebral organs
of various families. of Orthoptéraﬁ Zawarzin (1916) discusses the insect

- Stomodeal Nerxvous System in general. Nabert (1913) describes the corpus



5
allatum of a large number of insectsd, including representatives from
four families of Coleqptera; Bickley (1942) also compared gross morph-
ology of representative insect retrocerebral organs. The most compre-
hensive work on comparative stomatogastric nervous system anatomy was
published by Cazal (1948) who studied that system in over 128 insect
species, including 11 sggciesrof Coleoptera. Cazal's work includeé .
histological as well as anatomical studies, emphasizing the close cell-
ular relationship of thé corpus cardiacuﬁ*corpus ailatum complex of

many insects with the dorsal aorta. Other descriptions of the Stomato-

gastric Nervous,System4inc1udes Hanan (1955) on Apis mellifera (L.);
McLeod and Beck (1963) on, the relationship of corpus cardiacum-corpus.
allatum structure and its function in diapause in the European corn

borer Ostrinia wubilalis (Hubner) (Lepidoptera: Pyraustidae); and Lang-

ley (1965) on the ueuroep@gcrine complex of the tsetse fly Glessina
morsitans (Diptera: Muscidae).

The problem of nerve terminology exists with the Stomatogastric
Nervous System also, but to a lesser degree. Willey (1961) has standard-
ized the nomenclature in.his detailed study of the Stomodeal: Nervous
System of 2,1americana (L.), and his terminology ha§‘been followed by
most subsequent authors. | |

. Johannson. (1957) described the complete nervous system of Onco- .

peltus fasciatus (Dallas) (Hemiptera: Lygaeidae), including the gross
anatomy of the Stomodeal Nervous System, the histology of the brain,
and the rate of postembryonic development of the nervous system. Quite

- recently, Awasthi (1972 and 1973) demonstrated in situ the neurosecre-~



tory pathways of Nezara viridula (L.) (Hemiptera: Pentatomidae) and

Metochus uniguttatus (Thunb.) (Hemiptera: Lygaeidae), showing the path-

way of neurosecretory material as it traverses from the protocerebrum
to the walls of the aorta. Srivastava (1970) published a similar study

on Halys dentatus (Fab.) (Hemiptera: Pentatomidae).

Gabe (1966) summirizes the general characteristics of the_struct—
ure of the‘fetrocerebral organs for each order of insects, and discusses
the relationship between gross structure of endocrine glands and their
function.

Structural studies on the sympathetié or' abdominal nerves of

insects are given by Holste '(1910) on Dytiscus marginalis (L.) (Coleop-

tera: Dytiscidae) and by Nesbitt (1941) on various Orthoptera. Plotnié
Kova (1889) ard¥aduss 1n Fdit che SHipattibtic Netvous System of insecte

in general and Locusta migratoria (L.) (Orthoptera: Acrididae) in par-

ticular, and traced the ventral, unpaired nervous tracts to the trito-
cerebrum, and hence to the Sﬁbmatogastric Nervous System, of the imsect.
Two insect brgans‘in which the source of innervation is in ques-
tion are the heart and the salivary glands. Alexandrowisz (1926) charted
the lateral and segmental cardiac nerves of the dbrsal blood vessél of
g} orientalis (Dictyoptera:LBlattidae) and traced them'td the spiracles
laterally, but did not follow them anteriorly. Jones (1964) credits the
corpus car&iacum for the innervation of the dorsal vessel, and discusses
other anatomical and physiological phenomena of the heart of various in-.

sects. Dogra (1967) traced neurosecretory material from the protocere-

 brum, via the corpora cardiaca, to the dorsal aorta of DySdercué koenigii



(Hemiptera: Pyrrhocoridaé). Johnson- (1966) and Miller and Thompson

(1968) studied ﬁhe ultrastructure of heart innervation of P, americana
I

(L.) and found both neurosecretory and/motor axons involved, but hold

that neurosecretory cells in the ventral segmental ganglia give rise to

the neurosecretory axons, which then reach the lateral cardiac nerves

of the heart via the segmental nerves.

Whiteheadi(197l)'found the salivary glands, ducts, and reser-
voirs of P. émericana (L.) to be innervated by both the Stomodeal and
the Centfal Nervous éyétéms;' Willey (1961), howevér, reports only the
stdmatogastricjinnervaf{oﬁ of the salivary glands ofvthat inséct.

Very liftle wdrk'hés'been done on the innervation of the genital
muscﬁlature and rebroductibé organs, or of thé hindgﬁt, of insects, with
the exéeﬁtioﬁ of SnodgféssU21936)bon Orthoptera and Atkins and Chapman

(1957) on Dendroctonus pseudotsugae (Hdpk.) (Coieoptéra: Scolytidae);

DaveyA(1964) summarizes‘tﬁe6¥ies on the nervous controi‘of ﬁisceralvmus—
cles in inéects,'includiﬁg‘fhe heart, Malpighiaﬁ tubulés, and the three
diﬁisiénéjof the alimentary canal.

Our knbwledgé of the neuroanaﬁomy of Coleoptera is far froﬁ
compléte. DYtiScidae is the best knowﬁ family, due éo the work of Holste

(1910) on the entire nervous and muscular system of Dytiscus marginalis

(L.) and Joly (1942) on the‘retrocerebrai complex of the same insect.
Cazal (1948), mentioned éarlier, compared‘Stomatogastric Nervous System
anatomy of 11 species of Coleoptera, none of which, however, are members

of Curculionoidea. Arvy'and Gabe (1953) Studied the retrocerebral organs

of Ténebrio'molitor (L.) (Coleoptera: Tenebrionidae). Siew (1965) demon-
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strated the gross anatomy of the Stomatogastric Nervous System of Gal-
eruca tanaceti (L.) (Coleoptera: Chrysomelidae) and emphasized the in-

/
timate nervous connections of the brain-corpus cardiacum, corpus card-

iacum-corpus allatum, corpus cardiacum-hypocerebral ganglion, and cor-
pus allatum-subesophageal ganglion. Berberet and Helms (1972) treat
the metamorphosis of selected systems, including the Central Nervous

System, of Phyllophaga anxia (LeConte) (Coleoptera: Scarabeidae).

The external‘anafpmy of the superfamily Curculionoidea has been
stgdied extensively fo;zsexogomical purposes, but only selected econom—
ically important membege_heve been studied internally in any detail.

The most comprehegsiveywoxkvwas done by Aslamﬂ(196l) who compared the
gross morphologziof seleeeedZSYStems of representat}ve members? for the
éurpgse of comparing inpernel differences with taxonomical divisionms.
In this stgdy, the digestive and reproductive systems‘from 60 species
;epresentipg 44 genera and 25 subfamilies, and the Central Nervous Sys-
tem ofv16 epecies from lQ:gepera and 12 subfamilieg were charted. As-
lam's treatlse 1ncludes the only internal anatomlcal studies publlshed

on members of the famlly Rhynchitidae, Deporaus betulae (L.) and Rhyn-

chites pauxillus (Germ. ) (European), other than the present study on H.

aeneus. Unfortunately, these species were not among the 16 species in
which Aslam charted the Central Nervous System.

The digestive and reproductive systems of various members of
the family Curculionidae have been compared in individual étudies:

‘Naupactus leucoloma (Boheman) by Tissot (1938); Anthonomus grandis (Boh-

eman) by Burke (1959) and Sundman and King (1963); Graphognathus striatus




(Buchanan), G. fecundus (Buchanan), -and G. peregrinus (Buchanan) by
Stone, Herman and Brady (1971). Only brief reference was made to the
nervous systems in these studies.

Murray and Tiegs (1953) studied the metamerphosis of Calandra
orzzae (L.) describiﬁg in‘detail the internel orgensbincluding the nerv-
ous eleﬁents. Panji and Chhibba (1972) sthdied the morphology of bhe
roetrum of the same weevil, mentioning the\pOSSible taxbnomic use of the
position of the frontal ganglion. Donges (1954) publlshed a thorough

and detailed study of the head of Cionis scrqphularlae (L.). The ultra-

structure of the-neuroendocrine glands of the alfalfa weevil Hzgera
Qostlca (Fab ) was publlshed by Tombes and Smith (1970) and Tombes (1972)
published scannlng electron mlcrographs of the corpus cardlacum—corpus

allatum complex of” Hypera yunctata (Fab )

The works of Donges (1954) on C crophularlae (L ), Wllley

(1961) on P. americana (L ), and Youssef (1971) on A mellifera (L )
give by far the most detalled accounts of the numerous intimate connec-
tions of the stomatogastrlc nervous structures with the supra- and sub-

esophageal ganglia of insects.



MATERIALS AND METHODS

Adult spéciméns'ofvﬂ..gggggﬁ were collected from Heiiéntheae
spp. aléng roads and railroad banks in Skokie, Illimois during the month
of July“1973, The weevils were killed and‘preserved in Weaver's fixa-
tive (fofméldehYde—adefic acid-chloral hydrate) (Weaver and Thomas, 1956),
then stored at:7oC until.dissection. It was found thét the insects re-
mained inexcellent condition for fine detail up to 10 months later, wheth-
er or not the body éavit& had been punétured;

TWenty females and'fifteen males Weré‘dissected. Diésections
were pérformed under distilled water with the insect partially embedded
in Sticky Wax~(Kerr,Mfg. Co., Roﬁulus, Michigan). ‘Specimens were bisect-
ed on vérious piénéékénd orientéted at Vafious angleé'before adhesion,
especially for study of the brain and its associated nerves. Dissection
tools were jeweler's forceps, knives made of razor blade edges, and nee-
dlesvmade of electrolytically sharpened tungsten wire (Hubel, 1957).

The most satisfactory staining of nerves was obtained from top-
iéal application of a 0,0625 % solution of Luxol Fast Blue (SolventIBlue
38) in acidified alcohol (stock solution I of Lockard.and Reers, 1962).
After reaching the desired stage of dissection, the distilled water was'
drained and 1-3 drops of the stain was applied directly to theSpécimen
with a Pasteur pipette. Staining time varied from 1-4 minutes, depending
on the intensity of staining desired. When necessary, the same technique
was repeated for different stages of dissection. In general, nerves
.stained more readily than surrounding muscles or organs, but ganglia were

10



11
not stained at all by this method. For the brain, retrocerebral endo-
crine glands, and ventral nerve cord, prol Fast Blue staining was al-
ternated with topical application of a{O.Z % solution of methylene blue
for 1-3 minutes. Where fine differéntiation between nerves and muscles
was needed, Luxol Fast Blue staining was followed by a counterstain of
O.SVZFEosin,B in distilled water.

Diséections were carried out for the most part with a Leitz
stereoscopic microscope with magnificatidns up to 250x. TFor sfudy of
finer diffefentiation, as iﬁ fhe structures of the heart, a Zeiss micro-
scope adapted for phase contrast was used. Dfawings were made to scale
with the aid of an ocular reticle.

Dissected ééecimens were preserved in é 1:1 mixture of U.S.P.

glycerol and  distilled water, and regrigerated at 7°C.



