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ABSTRA0T 

The morphology of the head capsule of adult 
Acheta domesticus (L. ) has been described in terms of 

external features and the internal skeleton or tentorium. 

The detailed structure of-the feeding appendages has been 

considered. The appendicular mandibles, maxillae and 

labium are described in addition to the intricate hypopharynx 

and the sensory clypeo-labrum. 

The work attempts to relate the structure of each 

component to its mode of functioning in the feeding process. 

Consequently a complete study of the musculature of the head 

capsule and feeding appendages has been made. The muscles 

of the cervix have also been included. 

-The cuticular sensilla have been investigated 

using a Scanning Electron Microscope in addition to light 

microscopic techniques. Thirteen different types of 

sensilla have been iaentified and described. The precise 

distribution and abundance of each sensilla type has been 

considered on all the mouthparts and associated structures. 

This has been recorded by a series of diagrams, thus senmil1 a dis- 

tribution maps for each component. The consistency of the 

distribution has been assessed by using a number of repli- 

cates for adult of both sexes. In order to analyse the 

mode of development of the pattern of sensilla in the adult, 

the clypeolabrum has been selected as an example. The 
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number and distribution of various types of sensilla on 
the clypeolabrum have been investigated for each nymphal 

instar. 

The nervous supply to the cuticular sensilla and 

to the muscles of the mouthparts has been analysed using 

various staining techniques. 

Finally, feeding in this species has been care- 
fully described and filmed to facilitate a detailed 

consideration of the role of each component. 
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PART I 

GENERAL INTRODUCTION 



-11- 

The insect selected for study, Acheta domesticus 

(L. ), has a wide zoogeographical distribution. In cooler 

temperate lands the species is confined to buildings, houses, 

bakeries, restaurants where it is known as House Cricket. 

It may also be found on rubbish-dumps, where the heat gener- 

ated from the decomposing material is adequate-to enable the 

species to live outdoors (Ragge, 1965). However, nearer 

the equator the species can survive outdoors and it is known 

to be serious pest of wheat grain, oil seed, millet and 

cotton (Ghouri, 1957). Little attention has so far been 

paid to members of the family Gryllidae and apart from some 

purely descriptive work at the turn of the century few 

accounts exist of the behaviour or physiology of these 

insects (e. g. Voss, 1905). ' The aim of the present work is 

to attempt to describe in detail. the structure of the head 

capsule and its appendages and to relate the findings to the 

feeding mechanism of the species. The project has four 

main components; a description of the structure of the head 

capsule and its appendages, the musculature of the head cap- 

sule and its appendages, the identification of the cuticular 

sensilla on the mouthparts and a study-of the nervous supply 

to the-sensilla and the muscles involved in feeding. 

Although much important work has been carried out 

describing the anatomy of various arthropod groups, from a 

functional standpoint, relatively little attention has been 

paid to the Gryllidae. Hence from an understanding of the 



-12- 

above four aspects the feeding mechanism may be described 

in more detail. The work was centered on the adult female, 

although males were carefully examined for any obvious 

sexual dimorphism. 

The head of A. domesticus may be considered to be 

a generalized type of Pterygote head displaying the hypo- 

gnathous condition. Duporte (1957,1965) studied the 

comparative morphology of the insect head emphasing feat- 

ures of the facial region. Snodgrass (1928) has " de scribed 

and reviewed the general morphology of the head and his 

interpretation (Snodgrass, 1935) is used in the present work. 

Manton (1960,1964) has investigated the head development 

and mandibular mechanism in the Arthropoda. This was con- 

sidered further by 'Matsuda (1965). In the Orthoptera 

Gapud (1968) describes the external morphology of the head 

and mouthparts of some Philippine insects. The excellent 

work of Yuwa (1920) gives a complete 'description of the 

anatomy of the head and mouthparte of Orthoptera.. 

The head of the closely related species Gallus 

assimilis Fabr., has been the subject of a study by Duporte 

(1959). Among the Gryllidae, Gryllodes sigillatus' 

(Walker), has been studied in respect of the sclerites of 

the head capsule and appendages (Narula, 1968). Gryllo- 

blatta campodeiformis Walker was the subject of a study by 

Walker (1933) in which he stresses-the close resemblance of 

certain sutures to those found in the Saltatoria. 
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As regards the internal skeleton or"tentorium, 

Hudson (1945) has presented a detailed account of its 

structure in some Orthopteroid insects. This was supple- 

mented by Snodgrass (1958). Hudson (1945) considers that 

the Gryllidae, Tettigoniidae and Acrididae all possess an 

x-shaped tentorium in which the anterior arms are broadly 

expanded and heavily sclerotized, whilst the dorsal arms 

arise as outgrowth from the anterior part of the body of 

the tentorium. '' The posterior tentorial pits give rise to 

posterior tentorial arms from which the strong transverse 

bars coalesce with the body of the tentorium. The body of 

the tentorium is not enlarged as in the prognathous 

Gryllotalpidae. Thus the gryllid tentorium displays no 

striking modifications. 

The functional morphology of the head capsule is 

incomplete without a thorough understanding of the muscles 

which are responsible for the movement of the head and 

mouthparts. Matsuda (1965) studied the evolution of the 

head musculature in insects in general. Cook (1944) gave 

an account of the musculature of the labrum and clypeus of 

insects. The skeleto-muscular mechanism of the head in 

Gryllus bimaculatus DeGeer has been studied by Thakare 

(1961). An account of the musculature of G. assimilis 

has been given by Duporte (1920) although the techniques 

available at that time somewhat restricted his contribu- 

tion. Narula (1974) described the muscles of the head 

capsule and tried to establish the function of each feeding 
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appendage in G. sigillatus by mechanical manipulation. 

There are some similarities of Schizodactylidae, Schizo- 

dactylus monstrosus Don. with Tettigoniidae but it shows 

greater resemblance with the family Gryllidae (Khattar, 

1964). Crampton (1917) gave an account of the structure 

of the neck region in insects. The cervicothoracic- 

musculature of the adult cockroach, Nauphoeta cinerea 
(Olivier) was described by Storch (1968). Voss (1905) has 

described the muscles of the neck, thorax and anterior 

abdominal segments but did not include the mouthparts of 

G llus. 

Since a major role in the selection of food is 

played by the cuticular sensilla, it is necessary to ident- 

ify and describe all the different types of sensilla and to 

investigate their distribution on the mouthparts. In this 

context Thomas (1966) described ten different types of 

sensilla on the mouthparts of Schistocerca gregaria (Forskal) 

and also suggested their role in the selection of food. 

Chapman (1966) has described those on the mouthparts of 

Xenocheila zarudnyri (Uvarov) and Marshall (1947) has invest- 

igated the sense organs on the labrum of Melanoplus femur- 

rubrum (DeGeer). The contribution of these authors is of 

great value in enabling comparisons to be made with A. 

domesticus. In this study sensilla on the adult cricket 

have been described in terms of their external morphology 

only and no histological work has been carried out. It 
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is, however, possible to classify sensilla according to 

their length and socket diameter (e. g. Blaney & Chapman, 

1969x). 
Slifer's (1961) investigation on the structure 

of the chemoreceptors in insects coupled with Blaney and 

Chapman (1969b) account of the fine structure of the 

sensilla on the maxillary palp of S. gregaria assist in 

elucidating the possible function of sensilla in A. domest- 

icus in relation to feeding. According to Pringle 

(1938a, b) campaniform sensilla present on certain joints 

are stress receptors responding to strain in the cuticular 

skeleton and are therefore mechanoreceptors. The presence 

of campaniform sensilla and their relation to a mechanical 

function has already been confirmed (Chapman, 1965; McIver, 

1974 and Arnold, 1974). Arnold (1974) investigated these 

sensilla along with sensilla trichodea and basiconica on the 

tarsi of cockroaches. 

The development of the distribution of sensilla in 

the adult has been investigated. The number of nymphal 

instars in A. domesticus. is known to vary (Ragge, 1965 and 

Rummel, 1963). Consequently, this had to be determined 

for the culture used in the present study. The clypeo- 

labrum was considered to be a structure which displayed a 

wide range of types of sensilla. Thus the distribution 

and number of each type of sensillum was considered in each 

nymphal instar. Finally a study of the peripheral nervous 
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system associated with the mouthparts was undertaken. 

This was assisted by a study of the peripheral nervous 

system of the mouthparts of the final instar nymph of G. 

domesticus carried out by Fudalewicz-Niemczyk and 

Rosciszewska (1974). These authors traced the main nerves 

from the suboesophageal ganglion and the tritocerebrum 

which innervate the sensory organs of the mouthparts. le Berre 

and. Louveaux (1969) studied the innervation of the 

mandibles in nymphs of Locusta migratoria L. He also 

considered in detail the pore canals. Louveaux (1972) 

studied the innervation of the mouthparts of first instar 

nymphs of L. migratoria and also the hypopharynx of Locusta 

migratoria migratorioides IL et F. (Louveaux, 1975). Here, 

the aim is to trace the main nerves and their branches to 

the muscles of the mouthparts and to the sensilla in the 

adult female. A list of proprioceptors in G. domesticus 

innervated by a single neuron has been given by Knyazeva, 

Fudalewicz-Niemczyk and Rosciszewska (1975). 

The number of neurons is an important feature 

in the functional identification of the sensillum. 

The mechanism of feeding has been studied by cine- 

film and videotape. This detailed observation of the 

movement of the individual mouthparts enables the author to 

create-a picture of the stages involved in feeding and to 

make further suggestions on the role and importance of 

certain types of sensilla. Relatively little work of this 
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nature has been carried out using crickets, emphasis mostly 

being placed on the Acrididae, although Popham (1961) has 

considered Periplaneta americana L. which closely resembles 

Gryllidae in many respects. Gangwere (1960) described. 

the use of the mouthparts of Orthoptera during feeding and 

classified them as margin feeders and centre feeders, the 

latter type may also pierce. The author considers that in 

both margin and centre-feeding the labrum acts as a dorsal 

lip. In the margin-feeding forms the incisor processes of 

the mandible cut the food as the mandibles come together. 

Whilst the laciniae force this out food into the preoral 

food cavity where it is masticated by the molar dentes. 

The galeae merely act as lateral lips. There is usually a 

distinct pause between the incision and mastication. 

In the centre-feeding the laciniae and galeae 

operate together in opposite directions to the mandibles and 

assist in handling the food particles loosened by the man- 

dibles. Sometimes a pause occurs during mastication. The 

mandibles may be used to pierce food material, e. g. in the 

shield back Katydid the mandibles are repeatedly moved to 

puncture a piece of meat. It seems that crickets are 

probably similar to centre feeders which also pierce their 

food. 

The initial selection of food has been the subject 

of much work. The normal behavioural sequence in Schisto- 

cerca in testing the food, prior to ingestion, involves 
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palpation with both the palps and antennae (William, 1954). 

This importance of the paips has been further stressed by 

Mordue (1975). In addition to investigating the histology 

of the hypopharynx (Rietschel, 1953a), he suggests its mode 

of functioning and the only contribution to the functioning 

of the mouthparts of A. domesticus has been made by Rietschel 

(1953b). Despite the generalised structure of the mouth- 

parts of members of the subfamily Gryllinae, the hypopharynx 

undergoes such extensive differentiation, that in some res- 

pects it functions as a dipteran proboscis although of course 

its origin is different. 
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PART 

MATERIALS AND METHODS 
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2.1 Insects used 

Specimens of A. domesticus were received from 

Imperial College Pield Station at Silwood Park,. and also 

from a biological supplier (Xenopus Ltd., 151 Frenches Road, 

Redhill, Surrey). From these insects a culture was 

maintained. 

2.2 Rearing Technique 

The method followed for rearing the crickets was, 

similar to that described by Ghouri and McFarlane (1958). 

Groups of ten to twelve adults or twenty to twenty five 

nymphs were kept in 41b glass jars. These were maintained 

in a constant environment room at a temperature of 28 °C and 

a relative 'humidity of 40o. Each culture jar was supplied 

with a round plastic dish six centimeters in diameter and 

one and half centimeters high. In the base of each dish 

was a layer of fine, sterilized and moistened sand. Twelve 

centimeters long glass tubes filled with water were stoppered 

with a plug of cotton wool and inverted onto the sand. This 

arrangement provided a readily available supply'of water and 

was replenished every two days. The sand also provided a 

suitable site for oviposition. The diet used consisted of 

75ö wheat germ, 20% dried skimmed milk, 5% brewer's yeast 

(Brown, 1973) and to this was added some finely ground dog 

biscuits. This diet proved to be very satisfactory. 

Strips of folded paper were provided to increase the avail- 

able space for the movement of the crickets. The top of 
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the jars were tightly covered with a piece of muslin to 

reduce the possibility of mite infestation. The insects 

were transferred to. fresh containers every week. 

2.3 Other Techniques 

These will be discussed in the appropriate part 

of the thesis. 
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PAR T 

MORPHOLOGY OF THE HEAD 

CAPSULE AND ITS APPENDAGES 
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3.1 Introduction 

The object of the present work is to give a 

detailed account of suitable characters of the head, 

capsule and head appendages of A. domesticus. Literature 

reveals important work dealing generally with the insect 

head are Hudson (1945), Yuasa (1920),. Duporte (1957), 

Snodgrass (1935,1960), Matsuda (1965) and Gapud (1968) 

given in Part 1. 

Among Gryllidae the structure of the hypopharynx 

of Gryllus has been fully described by Rietschel (1953a). 

The terminology for the head capsule is generally based on 

Snodgrass (1935). 

For clarity the term anterior and posterior have 

been used. Thus in the clypeolabrum the outer surface is 

considered to be anterior whilst the inner epipharyngeal 

surface is posterior. For mandibles the surface touching 

the epipharyngeal surface is considered to be posterior 

whilst the inner as anterior. The rest of the head append- 

ages on the ventral side of the head are regarded as 

posterior. The dorsal-surface of the hypopharynx is termed 

anterior whilst the ventral surface facing towards the inner 

surface of the labrum is considered as posterior. 

3.2 Materials and methods 

The head of freshly killed adult crickets was 

severed in front of the prothorax. The head was macerated 

in warm 10% potassium hydroxide solution for 30 minutes and ' 
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rinsed thoroughly in distilled water. It was then trans- 

ferred to 70% alcohol where the mouthparts were carefully 

dissected from the head capsule as appropriate. The 

various structures were dehydrated in 90ö alcohol for 15 

minutes followed by two rinses in absolute alcohol each of 

20 minutes. Specimens were either mounted in terpineol in 

the case of semipermanent preparations or canada balsam or 

euparal preceded by clearing in xylene for permanent prep- 

arations. Alternatively the head capsule was left in cold 

potassium hydroxide for 24-48 hours and then a similar 

procedure was adopted. 

For examination of the entire head capsule specimens 

were placed in solid glasses containing terpineol. The 

position of the tentorium was seen most clearly after the 

removal of the mouthparts and neck. A Nikon stereoscopic 

microscope was used to examine the specimens and drawings 

were made with the aid of camera lucida. 

3.3. Structure of the head capsule 

(Figs. 1,3,4,5 and 6) 

The head of A. domesticus is hypognathous with 

strongly sclerotized walls. It is attached to the 

prothorax by the neck membrane in which lie a number of 

cervical sclerites. 

In both sexes the anterior, lateral and posterior 

walls of the head form a capsule in which the scierites have 

largely undergone fusion. The posterior aperture of the 



Fig. 1. Anterior view of the head illustrating 

the position of the mouthparts. The 

dotted areas indicate membranous zones. 

Fig. 2. Mandibles in a closed position fron 

the posterior aspect. 
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head, or foramen, is connected by the neck membrane. 

Internally the head is strengthened by a tentorium (Fig. 4). 

The components of the head capsule of A. domesticus 

are the frons, clypeus, labrum, vertex, gena, subgena, 

occiput and postocciput. The vertex and the gena together 

make up the parietals referred to by Snodgrass (1935). 

The ecdysial or cleavage line extends from near the foramen 

on the midline of the dorsum of the head and bifurcates 

anteriorly to form an inverted 'Y'. The stem of the 'Y' 

is known as the coronal suture and the arms the frontal 

suture (Fig. 1). 

The head consists of an anterior bulging fronto- 

parietal region, and a smaller flat occipital region to 

which the neck membrane is attached. The frontoparietal 

region bears a pair of long, articulate antenna, two large 

compound eyes and three ocelli. The median ocellus is 

larger than the lateral ocelli (Fig. 1). 

The facial region is formed by the frons (Figs. 1 

and 3) which is a scierite limited proximally by the 

epistomal sulcus and laterally by the subocular sulcus. 

The clypeus and labrum together form the clypeo- 

labral lobe (Figs. 1 and 3) which is well sclerotized 

proximally where it is contiguous with the frons, distally 

it is a little more membranous. The posterior surface of 

the clypeolabrum is concave and fits closely over the 

posterior surface of the mandible. The clypeus is 



Fig. 3. Lateral view of the head capsule. 

Pig. 4. Posterior view of the head capsule 

showing the position of the tentoriun. 

Dark areas represent the foramen. 
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separated from the frons by the epistomal sulcus (Figs. 1 

and 3) which form a strong internal ridge (Snodgrass, 1962) 

and is developed laterally into the anterior tentorial arms. 

The origins of the arms are visible externally as slits, the 

anterior tentorial pits; in the epistomal sulcus, medial to 

the secondary anterior articulation of the mandible. The 

clypeus is partially divided by two lateral membranous 

clefts into a proximal postclypeus and a distal anteclypeus 
(Figs. 1 and 3). This condition of the'clypeus is similar 

to that described in Grylloblatta (Walker, 1933). The 

extreme lateral margins of the postclypeus are called the 

pleurostoma (Fig. 1), these provide the anterior articulation 

of the mandible. 

The labrum (Figs. 1 and -3) which forms an upper' lip 

to the preoral food cavity is a broad almost symmetrical, 

freely movable plate attached to the distal margin of the 

clypeus by a flexible transverse membrane. Its distal edge 

is notched somewhat to the right of the midline. Two less 

heavily pigmented strips divide the labrum incompletely into 

median and lateral areas and a transverse sulcus forms the 

ventral limit of a well defined rectangular area. In the 

lateral angle of the epipharyngeal wall, between the labrum 

and the clypeus, there are two small scierotized areas the 

tormae (Part 5, Fig. 4) to which the muscles of the labrum 

are attached. A crescentric ridge known as the intertorma 

is present on the epipharyngeal side between the tormae 
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(Part 5, Fig. 4). The relevance of these structures will 

be seen in a later section, since they serve as the site of 

insertion of the compressor of the labrum... In the labrum 

of the sand cricket, Stenopelmatus, Crampton (1930) 

considers the intertorma serves to distiriguish the anterior 

epipharyngeal region from the posterior epipharyngeal region. 

The lateral integument is deflected along its 

posterior edge to form an inner lining which extends 

posteriorly through the -labral and clypeal region and 

terminates at the mouth where it becomes continuous with 

the dorsal wall of the pharynx. The inner wall is the 

epipharyngeal wall which forms the roof. of the preoral 

cavity. The mouth. is at the level of the frontoclypeal 

sulcus. 

Two curved sclerotized bars divide the epipharyngeal 

surface into a median and two lateral areas (Part 5, Fig-4). 

The position of these is seen on-the outer surface of the 

labrum as the pigmented strips already described. These 

sclerotized bars are also found on the epipharyngeal surface 

of the locust (Marshall, 1947; Chapman, 1966 and Thomas, 

1966) and Rietschel (1953a) in his comprehensive study of 

the labram in immature G. domesticus refers to them as 

1Verstarkungsleiste'which means strengthening rods. Cook 

(1944)-terms the bars fimbriate strips. Their function 

appears to be a strengthening of the anterior part of the 

head capsule. 
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The parietals consist of two areas separated by 

the coronal suture. Anteriorly each parietal is bounded 

by the subocular sulcus, the frontal suture and the sub-. 

genal sulcus (Pigs. 1 and 3) and posteriorly by the occi- 

pital sulcus (Pig. 5). Each parietal therefore bears an 

antenna, a lateral ocellus. and a compound eye. The sub- 

gena is bounded by the subgenal sulcus which lies beneath 

the gena (Figs. 1 and 3). 

The dorsal and lateral walls of the head capsule 

curve posteriorly to form a horse shoe-shaped occiput or 

occipital arch. This lies between the occipital and post- 

occipital sulci (Figs. 5 and 6). It is divided dorsally 

by the posterior end of the coronal suture. The lateral 

areas of the occiput behind the genae are called the post- 

genae (Figs. 4,5 and 6). The post occipital sulcus-forms 

a strong internal ridge, the post occipital ridge (Pigs-4 

and 5). The-posterior arms of the tentorium arise from 

the ventral ends of the ridge and their points of invagina- 

tion are visible as long open slits, the posterior tentorial 

pits (Figs. 4 and 6). The maxilla articulates with the 

lower edge of the postgena below the ventral ends of the 

tentorial pit (Figs. 5 and 6). The posterior articulation 

of the mandible is with the ventral edge of the postgena 

(Fig. 6). The'post occiput bears an occipital condyle to 

which the first cervical sclerite is articulated (Figs. 4, 

5 and 6). The post occipital ridge gives rise to apodemes, 
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the lateral apodemes are better developed. and more prominent 

than the median one. In some specimens the median apodeme 

is completely reduced (Figs-4v 5 and 6). The muscles of 

the neck responsible for moving the head are attached to the 

lateral apodemes. The hypostomal sulcus extends from the 

mandibular articulation to. the posterior tentorial pit and 

cuts off a narrow marginal sclerite, the hypostoma from*the 

postgena (Fig. 6). The hypostoma is a little more than a 

marginal thickening of the head capsule and the hypostomal 

sulcus marks the position of an internal hypostomal ridge. 

The tentorium of certain Gryllidae, e. g. Gryllus 

capensis Oliv. has been described by Hudson (1945) as an 

x-shaped structure. The tentorium of A. domesticus 

appears to be similar. In this species it is thick, 

expanded anteriorly and is heavily sclerotized. The 

anterior arms are triangular and fan shaped and originate 

form the anterior tentorial pits. These pits are elongate 

slits lying on the subgenal and epistomal sulcus above the 

mandibular articulation (Fig. 1). The anterior arms (Fig-4) 

have heavy marginal sclerotization, they narrow and converge 

to meet the wide anterior end of the central body of the 

tentorium (Pig-4). Narula (1968) found the anterior arms 

in G. sigillatus had a similar shape. 

The dorsal arms are well developed (Fig-4), they 

arise as outgrowths of the anterior part of the body of the 

tentorium immediately below the region which receives the 



Fig. 5. Posterior view of the head capsule 

illustrating the mouthparts. 

Pig. 6. Posterior view of the head. 

Pig. 7. Anterior view of the antenna. 
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anterior arms. The dorsal arms of the tentorium are 

attached to the head capsule at the posterolateral angle 

of the antenna and they serve for the attachment of the 

antennal muscles. The body of the tentorium is broad 

anteriorly bat narrows towards the posterior tentorial 

bridge. The posterior tentorial pits in the lower part of 

the postoccipital sulcus give rise to the posterior tentorial 

arms (Pig-4). The arms are joined medially to form the 

posterior tentorial bridge (Figs. 4 and 6) and then coalesce 

with the body of the tentorium. The. posterior tentorial 

bridge strengthens the ventral ends of occipital foramen and 

also forms the posterior boundary of the tentorial body 

(Figs-4 and 6). 