RESULTS AND DISCUSSION

Imms (1957) divides the inseect nervous system anatomically into
three systems: (1) The Central Nervous System, composed of the Supra-
esophageal Ganglion, Subesgphageal Ganglion, and Ventral Nerve Cord;
(2) The Peripheral Nervous System, comprised of the nerves radiating
out. from the Central Nervous System, including both sensory and motor
nerves to the peripﬁery~of;thelbody; (3) The Visceral (Sympathetic)
Nervous' System, comsisting of a stompdeal portion which innervates the
foregut, a proctodeal portiem which arises from the Terminal Abdominal
Ganglion and which imnervates.the hindgut and.reproductive organs, and
a.ventral.portion whichwisnﬂxvaxes'the spiracles. Willey (1961) citeé
a fourth system, the Autpnomic Nervous System, which had been consider-
ed part of the Peripheral Nervous System by Imms (1957). The Autonomic
Nervous System consists:. of the intrinsic neurons of the gut, dorsal.
blood vessel, and Malpighian.tubules. : The distal processes of these
cells ramify over the surfaces which they innervate, and .the proximal
connections unite ﬁith the ganglia of the Central Nervous System.

The present study is concerned with the Central and Visceral
Nervous Systems of H. aeneus. The Peripheral Nervous System is discussed
only concerning its gross anatomical association with the Central Nerv-
‘ous System. The Autonomic Nervous Systemais referred to 6nly to supple-
meﬁt a review.of the innervation of specific organs by the Central or

Visceral Nervous Systems.

12



THE CENTRAL NERVOUS SYSTEM

The Central‘Nervdus System of the superfamily Curculionoidea
was found by Aslam (1961) to show a strong but somewhat varying degree
of concentration of the ganglia. H. aeneus is considered to be among
the more primitive, with $ix separate ganglionic masses: Supraesophageal,
Subesophageal, and ‘Préthoracic Ganglia; a fused Meso—Metathbracic—Firét
Abdominél Ganglion, ' a ‘fused Second-Third Abdominal Ganglion, and a com—
posite Termiﬁal‘AbdominallGénglion (Fig. 1). The Terminal Abdominal:
Ganglion of H. aeneus is positioned in the ventral metathoracic cavity,
and thé large proctodeal nerves which exit from it posteriorly bear mark-
edly to the right of the abdominal cavity (Fig. I), at the same time
raising the terminal portion of the ganglion and nerve trunk slightly
above the ventral ‘body wall (Fig. 2). This consistent position is pos-
sibly due to the»largefsize'df the anterior ventriculus of the midgut
which lies in the left portion of the body cavity, and to the coiling
of the posterior ventriculus, forcing the terminal nerve“branches~above
its coils in order. to reach the hindgut and reproductive organs.

Murray -and Tiegs (1935) show the same degree of fusion in the

Ventral Nerve Cord of Calandra oryzae (L.)(Curculionidae). They make no

mention of an off-center location of the Terminal NerVg Trunk, but their
description of the alimentary canal shows the large’anteridr ventriculus
to be in the metathorax rather than the abdomen.

‘The nomenclature used here to designate parts of the Central
Nervous System and related peripheral nerves is based on the Latin forms

13
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of the name of the organ or tissue innervated. Similar terminology
igs found 4in Donges (1954) and Willey (1961) for cephalic nerves, and in

Schmitt (1962) for thoracic and abdomidal nerves.

The Supraesophageal Ganglion

The Supraesophageal Ganglion, or braim, is situated in the head
closely connected to;the»Subesophageal Ganglioﬁ (SEG) by thick Circum~
esophagéal Connectives (CEC) around a greatly narrowed esophagus (ESO)
(Fig. 3). The protocexehrum (PC) appears much larger than the deuto-
cerebrum (DC) or tritocerebrum (TC), giving off optic lobes (LO) antero—
laterally and forming & pointed apex posteriorly‘gs it meets the dorsal
boundary of the_acrtal sinus. (SA). From a dorsal view, the optic lobes
give the protocerebrum a heart-shaped appeaxance,_allowing:thqfdeut9j_
cerebrum to’be,identifiedzahly by the large, paired antennal nerves (N Ant)
proceeding from it anteriorly. The tritocerebrum is quite small, and not
visible dorsally. A tritacerebral commissure (CTC)_connectsmthe twoxlobes
ventral to the esophagus. -

Donges (1954) attributes the similar forward position of the optic
lobes and the slightly backward position of the protocerebrum in Cionis

scrophulariae (L.) to:the frontal rather than lateral position of the.

eyes - and to the economy of spatce in the basicranium.

The Supraesophageal Ganglion gives rise to four major pairs of
nerves:

(1) Antennal nerves (N Ant) (Fig. 3). In H. aeneus these large

nerves extend anteriorly from the Deutocerebrum and run dorsolaterally
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along the pharynx to the base of the antennae, which are positioned mid-

way down the length of the rostrum. Youssef (1971) described the same

nerve in Apis mellifera (L.) as an extension of a small antennal lobe of

the deutocerebrum, and stétes that the roots of the antennal nerve come
in par; from the deutocerebrum proper and in part from the antennal lobe.
(2) Frontal connectives (CF) (Fig. 7). These short, thick
nerves arise from the medial side of the tritocerebral lobes, just pos—-
terior ;o the exit qf the antennal nerve from the deutocerebrum. They
meet in the frontal gagglion (GF) on the dorsal surface of the esophagus.

The terminology for both the frontal connectives and the frontal ganglion

is fairly standard, although Youssef (1971) in Apis mellifera (L.) refers
to the "inner nerve of the Nervus Pharyngeo-labrualis" which meets in the
"Génglion Pharyngéale". Youssef contends that the nerves of thisAganglion
innervate muscles Qf the pharynx and anterior cibarial wall, rather than
the frons. 1In P. gggricana (L.), as described by Willey (1961), and in

a number of otﬁer insects, the frontal connective and the labral nerve

run together initially for a short distance, forming a large "Fronto-
labral Nerve''.

(3) Labral nerves (N Lbr) (Figs. 3 and 7). Each exits anterior-
ly from the tritocerebrum and funs slightly medial to the antennal nerve.
A short distance anterior to the tritocerebrum each labral nerve in H.
aéneﬁs is joined 5y either the procurrent nerve (N Préc) from the frontal
ganglion, or by a ramus of it (RN Proc). The labrai-procufrent nerves
(N Lbr Proc) then continue anteriorly on the dorsal surface of the gut,

coursing through the pharyngeal and cibarial muscles.
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In Cionis scrophulariae (L.).Donges (1954) charts a similar bi-

furcation of the procurrent nerve, but shows that in cross section the

{
|

Nervus Labrualis-procurrens is composed of two separate nerves. This
close association of the procurrent nerve with the labral nerve is also

seen in Dytiscus marginalis (L.) by Holste (1910). In the Hymenopterans

Apis mellifera (L.) and Vespula maculata, however, Youssef (1971) de-

scribes a branching of the procurrent nerve but does not state that it
travels with the labral nerve.

(4) Tritocerebral commissure (CTC) (Figs. 3 and 7). This is
a small thin band which connects the two lobes of the tritocerebrum,
ventral to the esophagus. It is thought by‘some authors to be the e-
quivalent to the deutocerebral and protocerebral "bridges'" connecting
the hemispheres of the brain. Youssef (1971) argues that the ffontal
connectives serve this function; and that with the frontal connectives,
the tritocerebral commissure forms a complete neural ring afound the

esophagus.

The Subesophageal Ganglion

The Subesophageél Ganglion (SEG) is a lafge,'egg—shaped nervey
mass lying posteriorly and ventrally in the head. It is Bound laterally
and ventrally by a thin cuticle associated with the tentorial armature,
and dorsally by the esophagus. In H. aeneus, five main nerves arise
from the Subesophageal Ganglion.

(1) Mandibular nerve (N Md) (Fig. 3). This large nerve comes

~off the Subesophageal Ganglion anteriorly and rums forward in close as-
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sociation with the uncoiled portion-of the salivary gland and the ten-
don of the mandibular muscles, lateral #o the phafynx. Numerous small
branches are given off fairly close to the brain which go to the sal-
ivary glands and to the well~-developed mandibular muscles. The main
mandibular nerve continues forward to the conspicuous "saw-toothed"
mandibles at the tip of the rostrum.

Holste (1910) showed the mandibular nerve in Difiscus margin-

alis (L.) as branching twice to the mandibular flexor and extensor mus-—
cles, then continuing on to the mandibles. Donges (1954) describes a

- "mandibular-maxillaty nerve" in Cionis scrophulariae (L.) which sends ‘

branches to both the mandibular and maxillary muscles 6f the head pro-
per, tHEn'contiﬁﬁe%'antéfiorly beneath the pﬁar&nx as a fused nerve to
a point midway between the antennae and the'ﬁandibles, where the ﬁax—
illary netrves separdté and the mandibular nerves bend lateral to the
‘mandibles. In cross section, these nerves were shown to be definitely
fused, in contrast to the lpose association.seen between the labral and
procurrent nerves of the same weevil.

In numerous Hymenoptera Youssef (1971) charted a branch of the
mandibular nerve immervating "mandibular glands" and notes that the’inf
nervation of the mandibular muscles, glands, and mandible itself by the
mandibular nerve appears to be fairly éonstant‘in most ihéécté;'w1£h the
exception of those cases where the mandibular musc1ésk6r‘g1ahd‘is ﬁborly
developed. | |
| (2) Maxillary nerve (N Mx) (figs. 3 and 8);"in_§. aeneus each

- nerve arises slightly ventral to the mandibular nerve and ‘runs forward
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closely associated with‘the tendon of the maxillary muscle and a trach-
eal branch. Numerous small nerves are given off proximally to the sur-
rounding muscle, and a nerve from the corpus cardiacum anastomoses with
the maxillary‘hervé immediately anterior to its exit from the Subesoph-
ageal Ganglion;

(3) Labialjnerve (N Lab) (Figs. 3 and 8). These relativeiy
small nerves afiée separately from the anteroventral portion of the Sub-
esoﬁhageal Ganglion, but in some specimens run together sporadically as
tﬁéy courée‘aﬁteriorly on fhe ventral floor of the rostrum. Accordiﬁg'to

anges (1954) theée nerves fuse in Cionis scrophulariéé (L.) at the point

of exit from the Subesophageal Ganglion and‘remain fused:fo the level of

the anteﬁnae.' Youssef (1971) .found the labial nerves in Apis'mellifera
L.) toﬂﬁég?g}%ed;%ééd é%écéé their fine b%aﬁéhes to thekﬁﬁécles of the
ventral basicréniumkénd; ﬁosteriorly, toytheb"thoraciﬁ giands". Anter-
iorly, YoﬂSéef.traéed the labial nerves through the maxillary palps and
into the 1abial palps. | | .

'(4) Tegumentary nefve (N Tég) (Fig. 3). Each nerve arises from
the dorsé—lateral portibn of the Subeéqphageal-Gangiion ofkg, éenéus and
ruﬁs ddrsally, immediately sending off an anterior branch to run forward
around tﬁe‘tritocerébfﬁm'to the region of the labral nerve, and a poster-
iof branéh‘Which runs around the brain ﬁQsteriorly,lover the corpus car-
diacum Ah& the‘anferior edge of the aortal sinus to the head capsule.