The entire tentorium is very stout and well developed, 

it serves for the attachment of muscles of the antennae, the 

mouthparts and oesophagus. Its structure gives rise to four 

foramen; one the foramen magnum (Figs. 4 and 6) serves for 

the passage of the oesophagus and brain, the anterior 

foramen leads to epipharyngeal surface and the other two 

lateral foramens serve for the passage of the mandibular 

muscles. Due to its rigidity and texture it strengthens 

the head capsule to bear the strain imposed on the cuticle 

by the movement of the various mouthparts. Narula (1968) 

reports the presence of a well developed tentorium in G. 

sigillatus which appears to closely resemble that found in 

A. domesticus. 
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3.4 Structure of the head appendages 

3.4. a Mandible (Figs. 1,2 and 8) 

The mandibles are a pair of hollow, conical 

structures which are suspended ventrally from the pleurostoma 

by a triangular base. The mandible articulates anteriorly 

by means of a ginglymus, which is a depression that accommo- 

dates a projection formed by the pleurostoma. This 

articulation is referred to as the secondary anterior 

articulation of the mandible by Snodgrass (1935). Posterior- 

ly the mandible articulates by a prominent condyle with the 

facet formed jointly by the lower edge of the postgena and 

the lower edge of the hypostomal ridge. This is the primary 

cranial articulation of the mandible. 

The mesal margin of the mandible (Fig. 8b) is 

toothed and is differentiated into a proximal molar lobe and 

a distal incisor lobe. The molar lobe is a single struc- 

ture which has raised edges. The incisor lobe is composed 

of three teeth, the distal tooth is much sharper than the 

other two. The anterior surface of the mandible is slightly 

concave (Pig. 8c) whilst the posterior surface tends to be 

convex (Fig. 8a). The large adductor apodeme arises from 

the articular membrane at the mesal angle of the mandible, 

just behind the mouth. This apodeme lies in the cavity 

formed between the anterior and posterior arms of the 

tentorium. A small abductor apodeme arises from the 

articular membrane near the posterior articulation. The 

two mandibles are not symmetrical, although they interlock 



Fig. 8. Mandible a, (i) right, (ii) left, posterior 

view; b, (i) right, (ii) left, mesal view; 

c, (i) right, (ii) left anterior vier. 
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at rest (Fig. 2). The incisor lobe of the right mandible 

rests upon the space formed by the incisor lobe of the left 

mandible, whilst the molar lobe of the right mandible rests 

upon the cavities formed by similar lobes of the left 

mandible. A brush of fine hairs commonly called the 

prostheca arise from the anterior base of each mandible 

behind the molar area and the two brushes unite to form a 

screen beneath the mouth when the jaws are closed (Fig. 2). 

Apart from differences in symmetry the mandibles are 

similar in both sexes. 

3.4. b. Maxilla (Pigs. 5,9 and 10) 

Each maxilla consists of a cardo, stipes, galea, 

lacinia, palpifer and maxillary palp (Figs. 5,9a, b and 

11). - 
The proximal region of the cardo lies transversely 

and has a single articulation with the head capsule (Fig. 5). 

It consists of two portions, the subcardo and the alacardo 

(Figs. ga, b and 10). The alacardo is much smaller than 

the subcardo and is attached obliquely to the posterolateral 

margin of the latter. The sulcus between these regions is 

distinct on the posterior side (Pig. 10). The surface of 

the cardo is provided with a number of sensory hairs. 

The proximal end of the stipes is attached at 

right angle to the cardo and has two points of articulation 

with the cardo; one on the subcardo and the other one on 

the alacardo. It is large, distinctly sclerotized on the 



Fig. 9. Maxilla a, posterior view of left maxilla; 

b, anterior view of the left maxilla. 
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posterior aspect (Pigs. 9a and 10), and somewhat less 

sclerotized and membranous on the anterior side (Fig. 9b). 

The cardo and stipes are attached posteriorlyto the head 

by a membrane called the labacoria (Figs. 9a and 10) and 

anteriorly (Fig. 9b) by another membrane called the maxa- 

coria (Yuasa, 1920); their single cavity thus communicates 

with the cranial cavity. 

The stipes, on its posterior side, bears two long- 

itudinal sulci (Pigs. 9a and 10) thus dividing its area into 

three regions. Some of the muscles of the maxilla origin- 

ate from these sulci. The palpifer, which is a small 

sclerite near the distolateral part of the stipes, is 

separated from the stipes by a weakly sclerotized area 
(Fig. 10) . 

The maxillary palp is cylindrical in section and 

consists of five segments, it arises from the palpifer 

(Figs. 9a, b and 10). The proximal palp segment is small 

with only its distal portion well sclerotized. The second 

segment is longer than the first, whilst the third to fifth 

segments are mere or less-similar in length, though somewhat 

longer than the first two. The terminal segment is broader 

at its distal end. The segments are connected to each 

other by intersegmental membrane. Both the anterior and 

posterior surfaces of all segments of the maxillary palp 

are richly supplied with sense organs. These will be dis- 

cussed in detail in Part 5. 



Fig. 10. Detail of right maxilla from posterior 

aspect. 
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The gales is two segmented. It is attached to 

the distal margin of the stipes (Fig. 9b). The proximal 

part of the galea, the proxagalea, is short, transverse and 

subcylindrical and its distal margin is marked posteriorly. 

by a sclerotized chitinous sulcus and anteriorly by a fold. 

The distagalea, which is the second segment of the galea, 

is much longer (Figs. 9b and 10). It is hood shaped and 

overlaps the distal part, of the lacinia. The distal end 

of the distagalea is slightly membranous and is provided 

with minute setae. This subdivision of the gales into two 

segments has also been recorded in G. sigillatus (Narula, 

1968). 

The lacinia is hook shaped, depressed, chitinized 

and dentate and articulates with the stipes (Figs. 9a, b 

and 10). The sulcus between the lacinia and the stipes is 

obsolete on the anterior aspect (Fig. 9b) but distinct and 

complete posteriorly (Figs. 9a and 10). The distal end of 

the lacinia bears sclerotized teeth on its mesal margin. 

The two maxadentes are sharp, curved and strongly sclero- 

tized (Figs. 9a and 10). The single hamaden is less 

sclerotized than the maxadentes. It is located proximal 

to the maxadentes. A number of setae, lacinarastrae are 

prominently developed on the mesal margin but will be 

discussed in detail in Part 5. 
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3.4. c. labium (Figs. 5,11 and 12) 

The labium or lower lip consists of the submentum, 

mentum and prementum and the ligula which includes the 

stipulae, glossae, paraglossae, palpiger and labial palp. 

The submentum (Figs. 5,11 and 12a) is the large 

basal sclerite of the labium and is subquadrate, being 

wider than long. It is attached basally to the membranous 

cuticle at the junction of the neck and the posterior part 

of the head capsule (Pig. 5). The proximal margin of the 

submentum is transversally emarginate and is continuous 

with the membrane, called the microcoria (Fig. 12a) which 

joins the head capsule (Yuasa, 1920). The lateral margins 

of the submentum are folded over on to the anterior aspect 

and form the lateral lobes, the margins of which are 

continuous with the membrane of the maxilla, the labacoria 

(Pig. 12a). The submentum is attached proximally to the 

cranium and its proximal angles (Figs. 11 and 12a) are 

associated with the postgena adjacent to the posterior 

tentorial pits. 

The mentum is much smaller and narrower than the 

I 

submentum (Figs. 5,11 and 12a). The distal portion is 

lightly sclerotized. The sulcus between the mentum and 

submentum is distinct: On the sclerotized middle and 

distal lateral regions of the mentum there are numerous 

sensilla. The mentum and submentum should be regarded as 

the subdivisions of a single sclerite, the postmentum 



Fig. 11, Posterior view of the labium. 
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(Chapman, 1975). 

The prementum articulates with the mentum (Figs. 11 

and 12a). At its base two subquadrate transverse stipulae 

can be seen. Two small sclerites, the palpigers are cut 

off from the lateral sides of the prementum and each bears 

a three segmented labial paip (Figs. 11 and 12a). Near to 

the palpiger the prementum is slightly more sclerotized, 

this sclerotization forming a hook like structure. The 

sulcus which separates each stipula from the glossa and 

paraglossa is incomplete. Distally the prementum bears 

two pairs of appendicular lobes, the inner one the glossae 

and the outer one the paraglossae (Figs. 11,13a and b). 

Each glossa is a pointed, elongate, triangular appendage, 

obliquely attached to the mesoposterior margin of the 

stipula, its mesal surface is called the mesarina (Fig. 11). 

The distal end of the glossa is covered with hairs (Fig. 12a 

and b). The presence of stipulae and mesarina has 

previously been mentioned in Gryllidae by Yuasa (1920). 

The paraglossae (Fig. 12b) are much larger than the glossae 

and are thicker and slightly folded mesally. The anterior 

part of each paraglossa is less concave than the posterior 

part and overlaps the glossa to a lesser extent. 

The labial paip (Figs. 11 and 12a) is composed of 

three segments of which the basal segment is the smallest. 

The distal segment is long, cylindrical and has a hemi- 

spherical tip covered with minute sensilla. 



Fig. 12. " Labium a, posterior view; b, detail of 

the glossa and paraglossa from the 

posterior aspect. 
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3-4. d. Hypopharynx (Fig. 13) 

The hypopharynx is an elongate tongue-like lobe 

which *fills most of the roof of the preoral food cavity and 

lies between the clypeolabrum and labium. It is a thick 

structure with a long base and a broadly triangular profile, 

the posterior surface is much shorter than the oral surface. 

Viewed from the posterior side (Fig. 13d) it appears broad- 

est near the apex and narrowest at the base, while from the 

anterior surface (Fig. 13a) it is almost parallel sided. 

The apical region includes part of the posterior and anterior 

or oral surface and is membranous and much folded in a 

retracted state. The folded structure can be expanded by 

blood pressure to form a biloped rostrum (Fig. 13c). The 

rostrum is provided anterolaterally with a finely branched 

system of pseudotracheae which lead into a pair of efferent 

ducts (Fig. 13c). The-efferent ducts open on the anterior 

side of the hypopharynx (Fig. 13a and c). Rietschel 

(1953a) has considered the detailed arrangement of the 

pseudotracheae. The posterior surface of the hypopharynx 

(Fig. 13d) is partially covered by a pair of thinly sclero- 

tized lobes which are posterior expansions of the lateral 

bars. The lobes converge towards the base of the hypo- 

pharynx at an acute angle meeting the narrow salivary cup 

which "receives the salivary ducts. The anterior surface 

bears laterally a pair of scierotized bars (Fig. 13a and 

b). The most prominent sclerotizations are the suspensor- 

ial sclerites on the anterior surface. Each suspensorial 



Fig. 13. Hypopharynx a, anterior view; b, lateral 

view showing the pseudotracheae; 

c, detail of the pseudotracheae and 

efferent duct - anterior view; d, posterior 

view showing salivary duct. 
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sclerite bifurcates into two arms each side of the long- 

itudinal bar and the transverse bar. These sclerotizations 

may be referred to as the suspensorium. The hypopharyn- 

geal mandibular muscles are inserted on these bars. The 

proximal part of the hypopharynx extends upwards and leads 

into the mouth where it forms the floor of the pharynx as 

a Y-shaped depression. Rietschel (1953a) divides the 

anterior surface of the hypopharynx into three areas (wl, 

w2 and w3). The first portion lies between the efferent 

ducts. The second or the middle region lies between the 

suspensorial sclerites and this area is covered with hairs. 

The third region occupies the space between the proximal 

suspensorial scierites. 

3.4. e. Antenna (Fig. 7) 

The antennae are born on the frons, just mesal to 

the compound eye. Each antenna consists of two large basal 

sclerites, the scape and the pedicel and a varying number of 

tapering annuli forming the flagellum. The scape is 

articulated to the rim of the antennal, socket by an articu- 

latory membrane (Fig. 7). Narula (1968) mentions the 

presence of this membrane in the antenna of G. sigillatus 

and terms it the antacoriumo The basal segment, the scape, 

is much larger than the pedicel. It is anteroposteriorly 

compressed and its lateral edges abut against the rim of the 

socket so that the horizontal movement is possible. The 

antennal sulcus has a thickened portion which forms the 



-57- 

antennal sclerite. A small pivotal 

articulatory membrane is united with 

the base of the scape. The second ; 

is called the pedicel. The pedicel 

the scape and it is subcylindrical. 

sclerite in the 

the lateral edge of 

segment of the antenna 

is smaller in size than 

Movement of the 

pedicel is not restricted and it can move in the vertical as 

well as in the horizontal plane. Distally the pedicel 

bears the flagellum, which consists of a large number of 

short, cylindrical rings, each slightly recessed into the 

one behind and, united with it by a narrow membrane. This 

arrangement gives complete flexibility to the flagellum. 

Imms (1940) refers to the flagel]ar segments as flagello- 

meres and considers them to be distinct from true antennal 

segments. 
3.5 Structure of the Cervix (Figs. 14 

and 15) 

The head is drawn back into the neck shield at 

rest. Dorsally it may be completely withdrawn, whilst 

ventrally the neck membrane is still visible. The neck 

membrane is soft and there are three folds (Fig. 14) 

allowing the head considerable freedom of movemeht. Dor- 

sally the membrane is restricted to a narrow strip and only 

becomes wider ventrally to form the throat membrane. Vent- 

rally it is often referred to as the throat plate since it 

bears numerous chitinous plates or neck sclerites. 

The neck scierites are named according to their 



,. 
Fig. 14. Ventral view of the neck plates. 
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position. Sclerites present on the dorsal membrane are 

called intertergites, on the ventral side intersternites, 

whilst laterally they are termed interpleurites. Most of 
the sclerites are paired structures. The largest pair of 

sclerites is an interpleurite 'a' (Fig. 14) to which 

numerous muscles are attached. Interpleurite 'at is an 

irregularly shaped curved sclerite which is posteriorly 
broad. The hind corner of the sclerite is bent inwards 

and approaches the coxa of the fore leg. The front part 

tit of this interpleurite touches the head sclerites and is 

the main point of articulation between the head and the neck 
(Fig. 15). Towards the hind-line there is another much 

smaller sclerite 'e'. Just anterior to this intersternite 

the neck membrane is folded. The remainder of the sclerites 

are rather different from 'a' and 5e', since they are less 

sclerotized and are mostly without muscle attachments. Near 

to the anterior edge of interpleurite 'a' there is a median 

intersternite 'f' which is situated on the ventral median 

line. To the side of this plate is a small pair of oval 

intersternites 'g'. Posterior to these sclerites, there is 

the first fold of the neck membrane. Between the first and 

second folds lie two pairs of sclerites; the oval inter- 

sternites 'b' closely approximated to the mid line and more 

laterally a pair of small sclerites 'h' terminates near the 

interpleurite 'i'. The second and third neck folds diverge 

laterally to accommodate the large interpleurite 'a'. The 



Fig. 15. 'Dorsolateral view of the head and 

neck plates. 
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median intersternite 'm' is situated behind the third fold 

in the mid ventral position (Fig. 14). On the narrow 

dorsal neck membrane there are two pairs of intertergites 

'c' and 'd'. Intertergite 'c' (Fig. 15) lies close to the 

dorsal part of interpleurite 'a' whilst the second inter- 

tergite 'd' is near to the. dorsal mid line (Fig. 15). 
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Abbreviations used in figures of the head capsule and its 

appendages (all drams of adult females) 

Aclp 

AL 

AF 

Ads 

AM 

Ant 

AntS 

ASc 

AT 

a, i 

ad ap 

ab d ap 

al 

as 

at 

at 

alt 

attt 

a tIIP 

b, e, f,, g, h = 

Cerv 

Cd. 

Clp = 

Anteclypeus 

Lateral apodeme 

Anterior. foramen 

Adoral surface of the hypopharynx 

Median apodeme 

Antenna 

Antennal socket 

Antennal sclerite 

Anterior tentorial arm 

Interpleurites of the neck 

Adductor apodeme 

Abductor apodeme 

Alacardo 

Antennal sulcus 

Anterior tentorial pit 

Primary cranial articulation of the mandible 

Primary cranial articulation of the maxilla 

Primary cranial articulation of the labium 

Point of attachment of the submentum with 
the cranium 

Intersternites of the neck 

Cervix or neck 

Cardo 

Clypeus 
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c, d = Intertergites of the neck 

c= Secondary anterior articulation of the 
mandible 

es = Coronal suture 

cst = Coxosternite (Part 4) 

DT = Dorsal tentorial arm 

dg = Distagalea 

dm = Dorsal mid line 

E= C omp ound eye 

es = Epistomal sulcus 

efd = Efferent duct of the hypopharynx 

Pi = Flagellum 

Pr = Frons 

For = " 
Foramen magnum 

fl = Membranous lobes on the posterior side 
of the hypopharynx 

fs = Frontal suture 

Ga = Galea 

Ge = Gena 

G1 = Glossa 

Hphy = Hypopharynx 

H= Head 

Hs = Suspensorial sclerites of the hypopharynx 

Hst = Hypostoma 

h= Hamaden 

hs = Hypostomal sulcus 

hk = Hook shaped sclerite on the prementum 
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Ins = Incisor 

int = Intertorma (Part 5, Fig. 4) 

Z= Left side 

Lb = Labium 

LbPlp = Labial palp 

Lc = Lacinia 

LP = Lateral foramen 

Zm = Labrum 

lb = Longitudinal bar of the suspensorial 
scierite 

lc = Labacoria 

lo = Lateral ocellus 

Md Mandible 

Mt = Mentum 

MxPlp = Maxillary palp 

ma = Microcoria 

me = Maxacoria 

mo = Median ocellus 

mol = Molar 

mr = Mesarina 

ms = Maxadentes 

n= Basal articulation of the scape with the 
antennal socket 

0= Ocelli 

Oc = Occiput 

OSc = Ocular sclerite 

occ = Occipital condyle 

ocs = Occipital sulcus 
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os = Ocular sulcus 

PT = Posterior tentorial arm 

PTB = Posterior tentorial bridge 

Pcip = Postclypeus 

Pdc = Pedicel 

Pge :_ " Postgena 

Pgi = Paraglossa 

Pig = Palpiger 

Plf = Palpifer 

Plst = Pleurostoma" 

Poc = Postocciput 

PoR = Post occipital ridge 

Print = Prementum 

Prtl = Parietal 

Psud = Pseudotrachae 

Pip = Palp 

pos = Post occipital sulcus 

pg = Proxagalea 

pt _ Posterior tentorial pit 

pth = Prostheca 

q= Longitudinal sulcus on the stipes, 

R= Right side 

rs Lacinarstrae 

Sc = Scape 

Sld = Salivary duct 

St = Stipes 

Sint = Submentum 
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sa 

sge 

sgs 

SOB 

sp 

st 

TB 

Tb 

Tnt 

t 

tor 

Vx 

VL 

vm 

w 

w1 , w2, w3 = 

1,11,111 = 

Subcardo 

Subgena 

Subgenal sulcus 

Subocular sulcus 

Stipula 

Presternum of the prothorax"(Part 4, Fig. ) 

Tentorial body 

Transverse bar of the suspensorial sclerite 

Tentorium 

Longitudinal sulcus on the stipes 

Torma (Part 5, Fig. 4) 

Vertex 

Strengthening ridge or sclerotized bar 
(Verstärkungsleiste) in Part 5, Fig. 4 

Ventral median line 

Basal sclerite on the hypopharynx 

Areas of swelling on the anterior or 
adoral surface of the hypopharynx 

Folds of the neck 
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PART 4 

MUSCULATURE OF THE READ CAPSULE 

AND ITS APPENDAGES 
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4.1 Introduction 

The aim of this section is to completely describe 

the musculature of the head capsule and appendages. Both 

intrinsic and extrinsic muscles have been investigated. 

In the Gryllidae there have been only a few studies of 

musculature e. g. Duporte (1920) described the musculature of 

G. assimilis and Narula (1974) that of G. sigillatus. The 

musculature of other representatives of the Orthopteroid 

orders have been investigated by Snodgrass (1928,1935), 

Imms (1937), Misra (1946) and Khattar (1964). 

. Voss (1905) described the musculature of the thorax 

of Gryllus but did not include the detail of the muscles of 

the neck. In the present work-the muscles of the neck have 

been fully discussed since these are responsible for the 

movements of the whole head capsule. 

In naming the muscles of the head, terms descriptive 

of their function have been employed. In each case the 

function of the muscle has been assessed by mechanical mani- 

pulation.. The terminology of Duporte (1920), Snodgrass 

(1935), Khattar (1964) and Narula (1974) has been used where 

relevant. In the figures the muscles are given numbers for 

clarity and a key to these is given on page 138- Important 

features of difference with other Orthoptera are discussed 

in the section appropriate to a particular muscle. This 

approach was adopted for clarity. 

In describing the muscles of the stomodaeum the 
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terms dorsal and ventral are used. These refer to the 

upper and lower surface of the stomodaeum respectively, 

when the dissection is performed from the dorsal surface of 

the head. For the tentorium, the term anterior denotes 

the upper surface of the tentorial body which touches the 

ventral muscles of the stomodaeum while the posterior 

surface represents the lower surface of the tentorial body 

where some extrinsic muscles of the mouthparts originate. 

4.2 Materials and methods 

Freshly killed adult females were used for study. 

The head and part of the thorax was severed from the rest 

of the body and fixed in 70% alcoholic Bouin's fluid for 

24-48 hours. Specimens were washed in 70% alcohol and 

appropriate dissections were performed. All dissections 

were carried out in cavity blocks containing 5-8mm of 

paraffin wax. Fine entomological pins mounted on match 

sticks were found to be invaluable in these delicate dissec- 

tions. 

Each muscle was traced from its origin to point of 

insertion, and drawn accurately. Specimens, anaesthetised 

in chloroform, were used in the assessment of the function 

of individual muscles. Careful manipulation of the muscle 

using fine forceps proved to be a satisfactory method in 

most cases. 



Fig. A. uuscles of the clypeolabrüm shown from 

the anterior side. 
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4.3 Muscles of the Clypeolabrum (Figs. 1, 

2and3) 

Extrinsic muscles 

Abductors of the labrum (Muscle'1) 

These are a pair of contiguous muscles which are 

straight with parallel fibres. They arise from the frons 

just below the median ocellus and pass ventrally one on 

either side of the median line. These muscles are inserted 

in the centre of the base of the labrum (Figs. 1,2b and 3). 

They help to lift the labrum and are comparable to the 

abductors of the labium described in G. assimilis (Duporte, 

1920) and G. sigillatus (Narula, 1974). 

First adductor of the labrum (Muscle 2) 

These are a pair of two headed muscles, the heads 

are widely separated in their place of origin but converge 

to be inserted on the tormae by small tendons (Figs. 1, 

2a, b and 3). 

The outer head or first adductor muscle (Muscle 2a) 

originates from the frons near the proximal inner angle of 

the base of the antennal. socket. It is inserted on the 

lateral end of the tormae (Fig. 1). The inner head or 

adductor muscle (Muscle 2b) originates from the frons (Pig. 

2a) adjacent to the origin of the abductor muscle of the 

labrum (Muscle 1) and lies beside it for some distance (Figs. 

2b"and 3). It is inserted on the lateral end of the tormae 

(Fig. 1) where it meets the outermost bundle of the adductor 



Fig. 2. Longitudinal section, to the side of the 

midline, through the labrum, clypeus and 

part of the frons. a, some muscles of 

the clypeolabrum; b, some muscles of the 

labrum and hypopharynx. 
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muscle (Muscle 2a). It is apparent that the first and 

second adductors (Muscle 2a, 2b) have a common place of 

insertion on the lateral end of the tormae and are inserted 

by a small tendon; they separate afterwards to different 

places of origin. Narula (1974) considers this muscle to 

be composed of three heads in G. sigillatus. 

Second adductor of the labrum (Muscle 3) 

This is the bulkiest muscle of the labrum and lies 

beneath the two heads of the first adductor muscle of the 

labrum and occupies most of the clypeal area (Pigs. 1,2b 

and 3). The lateral fibres touch the lateral sides of the 

clypeus near to its point of separation into ante and post 

clypeus. The innermost bundles lie below the adductor of 

the labrum (Muscle 2b) and its edges originate from the 

lateral side of the groove (inverted Y), where the cibarial 

muscles (Muscle 43) are inserted. 

The uppermost portion of the muscle arises from the 

epistomal sulcus and spreads out towards the anterior tent- 

orial arm. These muscles are inserted on the proximal 

portion of the sclerotized bar which lies on the epipharyngeal 

surface (Fig. 1)o 

The second adductor of the labrum is comparable to 

the third adductor described by Berlese (1909) in Acridium 

lineola. This arises from the epistomal ridge and is 

inserted on the clypeolabral ridge between the anterior and 

pofterior retractors of the labrum. 



Fig. 3. Longitudinal section through the head. 
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Intrinsic muscles 

Median compressor of the labrum (Muscle 4) 

The median compressor of the labrum arises in the 

form of pairs of bundles from the anterior wall of the 

labrum just below the clypeolabral sulcus. These are 

directed towards the epipharyngeal surface (Fig. 2b). In 

some specimens three to four bundles arise from the anterior 

wall of the labrum. The basal bundle is inserted on the 

intertorma (Fig. 1) and the second and third to the side of 

the Y-shaped groove. In other specimens a group of two or 

three pairs of muscles occur between the median portion of 

the labrum in the rectangular area demarcated by the sclero- 

tized bars-(Pigs. 2a and 3). ' The contraction of these 

muscles brings about a widening of the cibarium in the labral 

region by the stretching of the epipharyngeal membrane. 

There appears to be a considerable similarity with 

other species previously examined (e. g. Duporte, 1920, 

Khattar, 1964 and Narula 1974). 

The dilator of the cibarium (Muscle "42) and the 

first anterior dilator of the buccal cavity (Muscle 43), 

(Figs. 2a and 3) will be discussed in detail in the section 

describing the muscles of the cibarium. 

4.4 Muscles of the appendages of the head 

capsule 

4.4, a. Mandible (Figs. 3,4,7,10 and 14). 

The musculature of the mandible is well developed 

Nvith four extrinsic muscles. 



Fig. 4. Muscles of the mandible, part of the 

posterior side of the left mandible has., 

been removed to show the extrinsic muscles. 
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Extrinsic muscles 

Adductor of the mandible (Muscle 5) 

This is an extensive complex muscle with many 

bundles fixed to the mandible by means of an adductor 

apodeme near to its anterior point of articulation with the 

head (Fig. 4). The adductor apodeme passes through the 

foramen formed by the junction of the anterior tentorial arm, 

dorsal tentorial arm and the tentorial body and enters the 

vertex as an adductor muscle. - The base of this muscle 

spreads dorsally to the upper inner margin of the eye and 

touches the upper side of the brain, towards the middle of 

the head near the vertex (Fig. 14). Posteriorly it lies 

against the dorsal part of the occipital sulcus. The 

adductors of the right and left mandible run close together 

on their mesal side and are positioned on either side of the 

coronal suture. Their contraction draws the mandibles 

towards each other so that they meet in the mid-line. 

Abductor of the mandible (Muscle 6) 

This is a much smaller muscle than the adductor of 

the mandible (Fig. 4). - It is attached to the outer angle 

of the mandible by a narrow apodeme, the abductor apodeme. 

It originates on the posterolateral margin of the vertex by 

a relatively narrow base. 

The contraction of this muscle brings about the 

outward movement of the mandible. This muscle is compar- 

able to the abductor of the mandible of G. sigillatus 
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(Narula, 1974) and G. assimilis, (Duporte, 1920). 

Tentorial adductor of the mandible (Muscle 7) 

This is a small, short and simple muscle with only 
a few fibres (Figs. "3 and 4). It originates from the 

middle of the lower side of the anterior'tentorial arm 
(Figs. 3 and 10) and is inserted on the posterior wall of the 

mandible (Fig. 4) . 
Snodgrass (1935) mentions this muscle but does not 

suggest its function. In G. sigillatus the muscle appears 
to be rather similar to that just described, whilst in other 
Orthoptera it assumes a rather different form. For example 
Khattar (1964) describes the muscle as very short in 

Schizodactylus whilst Berlese (1909), Snodgrass (1928), 

Misra (1946) and Imms (1951) do not mention the presence of 

this muscle in the various Orthoptera they studied. Its 

function seems to be an inward movement of the mandible 

accompanied by a slight backward movement. 

ypopharyngeal adductor of the mandible (Muscle 8) 

This is a stout muscle which is inserted near to 

the proximal suspensorial sclerite of the longitudinal bar 

of the hypopharynx (Fig. 7). Its origin is on the outer 

Nvall of the mandible (Pig. 4) from where it passes horizont- 

ally across-the cavity of the mandible through the mesal 

angle of the mandible to its point of insertion. 

The contraction of this muscle draws the mandible 

towards the midline. This muscle presents one of the most 
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interesting features of the entire head musculature since 

it is both variable in occurrence and in its site of 

insertion. Consequently this matter has been reserved for 

more detailed treatment in the general discussion (Page 

4.4. b. Maxilla (Fig. 5) 

The musculature of the maxilla is complex with a 

number of both extrinsic and intrinsic muscles. 

Extrinsic muscles 

Protractor of the maxilla (Muscle 9) 

This is a triangular muscle originating on the gena 

and postgena near the origin of the abductor of the mandible 

(Muscle 6). - It is inserted by means' of a tendon or apodeme, 

at the upper mesal angle of the disticardo (Fig. 5a), near 

its junction with the basicardo and lies outside the articu- 

latory angle of the maxilla with the head. The outer edge 

of this muscle touches the occipital sulcus and its origin 

spreads transversally over the gena. The contraction of 

this muscle raises the base of the maxilla at its outer 

angle and thus moves the maxilla outwards. 

The muscle has received a varied terminology from 

different authors. In G. sigillatus it is referred to as 

the protractor of the cardo, whilst Duporte (1920) prefers 

the abductor. Snodgrass (1935) considers the muscle to be 

an anterior rotator of the maxilla and Khattar (1964) names 

it the promotor of the cardo in Schizodactylu. 



Fig'. 5. Muscles of the maxilla: a, from the 

anterior side; b, some muscles of the 

galea and lacinia; c, muscles of the 

palpifer. 
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Adductors of the cardo (Muscle 10,10a) 

The adductors of the cardo arise from the middle 

of the lower side of the tentorial body. The muscles are 

composed of two bundles which have a common origin although 

they diverge slightly at their place of insertion. The 

first adductor of the cardo (Muscle 10) is long, thick and 

has parallel fibres; it is inserted upon the sulcus between 

the first and second lobe of the cardo towards the centre 

(Fig. 5a). The second adductor (Muscle 10a) is similar to 

the first and is inserted on the cardostipital sulcus almost 

in the middle or sometimes the outer angle of the second lobe 

of the cardo (the disticardo and stipial sulcus). This 

muscle has'no tendon and is formed of parallel muscle fibres 

and is therefore of equal thickness throughout its length 

(Fig. 5a). The contraction of this muscle pulls the maxilla 

inward. 

In G. sigillatus, Narula (1974) reports the presence 

of similar muscle, although Duporte (1920) considers these as 

separate muscles in G. assimilis. 

Adductor of the stipes (Muscle 11) 

The adductor of the stipes (Muscle 11) is a strong 

muscle formed of several muscle bundles with parallel fibres 

(Fig. 5a). It originates from the posterior side of the 

middle part of the tentorial body and is inserted on a flat 

elongated apodemal surface (the parastipial ridge) along the 

inner edge of the posterior wall of the stipes. This 
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appears behind the flexor of the lacinia (Muscle 13) in 

Fig. 5a. Duporte (1920) calls this muscle the flexor of 

the stipes in G. assimilis whilst Khattar (1964) and Narula 

(1974) describe it as the adductor of the maxilla in 

S. monstrosus and G. sigillatus respectively. 

The adductor of the stipes and the adductor of the 

cardo when working together are capable of exerting a 

considerable force so that the maxilla is moved towards the 

midline. 

Cranial flexor of the lacinia (Muscle 12) 

This is the longest and slenderest of all the extrin- 

sic muscles of the maxilla. It arises near the base of the 

protractor of the maxilla (Pig. 5a) but mesal to it for a 

short distance it stretches along the protractor of the 

cardo (Muscle 9) and then passes downwards anterior to the 

adductors of the cardo and stipes. It is inserted on the 

base of the lacinia towards the mesal side together with the 

flexor of the lacinia (Muscle 13). A similar muscle has 

been recorded in G. sigillatus (Narula, 1974) and Schizo- 

dactylus (Khattar, 1964). 

Intrinsic muscles 

Flexor of the lacinia (Muscle 13) 

This is short, stout muscle which arises by a broad 

base along the proximal outer angle of the stipes and 

extends inwards over half the width of the stipes (Fig. 5a). 

The muscle then passes diagonally across the stipes and 
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gradually becomes much narrower towards its insertion, via 

a short tendon, on the inner region of the base of the 

lacinia (Fig. 5a and b). The contraction of this muscle 
bends the lacinia inwards. 

Flexor of the gales (Muscle 14) 

This is a long muscle with parallel fibres and is 

of uniform width throughout its length (Fig. 5a and b). 

It arises from the proximal, mesal edge of the stipes. 

The muscle passes downwards posterior to the flexor of the 

lacinia (Muscle 13) which lies diagonally across it (Fig. 5b). 

It is inserted on the anterior side of the base of the distal 

segment of the galea. A similar origin and insertion of 

this muscle has been recorded in G. assimilis and Schizo- 

dactylus (Düporte, 1920 and Khattar, 1964 respectively). 

The contraction of the flexor of, the gales apparently bends 

the galea forwards and inwards. 

Levator of the maxillary palp (Muscle 15)_ 

The five segmented maxillary paip has two muscles 

attached at its base and which lie within the stipes (Fig. 5a 

and c) . These are responsible for the movement of the palpus. 

One of these, the levator of the maxillary palp (Muscle 15) 

is a short, thick muscle with two unequal branches (Fig. 5c) 

which originate from the posterior surface of the stipes 

along the longitudinal sulcus (Fig. 5c). The two branches 

cross the palpifer and are inserted at a common point on the 

posterolateral surface of the base of the first segment of 
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the maxillary palp (Fig. 5a and c). The contraction of 

this muscle moves the maxillary palp outwards. The 

levator muscle is homologous to the extensor muscle of the 

maxillary palp in G. assimilis (Duporte, 1920) and G. 

sigillatus (Narula, 1974), but in these species it is record- 

ed as a single muscle whilst in Schizodactylus (Khattar, 1964) 

the muscle is two branched. 

Depressor of the maxillary pale (Muscle 16) 

This is a small muscle which is slightly thinner and 

shorter than the levator of the maxillary palp (Muscle 15). 

It also originates from the stipes in the middle of the 

longitudinal sulcus 't'. like the levator muscle (Muscle 

15) it also crosses the palpifer and is inserted on the 

anterolateral surface of the base of the first maxillary palp 

segment (Fig. 5a and c). The contraction of this depressor 

muscle bends the palp inwards. 

Levator of the first pale segment (Muscle 17) 

This is a short muscle which has its origin on the 

proximal margin of the first p alp segment (Fig. 5a). It 

is inserted on the posterolateral surface of the base of the 

second paip segment. The contraction of this muscle assists 

in lifting the maxillary palp. 

Depressor of the first palp segment (Muscle 18) 

This is also a short, simple muscle like the levator 

muscle (Muscle 17). It has a similar site of origin on the 

proximal part of the first palp segment (Fig. 5a). It is 
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inserted on the anterolateral surface of the base of the 

second palp segment. The contraction of this muscle 

contributes to the bending inwards of the maxillary paip. 

Levator of the second palp segment (Muscle 19). 

This is a longer muscle and originates from the mid 

or distal portion of the first palp segment (Fig. 5a). It 

crosses the whole length of the second palp segment and is 

inserted on the posterolateral side of the base of the third 

palp segment. The contraction of this muscle lifts this 

segment and contributes to the outward movement of the whole 

paip. 

Levator of the third palp segment (Muscle 20) 

This muscle is slightly longer than the muscle of 

the second palp segment (Muscle 19). It is spindle shaped 

and tapers to its site of origin on the proximal part of the 

third palp segment (Fig. 5a) and again to its insertion on 

the anterolateral surface of the base of 
, 
the fourth palp 

segment. The contraction of this muscle has a similar role 

to the levator of the second palp segment. 

Flexor of the fourth palp segment (Muscle 21) 

Like the levator. muscle of the third palp segment 

(Muscle 20), the flexor muscle (Muscle 21) also originates 

from the proximal part-of the palp segment but in this case 

the fourth segment. It is again spindle shaped and is 

inserted on the anterolateral part of the base of the fifth 

p alp segment (Pig. 5a). The contraction of this muscle 
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bends the fifth palp segment inwards and it also flexes the 

fourth palp segment. 

It has been demonstrated that the movement of the 

palp as a whole is due to the muscles of the maxillary palp 

(Muscle 15,16) in addition to the muscles of the individual 

segments. Narula (1974) calls the muscles of the palpifer 

as extensor and flexor in G. sigillatus. 

4-4-c- Labium (Figs. 6 and 14) 

The musculature of the labium is shown in Fig. 6 

and consists of both extrinsic and intrinsic muscles 

arranged in pairs. 

Extrinsic muscles 

Adductor of the labium (Muscle 22) 

This is a very long, slender muscle (Fig. 6) which 

arises on the lateral, posterior edge of the postoccipital 

ridge close to the posterior tentorial pit. The origin is 

close to that of the retractor of the hypopharynx. This 

muscle passes over the tentorial bridge (Fig. 14), crosses 

the submentum, mentum, prementum and is inserted on the 

distal part of the prementum at the base of the outer side 

of the paraglossa (Fig. 6). In G. assimilis (Duporte, 

1920) and G. sigillatus (Narula, 1974) the origin of this 

muscle is rather different being from the base of the central 

plate of the tentorium. A. domesticus, however, resembles 

Schizodactylus (Rhattar, 1964) in the site of the origin of 

this muscle. The contraction of this muscle lifts the 



Fig. 6. Muscles of the labium from an anterior 

aspect. 
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prementum, in such a way that the whole labium is curved 

forwards. 

Abductor of the labium (Muscle 23) 

The abductor of the labium (Muscle 23) is a 

straight parallel fibred muscle which lies posterior to the 

adductor, of the labium (Muscle 22). It arises from the 

tubercle which lies on the lower edge of the tentorial bridge. 

It is inserted directly on the outer angle of the base of the 

prementum (Fig. 6). It can be demonstrated that this muscle 
is responsible for lifting the prementum and work in conjunc- 

tion with adductor of the labium (Muscle 22) to bend the 

labium innards ana towards the other mouthparts. 

Intrinsic muscles 

The intrinsic muscles include the median muscles of 
the prementum, the muscles of the ligula and the labial palp. 
Median retractor of the labium (Muscle 24) 

These retractors are parallel fibred muscles 

contiguous at their origin in the mid region of the submentum 

(Pig. 6). They diverge as they approach the mentum and are 

inserted on the base of the prementum some distance apart. 

The median retractor of the labium draws the prementum 

upwards. 

The muscle has been referred to in a variety of ways; 

as the adductor of the labium in G. assimilis (Duporte, 1920), 

the flexor of the labium (Snodgrass, 1935) or the anterior 

retractor of the prementunm (Narula, 1974). 
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Adductor of the glossa (Muscle 25) 

This is a pair of short muscles which originate by 

a broad base on the proximal margin of the prementum (Fig. 6). 

They pass diagonally and are inserted at the base of the 

glossa just below the insertion of the median retractor of 

the labium (Muscle 24). The adductor of the glossa (Muscle 

25) working in conjunction with the adductor of the paraglossa 

seem to move these structures backwards and forwards but the 

glossa does not move independently. 

Adductor of the paraglossa (Muscle 26) 

This is a pair of muscles which are slightly broader 

towards their origin (Fig. 6). Each muscle arises from the 

base of the prementum, lateral to the origin of the adductor 

of the glossa (Muscle 25), and is inserted in the middle of 

the proximal part of the paraglossa. This muscle appears 

to move the paraglossa backward and forward. This muscle 

is termed the flexor of the paraglossa in Schizodactylus 

(Khattar, 1964). 

Levator of the labial (Muscle 27) 

The musculature of the labial palp is more similar 

to G. sigillatus (Narula, 1974) than to G. assimilis 

(Duporte, 1920). The levator of the labial palp (Muscle 27) 

is a short muscle originating from the prementum (Fig. 6) 

towards its proximal boundary. The levator of the labial 

p alp (Muscle 27) crosses the palpiger and is inserted on the 

outer angle of the base of the first palp segment. The 
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contraction of this muscle produces some lateral movement of 

the palp and serves to raise the palp. 

Depressor of the labial palp (Muscle 28) 

This is also a short muscle which originates from 

the prementum (Fig. 6), like levator of the labial palp 

(Muscle 27) but somewhat distal to it. It is inserted on 

middle, posterior portion of the base of the first palp 

segment. The contraction of this muscle tends to bend the 

labial palp downwards and inwards. 

Extensor of the first palp segment (Muscle 29) 

A single muscle arises from the base of the first 

segment of the labial palp and runs obliquely to its point of 

insertion, via a short tendon, on the base of the second palp 

segment (Fig. 6). It assists in straightening and extending 

the labial palp outwards. 

Depressor of the second palp segment 
, 

(Muscle 30) 

This is a long muscle which arises from the base of 

the second palp segment (Fig. 6). It passes obliquely and 

is inserted on the median side of the base of the third 

segment. Its contraction bends the terminal segment 

inwards. 

4.4. d. Hypopharynx (Figs. 2,3,7,8,9 and 14) 

The musculature of the hypopharynx is complex with 

some muscles associated with the hypopharynx itself and 

others with the salivarium. These are both extrinsic and 

intrinsic muscles and with one exception they are paired. 



Fig. 7. Lateral view of the hypopharynx. 
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Extrinsic muscles 

Retractor of the hypopharynx (Muscle 31) 

The retractor of the hypopharynx is the longest 

muscle associated with the hypopharynx (Pigs. 7 and 8a). 

It arises on the lower edge of the postoccipital ridge (Fig. 

14) close to the origin of the adductor of the labium (Muscle 

-22). It passes over the tentorial bridge, runs along the 

adductor of the labium (Muscle 22) for some distance and then 

diverges forwards. Its insertion is on the lower end of the 

basal sclerite of the hypopharynx in the angle formed by the 

union of anterior and posterior side of theypopharynx. 

The retractor of the hypopharynx pulls the hypopharym-c 

towards the mouth. 

Schizodactylus (Khattar, 1964) resembles A. domesticus 

in the site of origin of this muscle, whilst in G. sigillatus 

and G. assimilis the muscles originate on the posterior edge 

of the tentorial body (Narula, 1974; Duporte, 1920). 

Depressor of the hypopharynx (Muscle 32) 

The depressor of the hypopharynx forms a contiguous 

pair of short thin median muscles (Figs. 7 and 8b) which 

originate from the posterior side of the central plate of the 

tentorium. They are inserted on the inner integument of the 

proximal region of the hypopharynx between the proximal 

suspensorial ligaments, near to the point where the pharynx 

narrows into oesophagus. The contraction of the depressor 

of the hypopharynx would assist in the enlargement of the 

oesophageal region. 



Fig. 8. Posterior view of the hypopharynx: 

a, posterior surface of the hypopharynx 

showing membranous lobes and the position 

of the muscles; b, the membranous lobes 

and the posterior surface of the 

hypopharynx has been removed to show 

the muscles. 
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Elevator of the hypopharynx (Muscle 33) 

This is a stout muscle which arises on the frons 

near the median ocellus (Figs. 2b and 3) and is inserted on 

the proximal part of the anterior surface of the hypopharynx 

a little way from the transverse bar of the suspensorium 

(Fig. 7) and near to the entrance to the stomodaeum. This 

muscle pulls the base of the hypopharynx against the roof of 

the pharynx and so closes the entrance to the oesophagus. 

It is interesting that Snodgrass (1935) refers to the muscle 

as the retractor of the mouth angle, presumably relating to 

its function in closing the oesophagus. 

ypopharyngeal adductor of the mandible (Muscle 8) 

This muscle has already been discussed in connection 

with the extrinsic musculature of the mandible (Page 

It is inserted laterally on the proximal surface of the 

hypopharynx near the longitudinal bar of the suspensorium 

(Figs. 4,7 and 8b). The contraction of this muscle draws 

the mandible towards the midline and raises the surface of 

the hypopharynx to close the entrance to the stomodaeum. 

It is presumably for this latter function that the muscle is 

referred to as the levator of the hypopharynx in G. sigillatus 

(Narula, 1974). 

Intrinsic muscles 

Constrictor of the hypophar nx (Muscle 32a) 

This is a single transverse muscle which lies on the 

posterior surface of the hypopharynx (Fig. 8b) immediately 



Fig. 9. Muscles of the salivarium: a, shown from 

the anterior side; b, longitudinal 

section through the head showing the 

position of the muscles. 
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distal to the insertion of the depressor of the hypopharynx 

(Muscle 32). Its contraction brings about a slight curva- 

ture of the base of the hypopharynx and so enlarges the 

oesophageal region. 

Muscles of the Salivarium 

The salivarium possesses three pairs of muscles. 

'First compressor of the salivarium (Muscle 34) 

The compressor of the hypopharynx is one of the 

muscles of the salivarium. Its origin is best displayed by 

removing the posterior lobes of the hypopharynx. It arises 

on the interior surface of the hypopharynx (Figs. 7,8b, ga 

and b) near to the position of the inner end of each suspen- 

sorial bar. It runs obliquely towards its insertion on the 

. 
median region of the side of the salivarium (Fig. 9a and b). 

The pharyngeal opening is enlarged by the contraction of this 

muscle. 