The main tegumentary nerve continues dorsally alongvthe side of the brain,

éVéhtually branchingbfo the lateral and posterior head'capsule.

A similar nerve was describes in Dytiscus marginalis’(L.) by Holste
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(1910) and in various Hymenoptera (Apidae) by Youssef (1971). Snodgrass

(1935) cites the tegumentary nerve as arising from the tritocerebrum in

I
!

Dissosteira carbliné L.). ‘It has beenfchérted in numerous other insects
as well, but disagreement exists as to ité exact ofigin and sensory or
motor nature.

(5) ’Jugular nerve (N Jug) (Figs. 3 and 4). In H. aenéus‘this
small, branched nerve runs from the posterolateral portions of the Sub-
esophageal Ganglion postefior1y, sending a few small branches to the tu-
bular énlivary gland, and then proceediné intb the anteroventral portion
of‘fhe prothorak in the hemocoel. _Thiszis Eheionly innervation of the
saiivafy gland noted ih.g. aeneus, in addition to thé'small bfnnches to
'tné uncoiled portinn from thévmandibular nefné; menEionedgearlier.

Schmitf’(1962) reviews various designétions for this nervé; and
deééribes the overall pattérn as an innervation of the protergal muscles
df‘the héad, sométineéxfiféikfusing with;tné DorsaliNérvé knbt from the

prothorax. FHolsté‘(1910) in Dytiscus marginalis CL.) and Dongés‘(1954)

in‘Cionié s&roﬁhnla}iae (L.) found no fusion of the jugnlér nerve with

thelprothdracic ﬁofsal Nerve Root, and mentinns only its innervation of
the muscles of the cervical sclerite.

The salivary gland of H. aeneus is a highly coiled tqbé, sit-
uated mainly'inbthe profhnrax and lying dnrsal and lateral tdtfhe'éso:
phagns and aorta (Fig. 4). It is composed of 1arge,'denSe1y staining:ﬂ*
céllszsurrdunding a nafrnn\tube of thin intima. Externall§; the saiivary
giands of_g. aeneus appear similar throughout, including the uncoiled

vpoition which courses through the head and rostrum, and so it was not
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possible in this study to label a salivary duct. However, Murray and

Tiegs (1935) describe long, narrow salivary ducts in Calandra oryzae (L.)

which open‘on the first maxilla at the tip of the rostrum, and a simple,
tubular pair od salivary glands, very long and narrow, which extend in
a highly coiled position as far posterior as the crop. In both H. aeneus

andealandra‘oryzae (L.) the salivary glands themselves appear to end

blindly in the thorax. Tissot (1938) describes the salivary glands in

Naupactds‘leucoloma (Boheman) as ''long, delicate threadlike tubes that

loop about in the side of the head, lying above the powerful mandibular
muscles' and cites their opening into the mouth cavity at a point mear

the base of the maxilla. Donges (1954) describes "mandibular glands'" in

Cionis scrophulariae (L.) which fit the same general description as seen

in H. aeneus, Calandra oryzae (L.), and Naupactus leucoloma (Boheman},

and labels the entire uncoiled portion as the “mandibular duct'.
Numerous connections exist between the ganglia of the head and
the stomodeal nervous system of H. aeneus, ‘and will be discusses with the

visceral (sympathetic) nervous systeni.'

1

The Thoracic Ganglia

The positions of the thoracic gapglia of H. aeneus, relative 'to
each other, are shown in Figs. 5 and 6. Schmitt (1962) gives a fhorough
comparison of the nomenclature used in the major works‘on,thoraéic innerv-
ation, and concludes that if nerves to the various. muscles are grouped as
"innervation fields" or nerve '"roots'", a basis for comparison of thoraciec

innervation is much easier to establish. . Schmitt's general terminology
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is sufficient for gross neuroanatomical descriptions, and will be used

in the present study. {
f

The prothoracic ganglion (Gng i)’lies on the ventral floor of
the prothorax, just anterior to the prothoracic spina and betwegn the
fir§t Qair of legs. It is separated from the Subesophageal Gadglien by
long, thick connectives,_and from the mesothqrécic ganglionic mass
(Gng 2+3+1A) by sho;;, thick connectives. The ventrgl side of the gan-
- glion is very convex apdf;ﬁe dorsal side flat, a characte;istic spown
by the entire’Ventral Nerve*Co;d (Figs. 2 and 6).

_ The prothoracicagagglion offg. aeneus givesvrise to ong’;arge
pair of nerves, which‘imgeééately divides, sending a large branch dorso-
laterally (1 DN) to darsal longitudinal and lateral muscles of the ﬁro-
thorax, and a second largg‘b;aqch vent;q;ape;a%ly (1I) to ventral and
lateral prothqracig musculgpure and to the muscles of the first‘pair oﬁ
legs. 1In addition, a small pair of cervical nerves (Cv N) comes off the
prothoracic ganglion anteriorly, just 1aterél fo the interganglionic
connectives, and.extendsignteroventrally to the neck muscles.,,»

The'mesothoraciq,”metathoxacic,vané first abdominal ganglia form*
a single nerve mass (Gn8<2+3+;A).WhiCh lies gntirely‘within the reduced
mesotpqrax. The individual“gangliq are dis;ernible due to slighg lgtgral
and:vegtral\cgnst;ictiong bgtween them, as well as to the‘destipaciop of
the nerves emanating from them. The entire ganglionicbmass’is held‘in
place by the ventral apodegal structures of the mesosternum, and is sep-
arated from the fused second and third abdominai ganglia (2+3A) by rela-

tively short, thin connectives (Figs. 5 and 6).
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The mesothoracic ganglion itself has two main nerves branching
off the gaﬁglion. Tﬁe first leaves antérodéréally, then immediately
branches again sending one nerve (2 DN);dorsoiaterally to the dorsal
mesothoracic musculature, including the muscles of the forewing. The
other branchM(II) inﬁervates the lateral and ventral meéothoracic mus—
culéture. The ﬁhird major nerve root leaves the ganglion postefoventral—
ly (I11) and innervates the mesothoracic legs ;nd associated musculature.

The metathoracic ganglion has three large‘paired branches. The
first leavés the dorsal rim of the ganglion (3 DN) and rumns in a dorso-
lageral direction, towards the base of the . hindwings. The second branch
leaves the lateral margin of ;he ganglion (II) and runs lateroventrally,
its many branches innervating the well-developed ventral and lateral
muscles assoclated with the metathoracic coxal cavities. . The ghixrd
branch (III) leaves the ganglion as a swollen lobe on the posteroventral
side, soon narrows, and continues ventrally and posteriorly into the meta-
thorax where it :innervates the metathoracic legs and associated muscula-
ture.

This peripheral innervation of the thoracic segments of H. aeneus
follows the same basic plan as that described by Snodgrass (1935) .and that
reviewed by Schmitt (1962). Detailed topographical studies in this area
have been performed mostly on Orthopterans, with an attempt ﬁo establish
homology between nerves and muscles of different insects based on the -
mesothoracic segment.. Mitchell and Seabrook (1973) compare&‘the meso-
thoracic nerves of representative insects of five pterygote orders, and

describes homologies in terms of dorsal, anterior, ventral, and leg "roots".
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Mitchell and Seabrook's study is baséd on that of Schmitt (1962) which
was used in the présent study. This system of nomenclature greatly sim-
plifies comparisons between insects, as weil as betﬁeen ganglia, and ap-

pears necessary in order to overcome the problems of terminology and ho-

mology presented by the high degree of variation found.

The Abdoﬁinal\Ganglia

Stone, Herman.and Brady (1971) describe the abdomen of most Cur-
culionoidea as normally.consisting of seven segments, of which the sev~-
enth: is complex and. includes. the seventh through tenth. 1In H. aeneus.
these séven abdominal segmen&s are innervated individually.by lateral
segmental nerves from the Ventral Nerve Cord.

The first abdominal gamglion (lA) (Figs. 5 and 6) has fused with
the meso- and metathoracic ganglionic mass, and is discernible by the
single pair of nerves extending from it ventrolaterally to the spiracular
mechanisms of the first abdominal segment.

The second and third abdominal ganglia are fused (2+3A) and form
a small, spherical mass which lies in the anterior metathorax. Two pairs
of small nerves radiate from it posteriorly, and extend to the second and
third pairs of abdominal spiracles. |

The terminal abdominal ganglion (TA) is a composite neural mass
formed from the ganglia of the remaining segemnts. It is connected to the
preceeding ganglion by short, thin connectives, and lies within the me;a—A
thérax. Its anterior portion follows the curvature of the ventral body
~wall closely, and so appears "wavy" ffom a lateral view (Fig. 2). Three

pairs of small nerves come off the ventral surface and extend posteriorly
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to innervate abdominal segments 4 through 7.

The terminal abdominal ganglion narrows posteriorly into a
thick nerve trunk which sends nerves to fhe hindgut, the reproductive
organs and genital muscles, as well as to the intersegmental musculature
of the seventh and eighth segments.

These abdominal nerves comprise the Proctédeal Nervous Systém
and will be discussed in more detail with the Visceral Nervous System.

Due to the épparént overlapping nature of the fﬁnctions of the
traﬁsverée nerves bf the:Ventral Sympathetic Nervoué System,‘and the ab-
dominal segmental ﬁerveé bf.the Central Nervous System;'the.péripherél
ab&ominai innervation wiil be éonsidered'with the Veﬁtral Sympathetic

Nervous System.



THE  VISCERAL NERVOUS SYSTEM

,The Viscetal (Sympathetic) Nervous System is compoeed of the
ganglia and nerves of the Stomodeal, Proctodeal, and Ventral "Unpaired"
Nervous Systems, and is closely allied with the neurosecretory mechan-
isms gf the insect. |

Neurosecretion has been triefly defined by Gabe (l966) ae the
c0nnecting link between the nervous system and the endocrine glands;
Vatious neuroseeretoryvpathﬁafs involvingithe"brain,ivehttal gaaglia;
retrocerebtal endoerine glands, and‘heart ﬁave been elucidated, and all
haﬁe in commoh the tatt that.most neuroéeetetory ﬁaterial (NSM) aust
somehew arrive at an efficient dispers 1ng point, usually a55001ated with
the c1rculat10n of hemolymph. .Various such neurohaemal organs “have
been 1dentifled: the lateral cardiac nerves in P. americana (L.) by Mil-

ler and Thomson (1968); the.axons of NCC I er II in the‘dorsal bloed

vessel wall near the head in various Heteroptera by Dogra (1967) and

Stivastava (1970);4 the aortal wall 1tself 1n Metochus unlguttatus (Thunb )
(Hemiptera. Lygaeldae) by Awasthi (1972); and the corpora allata in all
llnsects, releasing neurosecretory material dlrectly into the hemocoele

(Wigglesworth, 1970).

The Stomodeal Nervous System

Snodgrass (1935) first referred to the ganglia of the fetegut as
comprising the Stomodeal Nervous System because these ganglia arose from
the embryonic stomodeum. The terms stomatogastric ,- retrocerebral",

25
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and "sympathetic' have all been applied to this portion of the Visceral
Nervous System, resulting in.a misleadiqg conception in much of the lit-
erature concerning the actual relationsﬁip of the Stomodeal Nervous Sys—
tem with the Central Ne?vous System. Willey (1961) considers the Stomo-
deal Nervous System to be composed of two funcﬁional parts: (1) the "un-
paired", or stomatogastric, which consists of the frontal and hypoéare—
bral ganglia and associgtgd‘nerves, and which innerﬁates the foregut and,
in some insects, the salivary glands; (2) the-“paired", which consists of
the corpus cardiacumVand‘co:pqg allatum and associated neurosecretory
tracts, and which are mainljlneuroendocrine‘invfunction. This corpus
cardiacum—corpug»allatumicopplex, due to its pasition‘pqsterior to the
brain, comprises the "retrqqerebral complex". It is intimately linked,
morphologically and physiologically, with the brain and Subesdphageal
Gangliqn. | |

The grossnmorphology of the Stomodeal Nervous System of H. aeneus
is shown in Figs._3 and 7. Both Willey (1961) and Youssef (1971) have
published a histofical comparison of terminology for the Stomodeal Nerv-
ous System. Willeyfs work on P. americana (L.) has served to standardize
stomodeal nervous system nomencla;ure, and his designations will be qsed

in the present description of H. aeneus.
(1) 'The Stomatogastric Nervous System (Fig; 7).

The frontal ganglion (GF) lies on the dorsal surface of the gut
just anterior to the brain. It is relatively large, and is joined to the

tritocerebral lobes laterally by two short, thick frontal connectives (CF).
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Ihe frontal ganglion narrows anteriorly into the procurrent nerve (N Proc)
then bifurcates, each segment running obliquely to join the labral nerve
(N Lbr). These "fused" labral-procurrent nerves then continue anteriorly
the length of the rostrum.

The position of the frontal ganglion is surprisingly variable
in the Curculionoidea in which it has been described, and has been. used
by some workers as a morphological landmark in demarcating the clfpeus
from the frons. Panji and Chhibba (1972) describe the frontal ganglion

in Calandra oryzae (L.) as lying roughly in the middle of.the rostrum

on the dorsal wall-of the elongated pharynx.. Murray and Tiegs (1935),
however,. state that the fromtal ganglion of the same weevil lies. at the
tip of the rostrum. ‘Dennell {1942) describes paired frontal ganglia in

Gﬁ%&hdﬁa‘gmaﬁaria:(L.)g:WHich lie near the anterior end-of the pharynx

on each side. ~Sundman and King (1963) use the positien.of the frontal
ganglion to indicate the true beginning of the foregut, and describe: it

in Anthonomus grandis  (Boheman) as lying ventral to the frontal fovea, -

which is: located between the eyes. Other Curculionidae referred to by
Sundman, and King as having the frontal genglion located in the head cap-

sule preoper are Mongnychus yulpeculus (Germar) and Pantomorus godmani

(Crotch). Donges (1954) states that in Cienis scrophulariae (&.) the
frontal ganglion lies in front of the:brain, closely connected to the
tritocerebral lobes, as is seenr in H. aemeus. Atkins and Chapman (1957)

describe the frontal ganglion in Dendroctonus pseudotsugse (Hopk.) as

being posterior to the brain, with very short frontal .connectives which
" are not closely associated with the labral nerves. Cazal (1948) found a

large frontal ganglion sitwated slightly anterior to the brain to be the
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general plan in the Coleoptera he studied.
| Posteriorly, tﬁe frontal ganglion narrows shérply into the re-
current nerve (NR) and runs dorsally on the esophagus between the hemi-
spheres of‘the brain. {It passes between the corpora cardiaca, and above
the corpora cardiacal commissure (CCC)Q Posteriorly to the corpora car-
diaca, it slants sharﬁly‘to the insect's left, where it swells into the
small, elongate hypocefebral ganglion (GH).

The hypoéerebral ganglion continues posteriorly as the esophageal
ner&é (N Oe), still‘winding toward the left side bf'the.foregﬁt and giv-
ing off numerous small Eranches to the wall of the 'gut. At approximately
the ievél of the’natérior mesothorax, midway‘bétweén the brain and thé %
midgut; tﬂe esophaéeal nerve forms a smail but distinct triangular shaped
ganglion, the ingluvial génglion (G Iﬁ). TWd-ingiuviaI nerves (N In)
continue ﬁdéteriorly, givingvoff many small, ramifying branches during
ité éourseJ(Fig. 11). The‘main ingluvial‘nerVes:ﬁndergo‘a sligﬁt, flat
swelling'at the posterior end of the prdvénféiculﬁs to fotm diffuse pro-
veﬁtricﬁl;rvganéiia (GP) from which ﬁér#és radiate in all directions, some
exféndingspoéféfiéfly inﬁé the anteribr‘péttibn of thelmidgut} Cazal
(1948)F;Sé; the term:QAiffﬁse ganglién" %5 refer to a group of neurons
looéely conceﬁfrated in 6né area of a nerve, causing a characteristic
flattened lateral enlargement. Willey (1961) also uses this term in ref-
erence to thetproventricular ganglia of P. americana (L.).

Dohges (1954)zstated that Cionis serophulariae (L.) héS'ndghpr—

cerebral ganglion (he called it Occipital Ganglion), but that ‘the recur-

rent nerve ﬂeneath the brain was swollen with ganglionic cells. Donges

further describes the recurrent nerve in C. scrophulariae as running
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under the fused corpus cardiacum,- then sending nerves back to connect
with the caudal side of the corpus cardiacum "erossbridge".

As was seen din H. aeneus, Dongés also noted that the recurrent

nerve runs to the left of the esophagus in C. scrqphulariae; he men-

tions no proventricular ganglia at the end of the ingluvial nerves on
the posterior preventriculus, however,
Murray and Tiegs (1935) describe the hypocerebral ganglion in

Calandra oryzae. (L.) as lyiﬁg anterior to the brain and forming a defin-

ite connection with the tritocerebrum. The ingluvial ganglion of_g.‘orzzae
is described ta be in its usual position on the proventriculus. It bi-
furcates into two individial nerves, but no proventricular ganglia are

- deacribed. Cazal (1948) found nOVHypocerebralﬁGaﬁglion in Dytiscus mar-

-ginaljs (L.) but notes a Very slight enlargement of the recurrent nerve

which sends a pair of nerves to the corpora cardiaca. Atkiﬁs and Chap-

‘man (1957) found no hypocerebral ganglion in'Dendroctonué‘pséudbtsugaé
(Hopk.) but suggest that the nerve cells which'COnstitute?that'ganglion

in. other insects, are located within the frontal ganglion, due to its

unusually posterior position in D. pseudotsugae. Gabe (1966) states that
in general, the fromtal ganglion of Coleéptera is more highly deﬁéloped

than the hypocexebral ganglion.
(2) The Retrbcerebral Complex (Fig. 7).

‘The corpus cardiacum (CC) of H. aeneus is a paired, saddle-
- shaped structure which lies dorso-laterally on the esophégds, immediately

posterior to .and partially underneath the‘Supraésophageal“canglioh.
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Distally} each corpus cardiacum is attached to a smaller, spheroidal
corpus allatum by a very short connective (NCA). The dorsal aorta (Ao)
runs dorsally on the esophagus, and dilates in the region of the corpora
cardiaca to form an aortél sinus (SA) and as a ;esult, is in very close
association with the corpora cardiaca. Two short cerebral-cardiacal
nerves (NCC T and II) comnect the protocerebrum posteriorly with the
corpora cardiaca. Atthird, very fine pair of nerves (NCM) leaves the
corpora.cardiaca‘angerioply, travels above the esophagus on the inner
sides of the cerebral hemispheres, and connects with the maxillary nerves.
The precise course of[this nerve, however, is quite variablé, and is

sometimes found running external to the tritocerebral lobes rather than

internal. Donges (1954)adescribed for Cionis scrophulariae (L.) an
even more pronounced variation in the path of this nerve, which he re-

ferred to as Nervus Collateralis. Joly (1942) identifies this nerve in

Dytiscus marg}nalis (L.) as the Nervus Cardiomaxillaris, and Cazal (1948)
uses the;sape ferminology. Willey'(1961)_des;ribed no such nerve iﬁ g,v
americana (L.). } |

Lateroventrally, each corpus cardiacum narrows’to a thin bénd of
tissue which gonnects with the anterodorsal surface of‘the Subesophageal
éanglion (NCSOg). This cpnnection of thekcorpus cardiacum with the Sub-
esophageal Ganglion has previously been'described in very few insects.

Dorsally, each corpus cardiacum of H. aeneus_gives off én aortal
nerve (NA) to the lateroventral sides of the dorsal aprta,vand a cardio-
quma;ogastric nerve (NCS) which runs posteriorly to connect with the
‘hyppgérebral ganglion. The corpora cardiaca unite with each other by a

wide commissure (CCC) which runs dorsal to the esophagus and lies immed-
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iately beneath the recurrent nerve.

Tombes (1972) described the corpus cardiacum—corpus allatum com-

plex of Hypera punctata (Fab.) as being‘Very similar in position to that

of g,'aeheus. In addition, his scanning electron micrographs illustrate
many small connections between the corpora caréiacé and both the brain
and the gut; Although Toobes describes no hypocerebral ganglion in H.
guoctqgg_(Fab.), he does cite a relatively large pair of nerves connect-
ing tﬁe corpora cerdieeaxceudally with the recurrent nerve. Tombes also
noees fhet several untraced nerves extend ventrally from the corpora "car-
diaca, and possibly‘coﬁnect with the tritocerebrum, subesophageal con-
néctives, of‘aﬁothef orgaﬁ; |
‘)The oorpueaallatumbdoes not erise froﬂ fhe'émbfyologidai stomo—
deum, and hencc, ithougﬁ'eéaocrine’in'feﬁetion;‘is coﬁsidered by Wig-
glesworth (1970) to be a non-neural addendum to the Stomodeal Nervous
Syséem.A"Under the scanning electron microéCope;"TomBes'f1972)*fouﬁdrfhe

corpora allata of Hypera punctata (Fab. ) to be trilobed, and’ connected

to the Subesophageal Gangllon by two palrs of very fine nerves; The
corpus cardlacal-corpus allatal nerve of H. punctata (Fab ) was found to
be simllar but somewhat longer than that of H aeneus. Tombes studied

a éfavid speeimen,‘howeéer, which, accor&ing’to Wigglesworth (1976§,“may‘
have a bearlng on the size and appearance ‘of the’ corpora allata.’

The corpus cardiacum—corpus allatum complex sited by" DOnges (1954)

for Cionis scrgphulariae,(L.) varies considerably from the pattern seen

inlﬂ. aeneus and Hypera punctata (Fab.). Donges (1954) illustrates a
‘dorsal fusion of the two saddle-shaped corpora cardiaca, forming a "cross-

bridge" which runé over thearecurrent nerve. Theipaired5'epherical cor-
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pora allata of C. scrophulariae (L.) lie in the prothorax, connected to

the corpora cardiaca by extremely long posterior extensions from the
corpora cardiaca. Dongés also cites no connection between either the
corpora cardiaca or. the corpora allata and ‘the Subesophageal Ganglion.