Second compressor of the salivarium (Muscle 35) 

The second compressor of the salivarium (Muscle 35) 

arises from the prementum at the base of the palpiger (Fig. 

9b). It is inserted laterally on the salivarium (Fig. 9a 

and b). The contraction of this muscle pulls the salivarium 

ventrally against the labium and allows saliva to flow freely 

during feeding. 

Third compressor of the salivarium (Muscle 36) 

The third compressor of the salivarium (Muscle 36) 

originates from the inner angle of the base of the palpiger 
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(Fig. 9b) and is inserted on the side of the salivarium 

immediately below the insertion of the second compressor of 

the salivarium (Pig. 9a and b). The contraction of this 

muscle supplements the effect of muscle 35. 

The three pairs of muscles of the salivarium are 

homologous to 11st, 12 s'. and 13 s' -of Snodgrass (1935). 

4.4. e. Antenna (Figs. 10 and 11) 

Each antenna possesses three extrinsic muscles which 
bring about its movement. These muscles all arise from the 

anterior side of the anterior tentorial am. 

Extrinsic muscles 

Levator of the antenna (Muscle 37) 

This muscle originates anteriorly from the outer 

edge of the anterior tentorial arm (Pig. 10). The muscle 

narrows from its origin to its insertion on the anterolateral 

side of the base of the scape near the inner part of the 

compound eye. The contraction of this muscle serves to lift 

the antenna; similar muscles have been found in other 

species of Gryllidae studied by Duporte (1920) and Narula 

(1974). 

Flexor of the antenna (Muscle 38) 

k This muscle originates from the inner edge of the 

anterior tentorial arm (Pig. 10) adjacent to the angle formed 

by the tentorial body and dorsal tentorial arm. It passes 

over the dorsal tentorial arm and is inserted on the postero- 

lateral side of the base of the scape. It is responsible 



Fig. 10. Antennal musculature shown from the 

anterior side. 
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for the lateral movement of the antenna, comparable muscle 

being found in G. assimilis (Duporte, 1920) and G. sigillatus 
(Narula, 1974). 

Depressor of the antenna (Muscle 39) 

This muscle has a very broad base (Figs. 10 and lla 

- b) which spreads across much of the anterior tentorial arm. 

Part of this muscle (Muscle 39) lies above and the remainder 

below the dorsal tentorial arm (Fig. 11a-b). The muscle 

tapers rapidly and is inserted on to the anterolateral edge 

of the scape. The contraction of this muscle pulls the 

antenna downwards. Duporte (1920) and Narula (1974) record 

a similar muscle in G. assimilis and G, sigillatus respect- 

ively. 

Intrinsic muscles 

The intrinsic musculature of the scape comprises an 

outer extensor (muscle 40) and an inner flexor (Muscle 41), 

both of which arise from the base of the scape (Fig. 11c). 

These muscles taper towards their insertion on the inner and 

outer angles of the base of the pedicel. The movement of 

the flagellum and pedicel is brought about by a combination 

of the muscles in the scape together with the antennal socket 

. muscles. 

The absence of muscles in the pedicel and flagellum 

is a characteristic feature of most insects with the exception 

of some primitive Apterygota. Schneider (1964) reports that 

the majority of insects including Orthoptera have antennae 



Fig. 11.. Antennal musculature: a, right antenna 

from anterior side after removal of 

muscles 37 and 38; b, Depressor muscle 

(Muscle 39) with part removed; c, muscles 

of the left scape shown from the anterior 

side. 
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with muscles arising only from the tentorium or scape. It 

is therefore of great interest that Narula (1974) reports the 

presence of intrinsic muscles in the scape and a few segments 

of the flagellum in G. sigillatus. This he considers to be 

a primitive character. In the early work of Duporte (1920) 

the presence of a flexor and an extensor muscle in the 

pedicel and flagellar segments was also suggested, but there 

is definitely no evidence of this additional antennal muscul- 

ature in A. domesticus. 

4.5. Muscles of the Cibarium and Cephalic 

Stomodaeum (Figs. 2,3,12 and 13) 

(i) The Cibarium 

Dilator of the cibarium (Muscle 42) 

The dilator of the cibarium (Muscle 42) is composed 

of five to six muscle bundles and originates from the mid 

posterior face of the clypeus as separate bundles (Figs. 2a, 

3 and 12a). These pass horizontally and obliquely towards 

the epipharyngeal region and are inserted at the side of the 

inverted Y-shaped groove on the roof of the epipharyngeal 

region. The contraction of this muscle causes the dilation 

of the cibarium as the epipharyngeal wall is pulled toward 

the clypeus. 
(ii) The Cephalic Stomodaeum 

In this context it is first necessary to briefly 

describe the stomodaeum. The first part of the stomodaeum 

which lies immediately within the mouth is termed the buccal 



Fig. 12. Muscles of the stomodaeum: a, lateral 

view of the stomodaeum showing dorsolateral 

and ventrolateral muscles; b, dorsal view 

of the stomodaeum. 



116 

--w ----- .. --- --- -- -51 

51------------ --- ------------------51 

47------; -". ----------------32 
48-------------- ----------------49 

46------------- 

00 33---------- 

ci 

51---------- 

------------------ Mth 

--- ---=----------43 

--- -42 

l mm 

47----------- 

48---------- 

43---------- 

b 

---------------51 

---------------47 

---------------48 

---------------46 

---------------45 

------=--------44 

1mm 

Fig . 12 



-117- 

cavity. This leads into a detailed area, the pharynx, which 

lies between the frontal ganglion and the cerebral nerve 

connectives. Posterior to the brain, the stomodaeum assumes 

the form of a simple oesophageal tube or posterior pharynx. 

The precereble pharynx is often referred to as the anterior 

pharynx (e. g. Eidman, 1925). 

The musculature of the cephalic stomodaeum consists 

of both intrinsic and extrinsic muscles. Circular and 

longitudinal muscles which run on the outer wall of the 

pharynx and act as compressor muscles are classed as intrinsic 

muscles. All other muscles which originate from the head are 

extrinsic and are referred to as dorsal, lateral and ventral 

dilators according to their place of insertion. These muscles 

are responsible for the dilation of the stomodaeum. 

Dorsal dilators 

First anterior dilator of the buccal cavity (Muscle 43) 

This muscle consists of bundles of fibres which 

originate from the clypeus and are inserted on the dorso- 

lateral angle of the stomodaeum just behind the mouth (Figs. 

12a and 13b). The contraction of this muscle opens the 

mouth cavity. 

Second anterior dilator of the buccal cavity (Muscle 44) 

This muscle comprises two separate slender muscles 

which 'originate from the irons above the epistomal sulcus 

and are inserted dorsally on the roof of the stonodaeum 

(Figs. 12b and 13b). The function of this muscle appears to 



Fig. 13. Muscles of the stomodaeum: a, ventral view 

of the stomodaeum; b, lateral view of the 

stomodaeum and hypopharynx. 
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be similar to that of muscle 43. 

First dilator of the'anterior pharynx (Muscle 45) 

This is a single muscle which lies below the origin 

of the elevator of the hypopharynx (Muscle 33). It originates 

on the frons just below the median ocellus, and is inserted 

on the roof of the pharynx (Figs. 12a, b and 13b). 

Second dilator of the anterior pharynx (Muscle 46) 

The second dilator of the anterior pharynx (Muscle 

46) lies anterior to the brain and also originates from the 

frons near the median ocellus. It consists of two discrete 

bundles which are separate at their sites of insertion on the 

roof of the pharynx (Figs. 12a, b and 13a, b). 

First dilator of the posterior pharynx (Muscle 47) 

This muscle normally consists of two or three separate 

bundles which originate from the epicranium. The edges of 

these muscles touch the adductor of the mandible (Muscle 5). 

They are inserted on the dorsal wall of the pharynx near the 

dorsal median line and just-posterior to the brain (Figs. 12a, 

b and 13b) . 
Lateral dilators 

Dilator of the pharynx (Muscle 48) 

The lateral dilator of the pharynx (Muscle 48) 

consists of two or three short bundles of fibres which 

originate from the inner edge of the antennal socket and are 

inserted on the lateral side of the pharynx under the brain 

(Figs. 12a, b and 13a, b). 



' -121- 

Ventral dilators 

First dilator of the anterior ph (Muscle 49) 

The first dilator of the anterior pharynx (Muscle 49) 

lies ventrally near to the depressor of the hypopharynx (Muscle 

32), (Figs. 12a and 13a, b) and arises from the anterior inner- 

most edge of the tentorial body. It is inserted lateral to 

the ventral median line of the stomodaeum. 

Second dilator of the anterior pharynx (Muscle 50) 

The second dilator of the anterior pharynx (Muscle 50) 

is composed of three separate bundles of muscle fibres which 

originate from the anterior side of the central part of the 

tentorial body and are inserted on the ventral side or floor 

of the stomodaeum (Fig. 13a, b). 

Third dilator of the anterior p hary nx (Muscle 52) 

The third dilator of the anterior pharynx (Muscle 52) 

is very short and barely touches the tentorial body. It is 

inserted on the ventral part of the pharynx very close to the 

ventral median line (Fig. 13a). 

Fourth dilator of the anterior pharynx (Muscle 53) 

This muscle (Muscle 53) is also very short and 

resembles the third dilator of the anterior pharynx (Muscle 52). 

It also has its insertion on the ventral part of the pharynx 

close. to the ventral median line (Fig. 13a). 

First dilator of the posterior pharynx (Muscle 51) 

This muscle is composed of three separate bundles of 

muscle fibres which originate on the anterior edge of the 

tentorial body and are inserted on the ventral part of the 

stomodaeum slightly removed from the median line (Pigs. 12a, 

b and 13a, b). 



Fig. 14. Posterior view of the head showing some 

muscles of the mouthparts and neck. 
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All these muscles, as their names suggest, assist in 

bringing about the enlargement or dilation of certain areas of 
the pharynx. 

4.6 Cervical Muscles (Figs. 14,15,16,17 and 18) 

There are many muscles Which control the movement of 
the head and these can be classified as depressors, elevators, 

retractors and rotators of the head. These will be discussed 

according to their position. The function of the muscles is 

to bring about specific movements of the head relative to the 

rest of the body. The nature of the movement they cause is 

indicated by the name of each muscle. 

(i) Ventral 

Inner depressor of the 'head (Muscle 54) 

This is a fairly. strong muscle which originates from 

the enlarged basal portion of the sternal apophysis. These 

muscles are inserted on the posterior edge of the central 

tentorial plate (Figs. 15 and 16b). 

Outer depressor of the head (Muscle 55) 

This is a strong muscle similar to the depressor of 

the head (Muscle 54) and originates immediately lateral to it 

on the sternal apophysis. It is inserted on the anterior face 

of the tentorial body (Fig. 15). 

Short depressor of the head (Muscle 56) 

This muscle (Muscle 56) is shorter (Fig. 17) than the 

outer (Muscle 55) or inner depressor muscle (Muscle 54). It 

also originates from the sternal apophysis dorsal to the origin 

of the outer depressor muscle of the head (Muscle 55) and is ins- 

erted below the ventral angle of the interpleurite 'at (Fig. 16b). 



Fig. 15. Cervical musculature, ventral view. 
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(ii) Dorsal 

Elevator of the head (Muscle 57,58) 

This is the strongest intersegmental muscle and is 

double headed (Figs. 16a, b and 18). One head (Muscle 57) 

originates from the pronotum whilst the second head (Muscle 

58) originates from the junction of the pro and mesothorax, 

presumably on a phragma. These muscles are inserted on the 

lateral apodeme of the occipital foramen by a common tendon 

(Figs. 14 and 18). 

(iii) Lateral 

Retractor of the head (Muscle 59) 

This is a strong muscle which originates from the 

episternum and is inserted on the postoccipital ridge 

(Fig. 16a, b), 

First rotator of the head (Muscle 60,61) 

This is a double headed, dorsoventral intersegmental 

muscle which originates from the lateral part of the pro- 

sternum near the dorsal side of the interpleurite 'a' (Pig. 

16b). One head of the muscle (muscle 60) passes above and 

near the anterior edge of the first intertergite 'c', here 

it meets the second head of the muscle (Muscle 61) which 

passes below it (Figs. 16b and 17a, b). It is inserted on 

the proximolateral region of the postoccipital ridge near 

the median apodeme. 

Second rotator of the head (Muscle 62) 

This is also an intersegmental dorsoventral muscle 



Fig. 16. Lateral view of the neck: a, dorsal 

musculature; b, principally lateral and 

ventral musculature. 
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Fig. 17. 
. 

Rotator muscles of the head: a, pronotuz 

and certain muscles have been removed in 

a lateral position; b, lateral vies: with 

pronotum to show muscles. 
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(Pigs-17b and 18). The muscle is inserted on to the 

postero-dorsal edge of the interpleurite 'a' and extends 

dorsally in the prothorax where it passes across the third 

rotator of the head (Muscle 63). It originates near the 

midline of the anterior region of the pronotum. 

Third rotator of the head. (L'Iuscle 63) 

This is another intersegmental dorsoventral muscle 

(Figs. 17a, b and 18). This muscle is fairly broad and 

arises near the centre of interpleurite 'a'. It passes 

dorso-posteriorly in front of the second rotator of the head 

(Muscle 62) and originates obliquely from the pronotum close 

to the front edge of the half moon shaped spot. 

Fourth and Fifth rotators of the head (b: uscle 64,65) 

These muscles (Muscle 64,65) have separate origins 

on interpleurite 'a'. Muscle 64 is large and circular in 

section and originates on the broad, flat part of the inter- 

pleurite tat (Figs. 17a and 18) near to the origin of the 

second rotator of the head muscle (Muscle 62). It extends 

dorsoanteriorly and is inserted ventral to the lateral 

apodeme of the head. 

The fifth rotator of the head (Muscle 65) which i: 

a broad flat muscle arises in the middle of interpleurite 

'a' (Figs. 17b and 18) beside the third rotator of the head 

(Muscle'63). It is inserted on the head at the same site 

as the previous muscle (Muscle 64). 



Fig. 18. Lateral semidiagranmatic 

representation of the muscles 

of the neck, only interpleurite 

'a' has been shovm. 
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Sixth rotator of the head (Muscle 66) 

This is short rotator muscle which arises on the 

frontal part 'i' of interpleurite 'a'. It runs upwards to 

the sides of the occipital foramen where it is inserted below 

the lateral apodeme (Figs, 14,16a, b and 18). 

Seventh rotator of the head (Muscle 67) 

This is a fairly strong, parallel fibred muscle 

(Pigs-17a and 18). This muscle also originates from inter- 

pleurite 'a' but to the anterior part of the cclerite. It 

travels dorsally as the most central of all the neck muscles. 

It is inserted on to the neck membrane behind intertergite 

'c'. The muscle obviously plays an important role in the 

regulation of the neck folds during the movement of the head. 

Cruciate rotator of the head (Muscle 68) 

This muscle originates from the anterior edge of 

the procoxa (Fig. 15) and is inserted on to the narrow 

anterior part of the interpleurite tat of the opposite side. 
L 
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Abbreviations used in figures of the musculature associated 

with the head capsule and its appendages (all diagrams of 

adult females) 

Al = Lateral apodeme 

AT = Anterior tentorial arm 

a= Interpleurite of the neck 

ad ap = Adductor apodeme of the mandible 

abd ap = Abductor apodeme of the mandible 

as = Antennal sulcus 

Cerv _ Veracervix or neck 

Cd = Cardo 

Cip = Clypeus 

est = Coxosternite 

cb = Cibarium 

ex = Coxa 

DT _ Dorsal tentorial ärm 

E= Compound eye 

fl = Membranous lobes on the posterior surface 
of the hypopharynx 

Ga = Galea 

Gi = Glossa 

H= Head 

Hphy Hypopharynx 

Hs = Suspensorial sclerite of the hypopharynx 

i= front portion of the interpleurite 'at 

int = Intertormä 
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Lc = Latina 

Im = labrum 

lb = Longitudinal bar of the suspensorial 
sole rite 

Md = Mandible 

Mth = Mouth 

Mt = Mentum 

OSe = Ocular sclerite 

os = Ocular sulcus 

Pgl = Paraglossa 

Pdc = Pedicel 

Pge = Postgena 

PoR = Post occipital ridge 

Pro = .. 
Pronotum 

PTB = Posterior tentorial bridge 

TB = Tentorial body 

pa = Sternal apophysis 

Sc = Scape , 

Sid = Salivary duct 

Sly = Salivarium 

Smt = Submentum 

St = Sternum 

tor = Torma 

t= longitudinal sulcus on the stipes 

VL = Sclerotized bar or strengthening ridge 
(Verst8. rkungsleiste) 

vm = Ventral mid line 

w= Basal bar of the hypopharynx 
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Key to the numbers applied to the muscles of the head 

capsule and its appenddaa es 

Number of Muscle Function of Muscle 

1. = Abductor of the labrum 

2= First adductor of the labrum 

3= Second adductor of the labrum 

4_ Median compressor of the labrum 

5= Adductor of the mandible 

6= Abductor of the mandible 

7= Tentorial adductor of the mandible 

8= Hypopharyngeal adductor of the mandible 

9= Protractor of the maxilla 

10,10a = Adductors of the cardo 

11 = Adductor of the stipes 

12 = Cranial flexor of the lacinia 

13 = Flexor of the lacinia 

14 = Flexor of the galea 

15 = Levator of the maxillary palp 

16 = Depressor of the maxillary pale 

17 _ Levator_of the first maxillary palp 
segment 

18 = Depressor of the first palp segment 

19 = Levator of the second p alp segment 

20 = levator of the third palp segment 

21 = Flexor of the fourth palp segment 

22 = Adductor of the labium 
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Number of Muscle Function of Muscle 

23 = Abductor of the labium 

24 = Median retractor of the labium 

25 = Adductor of the glossa 

26 = Adductor of the paraglossa 

27 = Levator of the labial palp 

28 Depressor of the labial palp 

29 = Extensor of the first palp segment 

30 = Depressor of the second palp segment 

31 = Retractor of the hypopharynx 

32 = Depressor of the hypopharynx 

32a = Constrictor of the hypopharynx 

33 = Elevator of the hypopharynx 

34 = First compressor of the salivarium 

35 _ Second compressor of the salivarium 

36 = Third compressor of the salivarium 

37 = Levator of the antenna 

38 = Flexor of the antenna 

39 = Depressor of the antenna 

40 = Extensor of the scape 

41 = Flexor of the scape 

42 = Dilator of the cibarium 

43 = First anterior dilator of the buccal 
cavity 

44 = Second anterior dilator of the buccal 
cavity 

45 = First dilator of the anterior pharynx 
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Number of Muscle Function of Muscle 

46 = Second dilator of the anterior pharynx 

47 = First dilator of the posterior pharynx 

48 = Lateral dilator of the pharynx 

49 = First dilator of the anterior pharynx 

50 = Second, dilator of the anterior pharynx 

51 = First dilator of the posterior pharynx 

52 = Third dilator of the anterior pharynx 

53 = Fourth dilator of the anterior pharynx 

54 = Inner depressor of the head 

55 = Outer depressor of the head 

56 = Short depressor of the head 

57 = Elevator of the head 

58 = Elevator of the head 

59 = Retractor of the head 

60 = First rotator of the head 

61 = First rotator of the head 

62 = Second rotator of the head 

63 = Third rotator of the head 

64 = Fourth rotator of the head 

65 = Fifth rotator of the head 

66 = Sixth rotator of the head 

67 = Seventh rotator of the head 

68 = Cruciate rotator of the head 
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PART 5 

DISTRIBUTION OF CUTICULAR 

SENSILLA AND THEIR DISTRIBUTION ON 

THE MOUTHPARTS AND ASSOCIATED 

STRUCTURES 
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5.1 Introduction 

Over the past two decades the functional morphology 

of the head appendages in relation to their feeding mechanism 

has been studied in a wide range of arthropod groups. In 

the Crustacea, for example, Fryer (1964) has studied 

Monodella argentarii Stella whilst in the insects representa- 

tives of a number of orders have been considered. Brotinn 

(1961) investigated Chlogon dipterum L. (Ephemeroptera). 

Within the Orthoptera most work has been focused on the 

Acrididae. Marshall (1947) briefly described some of the 

sensilla on the labrum of M. femur-rubrum and Liu and Leo 

(1960) and Thomas (1966) the sense organs in Locusta migra- 

toria manilensis Meyen and S. gregaria respectively. Chapman(190E 

has thoroughly investigated the sensilla on the mouthparts of 

X. zarudnyi. Blaney and Chapman (1969a) report the presence 

of hair sensilla and campaniform sensilla on the maxillary 

palp of S. gregaria and Blaney, Chapman and Cook (1971) 

describe in more detail the structure of the terminal segment 

of the maxillary paip of L. mi rg atoria. Morphological 

descriptions of the antennal sensilla have been provided by 

Slifer, Prestage and Beams (1957) who studied the basiconic 

sensory pegs on the antenna of grasshoppers, Romalea microp- 

tera (Beauvois), 1 elanoplus differentialis (Thomas) and 

Melanoplus mexicanus (Saussure). more general accounts of 

insect sensilla include the work of Schneider and Steinbrecht, 

1968; Slifer, 1970; Kaissling, 1971; Boo and McIver, 1976 
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whilst the function of certain mouthpart receptors in relation 

to feeding has been considered by Haskell and Schöonhoven 

(1969) in S. gregaria and L. migratoria migratorioides where 

electrophysiological techniques have been used to analyse the 

responses of chemoreceptor and mechanoreceptors on the 

clypeolabrum. 

However, relatively little attention has been paid 
to the Gryllidae in this context. It is for this reason 

that a careful consideration of the types of-sensilla and 

their detailed distribution on the feeding appendages has been 

undertaken. This study has been greatly helped by the use of 

Stereoscan Electron Microscope. However, it should be made 

clear that it is not always possible to clearly identify the 

function of'a sensillum in this way. Histological studies of 

sensilla types and electrophysiological work would be needed 

for this. These techniques have not been undertaken since 

it was considered to be outside the scope of the project. 

However, 'with the distribution of sensilla types clearly 

described from the present work, the pathway should now be 

clear for further work. It is often possible to suggest a 

function'of a sensillum, either from previous work, from 

ultrastructure or from observations of feeding behaviour and 

this has been done wherever appropriate. 

The distribution of types of sensilla in the adult 

is complex and the development of this has received very 

little attention. In a hemimetabolous insect the distribution 
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of types may be followed throughout the nymphal instars. 

This was carried out in the present study. The large number 

of instars involved made the task very time consuming and it 

was for this reason that the development of the adult pattern 

was only considered for the clypeolabrum. It is suggested 

that this may be representative of the other feeding append- 

ages. 

5.2 Material and methods 

Insects were killed in chloroform and the head 

severed from the rest of the body in the cervical region. 

Either the entire head capsule was heated in 10o Caustic 

Potash or sometimes it was found preferable to remove the 

individual appendages before treating in this way. After 

dehydration the components were mounted directly in Euparal. 

The position of the sensilla were plotted with the aid of 

camera lucida fitted to a Wild M5 stereoscopic microscope. 