According to Gabe (1966), the general position of the corpora
cardiaca in Coleoptera is on the lateral sides of the esophagus, not
closely associagted with the aortal wall as is seen iﬁ many other ofders.
The corpora allata of Coleoptera generally lie on the same plane as the
corpora cardiaca, slightly posterior to ‘the latter, on the lateral wall
of the esophagus in the head.

Nabert (1913) studied the corpora cardiaca-corpora allata complex

of four members of Coleoptera. He found that in Tenebrio molitor (L.)

(Tenebrionidae) the corpora.cardiaca were closely associated with each
other and with the aortal wall,.and that the corpora allata attached to

the "lower extremities" of the corpora cardiaca. In Angelastica alni

(L.) (Chrysomelidae) the .corpora cardiaca are not ¢losely associated with
the dorsal vessel, ahd the corpora cardiaca-corpora allata complei occurs

in the head. In Lampyris splendidula (L.) (Lampyridae) the corpora allata

are found alone at the junction of the head and thedthorax,‘whereas in
Rhagonycha melanura (Fab.). (Gantharidae) both.the corpora cardiaca and the
corpora allata are located together in th%‘thorax.”'Cazail(}948)”dESCribes
a similar arrangement for the curpus‘cardiacum—corpusﬂéliéhgm“g;;;iéx/of

;

Rhagonycha fulva (Scop.)..

Bickley (1942) describes a fused corpus cégﬂiaguméh&ﬁdﬁéfébral'

.ganglion in both the larva and adult of Passalusfcorﬁﬁtﬁsff?aﬁa)”(Séaré;

beidae), with two .esophageal nerves and no ingluvial ganglion.
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Cazal.(l948) summarizes his view of the evolutionary trend of
the morphology of the Stomodeal Nervous System, based on the represent-
ation of insects he reviewed: (1) a regression téwards the presence of
a frontal ganglion, a hypécerebral ganglion, and only one esophageal
nerve; (2) total extracerebral fusion of the NCC I and II; (3) later-
alization of the corpora cardiaca; and (4) fusion of the corpara ailata,
either above or below .the aorta.

Davey (1964) postulates that impulses can travel from the sensory
nerves of the frontal ganglion sending information about pressure, vis-
cosity, and amount of ingested food along the motor (recurrent) nerve to
the posterior portion of the foreguf to effect the opening of the stomo-
deal valve. Thus, the Stomodeal Nervous System would be acting independ-

ent of the Central Nervous System.

The Proctodeal Nervous System

f:Tbe‘hiﬁdgut ofﬂgﬂ aeneus is innervated by .two branches of the
terminal abdominal ganglion. One nerve runs to the anterior part of the
hindgut which lies in the abdominai cavity in very close association with
the reproductive glands and ducts (fig.-ll). There it divides again,
sending one branch injghé_direction of the origin of the Malpighian tub-
ules, and the other branch to the more posterior ileum (IL) and colon (CO)

fyainpthe
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reduced eighth tergite, the second branch dividing'again and then attach-
ing to the wall of the rectﬁm (REC) and branching highly around it.

Davey (1964) postulates a chain reaction for the contraction
of the hindgut: (a) the corpora cardiacaAproduce NSM and liberate it
-intO‘the hemelymph; " (b) the NSM activates a secretion of "special" cells
in the lower colon; {c) the sécretion produced by the colon and activated
by the NSM new stimulates the proctodeal neftve of the hindgut, resulting
in contraction. Davey also cites a similar activation chemical in the
secretion of the accessory gland of males in copulation. "This secretion
would activate the proctodeal nerves of the oviduct of the female to cause
contra¢tion, allowing the sémen to frogress“intO‘the spermatheca. -

It must be emphasfzed that the degree of branching and the oxder
of the innérvation of the various organs of the hindgut and reproductive
systems in H. aeneus is extremely variable. The two branches of the
terminal ganglion which innervdte the hindgut may arise separately or as
a single nerve; ' they may come from the ventral side of the large nerve
trunk which extends posteriorly from the'terminal ganglion, or from nu-
erous other branches. In'addition, the nerve trunk itself is quite var-
iable in structure: it'day be quite léng;’éxtending'fhrdugh two or three
abdominal'segments'wifhout'branching, then divide at one time into a fan-
like array of eight branches; ' it may send off individual branches per-
iodiecally, or“two~6r more ‘at a time; or, it ﬁay be exffemely‘sHOrt, giv-
ing off from two to eight branches at the posterior portion of the ter-
minal ganglion itself. The manner of the actual innervation of the organs
and ‘tissues themselves, howéver, was consistent in that the nerves, re-

gardless of the nature of the previous branching: appéared to enter the
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same genéral area of the organs. Other than the differences in indiv-
idual arrangement of Qrgans; this variation of branching was seen equal-
ly in both sexes.

The female reprodﬁctive system of H. aeneus is shown in Fig. 12.
The ovaries contain five ovarioles each, the two being most posterior
usually containing the largest eggs. The ovariocles (OVL) are connected
anteriorly to the dorsal body wall of the prothorax via a suspensory:
ligament. Posteriorly the:ovarioles enter a wide, short calyx (CAL) -
which narrows into a lateral oviduet (L 'Ovid). The lateral oviducts fuse
into a large common oviduet (C Ovid) which runs anteriérly a short dis-
tance then bends posteriorly: upon ifself, forming 'a blind pouch anterior-
ly. | The vagina (VAG) is a-large; muscular tube which narrows slightly
at its posterior end to form the ovipositor. A copulatoty pouch is not
distinguishable externally in H. aeneus. The spermatheca (Spt) lies in
the right side of the body cavity. Its blunt end is conmected to the
dorsal base of.the common oviduct by a thin, coiled spermathecal duct
(Spt Dt). A lobular spermathecal gland (Spt Gl) connects also to the
blunt end of the spermathecal capsule.

Six nerves run from the terminél-abdominal génglionvto the female
‘reproductive organs and musculature (Fig. 12). Two of these nerves,: usu-
ally the outermost lateral branches, run directly to the lateral ovi-
ducts (N Ovid). These nerves then branch highly in t&o*directions; run-
hing around the lateral oviducts medially towards the'commén oviduct, and
laterally towards the ovarioles. A nerve also runs to the long, thin
-band of muscle which ¢onnects the ventral side of the calyx with the

longitudinal muscles of the eighth tergum (8T), but this nerve does not
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always arise from the nerve branch to. the lateral oviducts.

A common pattern seen for ﬁhe r?maining branches of the terminal
nerve trunk consists of the nerve trunkfitself dividing into two major
nerves, which divide again before they near the vagina. The major nerve
on the right side sends one branch to the base of the. spermathecal duct
(N Spt Dt), and the other branch down the dorsgl-right side of the vag—
ina to innervate its,muscular wall (N Vag DR). The major nerve on the
left side travels in#@ct under the common oviduct, then divides at the
apex of the vagina, sending one branch to the ventral vaginal wall (N Vag
V) and the other around and down the left dorsal side (N Vag DL).

The male reproductive system of H. aeneus is shown in Fig. 13.
The testes are paired and-bilobed, and each lies in the.abdomen at the
level of the third, fourth, and fifth true sternites. (According to
Burke (1959) the first two sterna of Curculionoidea are incorporated in-
to the posterier pértiqn?qﬁ the metacoxal cavities, and hence are not
visible as sterna).  Each testis lobe sends off a short vas efferens (VE)
which unites with. the other to form a long, coiled vas deferens (VD),
which looksg very similar to;é Malpighian tubule. The vas deferens di-.
lates towards its posterior emd to form a small, opaqﬁe lobed seminal
vesicle (SV). A pair of accessory glands (Acc Gl) enters the seminal
vesicle anteriorly with:-the vas deferens. -In H. aeneus these accessory
glands consist of three cylindrical, relative1y thick pouches of unequal
length on. each side, although it is not uncommon .to find oniy two on .one
side or the other. Similar accessory glands were found in Anthonomus
grandis (Boheman) by Burke .(1959), and in other weevils,.including Rhyn-

chites pauxillus (Germ.) by Aslam (1961).
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The two seminal vesicles are’ close together in the body cavity;
fhe vas deferens of each emerges and runs only a short distance poste-
riorly before uniting to form the ejaculatory duct (Ej Dt). The ejac~-
ulatory duct of H. aeneus extends posteriorly and dorsally, over the
endophallic sac (End S), which is folded back upon itself, before enter-
ing the sac at its anterior end. The aedeagus (Aed) and aSSOCiate&
sclerotized structures extends from the peosterior end of the endophal—
lic sac, opening beneath the eighth tergite (8T). There is no muscular

sheath present, as Burke (1959) describes in Anthonomus grandis (Bohe-

man).

As in the female, six large nerves from the terminal abdominal
géngiioh innervat; tge male reproductive organs and genital musculature.
A common pattern seen inveolves two lateral branches .ipnerxvating the vas
deferens near the accessqry gland (N VD), - then branching alqng the vas
deferens in both directions, to the testes and to the accessory-glands.
Two . more main branches coil .loosely around the seminal vesicles, then
continue posteriorly. The right branch divides into a dorsal nerve
which courses around -the endophallic sac and into the upper musculature
of the aedeagus (N Aed DR), and a ventral branch which runs along the
ventral right side of the aedeagus (N Aed VR). The large left branch
divides on,thezleﬁtvventralrside of the aedeagus, sending a dorsal
branch to the dorsal aedeagal musciés (N Aed DL) and a ventral branch
to the ventral aedeagal wall and to the muscles of the;eigﬂth‘tergitev
(N Aed VL).

Accounts of innervation of the reproductive organms and hindgut

of many other insects are not available, hence it is possible to make
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only a limited comparison of the high degree of variation seen in H.
aeneus with that of other insects. Murray and Tiegs (1935), in .describ-

ing the metamorphosis of the nerves of Calandra oryzae (L.) state only

that '"the nerves, though they enlarge, retain their individuality, ex-
cept in the last compound ganglion, where they unite loosely to form a
pair of large nerve trunks supplying the abdomen." Atkins and Chapﬁan

(1957) studied the innervation of the reproductive systems of Dendroe-

tonus pseudotsugae (Hopk.): (Coleoptera: Scolytidae) and found the same

striking degree of variation in the branching of the terminal abdominal

ganglion.

The Ventral Sympathetic Nervous System

By definition, the Ventral Sympathetic Nervous System is :com—
posed of' an unpaired median nerve originating fndm;thevventral'SQrface
of each ganglion of the Ventral Nerve Cord, amd dividing into two trans—
verse nerves which innervate the segmental spiracular mechanism. No
such nerves wéfe'fOund in H. aeneus. Liowever, inmervation of the ab-
dominal spiracles and associated segmental musculaturei-was traced to ‘the
laterél'Segﬁental nerves which come off;the%abdominai~ganglia medially
-on ‘the ventral side, their origin compensating for thé off-center loca-
tion of the termimal abdominal ganglion (Fig. 8). =

Plotnikova (1968) studied in detail the cellular structure of
‘the unpaired nerve centers ‘of the metathoracic ganglionic mass of Locusta

migratoria migratoria (Ld);*which has both a median unpaired nerve .and

-paired lateral segmental nevves for each of the four neuromeres it con-
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tains. Judging by synapses of the medial and lateral neurons, Plotni-
kova concludes that the symmetrical latﬁral nerves which go to the peri-~
phery are part of the unpaired nerve eléments. For this reason I am
treating the segmental abdominal nerves of H. aeneus as part of its Ven-
tral Sympathetic Nervqus‘System, using the terminology of Schmitt (1962)
to designate the major nerve branches. |

The ventral sympathetic innervation of the abdominal segmentation
of H. aeneus is shown in Fjg. 9. The same basic plan of innervation is
followed by each of the segmental nerves, with a few minor exceptioms.
-Midway down its length, each nerve branches.  The dorsal, main nerve (DN)
continues to the lateral periphery and the small, ventral branch (VN)
innervates the ventral longitudinal muscles of the ventral body wall.
Close to the.latéral edge of the sternites; the Dorsal Nerve.divides a-
gain, sending,a battery of branches towards the spiracle and another
proup of tiny branches to the lateral (tergosternal) muscles of that seg-
A nerve of the posterior branch of the Dorsal Nerve éontinues
dorsally around the body, through the dorsal longitudinal muscles of the
tergum, to unite;withzthe lateral cardiac nerves in thé wall of the
heart.

An -exception to this pattern is found in the first and second
lateral nerves from‘the'te:minal abdominal ganglion. The anterior branch
of the Dorsal Nerve innervates the fourth spiracle and tergosternal mus-
cles, and the posterior branch of the Dorsal Nerve innervates the fifth

spiracle. The second segmental nerve from this terminal ganglion innerv-

ates only the lateral muscles of the fifth abdominal segment, and'gives



40
off two branches to the ventral body wall, rather than the usual one.

The sixth pair of segmental nerYes innervates the sixth spir-
acle with the anterior branch of the Doésal Nerve, but the posterior
nerve branches to three destinations: the tergostérnal muscles of the
sixth segment, the spiracle of the seventh segment, and the tergosternal
and ventral 1ongitudipal_muscles of the seventh segment.

The abdominal innervation described in H. aeneus closely fol-
lows that found in other insects. Schmitt (1962) describes the Dorsal
Nerve in various Orthoptera as "curving upwards to the abdominal muscu-
lature andkdorsal organ" and the Ventral Nerve as "curving posteriorly
to the ventral museles and cuticular epithelium". However, Schmitt also
cites variations from this general plan, such as a branch of the qusal

Nerve innervating some ventral muscles in Dossosteira’carolina (L.), and

a branch of the Ventral Nerve innervating some dorsal longitudinal mus-
cles in Acheta spp.

holste (lQlO)(desc:ibes the lateral segmental nerves of Dytiscus
margipalis (L.) as leavingzeach side of the ganglion singly, then bifqrf
cating‘into a Dorsal Nerve to the ventral and dorsal longitudinal mus-
cles, and a Ventral Nerve to the "transverse abdominal muscles". Agcbrd-
ipg_to Snodgrass (1935), transverse abdominal muscles comprise the_dorsal
and ventral diaphragms,‘and Holste does not describe a ventral diaphragm
in Dytiscus marginélis (L.), nor has_a:ventral diaphragm been described
in any queoptera ;o date. Richards (1963) describes and_illustrates
various transverse abdominal mgscles which could appear similar to a
ventral diaphragm, but according to the illustrations indicated by Holste

the Ventral Nerve most probably innervates a lateral muscle-in 2,-margin—
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alis (L.).

As in H. aeneus; Holste (1910) described no transverse nerves
in D. marginalis (L.). Schmitt (1962) describes Dorsal and Ventral
Nerﬁes of various members of Phasmidae as bging fused for a consider-
able distance, but after bifurcation, the Dorséi Nerve fuses with tﬁe
TrénsVerse‘Rerve, leaving the Ventral Nerve to imnervate the ventral
longitudinal muscles as well as some lateral‘muscles.

Youssef (1968) refers to "Anterior" and’"Pﬁsteriof"Zségmental

nerves in Nomia melanderi_(Ckll}) and notes that thé two nerves exit

the abddminal:ganglion sepafately. However, there are frequeht iﬁter—
connectives between the Anterior and Posterior bfanches, as well as a
connective between the Posferior nerves of oppOsite'sidés of the same
segment . Youssef also cited merves goiﬁé;frdm the Anterior branch to
théadbrsél diaphrégm. |

N Shankiand (19655 labelled the latefaIHSeghenfal nerves of P.
américana (L.) by letter deSignations of ﬁA",'"B",‘br "c", correspond-
ing by descriptidn'with the‘anterior Dorsal, pbéteri&r Dorsal, and'Ven-
tral Nefveé[

As in the aﬁdomeﬁ, separate nerves to the’spifaéular mechanism
in the thorax Sflg;‘éénéﬁéfaie not present. Although a detailed de~ -
SCribtioﬁ'of thé'pefiphéfalvnerves of H. aeneus is not part;bf éﬁe  ‘
present study, it can be ﬁostulated that the basic plan‘of'tﬁqrééfc
sﬁifaéﬁlar innervation seen in other insects is followed here. Pipa and
Cook (1559) describe the thoracic transverse nerves'of'g, smericana (xL.)

L

as arising separately or via a median nerve from the ganglion, then fus-



42
lng with the Dorsal Nerve Root from the next posterior ganglion, and
eventuallu innervating the spiracular muscles of that segment. Schmitt
(1962) reviews a similar pattern of thoracic innervation for a number
of‘inseets, aod adds that iﬁ most, the transverse nerves from the meta-
thoracio ganglion join with the Dorsal Nerves of the first abdominal
'ganélionr | o | |

Interaction between the‘"sympathetic" and "aomatic" nervous
systems is little underatood. Plotnikova (1968) links the Ventral Sym-
'pathetic; Stomodeal, and Central Nervous Systems through the function—~
ing of the tfitocéréﬁfJAQ’ lmpulses would travel from the heart and
spiracles to toe unpaired nuclei of the Ventral Nerve Cord, then to the
tritocereoruﬁ and oﬁ tO'toe protocerebrum or the’frontal ganglion,
vhence inoorporatinéveitﬁer the Stomatogastrlc‘or;Central Nervous System.
Davey (1964) speculates that the mldgut is controlled by neurohormones
p0551b1y produced 1n the ganglia of the Ventral Nerve Cord, thus adding
a neuroendocrlne functlon to the Ventral Nerve Cord. |

o The heart of H. aeneus begins at the anterior boundary of the
abdomen. It is lined on each‘31de laterally with 1-2 layers of large,
bioucleate pericardlal cells, numberlng on the average 6 cells per 31deﬁ
per segmentr_ Examination with phase microscopj reveals that:some of the -
connective tissue strands-from the alary muscles unite to the pericard—
lal cells themselves, while others appear to go through these cells or
around them and into theylooaely woven mesh of the heart wall'itself
tFigr?l45.‘ The ostia appear as V-shaped notches in the wall of the
'heart; alightly anterior to each group of alaryymuscles. In the undis~-

[ T N

sected heart, the pericardial cells obscure the ostia and must be care-
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fully teased away.

At most, five pairs of segment%i nerves are seen innervating
the heart of H. aeneué; following the general plan of innervation of the
spiracles. These ségmental nerves can be seen attaching to tﬁe lateral
cardiac nerves of the blobd‘vessel, usually between two fan-like arrays
of alary muscle. Undéf ﬁhé phase—contrast micfoscope, small nerve
fibers were found brancﬁiﬁg:among the alary muscles themselves and ap-
peared to connect to the heart wall. Their precise originvwés obscured
by’the pericardial cells,vhoﬁever.

In addition to thé segmenﬁal innefﬁation by tﬁe Dorsal Nerves
from the Ventral Nerve Cofd, the anterior portiod of the dorsal aorta
appéars to be iénefvate&xbynthe aortal nerve (NA) (Figs.‘3 and 7} which
iéaves the dorsal rim'ofhﬁhe éorpus cardiacum pésteriorii; The péired
abrtal ner§e runs along Bﬁth sides of the dorsal vessel, as the laﬁeral
cardiac nerve, én& endszblindly with the heartyin the seventﬁ abdominal
segﬁént.

The innervation of the heart has been studied in few insects.
Most of those stﬁdiéd afé ﬁéﬁbers of Orthoptéra or Diéfybptera, and thus
a great deal of the present‘knowledge concerning the mechanism of innerv-
ation of an imsect heafﬁyiskbased on .a large insect Witﬁ a ﬁfiﬁitive plan
of“innefvation. N

In H. aeneus the heart is innervated by the Dorsal Nervé of;the
segmental ganglia, and by the aortal nerve from the corpus cafdiacﬁm.

In addition, the alarj muscles appear to be innervated but the source

of these nerves is not confirmed.
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Alexandrowicz (1926) describes the lateral cardiac nerves in

Periplaneta orientalis, but does not trace them anteriorly. He does

observe the termination of the Dorsal Nerves of the abdominal ganglia
in the lateral cardiaé nerves. Bullock and Horridge (1965) describe
the cardiac nerve as being composed of its own cardiac nerve cell bodies
in addition to axons from the segmental nerves. HOWever; Bullock and
Horridge as well as Jones (1964) also note that the hearts of some in-
Sééfs are not innervated at ail; that the lateral cérdiac nerves 6f’in—
sects have been traced td the corpora cardiaca, recurrent nerve, trito-
Cerebrum'and‘protbcerebfﬁﬁ;Aand that identifiable cell bodies are not
always present in the lateral cardiac nerves. Bullock and Horridge
(1965) attribute the innervation of the alary'musélésfin‘general“to
the lateral ¢ardiac nerves, but do not specify fufther whether they are
nnervated by cardiac neurons or by other axons running in association
with these lateral nerves. Jones (1964) describes in some insects a
small branch of the Dorsal Nerve of the‘segmental abdominal nerves as
innérvating the alary muscles directly. Holste (1910) claims that the

lateral cardiac nerves of Dytiscus marginalis (L.) send fine nerve

branches directly to the spiracles.

The segmental nerves usually attach to’the lateral cardiac
nerves near the ostia, as noted by Alexéndrowicz (1926), Bullock and
Horridge (1965), and McCann (1970). Miller and Thomson (1968) found
a similar relationship in P. americana (L.) and also described two
:neuroseCretory pathways associéted with the heart: (1) Neurosecretory

material (NSM) is synthesized in the ventral ganglia, then enters the
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heart via the segmental nerves. (2)°NSM is elaborated in the cardiac
neurons themselves. Johnson (1966) had studied heart innervation of
the same insect, and had previously hypgthesized that the NSM from the
Ventral Nerve Cord may ofiginate in.the retrocerebral complex. Neither
Miller and Thomson (1968) nor Johnson (1966) mention the anterior origin
of the lateral cardiac nerves.