Both sexes of the adult were considered, and the adult female 

was drawn. Only when there were striking sexual differences 

was the male drawn as well. 

The Scanning Electron Microscope (Cambridge Stereo- 

scan Mk 11A) revealed both details of the, cuticular sculptur- 

ing and of external sensilla structure. Only the adult 

female was examined in this way. 

In preparation for viewing with the Scanning Electron 

Microscope, the mouthparts from freshly killed specimens were 

first washed in distilled water that contained a trace of 
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detergent. They were then rinsed several times in distilled 

water. After that they were passed through the alcoholic 

grades and finally to acetone or amyl acetate. Then they 

were transferred to a critical point drying apparatus and 

liquid carbondioxide gas (C02) was passed over them for two 

hours in order to remove the acetone or aanyl acetate by 

converting the liquid gas into gaseous form. After this 

procedure the specimen was placed in anhydrous, silica gel 

with cobalt chloride and mounted on a Cambridge 11 Standard 

stub using colloidal silver and then coated with gold (Nei and 

Fujikavia, 1977) with a polaron E 5000 diode sputter coater 

for two minutes. The stub was tilted at 450 for viewing with 

the SEM. The photographs were taken on 35mm Ilford film. 

The terminology used is the same as that in Part 3 

(Page 23 ). The sensilla on the posterior surface of the 

labium, anterolateral surface of the hypopharynx, both 

surfaces of the clypeolabrum, mandible, cardo, stipes, galea, 

lacinia, maxillary palp, labial palp and antenna have been 

plotted. Preliminary examination showed the two maxillae to 

be identical so only the right has been considered. Besides 

differences in the incisor and molar cusps in the two mandibles, 

the remainder is the same, so only the anterior view of the 

right and the posterior view of the left mandibles have been 

described. Both sexes were considered and ten replicates 

of each were counted. Some of the results have been tabulat- 

ed for clarity. Sensilla distribution maps have been produced 
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for the clypeolabrum, galea and lacinia. The presence or 

absence of each type of sensilla on the various components of 

the mouthparts of the adult is cited in Table 4. The number 

of each type in adult females and males is given in Tables 5 

and 6 respectively. 

5.3 Types of Sensilla 

The subdivision of the sensilla into types is based 

on their external form as shorn by the light microscope and 

the SEM. The sensilla present on the mouthparts may be 

classified into thirteen types. Among these Types 1 to 5 

have long setae whilst the others have not. Other struct- 

ures with non-articulated setae have been assumed to be hairs 

or microtrichia. Besides the hairs cuticular projections 

have been found. Diagrams showing the general form have 

been drawn using the light microscope (Figs. 1- 3) and these 

supplemented with scanning electron micrographs of certain 

types (Plates 192,6 and 9) . 

Type 1 (t1 : Fig. 1a) 

Sensilla with setae which are more than 145u long 

and fairly thin relative to their length (Type 1 of Thomas, 

1966). Sensilla of this type are generally scattered rather 

than forming a compact group. The setae vary considerably 

in length and some are very long. The standard error shows 

that they mostly lie between 205.. 69 - 222.59u (Table 1). 

This type is mostly found on the exposed surfaces of the 

moutnparts; such as the anterior surface of the labrum, the 



Fig. 1. . Types of sensilla (Type 1- 5) 

- lateral view. 
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maxillary and labial palp, posterior surface of the labium 

including the submentum, prementum and paraglossa and on the 

galea of the maxilla. They are present in approximately 

equal number in both sexes (Table 4). It seems very likely 

that they are mechanoreceptors. Haskell (1956a, b) showed 

that some long setae on the abdomen of British grasshoppers 

respond to vibrations of the subtrate and others probably to 

air borne vibrations. 

Type 2 (t2 : Fig. 1b) 

Sensilla with setae which are more than 50u long 

but less than 145u (Table 1). The standard error shows that 

they mostly lie between 88.16 - 96.36u. This type is thicker 

than Type 3. These sensilla are also generally scattered 

over the mouthparts. The only concentration occurring in the 

hair plates, where they are smaller and thicker and have 

larger sockets. These hair plates are found at the joints of 

the maxillary and labial paip and at the junction of the sub- 

mentum and prementum. Type 2 sensilla are found associated 

with Type 3 on almost all exposed surfaces of the mouthparts 

(Table 4). The sensilla forming a hair plate have been 

shown to have a proprioceptive function (Pringle, 1938b, 

Haskell, 1959). 

Type 3 (t3 : Fig. 1c) 

Sensilla with setae less than 50u (Type 3 of Thomas, 

1966 and Type 1 of Blaney and Chapman, 1969a). Type 3 

include sensilla with very short, slender setae which may 
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either be level with the surface of the cuticle or extends 

just above or remain below it. The socket is usually round. 
The standard error shows that they mostly lie between 22.35 

- 27.83u. Sensilla of Type 3 (like Type 2) are scattered 

over most of the surface of the mouthparts (Table 4). In 

S. gregaria Thomas (1966). describes Type 2 and 3 sensilla 

. as sensory pegs. Slifer (1954,1956) and Slifer et al 

(1957) found these types on almost all parts of the body that 

came into conduct with the external environment. Slifer 

(1955) established that the tips of the setae were permeable 

and concluded that they were probably chernoreceptors. 

Type 4 (t4 : Fig. 1d) 

Sensilla with a thick rigid wall. These are 

extremely variable in size (Table 1). Some of the setae have 

sockets with protective projections. A group of Type 4 

sensilla is present on the posterior side of the labrum 

(Pig. 4) in both sexes (Table 4). longer and more rigid 

ones are situated on the mesal part of the lacinia (Pig-17). 

The smaller ones are present on the maxillary and labial 

palps (Table 4). Dethier (1963) considers this type to be 

mechanoreceptors as they are innervated by a single neuron. 

The latter being proved by Thomas (1966) in Schistocerca 

and Fudalewicz-TTiemczyk and Rosciszewska (1974) in G. 

domesticus nymphs. 



Fig. 2. Types of sensilla (Type 6- 11) 

- surface view. 
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Type 5(t5: Fig. 1 e) 

Sensilla which have slender setae, less than 50u 

in length (Table 1). The setae are fairly consistent in 

length and are sunken into socket so that they only project 

2- 3u above the level of the cuticle. Type 5 sensilla are 

present on the distal portion of the paraglossa, galea and 

the terminal segment of the maxillary and the labial palps 

(Table 4 and 5). Their position on the distal part of 

feeding appendages suggest a role in the initial testing of 

food material. They are very likely to be contact chemo- 

receptor. 

Type 6 (t6 : Fig. 2f) 

Campaniform sensilla which are mostly spindle 

shaped. They vary in length (mean 6.9u, range 4 - 14u) and 

breadth (mean 3.8u, range 2.1 - 7.5u). This type occurs on 

the clypeolabrum, mandible, stipes, lacinia, galea, maxill- 

ary palp, labial palp, hypopharynx and antenna of both sexes 

(Table 4). Similar mechanoreceptors on the mouthparts and 

other parts of the body have been found by a number of 

authors, such as Snodgrass (1935), Pringle (1938b), Dethier 

(1963), Thomas (1966) in Schistocerca and Chapman (1966) in 

X. zarudnyi. 

Typ e7 (t7 : Fig. 2g) 

Type 7 sensilla are referred to as secretory pores 

(Arnold, 1974) and the plate organ (Slifer, 1970), Lewis 

and Marshall (1970) have recently used the term sensory 
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plaque for the more complex, though essentially similar, 

structure found on the antenna of the lantern fly Pro s 

candelaria L. Each plate organ, when seen with the light 

microscope, consists of a shallow oval depression with a 

small notch on its proximal border. They are always less 

than 8u in length. They-occur commonly on the anterior 

surface of the labrum, on the cardo, stipes and lacinia 

(Table 4) in both sexes. They may be regarded as a type 

of thin walled chemoreceptor (Slifer, 1970); Slifer and 

Sekhon, 1971). 

Type 8 (t8 : Fig. 2h) 

Type 8 sensilla have sunken sockets with stout and 

peg-shaped setae, and are considered as coeloconic pegs. 

The thickness of the setae is relatively constant throughout 

the length of the peg (Plate 1b). They are found mainly on 

the posterior surface of the clypeolabrum (Table 4) in the 

A3 group (Table 2). They vary in socket diameter (range 

4.2 - 7.5u) and are larger in size than other coeloconic 

sensilla found on the posterior surface of the clypeolabrum. 

The number of Type 8 sensilla varies slightly between the 

sexes (Table 3). Morphological descriptions of this type 

of sensilla have been reported for Apis mellifera (Linnaeus) 

(Slifer and Sekhon, 1961), by the milkweed bug Lygaeus 

Kalmii Stal (Slifer and Sekhon, 1963) and the beetle 

Popilius disjunctus (Slifer and Sekhon, 1964). 
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Tie 9 (t9 : Fig. 2i) 

Type 9 sensilla are coeloconic pegs displaying a 

slight variation in the form of the setae. The first form 

has wavy setae which arise froma sunken socket (Fig. 21). 

The second form has stout setae Which are broader at their 

distal end (Plate 1a). Both these forms are found in 

Group A2 sensilla near the intertorma on the posterior 

surface of-the clypeolabrum (Fig. 4). The function of 

Type 9 sensilla is also contact chemoreception. 

Type 10 (t10 : Fig. 2j) 

Type 10 sensilla are round, coeloconic pegs with a 

depression in the centre which can be seen under the light 

microscope. The diameter of the socket varies from 3u - 

6.2u. The distribution of this type is rather restricted. 

They are mainly present on the posterior side of the clypeo- 

labrum. They occur in the A, group (Plate 2b), the A9 

group just above the tormae (Pig. 4) and in the A5 group 

(Plate 5a, b). The only other side where this type is to be 

found is on the distal posterior side of the galea (Plate 7a) , 

although here their form and size is slightly different. 

Here they are round and flattened with a depression in the 

centre. A close study reveals, that there is a pore in the 

centre of the peg. It may be suggested that this type 

functions as contact chemoreceptors. 



Fig. 3. Types of sensilla (Type 12 - 13) 

- lateral view. 



-157- 

VV 

1tl2 
m, t13 

Fig"3 



-158- 

Type 11 (t11 : Pig. 2k) 

Type 11 sensilla have a raised socket with a small 

projected seta which is cone shaped. They occur on the 

4) posterior side of the galea and on the paraglossa (Table 

in both the sexes. Pudalewicz-Niemezyk and Rosciszewska 

(1974) call them short basiconic pegs which are considered 

to be as contact chemoreceptor. 

Type 12 (t12 : Fig. 31) 

Type 12 sensilla are very different and consist of 

pore-canals which are long and run in the cusp of the 

mandible and lacinia. In the mandible they are numerous 

whilst in the lacinia there are only two in each cusp. They 

are similar in both the sexes (Table 4). Pudalewicz- 

Niemczyk and Rosciszewska (1974) report the presence of pore 

canals in the mandible and lacinial cusps of G. domesticus 

larvae. Le Berre and Zouveaux (1969) also observed these 

organs in the mandible of the first instar L. migratoria. 

Their role is undoubtedly that of contact chemoreception. 

Type 13 (t13 : Pig. 3m) 

Type 13 sensilla are flask shaped and often called 

sensilla ampullacea due to their shape. The length of the 

cavity varies from 22 - 25u whilst the diameter is about 

7.6 - 7.8u. These organs are only found on the distal part 

of the labrum on its anterior side (Fig. 5) and are present 

in both sexes. Fudalewicz-Niemczyk and Rosciszewska (1974) 

reported these on the labrum of G. domesticus larvae. 



Fig. 4. Distribution of sensilla on the posterior 

surface of the clypeolabrun. 
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Similar sense organs on the labrum of the larvae of 

Trichoptera have been reported by Barbier (1961) and on 

the labrun of adult Dytiscidae by Hamon (1961). 

5.4 Distribution of Sensilla on the head 

capsule 

5-4. a. Clypeolabrum (Figs,. 4,5,6 and 7). 

Both surfaces of the clypeolabrum are well supplied 

with sensilla. The sensilla on the anterior face are 

scattered more or less randomly whilst on the posterior face 

they are arranged in discrete groups of different types. 

The anterior surface of the clypeolabrum (Fig. 5) 

is well supplied with sensilla of Types 3 and 7, with a few 

Types 1 and 2 (rig. 5). Type 3 sensilla are the most common 

on the anterior surface and these are widely distributed 

(Tables 5,6; Pig. 7a). Type 7 are more widely spaced and 

mainly occur on the lateral areas of the labrum (Tables 5,6; 

Fig. 7b). In this respect Type 7 closely resemble Type 2 

although only relatively few of these are present, (Tables 

5,6; Fig. 6b). The Type 1 sensilla tend to be arranged 

in pairs; three pairs are situated in the central part of 

the labrum whilst the other three pairs occur on the weakly 

sclerotized distal zone (Tables 5,6; Fig. 5). Unpaired 

sensilla of this type may occasionally be present as in 

Pig. 6a. The distal end is notched and is furnished with a 

double fringe of hairs (Pig. 4) with blunt tips (Plate 6b). 

The function of this fringe of hairs is unknown but it is 



Fig. 5. Distribution of sensilla on the anterior 

surface of the clypeolabrun. 
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suggested that it may serve to prevent food particles from 

falling from the pre-oral cavity. Alternatively these 

hairs may serve to push the food particles towards the pre- 

oral cavity. Two pairs of Type 13 sensilla are situated on 

either side of the notch. Fudalewicz-Niemczyk and 

Rosciszewska (1974) report the presence of this type of 

sensilla in the larvae of G. domesticus. 

The posterior surface of the clypeolabrum may, for 

convenience, be subdivided into different regions or fields, 

these will be discussed in turn. With the exception of 

minor differences in the number of sensilla, the distribution 

is similar in the adults of the two sexes. 

Field I 

This represents the area at the distal end of the 

clypeus. This field bears two groups, A1 and A2, in the 

median portion (Fig. 4). Another group, A9, lies above the 

tormae (Fig. 4). The group A, is subdivided into two 

smaller groups, each with approximately 47 sensilla (Tables 

2 and 3). In group A, and A2 the cuticular part of the 

sensilla consists of a socket with a depression in it, which 

is slightly smaller in diameter in A,. These appear to be 

Type 10 sensilla (Plate 2b) and are probably comparable to 

the Al group of Thomas (1966). 

Group A2 is single, median in position, and lies 

between the two groups of Al (Fig. 4). From the depressed 

cuticular sockets arise a projection of variable form. 



Fig. 6. Distribution of: a, Type 1 sensilla; 

b, Type 2 sensilla on the-anterior 

surface of the clypeolabrun (each dot 

represents one - sensilla) . 
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Fig. 7. Distribution of: a, Type 3 sensilla; 

b, Type 7 sensilla on the anterior surface 

of the clypeolabrum (each dot represents 

one sensilla). 



-168- 

/. . 

""": 

9 C 
O. 5 mm 

-----t7 

0.5 mm 

Fig "7 



-169- 

Sometimes it is blunt (Plate 1a) or it may be weakly sclero- 

tized and slender (Fig. 21). Group A, and A2 are present 

even in the first instar, although the number of sensilla 

in each group is less (Table 8, Fig. 31a). At the side of 

this field are brushes of fine hairs. The hairs are 

cuticular processes without sockets and probably have a 

purely mechanical function. As these hairs are directed 

towards the median part of the clypeus, where groups A, and 

A2 are present, they may help to direct the food to this 

area, prior to swallowing and continuation of feeding. 

Some hairs in this field are bifurcate at the tip and others 

trifid (Plate 6a). Chapman (1966) has found similar hairs 

on the posterior surface of the clypeolabrum in Xenocheila 

although Thomas (1966) does not record their presence in 

Schistocerca. Sensilla of group A9 are present above the 

tormae (Pig. 4), the number in each group differs slightly 

in the sexes (Tables 2 and 3). These appear to be Type 10 

sensilla (Fig. 4). 

Field II 

This field on the labru. m starts below the inter- 

4). torma and is enclosed by the sclerotized bars (Pig. 

There are two groups of sensilla (A3 and A4) in addition to 

hairs and microtrichia (Plate 3a). Group A3 consists of 

Type 8 sensilla (Plate 1b), they are arranged in two rows 

each of 67 sensilla on either side of the midline 

(Tables 2 and 3) . 



Plate 1a. Scanning electron micrograph of the 

group A2 sensilla (Type 9) present on 

the posterior surface of the clypeolabrun 

(x 7257). 

Plate 1b. Scanning electron micrograph of the 

group A3 sensilla (Type 8) present on the 

posterior surface of the clypeolabrum 
(X 18142.5). 
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Plate 2a. Scanning electron micrograph of the group 

A7 sensilla (Type 6) found on the distal 

portion of the labrum (X 18142.5). 

Plate 2b. Scanning electron micrograph of the group 

Al sensilla (Type 10) present on the 

posterior surface of the clypeolabrun 

(X 7257). 
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The other group A4 is distal in position to group 

A3 (Pig. 4) and consists of a cluster of 9- 13 sensilla of 

Type 3 (Tables 2 and 3). The stout setae of Type 4 forms 

large patches lying lateral to group A3 and A4 (Fig. 4) but 

median to the sclerotized bar. They vary considerably in 

length (Table 1) and are directed towards the midline. 

Chapman (1966) found similar brushes in )nocheila, extending 

from the tormae (x group of Thomas, 1966), but these were 

less dense and had smaller setae. The brushes may also have 

a mechanical function and probably help to direct the food 

particles towards the pharynx. Hairs are present both out- 

side and between the sclerotized bar (Plate 5a). On the 

innerside of the sclerotized bar a few very fine cone shaped 

hairs are present together with finely divided microtrichia 

(Plate 3b). Chapman (1966) also recorded different forms of 

microtrichia in the epipharyngeal region in Y ocheila. On 

the outside of the sclerotized bar, there is an irregular 

line of sensilla forming group A8 (Fig. 4). These sensilla 

are most probably Type 3 since they have very stout setae 

(Plate 4a). They vary in number in the two sexes (Table 2), 

the females consistently having fewer sensilla in this group 

(Table 3). Outside this group there are again very finely 

divided microtrichia (Plates 3b, 4a and b) which have been 

examined under the scanning electron microscope up to a 

magnification of 10,000x. 



Plate 3a. Scanning electron micrograph of the 

posterior surface of the labrum 

illustrating the sclerotized bar (VL), 

Type 4 sensilla, hairs on the inner side 

and group A8 sensilla on the outer side 

of the bar (X 725.7). 

Plate 3b. Higher power scanning electron 

micrograph of the posterior surface of 

the labrum shown in Plate 3a, illustrating 

Microtrichia (11tr) and group A8 sensilla 

on the outer side of the sclerotized bar 

(VL) 
, 

(X 1814.25) . 
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Plate 4a. Scanning electron micrograph of the 

group A8 composed of Type 3 sensilla, 

and also the microtrichia (Mtr) 

(X 3628.5). 

Plate 4b. Higher power scanning electron micrograph 

of the microtrichia (ri2tr) shovm in 

Plate 4a (X 7257). 
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Plate 5a, Scanning electron micrograph of a 

portion of the posterior surface of the 

labrum illustrating the position of the 

group A5 sensilla (Type 10) below the 

sclerotized bar (Vi). Hairs (h) are 

present on either side of the sensilla 

(X 3628.5). 

Plate 5b. Higher power scanning electron 

micrograph of the group A5 sensilla 

shown in Plate 5a (X 7257). 



-180- 

a 

r `,. of 

ýf 

ü J 

f. 

" 

�., 

I, 

l 

y 

ýý 
1 

.ý j 

Ew" 4 
§1 

1, 

b 

y" 



-181- 

Field III 

This field includes the area lateral and distal to 

the sclerotized bar, and again has several distinct groups 

of sensilla. Group A5 consists of a small cluster of 

sensilla (Fig. 4), distal to the end of the scierotized 

bar (Plate 5a, b). Each cluster has an approximately equal 

number of sensilla and this is similar in both sexes (Table 

3). Occasionally only 9. sensilla are present (Table 2) in 

the female, a number not recorded in the male. The scanning 

electron micrographs (Plate 5b) show the sensilla to have 

sockets with a very small central protuberance hardly project- 

ing above the surface of the cuticle. The socket is round 

and varies in diameter from 5- 6u. These are considered 

to be Type 10 sensilla. Below the group A5 is a brush of 

very fine hairs (Plate 5a). Similar hairs are also present 

above the sclerotized bar (Plate 5a). These may be referred 

to as macrotrichia. Comparable hairs are present in the 

Trichoptera (Chapman, 1975). 

Distal and slightly median to the group A5 is 

another group, A6 (Fig. 4). This group is situated on the 

lateral side of the inverted Y depression (Fig. 4). There 

are more sensilla in this group than in group A5 and the 

number in the right and left group varies considerably. 

The female has more sensilla in this group than the male 

(Table 3). They are probably Type 3 sensilla since the 

sockets are round with a very small slender seta. Most of 



Plate 6a. Scanning electron micrograph of bifid 

and trifid hairs on the posterior surface 

of the clypeolabrum in field 1 

(X 3628.5) " 

Plate 6b. Scanning electron micrograph of the 

fringe of hairs on the notch at the 

distal end of the labrum (X 3628.5). 
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Table 1 Length of setae from Type 1-5 sensilla 
(taken from a range of mouthparts) 

Type of 
sensilla 

Number 
measured 

(n) 

Mean 
(x) 

Standard 
Error 
(S. E. ) 

Range 

1 50 214.14u + 8.45 145 - 470u 
2 50 92.2611 + 4.10 50 - 145" 

3 52 25.09" + 2.74 3- 47" 
4 54 131.22" + 9.65 47 - 326" 
5 55 19.1411 + . 85 10 - 31" 

Table 2 Number of sensilla in groups on the posterior 
surface of the clypeolabrum of the adult 
(*right; ** left side) 

Groups of sensilla 

Number 
of Rep- 
licates 

A1 A2 A3 A4 A5 A6 A7 A8 A9 

1 48,45 13,14 7,6 10,11 11,12 37,26 10,11 79,78 16,16 

2 48,52 13,12 6,7 10,10 10,10 28,36 8,7 86,75 16,16 
3 49,47 13,12 6,7 9,9 9,11 37,31 10,8 74,80 17,19 
4 44,42 12,11 6,6 10,10 10,10 28,35 8,7 76,71 14,13 

Female5 50,48 16,12 6,6 12,12 11,10 31,38 11,12 78,79 14,17 

6 55,48 12,13 6,7 9,9 10,11 34,30 12,12 80,78 19,19 
7 45,42 11,12 6,7 9,9 10,9 33,30 12,12 78,79 18,18 
8 46,53 18,14 7,7 11,11 12,11, 36,32 12,12 82,79 18,18 

91 45p53 12,13 7,7 10,11 12,11 35,31 12,12 80,80 18,18 

1 52,46 15,14 6,6 10,12 10,11 30,26 14,15 84,87 15,15 
2 53,53 18,12 6,6 10,11 10,10 26,28 15,14 94100 18,19 

Male 3 48,42 12,13 5,6 9,11 10,10 22,25 9,9 76,78 16,16 
4 44,47 16,12 6,7 11,13 11,11 23,26 16,16 98,100 17,16 

'5 51,50 10,15 5,7 11,10 11,10 31,23 17,15 84,96 18,17 
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the seta of this type are 3- 8u in length, with a basal 

diameter 1.5 - 2.2u and socket diameter 4-6.2u. 