The exact function of the NSM on the heart is not known. Jones
(1964) states that there is an evolutionary tendency for either or both
of the lateral cardiac and segmental nerves of the heart to be reduced
or suppressed. McCann (1970) gives a schematic proposal for heart-
alary muscle functional relationship, and attributes a function of fre-
quency-amplitude modulator to the alary muscles. McCann describes the
heart—-alary muscle aséociation as having a myogenic cycle of its own,
the heart being activated by a combination of nervous and humoral stim-—
uli via the corpora cardiaca and, possibly, the pericardial cells, and

the segmental nerves completing the cycle via the Ventral Nerve Cord

to the neural center of the insect.
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List of Abbreviations

A (1,2,3)eetciensensacnssesss.abdoninal ganglion 1,2,3

Acc Gliiieednivonesesenenasnsssaccessory gland

Aed. v iiiiieintnnessenensassacdeagus

Al Meveveeeennasssneasaeessossalary muscles of heart
S Lo 3 of of -

CAn v eeeveioaeneesnesnsanesas..Corpus Allatum
CAleveevuonoveoensesseveoneseseCalyx
CC..;......,...........;;;....Corpus Cardiacum
CCChvevevrooonasosnesnnsessssCommnissurus Corporis Cardiaci
CEC.veevesesaceccsanesneeessoo Circumesophageal Connective
CF.sveeeeeeeeneeeennsennaesss Connectivus Frontalis

C OVideveveerenoaenenonnnsea.common oviduct
CTC.veeonsesssssessensensessssCommissurus Tritocerebralis
CvN............;...;;....;....cervicai nerve

DN (1,2,3)¢ecveeceacessensss..Dorsal Nerve root of Gng 1,2,3 and SN
Ej Dleveeceeseccsssonaannsesssejaculatory duct

End S....;......l;....L.......endbpﬁallic sac
ESO..............ﬁ..w.........esophagus
GF.eveeveneenncaneannseannssas.Ganglion Frontale
CHivieeovresnnnssosaseesessassGanglion Hypocerebrale

G INuieeveeeveenarennannsnss.Canglion Ingluviale

bng (1,2,3)veeeeeeennncenasss.ganglia of thoracic segments

GP.viveeenesasssansssnessnsss.Canglion Proventriculare
46



ILueveeeessnrnasacesesennnsa ileun
LCN..eceeserecanseassassessolateral cardiac nerve
LO.iveeseeetenocearvesnneess . Lobus Opticus
LOvidieeserssereesennseaassalateral o$iduct
Mleetiieeseveasnnsreseaeaases Malpighian tubules

NA ieerieerevanrsonsessessssas.Nervus Aorticus |

N Aed D (RyL)ecscercecesssss.Nervus Aedeagus Dorsalis (right, left)
N Aed V (R,L)eeeeeeveneassse.Nervus Aedeagus Ventralis (righf, left)
N ANt.cerevecsassesecanssesss Nervus Antennalis

NCC I, ITeeeveensncusncnss...Nervus Cardiocerebralis I, II
NCMeoveeeoseaensensesseoasss.Nervus Cardiomaxillaris
NCS.vvaeevssnsansesesssesses.Nervus Cardiostomatogastricus
NCSOe.,...,...,...,....,....;ﬁervus Cardiosubesophagealis
NSMeeseeeereaonnasennnesesssNeuUrosecretory material

N InJ..............;{,.,.,...Nervus Ingluvies

N Jugeeeeeneseacnsenveesss . Nervus Jugulards

N Lbme..oveeeeeenneesnane... .Nervus Labialis

N LbTeueerenneensnneessesns..Nervus Labrualis

N Lbr ProCecececeecesseeesse..Nexvus LabroProcurrens

N Mdeoeoeeooasoacaossaesssss.Nervus Mandibularis

N Mteooeeooevonsosancaennses.Nervus Mavillaris
N.oOBevieeereovsssanooseaesss . NEXVUS Oesqphégeus

N Proceseeseeceesssesssese...Nervus Procurrens
NRuweereosooonanaoesoeesesssNervus Recurrens

‘N Ovid (R,L)eevseeceesanese..Nervus Oviductis (right, left)
N Teg.eeveoseeeesceconaeess . .Nervus Tegumentarius

N Vag D (R,L)................Nervus Vaginalis Dorsalis (right, left)
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N Vag V;.....;...............Nervus Vaginalis Ventralis
N VD (R,L)... ..... eeereesse..Nervus Vas Deferens (right, left)
OvVlieiieeensnennnees ceesesss..0variole

Pl iieereerrenenerreonananes . .Protocerebrum

Per Cocveveveinnasenneneessss.pericardial cell
PHAR...........;.............pharynx
PROV.seseeerennononsoasnessssproventriculus
REC.iiveeveenvececnasenseess,TECtUM

7 cesesess.Sinus Aorticus

SAl Dfveeeosesessansesesenssssalivary duct (unverified)
581 Gl.vveeeveeadoseasnnssss.s5alivary gland
SEG.vivesassnsessereaessseessSubesophageal Ganglion

SN (1=7)ceerseecesnceaecsessse.segmental nerves to abdominal segments
8P (lA=7A) et eeveveeeeensesss.abdominal spiracles
Spt................;.........spermatheca

Spt Dt.......i...,...;.......spermathecal duct

SPt Gliceveovnesesaceessneassospermathecal gland

SV..... teeeseeeeseeneensss. . seminal vesicle

TAcesen. secssvsesseassenssssssoslerminal Abdominal Ganglion
TC...........................Tritocerébrum

Vageeosoeenss sesesesnassssassVagina.
VDieerossessesssssanssenssssvas deferens
VEieeeooeseaosesesssesanessss.vas efferens
VENTeeeeaovassosseseseesseesventriculus of midgut

B ....Ventral Nerve of SN

Blesecerncoaarecsonnsnessesss eighth tergum
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Il.iereiersnsnssecesenenesasssscecond nerve root of Gng 1,2,3

LIl iiseeeeacessessvenssessa.third nerve root of Gng 4,3
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EXPLANATION OF FIGURES 1-2

1. Haplorhynchites acneus (Boheman). Position of Central Nervous
System in body outline. DO#Sgl view.

2. H. acneus. DPogition of Central Nervous System in body outline.
Lateral view, ‘ : ‘
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EXPLANATION OF FIGURE 3

3. H. aenecus (Boheman). Brain and cephalic nerves, showing

association with retrocerebral complex. Lateral view.
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EXPLANATION OF FIGURE 4

i
4. H. aeneus (Boheman). Position of salivary glands with respect

to brain and Subesophagedi Ganglion, showing innervation by

jugular nerve. Lateral view.
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EXPLANATION OF FIGURE 5

5. H. aeneus (Boheman). Thoraeic ganglia and first three

abdoninal ganglia. Dorsal view.
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EXPLANATION OF TIGURE 6

6. H. aencus (Boheman). Thoracic and abdominal ganglia, showing

direction of nerve exits. - Lateral view.

58






EXPLANATTON OF FIGURE 7
7. H. acneus (Boheman). Stomodeal Nervous System with

Protocerebrum and’ Deutocerebrum removed. - Dorsal view.
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EXPLANATION OF FIGURE 8
/ .

8. H. aencus (Boheman). Position of segmental nerves as they
exit from the abdominal ganglia, showing the off-center origin of

SN 6+7. Ventral view.,
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EXPLANATION OF FIGURE 9

9. H. acneus (Boheman). Position of Ventral Sympathetic Nervous

System in body outline. Dorsél(view.
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EXPLANATION OF FIGURE 10

!
|

10. H. acncus (Boheman). Innervation of foregut from Stomatogastric

Nervous System. Dorsal view.
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EXPLANATION OF FIGURE 11

11. H. aeneus (Boheman). Innervation of hindgut from Terminal

Abdominal Ganglion. Dorsal view.
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EXPLANATION OF FIGURE 12

I
!

H. aencus (Bohieman). Innervation of female reproductive system

from Terminal' Abdominal Ganglion.\‘borsal view.
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EXPLANATION OF FIGURE 13
13. H. aeneus (Bohewan). Irnervation of male reproductive system
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EXPLANATION OF FIGURE 14

14. H. acncus ?Boheman). _ Portion of heart showing innervation

from Dorsak S?“ngen,t_aylig‘erves. Dorsal view.

74



‘0.5mm

4

WA
L D e
= 'r\f .f‘\y’?f'biwi

H A /' [
) \,'é»,»' ".\’ é’é
S €0

4
%

14




LITERATURE CITED

Alexandrowicz, J.S. 1926, The innervation of the heart of the cockroach
(Periplancta orientalis). J. Comp. Neur. 41: 291-310.

Arvy, L. and M. Cabe. 1953. Particularites histophysiologiques des
glandes endocrines cephaliques chez Tenebrio molitor L.C.R. Paris
Acad. des Sci. 237: 844-846,

Aslam, N.A. 1961. An assessment of some intermal characters in the
higher classification of the Curculionidae §.L. (€oleoptera). Trans.
‘R. Ent. Soc. London. 113(14): 417-480.

Atkins, M.D. and J.A. Chapman. 1957. Studies on nervous system anatomy
of the Douglas Fir Beetle, Dendroctonus pseudotsugae Hopk. (Scolyti-
dae). Can. Ent. 89: 80-86.

Awasthi, V.B. 1972. Studies on the neurosecretory system and retrocer-
ebral endocrine glands of Nezara viridula Linn. (Heteroptera: Pen-
tatomldae) J. Morph. 136 337-351. '

Awasthi, V.B. 1973. Neurosecretory system and retrocerebral endocrine
. glands of Metochus uniguttatus Thunb. (Heteroptera: Lygaeidae).
_ Int. J. Insect Morpholl & Embryol 2(1y: 1-12.

Berberet, R.C. and Helms, T.J. 1972. Comparatlve anatomy and histology
of selected systems in larval and adult Phyllophaga anxia (Scarabei-
dae). Ann. Entomol. Sbc. Amer.~ 65(5): 1Q26—1053.

Bickley, W. E.l 1942. On the stomodeal nervous system of 1nsects. Ann.
S Entomol Soc. Amer. 35 343 354,

Bordas, L. 1900. Contributlon‘a 1l'etude du systeme nerveux sympathique
' sus-intestinal ou stomatogastrique des orthopteres. Bull. sci. Fr.
. Belg. 33: 458-482,

Bullock, T.H. and CG.A. Horridge. 1965. Structure and Function of the
Nervous System of Invertebrates. W.H. Freeman & Co. San Francisco.
2 vols, 1719 p.

Burke, H.R. 1959. Morphology of the reproductive systems of the cotton
boll weevil (Coleoptera: Curculionidae). Ann Entomol. Soc. Amer.
52(3): 287-294.

Carbonnell, C.S. 1947. Cited by Pipa, R.L. and E.F. Cook. 1959. Studies
on the hexapod nervous system. I. The peripheral distribution of
the thoracic nerves of the adult cockroach, Pen;planeta americana.
Ann. Entomol, Soc. Amer. 52: 695-710. :

76



- » 77

Cazal, P. 1948. Les glandes endécrigcs retrocerchrales des insectes.
Bull. biol., suppl. 32: 1-227.