At the distal end of the labrum, on either side of 

notch, are positioned groups A7 (Pig. 4),. These may be 

similar to the A3 groups of Thomas (1966). There are 

usually eleven sensilla in each group, although a range. of 

7- 17 has been recorded (Table 2). These are Type 6 

campaniform sensilla (Plate 2a) and they are present even in 

the early instars. These may serve as chemoreceptors involv- 

ed in the initial selection of food. Spreading around the 

distal margin of the labrum from the notch is a dense 

marginal group of Type 4 sensilla (Pig. 4), again serving 

a mechanical function. The outermost setae are directed 

outwards whilst the slightly smaller inner setae are direct- 

ed towards the mid-line. Finally the notch itself is border- 

ed by a fringe of hairs. Under the scanning electron micro- 

scope this fringe appears to be composed of two rows of 

hairs (Plate 6b) . 
5.5 Distribution of Sensilla on the head 

appendages 

5.5. a. Mandible (Figs. 8 and 9) 

Both surfaces of the mandible bear sensilla of 

various types. The posterior surface has more sensilla 

with Types 3,4,6 and 7 being present (Fig. 8). Type 7 

sensilla are the most common and are generally scattered 

over this surface, although they tend to be more concentrated 



Fig. 8. Distribution of sensilla on the posterior 

surface of the mandible. 
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in the proximal and outer areas. Type 3 has a similar 

distribution, whilst Type 6 occurs only as a small group 

in the proximal and outer corner of the mandible. Type 4 

sensilla are restricted to the region just above the molar 

area (Fig. 8). The molar and incisor cusps are penetrated 

by pore canals; these have been referred to as Type 12 

sensilla. 

On the anterior surface of the mandible sensilla 

of Type 3,6 and 7 are present (Fig. 9) although here Type 3 

is the most common. They are concentrated in the distal 

and outer region of the mandible. Type 6 sensilla are 

found in three discrete groups. Two of them occur towards 

the inner lateral region whilst the third group is present 

more or less in the centre of the mandible. Type 7 sensilla 

are far less numerous than on the posterior surface. They 

are concentrated on the proximal outer corner of the mandible 

as well as a cluster just above the incisor cusps. Their 

shape strongly suggests a secretory function. Similar 

secretory pores are present on the tarsi of cockroach, 

Blaberus discoidalis Serville (Arnold, 1974). In addition 

to sensilla some cuticular sculpturing in the form of ridges 

is present on the outer lateral surface of the mandible. 

It is interesting that similar sculpturing has been found at 

the base of the arolium of Parcoblatta pennsylvanica 

(De Geer), (Arnold, 1974). 



Fig. 9. Distribution of sensilla on the anterior 

surface of the mandible. 
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5.5. b. Maxilla (Figs. 10,11,12,13,14,15,16,17, 

18,19,20 and 21) 

The relatively complex structure of the maxilla 

made the description of the distribution of sensilla very 

difficult. For this reason the various components have 

been treated separately. . 
Thus the anterior and posterior 

surfaces of the cardo, stipes, galea, lacinia and maxillary 

palp have been described. This treatment means that certain 

sensilla occurring on the lateral margin of these structures 

may have been omitted. 

On the posterior surface of the cardo sendilla of 

Types 2,3,4 and 7 are present (Fig. 10). Type 3 are 

generally distributed over the whole surface of the cardo. 

Types 2 and 4 are more restricted in distribution and are 

confined to the proximal outer corner of the cardo, where it 

articulates with the stipes. The longest setae are of 

Type 4 and measure 315 - 325u in length with a basal 

diameter of 13.7 - 15.7u and a socket diameter of 25 - 28u. 

Type 7 sensilla have a similar distribution to the Type 4 

sensilla. These appears to be an interesting difference 

in the number of sensilla between the sexes. All types are 

more common in the male, although there is a striking 

difference in the number of Types 3 and 7, as can be seen in 

Tables 5 and 6, Figs. 10 and 12. Types 2 and 4 extend 

further towards the proximal end of the cardo in the male. 



Fig. 10. Distribution of sensilla on the 

posterior surface of the cardo 

and stipes. 
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Fig. 11. Distribution of sensilla on the 

anterior surface of the cardo 

and stipes. 
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Fig. 12. Distribution of sensilla on the 

posterior surface of the cardo 

in the adult male to show sexual 

differences. 
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On the anterior surface of the cardo Types 2,3 

and 4 occur (Fig. 11), although they are only found on the 

distal and outer corner of the cardo. On this surface the 

number of sensilla present in sexes is similar (Tables 5,6). 

The stipes of the. female bears, on its posterior 

surface sensilla of Types 1,3,6 and 7 (Fig. 10). Again 

Type 3 is generally distributed whilst Type 6 occurs in 

three small groups. Some of these camp aniform sensilla 

have a length diameter of 9- 10u whilst a few are of 14u, 

the breadth diameter is constant at 3u. Type 7 is present 

in very small numbers and there is a single Type 1 sensilla, 

with a setae of length 196u, a basal diameter of 3u and a 

socket diameter of 6.2u. It is of considerable interest 

that Type 7 sensilla are completely lacking in the male and 

the single Type I sensilla is replaced by two of the slightly 

smaller Type 2 sensilla (Table 4). 

The anterior surface of the stipes is supplied with 

sensilla of Types 1,2,3,4 (Fig. 11). Most of the inner 

portion of the stipes is without sensilla. Type 3 is again 

distributed throughout the lateral part of the stipes, with 

only a relatively few Types 2 and 4. In the female there is 

a single Type 1 sensillum which is lacking in the male (Table 

4). 



Fig. 13. Distribution of sensilla on the 

posterior surface of the galea. 
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Most of the posterior surface of the galea is 

well furnished with sensilla of Types 1,2,3,4,5,6, 

10 and 11 (Fig. 13) in both sexes (Table 4). The distri- 

bution of these sensilla is clearly shown by the maps for 

the individual types (Fig. 16). Sensilla of Type 4 are 

widely distributed on the posterior surface of the galea, 

those in the central region have setae less than 180u whilst 

the remainder have setae in excess of this length. The 

number of this type of sensillum tend to be higher in the 

male (Table 6). Towards the distal end there is a tight 

oval group of round sensilla (Fig. 16) with a variable socket 

diameter of 2.9 - 6.2u. These are probably Typo 10 sensilla 
(Plate 7a). It has been noticed that the number of Type 10 

sensilla in this group is greater in the male (Table 6) than 

in the female (Table 5). Their presence at the distal end 

of the galea suggests that they may be chemoreceptors and 

play a role in testing the food. Type 5 sensilla are 

completely restricted to the distal end of the galea (Pig. 

16) and the number is more or less constant in both sexes 

(Tables 5,6). Type 2 sensilla are randomly distributed on 

the posterior surface and are slightly more numerous in the 

female than in the male (Tables 5,6). Type 1 sensilla are 

more lateral in position and are again more common in the 

female. Type 3 sensilla occur mainly on the inner side and 

in this type more are present in the male. Unlike the 

cardo and stipes Type 6 sensilla are not restricted to groups 



Fig. 14. Distribution of sensilla on the 

anterior surface of the galea. 
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Fig. 15. Distribution of sensilla on the 

anterior surface of the galea in 

the adult male to show sexual 

differences. 
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Fig. 16. Distribution of sensilla of Types 1, 

2,3,4,5,6, '7,10 and 11 on the 

posterior surface of the galea. 
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Plate 7a. Scanning electron micrograph of Type 10 

sensilla present on the posterior side 

of the galea (X 7257). 



a 



Plate 7b. Scanning electron micrograph of the 

comb (c) together with hairs (h) 

present on the distal portion of the 

galea (X 4354.2). 



b 
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but are more generally dispersed. Finally Type 11 sensilla 

are mostly found on the inner margin of the galea and are 

more numerous in the female (Table 5). One outstanding and 

interesting feature of the galea is the presence of a comb, 

usually with twelve teeth (Plate 7b), situated on the inner 

distal part of the posterior surface (Fig. 13). The comb is 

present in both sexes and may be used for cleaning the food 

particles, for holding them or for sweeping them towards the 

preoral food cavity. The area surrounding the comb is well 

supplied with hairs (Plate 7b). There has been no previous 

record of a comb on the mouthparts of Orthoptera, although 

similar structures have been found in other insects but are 

not always associated with the head appendages. Thus, in 

the Hymenoptera at the distal end of the fore tibia a comb or 

scraper is present and is used to clean the antenna. In 

mosquito larvae, certain hairs on the upper surface of the 

maxillae form a comb. In the Lepidopteran family in 

Lycaenidae a comb is present on the serrate distal margin of 

the rostellum (Nabokov, 1945). 

The anterior surface of the galea is furnished with 

sensilla of Types 1,3,4,5 and 6 (Fig. 14) in the female 

(Table 5) and also Type 7 in the male (Table 4, Fig. 15). 

In the female there is a row of Type 1 sensilla situated on 

the anterolateral side of the galea (Fig. 14), whilst in the 

male only two sensilla of this type are present at the distal 

end of the galea (Fig. 15). Two closely spaced stout setae 



Fig. 17. Distribution of sensilla on the 

" posterior surface of the lacinia. 
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Fig. 18. Distribution of sensilla on the 

anterior surface of the lacinia. 
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Fig. 19. Distribution of: a, Types 3,4,6 and 7 

censilla on the posterior surface of the 

lacinia; b, Type 1,3 and 6 sensilla on 

the anterior surface of the lacinia. 
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of Type 4 are found centrally positioned at the distal end 

in the female (Pig. 14). Type 5 sensilla are restricted 

to the extreme tip of the galea (Fig. 14) as on the posterior 

surface. The number of Types 3,4 and 5 sensilla is greater 

in the male, whilst Type 6 is represented by the same number 

in both sexes (Tables 5 and 6). 

The posterior surface of the lacinia is well 

supplied with sensilla of Types 3,4,6 and 7 (Fig. 17). 

The distribution of maps of the individual sensilla types 

are given in Pig. 19a. Type 4 sensilla form a fringe of 

long setae on the inner side of the lacinia, Other Type 4 

sensilla on the lacinia are shorter and stouter and these 

are more proximal in position. The long setae vary in length 

from 262 - 326u with a basal diameter of 12 - 24u and a 

socket diameter of 28 - 31u. The Type 3 sensilla are 

restricted to the proximal and central part of the lacinia 

(Pig. 19a). The number of Type 4 and 7 sensilla is greater 

in the female (Table 5) than in the male (Table 6) whilst 

the reverse situation occurs in Type 3 (Table 6). There 

are two pore canals in each of the three cusps. These 

have been referred'to as Type 12 sensilla. 

The anterior surface of the lacinia (Pig. 18) is 

supplied with sensilla of Types 1,2,3,4,6,7 and 12 

(Fig. 19a and b) in both sexes (Table 4), although as can 

be seen from Tables 5 and 6 the overall number of sensilla 



Fig. 20. Distribution of sensilla on the 

posterior surface of the segments of 

the maxillary p alp. 
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is greater in the male. There is a tendency for most of 

the sensilla to be positioned on the mesal side of the 

lacinia. Type 3 sensilla are the most widely distributed 

type and are more numerous in the male than in the female. 

Type 4 again provide a fringe on the mesal border with a 

shorter stouter group more central in position. Type 6 

and 7 occur as small clusters with more Type 7 in the male 
(Table 6). 

The five segments of the maxillary palp have 

numerous sense organs on both surfaces, these are mainly of 

Types 1, 2,3, 4,5,6 and 7 (Table 5). 

On the posterior surface of the first segment 

sensilla of Types 2,3 and 4 are present (Fig. 20). Type 

3 is the most common in both the sexes (Tables 5 and 6) and 

with the exception of the distal margin of the segment is 

generally distributed. On the anterior side of this 

segment (Fig. 21) Type 1 is present in addition to Types 2, 

3 and 4. There is also a hair plate in the proximal 

lateral region of the segment, which is formed of Type 2 

sensilla. Sensilla of Type 3 are again the most numerous 

in both sexes. 

On the posterior surface of the second segment, 

sensilla of Types 2,3,4 and 7 are present together with a 

proximally positioned hair plate. The Type 4 sensilla are 

restricted to the distal half of this segment (Fig. 20). 



Fig. 21. Distribution of sensilla on the 

anterior surface of the segments 

of the maxillary palp. 
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Anteriorly, sensilla of types 3,4 and 6 are present on the 

second segment (Pig. 21). Type 3 is again generally 

distributed, whilst Type 4 and 6 are represented by only a 

few sensilla confined to the distal boundary of the segment. 

One major sexual difference is in the occurrence of Type 2 

sensilla which are present in the male but not in the 

female (Tables 5 and 6). 

The posterior surface of the third segment has 

sensilla of Types 2,3 and 4 distributed over the whole 

surface (Fig. 20). 4 hair plate occupies a central 

position on the proximal boundary of the segment, whilst at 

the distal end there are a few Type 6 sensilla. Anteriorly 

Types 3 and 6 sensilla are also present (Fig. 21). Type 1 

only occurs on this segment and Type 2, present on the 

posterior surface is absent. The number of various types 

is similar in both sexes (Tables 5 and 6). 

The posterior surface of the fourth palp segment 

is supplied with sensilla of Types 2,3 and 4 which are 

scattered generally over its surface, whilst Type 6 is 

restricted to the distal portion of this segment (Fig. 20). 

Sensilla of Type 3 are the most abundant (Table 5) and the 

only type which extends throughout the segment. Anterior- 

ly, there is a hair plate in the proximal part of the seg- 

ment, together with sensilla of Types 1,2,3 and 4 (Fig. 

21). Unlike the previous segment Type 1 sensilla are 

restricted to the distal extremity of the segment. 



Fig. 22. Distribution of sensilla on the 

posterior surface of the submentun 

of the labium. 
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The fifth segment has numerous sensilla and is the. 

most densely covered of all segments. Types 2,3 and 4 are 

scattered over the whole surface of the segment, whilst Type 

5 is restricted to the tip of the palp (Fig. 20). Anterior- 

ly there is hair plate similar in position to that of the 

previous segment. Types 3 and 4 are found over the whole 

surface of the segment except for the tip where Type 5 is 

again dominant (Fig. 21). 

5.5. c. Labium (Figs. 22,23,24,25,26 and 27) 

The labium like the maxilla, is very well supplied 

with sensilla of various types. For this reason the indiv- 

idual components of the labium: submentum, mentum, prementum, 

paraglossa, glossa and labial palp will be discussed in turn. 

Sensilla of Types 1,2,3,4 and 7 are present on 

the posterior surface of the submentum in both sexes (Table 

4). A horizontal row of Type 1 sensilla is situated in a 

median position on this surface (Fig. 22). Some of these 

sensilla have setae more than 200u in length with a basal 

diameter of 6u and a socket diameter of 14u. Sensilla of 

Types 2 and 3 are more generally scattered over the sub- 

mentum, although they are lacking from the distal border. 

Sensilla of Type 2 have setae with lengths from 55 - 70u, 

a basal diameter of 5- 4u and socket diameter of 7- 8u, 

whilst Type 3 have much shorter setae ranging from 13 - 33u 

in length with a basal diameter of 2.9 - 4u and a socket 



Fig. 23. Distribution of sensilla on the 

posterior surface of a, mentum; 

b, prementum. 
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diameter of 6 --Su. Type 7 are distributed in a wide band 

across the submentum but are absent from the distal margin. 

The number of Type 3 and 7 sensilla is greater in the male 

than in the female (Tables 5 and 6). Eight Type 4 sen- 
I silla are present and are restricted to the lateral region 

of the posterior surface of the submentum (Fig. 22). A 

pair of hair plates composed of Types 2 and 3 sensilla, is 

present one on each distal lateral angle of the posterior 

surface (Fig. 22). 

The anterior surface of the submenturn is mostly 

membranous and only a few sensilla occur on the solerotized 

lateral lobes. These, however, have not been recorded. 

Types 1,2,3 and 7 sensilla are found on the 

posterior surface of the mentum in both the sexes (Table 4). 

The anterior surface is without sensilla with tin exception 

of the proximal border of the submentum, sensilla of Type 3 

are generally dispersed. Type 7 sensilla share a similar 

distribution but are also absent from the central part of 

the mentum. Type 7 sensilla are considerably more common 

in the female than the male (Tables 5 and 6). The six 

sensilla of Type 1 are symmetrically arranged near to the 

distal margin of the mentum (Fig. 23a). In the male there 

is just 'a single pair of this type of sensillum (Table 6). 

Type 2 sensilla are few in number (Table 5) and are found 

towards the lateral part of the mentum above the origin of 



Fig. 24. Distribution of sensilla on the 

paraglossa; a, posterior surface; 

b, anterior surface. 
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Plate 8a. Scanning electron micrograph of the 

Type 1 sensilla present on the posterior 

surface of the paraglossa (X 362.85). 

Plate 8b. Scanning electron micrograph of the 

Type 6 sensilla present on the distal 

margin of the second labial palp 

segment (X 7257). 
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the Type 1 sensilla. A pair of hair plates is found on 
the membranous proximal portion of the prementum (Pig. 23a). 

A similar range of sensilla types is found on the 

posterior surface of the prementutt (Fig. 23b). The 

anterior surface is devoid of sensilla. In both sexes six 

'very long sensilla of Type 1 are to be found symmetrically 

arranged. These have setae of more than 300u in length, a 

basal diameter of 6- 8u and a socket diameter of 15 - 19u. 

Type 3 sensilla are dispersed over the whole surface and are 

slightly more numerous in the male (Tables 5 and 6). The 

relatively few Type 2 sensilla appear to'be randomly dis- 

persed between those of Type 3. 'Like Type 2, Type 7 

sensilla are also distributed over the whole surface and are 

more numerous in the female than the male (Tables 5 and 6). 

The posterior surface of the paraglossa has a wide 

range of sensilla types. Types 1,2,3,4,5,6,7 and 11 

are present in both sexes (Table 4). Type 5 sensilla only 

occur towards the distal extzemity of the paraglossa (Fig. 

24a), they appear to be more numerous in the female (Tables 

5 and 6). Some of the setae of the Type 1 sensilla (Plate 

8a) are more than 400u in length. They are generally spread 

over this surface (Fig. 24a) and the number is similar in 

both sexes (Tables 5 and 6). Types 2,3,4 and 7 sensilla 

are also generally distributed; the number of Types 3 and 7 



Fig. 25. Distribution of sensilla on the 

posterior surface of the glossa. 
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is slightly greater in the female, whereas Type 2 is more 

numerous in the male (Tables 5 and 6). Type 6 sensilla 

occur on the outer posterolateral border of the paraglossa 

and the same number is present in both sexes. Two or three 

Type 11 sensilla are present, towards the inner margin of 

the paraglossa in the male. and female respectively (Tables 

5and6). 

On the anterior surface of the paraglossa of both 

sexes are sensilla of Types 2,3,4,5 and 11 (Table 4). 

With few exceptions, the sensilla occur on the outer lateral 

part of the paraglossa. The stout setae of Types 2 and 4 

produce a definite lateral, setaceous border to the para- 

glossa (Fig. 24b). Type 5 are again restricted to the tip 

of the paraglossa and together with Type 4 appear to be more 

numerous in the female than the male (Tables 5 and 6). 

However, the number of Type 11 sensilla is greater in the 

male. The lateral median surface of the paraglosaa is also 

supplied with hairs. 

The posterior surface of the glossa bears sensilla 

of Types 2,3,6 and 7 in both sexes (Table 4). All the 

sensilla are found in a cluster at the base of the para- 

glossa. The setae of Type 2 sensilla are somewhat longer 

in the"male than the female, although only two instead of 

four are present in the male (Tables 5 and 6). Types 3 and 

7 are also more numerous in the female (Tables 5 and 6) 



Fig. 26. Distribution of sensilla. on the 

posterior surface of the segments 

of the labial p alp. 
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whilst Type 6 is marginally more common in the male (Tables 

5 and 6). The distal portion of the glossa is densely 

covered with hairs (Fig. 25). The anterior surface of 

the glossa is membranous and bears no sensilla (Table 5). 

The three segments of the labial palp are described 

in turn. The labial pale displays sensilla of Types 1,2, 

3,4,5 and 6 in both sexes (Table 4). On the posterior 

surface of the first palp segment is a proximal hair plate 

(Fig. 26). Of the sensilla types found on the labial palp 

only Type 5 is missing. Near the hair plate is a small 

group of Type 6 sensilla with another group positioned 

distally. Type 3 sensilla are the most widespread. The 

distribution and number of sensilla is remarkably consistent 

between the sexes. 

The anterior surface of the first segment has the 

same sensilla types as the posterior surface. In the female 

there is a single Type 6 sensillum positioned in the middle 

of the segment (Fig. 27), whilst in the male there are two, 

both distally positioned. The other types have a similar 

distribution to that on the posterior surface (Fig. 26), 

although there is no hair plate anteriorly. 

The posterior surface of the second segment of the 

palp bears sensilla of Types 1,2,3,4 and 6 (Fig. 26). 

The Type 6 sensilla are distal in position and their 

typical ccmpaniform structure can be seen in Plate 8b. 



Fig. 27. Distribution of sensilla on the 

anterior surface of the segments 

of the labial paip. 
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More Type 3 sensilla are found in the male than in the 

female, whilst the remaining types are similar in number in 

both sexes (Tables 5 and 6). 

The anterior surface of the second segment is 

supplied with the same sensilla types adthe posterior 

surface (Tables 5 and 6). Sensilla of Type 6 are again 

distal in position, whilst Types 2,3 and 4 are widely scat- 

tered over the surface. There is a proximal hair plate on 

the outer side of the segment (Fig. 27). 

The posterior surface of the third segment of the 

palp bears sensilla of Types 2, 3, 4 and 5 (Fig. 26). Types 

1 and 6 are absent. Type 5 is re stricted to the distal part 

of the segment. Type 4 sensilla are found only on the inner 

side of the segment, whilst Types 2 and 3 are scattered 

generally over its surface (Pig. 26). 

The anterior surface of the terminal segment has a 

proximal hair plate formed of Type 3 sensilla (Fig. 27). 

Type 5 sensilla, although restricted in position to the 

distal end of this segment, are far more numerous in the 

female (Tables 5 and 6). A similar sexual difference is 

seen in the number of Type 2 sensilla (Tables 5 and 6). 

Thick, stout sensilla of Type 4 are situated laterally (Fig. 

27). With the exception of Type 5 sensilla, there is a 

general similarity, both in the distribution and number of 

the sensilla, on both surfaces of this segment. 



Fig. 28. Distribution of sensilla on the 

anterolateral surface of the 

hypopharynx. 
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Plate 9a. Scanning electron micrograph of the 

finger-like hairs (h) present on the 

anterior surface of the hypopharynx 

(X 18142.5). 

I 

Plate 9b. Scanning electron micrograph of the 

cuticular projections (cp) found on 

the anterior surface of the hypopharynx 

at its distal end (X 18142.5). 
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5.5 . d. H, yýopharynx (Fig. 28) 

The hypopharynx is a bulbous tongue-like structure. 

The distribution of its sencilla is best described from an 

anterolateral aspect. Sensilla of Types 2,3,4 and 6 are 

present and are similar in distribution°and number in both 

sexes (Tables 5 and 6). The sensilla are restricted to a 

lateral area (Fig. 28) around the suspensorial sclerite. 

In the most distal region, sensilla of Types 3 and 6 are 

situated laterally (Fig. 28). Type 6 occurs in small groups, 

whereas sensilla of Type 3 are distributed throughout this 

area and are the most common sensilla. 

Approaching the suspensorial scierite is a small 

cluster of Type 4 sensilla. A small number of Type 2 

sensilla occurs below and between the suspensorial sclerite. 

In the proximal region of the hypopharynx sensilla of Types 

3 and 6 are found in small groups around the suspensorial 

sclerite (Fig. 28). The scanning electron micrograph 

(Plate 9a) illustrates the presence of branched finger-like 

hairs on the anterior surface of the hypopharynx. These 

hairs may be mechanical in function and help in sweeping the 

food particles towards the mouth. In addition to the hairs 

there are also cuticular projections on the anterior surface 

of the hypopharynx (Plate 9b). 

5.5. e. Antenna (Fig. 29) 

Anteriorly the scape has a median row of setae with 

large sockets, these are of Type 2 sensilla and together form 



Fig. 29. Distribution of sensilla on the scape 

and pedicel of the antenna; a, anterior 

surface; b, posterior surface. 
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Plate 10a. Scanning electron micrograph of the 

Type 4 sensilla on the distal margin 

of the scape (Sc). The cuticular 

projections (cp) are present on the 

'membrane between the scape (Sc) and 

pedicel (Pdc). Sensilla forming hair 

plates (hp) are also present on the 

pedicel (X 725.7). 

Plate 10b. Higher power scanning electron micrograph 

of the Type 4 sensilla, together with the 

cuticular projections (cp) (X 7257). 
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Plate 11a. Scanning electron micrograph of the 

Type 6 sensilla found on the distal 

portion of the pedicel (Pdc) and the 

globular sensilla (Gb) on the first 

segment of the flagellum (X 7257). 

Plate 11b. Higher power scanning electron micrograph 

of the globular sensilla (Gb) on the 

first segment of the flagellum 

(X 18142.5)" 
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Plate 12a. Scanning electron micrograph of the 

pedicel of the antenna illustrating 

the lateral hair plate (hp) and the 

Type 6 sensilla present on the distal 

margin (X 362.85). 

Plate 12b. Scanning electron micrograph of the 

hair plate sensilla (hp) present on 

the pedicel (X 7257). 
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a hair plate (Plate 10a). The remainder of-this surface 
is covered with sensilla of Types 3,4 and 6 (Pig. 29a). 

Type 3 is the most numerous, although sensilla of this type 

do not extend to the base of the segment. On the distal 

margin there are two prominent stout setae of Type 4 sensilla 
(Fig. 29a). These lie on each side of the scape, their 

. separation being slightly greater than the basal diameter of 
the pedicel (Plate 10a). These setae are fairly consistent 

in length (203 - 208u) and have a basal diameter of 12.5 - 
13u and a socket diameter of 23.5 - 24u. Scanning electron 

micrographs demonstrate that the wall of these-'sensilla has 

a spiral sculpturing (Plate 10b). 

On the posterior surface of the scape there are two 

rows of sensilla of Type 2 forming hair plates (Fig. 29b). 

Types 3 and 7 sensilla are generally scattered over the 

surface and Type 3 is again the dominant type (Table 5). 

The membranous portion between the. scape and the 

pedicel bears cuticular projections on its surface (Plates 

10a, b and 12a). 

On the anterior side of the pedicel there are two 

hair plates running parallel to the sides of the segment 

(Plates 10a and 12a, b). The other sensilla of Types 3 and 

7 are mostly found in the distal half of the segment and 

these spread around to the anterior side also. Type 6 

campaniform sensilla are present in a ring around the distal 

margin of the pedicel (Plate 11a). The number of sensilla 
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are similar in both sexes (Tables 5 and 6). 

Although the sensilla of the flagellum have not 

been given detailed treatment, it is worth mentioning that 

on the first flagellar segment, near to the junction of the 

peIdicel, are globular sensilla (Plate 11a and b). These 

were only investigated in. the female. To the author's 

'knowledge they have not-been recorded in any other insect 

species. 

5.6 Distribution of Sensilla on the 

Clypeolabrum of nymphal instars 

In order to fully appreciate the adult complement 

of sensilla and possibly to throw light on the function of 

certain types of sensilla, the distribution of sensilla in 

the immature stages was investigated. This was not intended 

to be .a major section of the work; consequently, only the 

development of the sensilla of the clypeolabrum was invest- 

igated. This structure was particularly appropriate to a 

study of development since a large number of different types 

of sensilla are present and they are often arranged in 

discrete groups. This makes their identification simpler 

and more accurate. 

The number of nymphal instars is knotig to vary from 

eleven to thirteen (Ragge, 1965; Rummel, 1963). For this 

reason a small number of measurements were taken on freshly 

moulted instars to determine accurately the number of instars 

in the culture being used in this work. The structures 
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Table 7 Measurement of parts of the body to determine 
the number of instars (mean value in mm) 

Instar M Xý n 
Length 

of 
body 

Breadth 
of 

head 

Length 
of Pro- 
motum 

Length 
of Pore- 
wing 

ength 
f hind 
emur 

Length 
of Ovi- 
positor 

1 2.16 0.43 0.33 - 0.93 - 

2 x 3.6 0.85 0.85 - 1.7 - 
3 x 4.15 1 1 - 2 - 

4 5.1 1 1 - 2.25 - 

5 X 6.5 1.07 . 1.02 - 3.15 
ru i- 
ment 

6 x 8.1 1.75 1.3 - 4.2 
rudi- 
ment 

7 9 1.85 1.45.. - 4.35 .4 

8 x 12.33 2.5 1.96 - 5.96 1 

9 x 14.1 2.7 2.3 - 6.6 1.6 

10 x 14.55 3 2.5 2.05 7.5 2 

11 x 17.35 3.58 2.78 3.84 8.77 4.52 

Adult x 18.87 4.15 2.92 11.77 9.15 10.77 
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measured were the length of the body, the breadth of the 

head, the length of the pronotusn, the length of the fore- 

wing, the length of the hindwing and the length of the 

ovipositor. The results are summarized in Table 7, and the 

full data given in Appendix I. From these results, it 

became apparent that there were twelve instars including the 

adult. This number agrees with that suggested by Ragge 

(1965). 

Table 8 gives a summary of the number of sensilla 

in the various A groups discussed on Page 279. 

The full data is given in Appendix II. Table 9 gives the 

total number of each sensilla type found on the anterior and 

posterior face of the clypeolabrum. Diagrams of the first, 

fifth, seventh and eleventh instars are included as examples 

(Figs. 30,31 and 32). 

On the anterior surface of the clypeolabrum of the 

first instar (Fig. 30a) sensilla of Types 1,2 and 13 occur. 

There are 10 sensilla of Type 1,6 of which are arranged in 

two rows in the middle of the labrum, thereby closely resembl- 

ing the condition found in the adult. By the third instar 

this type has reached the full number found in the adult. 

The rudiments of the four Type 13 sensilla present 

in the adult are apparent in the first instar (Fig. 30a), 

but are only fully developed in the fifth instar (Fig. 30b). 

Eight Type 2 sensilla are present in the first and second 

instars and are widely scattered in the area lateral to the 



Fig. 30. Distribution of sensilla on the 

anterior surface of the clypeolabrum: 

a, first instar; b, fifth instar; 

c, seventh instar. 
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Type 1 sensilla. These increase in number in the third 

instar and continue to do so until the adult complement of 

24 is reached in the eighth instar (Table 9). As the number 

increases this type of sensilla spreads to lateral margins of 

the 'labrum. 

It is interesting to note that the, most widespread 

type (Type 3) is absent from the anterior surface of the 

first instar but after the second instar generally increases 

at each ecdysis by ten or more. However, a far more striping 

increase occurs at the moult into the fifth instar (Pig. 30b), 

where the number increases from 16 to 70, and also at the 

moult into the seventh (Pig. 30c) when the number reaches 182 

(Table 9). In the adult (Fig. 5) the labrum is densely 

covered with this type of sensilla. A very similar picture is 

seen in-the Type 7 sensilla but here the increase in 

is more gradual (Table 9). 

Thus it may be said that there is a gradual increase 

in the number of Types 2 and 7 sensilla whereas more abrupt 

changes occur in the development of Type 3 sensilla. In 

the sensilla of Type 1 there. is no further increase in number 

after the third instar. Type 13 is present at least as 

rudiments in its full adult complement throughout development. 

On the posterior surface of the-clypeolabrum are 

many different groups of sensilla. Even in the first instar 

9 groups (A, - A9) occur. Table 8 gives a summary of the 

number of sensilla in each group for each instar. In most 
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groups, there is a gradual increase in number throughout 

development. 

Although groups are present throughout development 

in most cases the number of sensilla in a group increases. 

Group A3 is centrally positioned, and distal to the inter- 

torma, and is the only group where the number of sensilla 

remains constant. Groups A4, A5 and A7 have only a rela- 

tively small number of sensilla in the adult and this is 

reached by a steady increase in each instar. Although a 

more marked increase in the number of group A7 sensilla 

occurs at the moult into the second and eighth instars. 

An even more dramatic increase at the moult to the eighth 

instar occurs in Group A8 and to a lesser extent group A,. 

Group A6 is composed of a fairly consistent number of 

sensilla up to the ninth instar when an increase occurs. 

Group A2 is represented by a single sensillum in the first 

instar and it is not until the fourth instar that any marked 

increase occurs. 

The posterior surface of the clypeolabrum is devoid 

of sensilla of Types 1,2,5,11,12 and 13 (Table 9). The 

number of Type 8 sensilla may remain constant throughout 

development, but sometimes an additional sensillum is added 

in the ninth instar (Table 9). Type 3 sensilla increase in 

number gradually from the first to the last instar. Type 4 

sensilla increase in number more erratically, the greatest 

increases occurring in fourth, sixth and eighth instars. 

6 



Fig. 31. Distribution of sensilla on the 

posterior surface of the clypeolabrum: 

a, first instar; b, fifth instar. 
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Fig. 32. Distribution of sensilla on the 

posterior surface of the clypeolabrum: 

a, seventh instar; b, eleventh instar. 
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Table 8 Sensilla on the posterior surface of the 
Clypeolabrum of all instars 

Groups of sensilla 

V2 

oý . 
°ý' 

02 

1 
Al A2 A3 A4 A5 A6 A7 A8 Ag 

0' CO 
4,2 g 

,, 
H H ýý 

5 1 x 17.6 1 6 3 4.8 14.2 1 5.8 6.6 
17.6 1 5.8 3 4.4 14 1.4 6.4 6 

2 2 x 18 2 6 3 4 14.5 3.5 8.5 8 
18 2.5 6 3 4.5 15 3.5 7.5 7.5 

2 
L3 

X 17.5 1.5 6 3 4 14.5 3.5 10 10 
18.5 2.5 6 4 4.5 15 3.5 10.5 10 

2 4 X 18.5 6 6 4 5 14.5 3.5 20 12 
18.5 6.5 6 3.5 4.5 14.5 3.5 18.5 12.5 

7 5 x 18.7 9 6 4.2 6.1 13.5 3.8 18.8 11.2 
19.2 8.8 6.4 4.1 5.7 13.2 3.7 19.1 11.2 

3 6 x 21 9.3 6 4.3 6.3 13.6 5.6 27 13 
19 8.6 5.6 4.3 7.3 13 5.6 27.3 13.3 

-4 7 x 22.2 8.5 6.25 4.7 8 13.5 6.2 26.2 13.5 
23 8.75 6 4.7 8 13.5 6.5 27.5 13.5 

2 8 x 32 11 6.5 6.5 8 14 10 58 16 
35.5 12 6.5 7.5 8 15 10 63 16 

2 9 x 32.5 13 6.5 6.5 8.5 19.5 8.5 59.5 16.5 
35 13.5 6.5 7 7.5 17.5 8 59.5 17 

3 10 x 39 14 6 6.6 9.3 26 9.3 72.3 16.3 
38.3 13 6.3 6.6 9 25.6 9.6 78.3 17 

11 x 46 12.5 6.5 7.5 10 29. 5 9.5 65.5 1 6 16.5 
47 1s 7 .5 7.5 8.5 5 28. 9 63 1 6 .5 

(Upper value = right side; lower value left side) 
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Table 9 Total number of sensilla types on the two 
surfaces of the clypeolabrum of all instars 
(Values represent means of 2-5 insects) 

Instar Surface t1 t2 t3 t4 t5 t6 t7 t8 t9 t1O t11 t12 13 

I Ant, 10 8 - - - - - - - - - 4 
Post. - 46 '14 - 2 - 12 2 58 - - - 2 Ant. 11 8 16 - - 8 - - - - - 4 
Post. - - 48 18 6 - 12 3 58 - - - 3 Ant. 12 12 18 - - - 12 - - - - - 4 
Post. - 58 29 - 8 - 12 5 66 - - - 4 Ant. 12 14 24 - - - 22 - - - - - 4 

it Post. - 62 60 - 8 - 12 13 70 - - - 
5 Ant. 12 21 70 - - - 27 - - - - - 4 
It Post. - 63 73 - 8 - 12 17 74 - - - 6 Ant. 12 21 86 - - - 38 - - - - - 4 
" Post. - 66 129 - 12 - 12 17 78 - - - 
7 Ant. 12 23 182 - - - 45 - - - - - 4 

Post, - - 66 132 - 13 - 12 18 88 - - - 
8 Ant. 12 24 185 - - - 48 - - - - - 4 
et Post. "- - 72 178 - 17 - 12 24 112 - - - 
9 Ant. 12 24 281 - - - 63 - - - - - 4 

Post. - - 80 181 - 17 - 13 24 118 - - - 10 Ant. 12 24 314 - - 78 - - - - - 4 
" Post. - 94 194 - 18 - 13 24 132 - - - 11 Ant. 12 24 447 - - - 85 - - - - - 4 
it Post. - 106 194 - 19 .- 13 24 142 - - - 

Adult Ant. 13 26 577 - - - 98 - - - - - 4 
" Post. - - 240 194 - 21 - 13 24 150 - - - 
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Type 6 sensilla are present in group A? only and 
their development has already been described. Type 10 

sensilla display a steady increase in number throughout 

posternbryonic development. The number of Type 9 sensilla 

slowly increases from the first to the ninth instar from 

which no further increase occurs. 

It is interesting to note that the different types 

of sensilla display a range of developmental pattern, some 

not increasing in number at all (e. g. Type 13) others 

increase steadily (Types 2,6,7,9 and 10) and others 

with more abrupt changes in the number of sensilla (Types 3 

and 4). 

5.7 Discussion 

From a detailed study of the distribution of the 

sensilla many interesting facts have come to light. On the 

mouthparts of A. domesticus there is a wide range of types 

of sensilla and many types are abundant. There appears to 

be relatively little difference in the distribution or number 

of sensilla in individuals of the same developmental stage 

and sex. However; it was interesting to note the occasional 

occurrence of sexual dimorphism in terms of number and even 

types of sensilla. The brief study of the development of 

the adult pattern of sensilla also demonstrated considerable 

differences between the types of sensilla in this context, a 

subject not previously considered. 
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An analysis of the overall distribution of some of 

the sensilla types may be used to suggest their function. 

Sensilla of Type 1 only occur on parts that are in contact 

with the external environment, such as the anterior surface 

of the clypeolabrum (Fig. 5), the posterior surface öf the 

labium and the maxillary and labial palps (Table 5). 

Sensilla of Type 7 occur mainly on the posterior-surface of 

the labium (Table 5), the anterior surface of the clypeo- 

labrum (Fig. 7b) and both surfaces of the mandible (Figs. 8 

and 9). Type 13 sensilla have a very restricted distribu- 

tion and are only found on the anterior surface of the, 

labrum near the membranous notch. On the other hand Type 3 

sensilla are the most common type and are generally distri- 

buted over most of the mouthparts. Type 5 sensilla occur 

only on the distal extremities of the mouthparts where they 

are often abundant. The tips of the paraglossa (Fig. 24), 

galea (Figs. 13 and 14), labial palp (Figs. 26 and 27) and 

maxillary paip (Figs. 20 and 21) are covered with Type 5 

sensilla. Typer8 and 9 sensilla are only found on the 

posterior surface of the clypeolabrum, (Pig. 4) in groups A3 

and A2 respectively. Type 12 sensilla, often called pore 

canals, are present on the well sclerotized incisor and molar 

areas of the mandible (Figs. 8 and 9) and in the distal cusps 

of the lacinia (Pig. 17). Fudalewiez-Niemezyk and 

Rosciszewska (1974) also report the pore canals in the 

lacinia and mandible in the larvae of G. domesticus. The 



-283- 

presence of the pore canals in these distal positions strongly 

suggests that they are chemosensory. The posterior surface 

of the labruin is devoid of sensilla of Type 2. However, 

these are present on the anterior surface of the clypeo- 

labrum, the posterior and anterior surfaces of the cardo, 

anterior surface of the stipes, posterior surface of the 

galea, anterior surface of the lacinia and anterior and 

posterior surfaces of the maxillary pale: Besides these 

positions Type 2 also occurs on the posterior surfaces of the 

labium, labial palp, hypopharynx and antenna (Table 5) . 

The hair plates are formed of Type 2 sensilla. They occur 

on the joints of the labial palp (Pigs. 26 and 27) and 

maxillary palp (Pigs. 20 and 21) , in the labium at the 

junction of the submentum with the mentum (Fig. 22) and 

mentum with the prementum (Fig. 23a). It is interesting to 

note that no hair plate is present at the junction of the 

clypeus with the labrum. According to Dethier (1963) 

applies the term touch receptors to the hair plates. 

Regarding Type 4 sensilla, they are present on the 

posterior surface of the clypeolabrum, the mandible, on both 

surfaces of the maxilla and on the labium including the sub- 

mentum, both surfaces of the paraglossa and the labial palp. 

In the hypopharynx Type 4 sensilla are found on the antero- 

lateral surface (Table 5). The presence of Type 4 sensilla 

on the antenna proved to be of particular interest, since 

scanning electron micrographs have shown the walls to be 
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spirally grooved (Plate 10b). These sensilla may have some 

special function in the detection of the food. 

Type 6 sensilla have an interesting distribution on 

the anterior surface of the clypeolabrum they are absent 

whilst on the posterior surface they occur in group A7. 

Due to the position of these campaniform sensilla of Type 6 

near the joints of the maxillary (Figs. 20 and 21) and 

labial palp (Figs. 26 and 27) , they have been considered to 

be proprioceptors (Pringle, 1938a). Their function on 

the hypopharynx is not very clear. The anterior and 

posterior surface of the clypeolabrum is devoid of sensilla 

of Type 11. It has been noticed that these occur only on 

the posterior surface of the galea and on both surfaces of 

the paraglossa. Again it is difficult to be conclusive 

about their function, but it may be suggested that they may 

act as chemoreceptors (Table 5). 

The clypeolabrum is richly supplied with sensilla 

of various different types and some are only found on this 

structure. This is almost certainly indicative of the 

important role of the clypeolabrum in feeding. This 

suggestion is further enhanced by the fact that all sensilla 

types are present, although often in small numbers, even in 

the early instars. 

The intention of this section is to describe the 

distribution of different types of sensilla on all the 

feeding appendages and associated structures. It has not 

4 
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always been possible to deduce accurately the function of 

the types of sensilla, since this would require further 

experimental work. However, it is hoped that this work 

may provide the necessary background to extend the subject 

along physiological lines. 