Chapman, R.F. 1971. The Insects: Structure and Function. Ame:ican
Elsevier Publishing Co., Inc. New York., 819p.

Davey, K.G. 1964, The control of visceral muscles in insects. Adv. Ins.

Physiol. 2: 219-245,

Dogra, G.S. 1967; Studies on the neurosecretory system and functional
significance of NSM in the aortal wall of the bug, Dysdercus xoenigii.
J. Imsect Physiol: 13: 1895-1906.

Dennel, R. 1942. The structure and function of mouthparts, rostrum and
foregut of the weevil Calandra granaria. Phil. Trans. Roy. Soc.
London 231: 247-291.

Donges, J. 1954. Der Kopf von Cionis scrophulariae L. (Curculionidae).
Zool. Jahr. (Anat.) 74: 1-76.

Gabe, M. 1966. Neurosecretion. Pergamon Press, New York. 872p.

Hamilton, R.W. 1973. Observations on the biology of Haplorhyﬁchites
aeneus (Boheman) (Coleoptera: Rhynchitidae). Coleopt, Bull. 27(2):
83-85.

Hanan, B.B. 1955. Studies of the retrocerebral complex in the honey bee.
Part I: Anatomy and histology. Ann. Entomol. Soc. Amer. 48(5): 315-
320.
B :
Holste, G. 1910. Das Nervensystem von Dytiscus marginalis.. Ein beitrag
zur Morphologie des Insektenkorpers. Z. wiss. Zool. 96: 419-476.

Hubel, D.H. 1957. Tungsten microelectrodes for recording from 51ng1e
units. Science 125: 549-550.

Imms, A.D. 1957. A Genéral Textbook of Entomology. E.P. Dutton & Co.,
Inc., New York. 886p.

" Johansson, A.S;‘ 1957. The nervous system of the milkweed bug, Odcopeltu
fasciatus (Dallas) (Heteroptera, Lygaeidae). Trans. Amer. Entomol.
Soc. 83: 119-183. } ‘

Johnson, B. 1966. Fine structure of the lateral cardiac nerves of the
cockroach (Periplaneta americana). J. Insect Physioel. 12(5): 645-
653.

Joly, P. 1942, Remarques sur le complexe hypocerebral des dytlsc1des.
Bull. Soc. zool., Fr. 67: 121-125.

Jones, J.C. 1964. The circulatory system of insects. in Rockstein, M.
(Ed.), The Physiology of Insecta. Academic Press, New York. Vol.
111, pp. 2-109.




78

Langley, P.A. 1965. The necurcendocrine system and stomatogastric ner-
vous system of the adult tsetse fly, Glossina morsitans. FProc.
Zool. Soc. London 144(3): 415-423,

i
‘ , .

Lockard, I. and B.L. Reers. 1962. Staining tissue of the central ner-
vous system with Luxol fast blue and neutral red. Stain Technol.
37: 13-16.

73—

)

McCann, F.V. 1970. Phyéiology of insect hearts. A Rev. Ent. 15:
200.

McLeod, D.G.R. and S.D. Beck. 1963. The anatomy of the neuroendocrine
complex of the european corn borer, Ostrinia nubilalis, and its re-
lation to diapause. Ann. Entomol. Soc. Amer. 56(6): 723-727.

Miller, T. and W.W. Thomson. 1968. Ultrastructure of cockroach cardiac
innervation. J. Insect Physiol. 14: 1099-1104.

Mitchell, B.K. nnd W.D. Seabrook. 1973. Comparative anatomy of the meso-
throacic nervous system of selected pterygotes with particular rel-
erence to the spruce budworm, Choristoneura fumiferana (Lepidoptera:
Tortricidae). Int. J..Insect Morphol. & Embryol. 2(3): 193~205.

Murray, F.V. and O.W. Tiegs. 1935. The metamorphosis of Calandra oryzae.
Q.J. Micros. Sc1. 77(307): 405-497.

Nabert A, 1913, Dle COrpora Allata der Insekten. Z. wiss., Zool. 104:
13~-358.

Nesbitt, H.H.J. 1941. A comparative morphological study of the nervous
‘ system of Orthoptera and related orders. Ann. Entomol. Soc. Amer.
34: 51-81. -

Panji, H.R. and K.K. Chhibba. :1972. Structure of rostrum in Calandra
oryzae L. (Coleoptera: Curculionidae). Int. J. Insect Morphol. &
Embryol. 1(3): 219 223.

Pipa, R.L. and E.F. Cook. 1959 Studies on the hexapod mervous system.
I. The peripheral distribution of the thoracic nerves of the adult
cockroach, Periplaneta americana. Ann. Entomol. Soc. Amer. 52: 695-
710. :

Plotnikova, S.I. 1968. The structure of the sympathetic nervous system
of insects. in Salanki, J. (Ed.), Symposium on Neurobiology of In-
vertebrates 1967. Plenum Press, New York. pp. 59-68,

Pringle, J.W.5. 1939, Cited by D.L. Shankland, 1965. Nerves and muscles
of the. pregenital abdominal segments of the American cockroach Per—
iplaneta americana (L.). J. Morph 117: 353-385.

Richards, A.G. 1963. The ventral dlaphragm of insects. J. Morph. 113:
17-42,



79

Rocksteiln, M., ed. 1964. The Physiology of Insccts. Academic Press,
New York. 3 vols.

Roeder, K.D. 1958. The nervous system. A. Rev. Ent. 3:1-18.

Schmitt, J.B. 1959. The cervico-thoracic nervous system of a
grasshopper. Smithson. Misc. Coll. 137: 307-329.

Schmitt, J.B. 1962. The comparative anatomy of the insect nervous
system. A. Rev, Ent, 7: 137-156.

Shankland, D.L. 1965. Nerves and muscles of the pregenital abdominal
segments of the American cockroach, Periplaneta americana (L.).
J. Morph. 117: 353-385.

Siew, Y.C. 1965. The morphology and anatomy of the neuro-
iendocrine complex of Galeruca tanaceti (L.) (Coleoptera:
Chrysomelidae). Proc. R. Ent. Soc. London 40: 152-155.

Smlth D.S. and J.E. Treherne. 1963. Functional aspects of the
organization of the insect nervous system. Adv. Ins. Physiol.
.1 1t 401-484,

Snodgrass, R.E. 1929, Cited by J.B. Schmitt. 1959. The cervico-
thoracic nervous system of a grasshopper. Smithson. Misc.
Coll. 137: 307-329.

Snodgrass; R.E.. 1935. Principles of Insect Morphology. McGraw-
Hill, New york. 667p.

Snodgrass, R.E. 1936. Morphoiogy of the insect abdomen. III. The
male genitalia. Smithson. Misc. Coll. 95(14): 1-96.

Srivastava, R.C. 1970. Morphology of the neurosecretory system and
the retrocerebral endocrine glands of adult Halys dentatus
(Heteroptera: Pentatomidae). Ann. Entomol. Soc. Amer. 63(5):
1372-1376.

Stone, M.J., H.R. Hermann, and U.E. Brady. 1971. A comparative
~ study of the reproductive system of three species of Grapho-
gnathus (Coleoptera: Curculionidae). Ann. Entomol. Soc. Auer.
64(3): 708-718. :

Sundman, J.A. and D.R. King. 1964. Morphological, histological,
and histochemical studies of the alimentary canal and
Malpighian tubes of the adult boll weevil, Anthonomus grandis
(Coleoptera: Curculionidae). Ann. Entomol. Soc. Amer. 57(1):
89-95.

Tissot, A.N.. 1938. The gross anatomy of the digestive and
reproductive systems of Naupactus leucoloma Boh. (Curculionidae,
Coleoptera). Fla. Ent. 21(2): 20-27.




80

Tombes, A.5. 1972. Scanning clectron microscopy of endocrine tissue
of lypera punctata Tab. (Coleoptera: Curculionidac). Int. J.
Inscct Morphol. & Embryol. 1(2):; 201-202.

Tombes, A.S. and D.S. Smith. 1970. Ultrastructural studies on the
corpora cardiaca-allata complex of the adult alfalfa weevil,
liypera postica. J. Morph. 132: 137-148.

Weaver, N. and R.C. Thomas, Jr. 1956. A fixative for use in
dissecting insects. Stain Technol. 31(1): 25-26.

Whitehead, A:T. 1971. The innervation of the salivary.glands in the
American cockroach: Light and electron microscope observations.
J. Morph. 135: 483-505. ‘

Wigglesworth, V.B. 1965. The Principles of Imsect Physiology.
Methuen & Co., Ltd., London.

Wigglesworth, V.B. 1970. Insect Hormones. W.H. Freeman & Co.,
© ~San:Franeisco. - 741p. e

Willey, R.B. 1961.  The morphology of the stomedeal nervous system
i in Periplaneta americana '(L.) and other Blattaria. ‘J. Morph.
108: 219-247.

Youssef, N.N. 1968. ' Musculature, nervous system, and glands of.
pregenital abdominal segments of the female:of Nomia melanderi
Ckll. (Hymenoptera: Apoidea). J. Morph. 125: 205-218.

Youssef, N.N. 1971. Topography‘of the cephalic musculature and.
nervous System of the honey bee Apis melllfera .Linnaeus.
Smithson. Contrib. Zool. 99: 1-54.

Zawarzin, A. 1916. Quelques donnees sur la structure du systeme
nerveux intestinal des insectes. Revue Zool. Russe. 1: 176-180.



APPROVAL SHEET

The thesis submitted by Theresa Eileen Droste has been read and
approved by the following Committee:

Dr. Robert W. Hamilton
Associate Professor, Biology, Loyola University

Dr. A. Rotermund
Assistant Professor, Biology, Loyola University

Dr. B.J. Jaskoski
Professor, Biology, Loyola University

The final copies have been examined by the director of the thesis
and the signature which appears below verifies the fact that any
necessary changes have been incorporated and that the thesis is
now given final by the Committee with reference to content and
form.

The thesis is therefore accepted in partial fulfillment of the
requirements for the degree of Master of Science in Biology.

E=28 7~ [%‘ (/ﬁr Lent &(// /4/ s ELE

Date Director's Signature’




	The Gross Morphology of the Central and Visceral Nervous Systems of Haplorhynchites Aeneus (Boheman) (Coleptera: Curculionoidea: Rhynchitidae)
	Recommended Citation

	img001
	img002
	img003
	img004
	img005
	img011
	img012
	img013
	img014
	img015
	img016
	img017
	img018
	img019
	img020
	img021
	img022
	img023
	img024
	img025
	img026
	img027
	img028
	img029
	img030
	img031
	img032
	img033
	img034
	img035
	img036
	img037
	img038
	img039
	img040
	img041
	img042
	img043
	img044
	img045
	img046
	img047
	img048
	img049
	img050
	img051
	img052
	img053
	img054
	img055
	img056
	img057
	img058
	img059
	img060
	img061
	img062
	img063
	img064
	img065
	img066
	img067
	img068
	img069
	img070
	img071
	img072
	img073
	img074
	img075
	img076
	img077
	img078
	img079
	img080
	img081
	img082
	img083
	img084
	img085
	img086
	img087
	img088
	img089
	img090
	img091