N 
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List of abbreviations for the sensilla and associated 

structures of the head cap sule and mouthparts 

t1 = Type I sensilla 

t2 = Type 2 it 

t3 _ Type 3 it 

t4 _ Type 4 it 
t5 Type 5 it 

t6 = Type 6 to 

t7 = Type 7 It 

t$ = Type 8a 

t9 _ Type' 9 

t10 Type 10 

t11 _ Type 11 

t 12 Type 12 " 

t13 = Type 13 u 

Hs = Suspensorial sclerite 

for = Torma 

int Intertorma 

VZ = Sclerotized bar 

h= Hair 

c= Comb 

lb = Longitudinal bar 

Sc = Scape 

Pdc = Pedicel 

hp = Hair plate 
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Mtr = Microtrichia 

op Cuticular projection 

Gb Globular sensilla 
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Appendix I Measurements of parts of the body to 
determine the number of instars (in mms) 

Length Breadth eng Leng eng eng 
Instar of the of the of the of the of the of the 

body head ronotum Forewing hind Ovi- 
femur ositor 

2.5 .5 .3 - 1 - 2 .4 .3 - '' .9 - 2 .4 .3 - .9 - 
3.5 .9 .9 - 1.6 - 2 3.7 .8 .8 - 1.8 - 

3 4.2 1 1 - 2 - 4.1 1 1 2 - 

;4 4.5 1 1 - 2 - 5.7 1 1 - 2.5 - 
6 1 .9 - 2.8 rudiments 

5 '6 1 1 - 3 it 
7 1 1.1 3 It 
7 1.3 1.1 - 3.8 u 

6 7.5 1.4 1.1 - 3.9 rudiments 
8.7 2.1 1.5 - 4.5 't 

:7 9 1.8 1.4 - 4.5 4 
9 1.9 1.5 - 4.2 .4 

13 2.5 . 
1.9 - 5.9 1 

"8 11 2.4 2 - 6 1 
13 2.6 2 - 6 1 

:9 14.1 2.7 2.3 6.6 1.6 

10 14.5 3 2.5 2 7.5 2 
14.6 3 2.5 2.1 7.5 2 

15.9 3.2 2 3.8 8 4 
18 4 '2.5 3.5 9 4 
17.9 3.9 3 3.8 9 4.7 

11 16.2 3.4 3 4 9 5 
18.6 3.8 3 4 8.5 5 

'18.7 3.5 3 3.8 8.9 4.5 
16.2 3.3 3 4 9 4.5 
18.1 4.1 2.8 12 9.2 10.5 

Adult 19 4.1 2.8 11.5 9 10.6 
19.2 4.2 3.1 11.6 9 10.8 
19.2 4.2 3 12 9.4 11.2 
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Appendix II Sensilla on the posterior surface of the 
Qlypeolabrum of all the instars (* = right; 

= left group) 
Groups of sensilla 

Instar Al A2 A3 A4 A5 A6 A7 A8 A9 

7,1 
1 1 

1,1 
1 1 

6,9 
6 6 

3,3 
3 3 

4,4 14913 
1 1 , 1 1 

5,7 
8 5 

7, 
6 7 7, 7 , , , 5,4 3, 3 , , , 1 18,19 1,1 6,6 3,3 5,5 16,15 1,1 7,5 6,5 

18,18 1,1 6,5 3,3 5,5 16,16 1,1 5,6 7,7 
18,18 1,1 6,6 3,3 5,4 13,13 1,3 7,6 6,6 

2 17,18 1,2 6,6 3,3 4,5 13,14 3,3 7,8 7,7 
19,18 3,3 6,6 3,3 4,4 16,16 4,4 10,7 9,8 

3 17,18 1,2 6,6 3,4 4,5 13,14 3,3 10,12 10,10 
18,19 2,3 6,6 3,4 4,4 16,16 4,4 10,9 10,10 

4 18,17 6,7 6,6 4,3 5,4 13,14 3,3 20,18 12,13 
19,20 6,6 6,6 4,4 5,5 16,15 4,4 20,19 12,12 

20,17 10,10 6,6 4,4 4,4 14,12 4,4 18,20 10,10 
18,20 10,9 6,6 4,4 5,5 14,13 4,4 20,22 10,10 
19,18 8,9 6,6 4,4 5,4 13,14 4,4 18,20 13,13 

5 18,21 9,8 6,7 5,4 8,8 14,13 4,3 19,18 11,11 
19,18 8,9 6,6 4*, 4 5,4 13,14 4,4 18,20 13,13 
18,21 9,8 6,7 5,4 8,8 14,13 4,3 19,18 11,11 
19,20 9,9 6,7 4,5 8,7 13,14 3,4 20,18 11,11 

21,18 10,10 6,6 4,4 7,8 14,12 6,5 32,28 14,14 
6 22,21 9,8 6,6 5,4 5,6 14,14 6,6 25,27 13,13 

20,18 9,8 6,5 4,5 7,8 13,13 5,6 24,27 12,13 

23,24 9,9 6,6 5,5 8,8 14,13 6,7 26,28 14,14 

7 25,23 9,9 6,6 5,5 8,9 14,13 7,8 30,27 14,14 
21,22 8,9 7,6 4,5 8,7 13,14 6,6 25,28 13,13 
20,23 8,8 6,6 5,4 8,8 13,14 6,5 24,27 13,13 

,8 32,35 10,11 6,6 6,7 7,8 14,15 10,10 60,64 16,16 
32,36 12,13 7,7 7,8 9,8 14,15 10,10 56,62 16,16 

9 31,33 13,14 6,7 7,7 8,8 19,18 8,8 58,60 17,17 
34,37 13,13 7,6 6,7 9,7 20,17 7,8 61,59 16,17 

40,38 15,13 6,7 7,9 10,11 28,31 8,9 76,86 17,18 
10 43,45 14,14 6,7 8,7 9,7 27,25 12,12 76,82 17,18 

34,32 13,12 6,5 5,4 9,9 23,21 8,8 65,67 15,15 

11 45,44 13,13 7,7 9,8 11,8 31,30 10,8 66,68 16,16 
47,50 12,13 6,7 6,7 9,9 28,27 9,10 65,62 17,17 
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PART 6 

PERIPHERAL NERVOUS SYSTEM OP 

THE MOUTHPARTS 
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6.1 Introduction 

Relatively few studies have concentrated on the 

peripheral nervous system of insects and the Gryllidae are 

no exception. The only major works in this field include 

those of Fudalewicz-Niemczyk and Rosciszewska (1973,1974) 

who have studied the peripheral nervous systemoof. the 

antenna and mouthparts of the last instar of G. domesticus 

and Rummel (1963)--who concentrated. on the morphometrics of 

the instars: of G. domesticus during metamorphosis. 

Knyazeva et al (1975). later investigated the distribution of 

the proprioceptors on the body of G. domesticus. In the 

Acrididae Louveaux (1972) described the nervous supply of 

the mouthparts of first instar larvae of L. migratoria, 

and a later study described the detailed innervation of the 

hypopharynx of L. migratoria m4 ratorioides. The innerva- 

tion of the mandible of the first instar larva of this 

species was described by Ire Berre and Louveaux in 1969. 

Other more general studies involving Orthoptera include those 

of Albert t al (1976) who studied the nervous innervation 

of the sensilla in the wing of the grasshopper, Melanoplus 

sanguinipes and McFarlane (1953) who elucidated the morph- 

ology of chordotonal organ of the head appendages of the 

migratory grasshopper Mlanoplus mexicanus mexicanus 

(Saussure). 

The chief purpose of this part of the work is to 

provide a description of the peripheral nervous system of 
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the mouthparts of adult female A. domesticus. To achieve 

this, efforts have been made to trace the pathway of the 

nerves both to the muscles and the sensilla. In some cases 

the nature of the sensilla can be suggested by the number of 

neurons innervating it. To complete the study the origin 

of the nerves from the suboesophageal ganglion,. the trito- 

cerebrum or the frontal ganglion have been traced, a feature 

often omitted from earlier studies. The results have been 

expressed in the form of diagrams and the main features 

have also been tabulated for clarity. The detailed 

innervation of certain muscles of the mouthparts has been 

investigated and drawn and in this case the position of the 

prominent tracheal. branches has been included. 

6.2 Materials and methods 

The»specimens used for studying the nervous innerva- 

tion of muscles and sensilla were newly moulted adult female 

crickets. The low pigmentation of the integument and the 

thinner, softer cuticle at this stage facilitated micro- 

scopic examination. 

The literature describes several techniques for 

staining the nerves of arthropods and annelids (e. g. Allen, 

1894; Alexandrowiez, 1932; Bliss and Welsh, 1952; 

Harridge, 1959 and Barber, 1960). In this case the study 

of the distribution of nerves was based primarily on whole 

mounts stained intravitally with Methylene Blue. Prelim- 

inary work involved testing the techniques of Pantin (1946), 
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Zacharuk (1962), Larimer and Ashby (1964), Stark et al (1969), 

Fudalewicz-Niemczyk and Rosciszewska (1974), Thomas (1971), 

Louveaux (1975) and Moulin (1971), Finally the method due 
to Moulin (1971) was adopted. 

A 0.4 stock solution of Methylene Blue (Gurr. 's 

Methylene Blue, Vital and Fluorchrome supplied by George 

T. Gurr Ltd.., 
, 
London) , was prepared in the physiological 

solution developed by Moulin (1971) (9gm Nael; - 0.2gm K01; 

0.2gm CaCl 2; 4gm dextrose dissolved in 1 litre of distilled 

water). The pH was adjusted to pH5 - pH7. Using a micro- 

syringe 0. lml of the staining solution was injected through 

the neck membrane and after an interval of 15 minutes another 

injection was given. Sometimes a third injection, after 10 

minutes, was necessary. The specimens were left for 30 

minutes and then killed. The head was severed from the rest 

of the body and fixed in 8% cold ammonium molybdate for 24 

-- 48 hours. Specimens were dissected in distilled water in 

a wax based dissecting dish. Temporary mounts were gener- 

ally used since the stain faded during the process of 

preparing a permanent mount. 

Although several staining methods were tested and 

subsequently the following method proved to be helpful 

initially. 0.2m1 injection of 5% stock solution as well as 

Leuco Methylene Blue solutions were used on newly moulted 

specimens. The stock solution was prepared by dissolving 

0.5gms of Methylene Blue in 100ml of water, the solution was 
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heated, stirred, filtered and cooled. 

There are two types of Leuco Methylene Blue 

solutions. The first, Unna's solution is made by adding 
6 drops of concentrated HCl to 30m1 of Methylene Blue stock 

solution. This was reduced with 6ml of 12% 0v sodium iý 

formaldehyde sulfoxalate (commonly known as rongalit). 

Alternatively, modified Unna's solution was prepared in the 

same way but not acidified. The reduction of the Leuco 

Methylene Blue solution causes it to change from green to 

colourless. If the solution is not used immediately it 

oxidises but can readily be reduced by addition of small 

amounts of sodium dithionite. Attempts were also made to 

stain the nerves directly in dissected specimens by pouring 

1% Methylene Blue and Rongalit onto the relevant tissue but 

few satisfactory results were obtained. 

The investigation of the nervous innervation of the 

sensilla proved to be both difficult and time consuming. 

Particular difficulty was experienced in the maxillary and 

labial palps where it was found to be virtually impossible 

to achieve complete penetration of the stain into the 

terminal segments. In the case of the maxillary palp 

segments the intersegmental membrane between segments was 

also used as a site of injection of Methylene Blue and the 

terminal segment itself was punctured and then immersed in 

Methylene Blue. Alternatively some palp segments were 

injected with 0.4% Methylene Blue solution and after 10 
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minutes were given another injection of 0.5% Methylene Blue 

prepared in physiological solution (Moulin, 1971). Better 

results were attained if the fixation time was reduced to 

12 hours. 

Finally, results were obtained which enabled a 

complete study of the peripheral nervous system. Some of 

these were photographed under the light microscope. 

General comments 

When the stock solution of Methylene Blue was 

injected into the living specimen and allowed to act for a 

sufficient time, there was nearly always some staining of 

the nerve cell bodies and axons. The quality of the 

staining produced depended on the stock solution used, the 

volume injected and the time interval between injection and 

dissection. If too little stain is injected or the interval 

is too short, the stain does not penetrate into the nervous 

tissue satisfactorily. Alternatively, too much stain or 

too long an interval causes unselective staining of the 

nerves and even surrounding tissue. The optimum volume of 

staining solution was that which would distend the abdomen 

slightly. In most cases approximately a total of 0.2m1 

staining solution was given. pH also affects the quality 

of Methylene Blue staining (Harris and Peter, 1953); a 

slight change'in pH can cause a considerable difference to 

the quality of staining. The optimum pH of the staining 

solution was found to be pH5. 



Fig. 1. Diagrammatic representation of the 

peripheral nervous system. 
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6.3 Origin and innervation of the nerves 

6.3. a. Zabral nerve and associated nerves 

The labral nerve 'Lmn', which is motor and sensory, 

originates from the tritocerebrum of the brain (Fig. 1). 

As it passes tothe labrum it gives off a branch of nerve 

fibres to the first adductor of the clypeolabrum (Muscle 2) 

(Fig. 1) and another branch to the second adductor of the 

clypeolabrum (Muscle 3), (Table 1; Fig. 1). The labral 

nerve then bifurcates into 2 branches 'A' and 'B' which 

innervate the sensilla (Pigs. 2 and 3). ' Besides the labral 

nerve, some muscles of the clypeolabrum are innervated by 

the frontal connective and frontal ganglion (Table 1; 

Pig. 1). As in most insects, the frontal ganglion gives 

off a nerve, the recurrent nerve 'rn'. From the base of 

the recurrent nerve a nerve is given off to the dilator of 

the buccal cavity (Muscle 43) (Table 1; Fig. 1) and distal 

to this another nerve to the first adductor of the clypeo- 

labrum (Muscle 2a), (Table 1; Fig. 1). The first abductor 

of the clypeolabrum (Muscle 1) is innervated by another 

branch of the recurrent nerve (Table 1; Fig. 1). A more 

distal branch of the recurrent nerve sends nerves to the 

second adductor of the clypeolabrum (Muscle 3), the dilator 

of the buccal cavity (Muscle 43) and dilator of the cibarium 

(Muscle 42), (Table 1; Fig. 1). The recurrent nerve 

terminates by innervating the median compressor of the 

labrum (Muscle 4), (Table 1; Fig. 1). The frontal 



Fig. 2. Innervation of the anterior surface 

of the clypeolabrun. 
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connective 'fc' has two branches along its length, one 

innervating the elevator of the hypopharynx (Muscle 33) 

and the other, the first head of the first adductor muscle 

(Muscle 2a), (Table 1; Fig. 1). 

Innervation of the Clypeolabrum (Figs. 2,3 and 4) 

The labral nerve 'I, mn' bifurcates into two branches 

'A' and 'B' (Figs. 2 and 3) which innervate the sensilla on 

both surfaces of the clypeolabrum (Figs. 2 and 3). On the 

anterior surface the inner branch 'A' innervates sensilla of 

Types 1,3,. 7 and 13 towards the centre of the clypeolabrum 

(Fig. 2). These sensilla are all innervated by a single 

neuron. There is a slight variation in the course of the 

nerve 'A' in different individuals. Sensilla of Type 7 

(Pig. 2) have a neuron with an oblong cell body and a long 

dendrite (Fig. 4i). The outer branch of the labral nerve 

'B' has branches to Types 1,2 and 3 sensilla present on the 

lateral areas of the labrum (Fig. 2) .' Some of the branches 

of this nerve innervate sensilla of Type 1 present on the 

anterior surface by a single neuron and also gives off, 

branch to a multiterminal neuron having a triangular cell 

body with 3 dendrites (Fig. 2). These multiterminal neuron 

are referred to as Type II by Zawarzin (1912). 

The posterior surface of the clypeolabrum is also 

innervated by nerves 'A' and 'B'. The inner branch 'A' 

gives off a nerve (Figs. 2 and 3) which innervates the 

sensilla of groups Al and A2 (Fig. 3c). Group Al is 



Fig. 3. Innervation of the posterior surface 

of the clypeolabrum: a, pathways of 

the two subbranches ' of the labral nerve ; 

b, detail of the branching of sub-branch 

B; c, some of the sensilla innervated 

by sub-branch B. 
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Fig. 4. Detail of the innervation of different 

types of sensilla on the posterior surface 

of the labrum: a, Type 9 sensilla in 

group A2; b, Type 10 sensilla in group 

A1; c, Type 3 sensilla in group A4; 

d, Type 8 sensilla in group A3; e, Type 

10 sensilla in group A9; f, Type 10 

sensilla in group A,; g, Type 4 (together 

with stretch receptors); h, Type 3 in 

group A8 and i, Type 7 (on anterior 

surface). 
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composed of sensilla of Type 10, these are generally 

innervated by three neurons with round cell bodies (rig. 

4b) and although some have only a single neuron, a round 

cell body and a slightly curved dendrite (pig. '4f). The' 

outer branch 'B' ramifies to the periphery of the labrum 

(Fig. 3a). Sensilla of Type 4 are innervated by a single 

neuron with a curved dendrite (Fig. 4g). A'number of stretch 

receptors are present towards the edge of the posterior 

surface of the labrum (Fig. 4g). These appear to penetrate 

the soft transparent cuticle and may provide an independent 

source of information on gradual movement. Finlayson and 

Lowenstein (1958) found similar cells in muscular and 

connective tissue strands in the abdomen of various insect 

species. Guthrie (1967) also mentioned, the occurrence of 

stretch receptors in. the leg-joints of cockroaches. These 

provide an independent source of information and are involved 

in slow contraction. The sensilla in group A3 are innervated 

by one of the branches of nerve 'B' (Fig. 3c). These are 

Type 8 sensilla and have a single neuron with an almost 

circular cell body and a long dendrite (Fig. 4d). The Type 

10 sensilla in group A9 (Fig. 3c) are also innervated by 

nerve IBI (Fig. 3c). These neurons have either round or 

oblong cell bodies and a curved or wavy dendrite (Pig. 4e). 

Sensilla in group A4 have a round cell body and a short 

dendrite (Fig. 4c). These are Type 3 sensilla. Group A8 

sensilla, which are present outside the sclerotized bar have 
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Table 1 Innervation of muscles and sensilla by the 
labral nerve, the frontal connective and 

the recurrent nerve 

Nerve Site and Structure o1 Innervation 

(i) First adductor of the labrum (Muscle 2a, 2b) 
Labral (ii) Second adductor of the labrum (Muscle 3) 

nerve (iii) Sensilla of the clypeolabrum 

Frontal (i) Elevator of the hypopharynx (Muscle 33) 

connective (ii) First adductor of the labrum (Muscle 2a) 

(i) First adductor of the labrum (Muscle 2a) 
(ii) Dilator of the buccal cavity (Muscle 43) 

Recurrent (iii) Abductor of the labrum (Muscle 1) 

nerve (iv) Dilator of the cibarium (Muscle 42) 
(v) Second adductor of the labrum (Muscle 3) 
(vi) Depressor of the labrum (I'Iuscle 4) 
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a round cell body with a small dendrite (Fig. 4h). Finally, 

group A7 sensilla are of Type 6 (Fig. 3a) and have a single 

neuron and like group A8 are innervated by nerve 'B' (Fig. 

3a). 
6,3. b. Mandibular nerve 

The mandibular nerve 'Mdnt originates from the 

suboesophageal ganglion (Fig. 5). It is composed of motor 

as well as sensory nerve fibres. The mandibular nerve 'Mdn' 

divides into three. One branch of this nerve innervates the 

adductor of the mandible (Muscle 5) (Figs. 5,6a and b), 

whilst a sub-branch of this nerve supplies the tentorial 

adductor of the mandible (Muscle 7), (Figs. 5 and 7a). 

Another branch of the mandibular nerve innervates the abductor 

of the mandible (Muscle 6), (Pig. 5) whilst the final branch 

innervates the sensilla on the anterior and posterior side 

of the mandible (Pigs. 8 and 9) and one of its smaller 

branches also innervate the hypopharyngeal mandibular muscle 
(Muscle 8), (Fig. 7b). 

The branch of the mandibular nerve which innervates 

the sensilla on the posterior side of the mandible (Fig. 8) 

enters the mandible near its base and splits into two branches. 

One of the branches passes diagonally towards the outer 

proximal part of the mandible and gives off branches which 

innervate the Type 3 sensilla, in the central part of the 

mandible, and Type 7 nearer to the incisor teeth. Some of 

the nerves terminate in multiterminal neurons (Fig. 8). 



Fig. 5. Diagranniatic representation of the 

mandibular nerve Mdn'. 
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Fig. 6. Mandibular nerve innervating the 

adductor of the mandible (Muscle 5): 

a, periphery of muscle; b, part of 

the muscle removed. 
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Fig. 7. Mandibular nerve innervating: 

a, tentorial adductor of the mandible 

(Muscle 7) ;'b, hypopharyngeal adductor 

of the mandible (Muscle 8). 
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Fig. 8. Posterior surface of the mandible 

illustrating the innervation of 

different types of sensilla by the 

mandibular nerve I Mdn' . 
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Fig. 9. Anterior surface of the mandible 

illustrating the innervation of 

different types of sensilla by the 

mandibular nerve 'MZdn'. 
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The other branch passes horizontally across the mandible 

parallel to its base and gives off further branches which 

then innervate the Type 6 sensilla. Sensilla of Types 3, 

6 and 7 are innervated by a single"neuron (Fig. 8). Sen- 

silla of Type 4, which are present above molar lobe on the 

posterior surface, are innervated by'the nerve fibres of 

the mandibular nerve which mainly innervate sensilla on the 

anterior side of the mandible. 

The branch of the mandibular nerve which supplies 

the anterior surface of the mandible splits fan wise so that 

nerve fibres radiate to the incisor and molar lobes of the 

mandible where they innervate the pore canal sensilla (Fig, 

9). One of its 

also the multite: 

mandible .` Type 

neuron. In the 

to be innervated 

(Fig. 9). 

6-3-c- Maxilla: 

branches innervates sensilla of Type 7 and 

retinal neuron in the distal part of the 

7 sensilla are innervated by a single 

basal region Type 3 and 7 sensilla appear 

by a very fine branch of the mandibular nerve 

ry nerve 

The suboesophageal ganglion gives off two pairs of 

main maxillary nerves 'IMx' and 'IIM. x'. These nerves pro- 

vide innervation to all the muscles and sensilla of the 

maxilla (Table 2) '. 

First main maxillary nerve 

The first main maxillary nerve 'IMx' is thinnerthan 

the second main maxillary nerve 'IlMxt and arises from the 
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suboesophageal ganglion above the second nerve (Fig. 10). 

A short distance after its origin it splits into two branches 

tat and 'b' (Fig. 10); the upper slender branch '. A' is 

mainly motor and passes through the adductor of the stipes 

(Muscle 11). After leaving this muscle it bifurcates into 

two sub-branches (Table 2) 
. which innervate each of the 

adductors of the cardo (Muscle 10,10a), (Fig. 10). The 

lower branch 'b' is made up of motor and sensory nerve fibres 

and lies below the adductor of the stipes (Muscle 11). It 

bifurcates into two sub-branches 'b1' and 'b2' . The branch 

'b1' is purely sensory and enters the proximal part of the 

stipes (Fig. 10) where it subdivides further into '1b1' and 

'2b1' (Fig. 15); the former branch of nerve fibres innerv- 

ates all the sensilla of the cardo (Fig. 16) while the latter 

innervates a large number of sensilla of the stipes (Fig. 17). 

The sub-branch 'b2' (Table 2) is made up of both 

motor and sensory bundles of nerve fibres and again splits 

into branches 11b, 2' and 12b 21; the former branch, ' 1b2' , 

is motor and innervates the flexor of the galea (Muscle 14), 

(Pigs. 10 and 15) where it bifurcates again; one sub-branch 

goes to the distal portion of the flexor of the galea (Muscle 

14) and the other passes deep into this muscle (Fig. 15). 

The other sub-branch '2b2' (Table 2) innervates the levator 

of the palp (Muscle 15), (Fig. 15). 



Fig. 10. Major subdivision of the first 

and second main maxillary nerves 

IMx' ,' IIMx t. 
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Fig. 11. Division of the second main maxillary 

nerve: a, innervation of, the muscles 

of the stipes (Muscle 11) and levator 

of the palpifer (Muscle 15) ; 

b, innervation of other muscles of the 

maxilla. 
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Fig. 12. Second main maxillary nerve 'IIMxt: 

a, fine branch to adductor of the stipes 

(Muscle 11); b-c, adductor of the 

stipes. (Muscle 11) dissected to illustrate 

detailed innervation. 
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Fig. 13. Innervation of cranial flexor of the 

lacinia (Muscle 12) and protractor of 

the cardo (Muscle 9) by branch lc+ of 

the first maxillary nerve 'Imx'. 
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Fig. 14. Innervation supplied by branch 'dt 

of the second main maxillary nerve: 

a, cranial flexor of the lacinia 

(Muscle 12), flexor of the lacinia 

(MIuscle 13) ; b, flexor of the lacinia 

(Muscle 13). 
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Fig. 15. Innervation of the flexor of the galea 

(Muscle 14) and levator of the palp 

(Muscle 15) by branch 'b2' of the first 

main maxillary nerve ' IMSxt . 
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Innervation of the Cardo (Fig. 16) 

The nerve fibres which innervate the sensilla of the 

cardo have been carefully traced. The sensory branch '1b1' 

enters the cardo and splits into two sub-branches. One 

branch mainly ramifies in the posterior surface of the 

cardo and forms a network of nerve fibres. The Type 4 

sensilla-are innervated by asingle neuron which in most 

cases is spindle. shaped but occasionally may be round. 

Some of the Type-3 and 7 sensilla. are also=. supplied by a 

single neuron which is mainly round.. The dendrites in both 

types are not very long. Some of the nerves apparently end 

blindly, this may be explained by the fact that they merely 

terminate in the cuticle or due to the vagaries of staining 

their connection with the cuticular sensilla may have been 

masked.. A number of neurons have been seen to end-just 

short of the base of the sensilla, in this case it was 

assumed that the stain had not penetrated into the base of 

the-sensilla. In certain parts of the cardo there are some 

apparent cross connections between the nerves. There is a 

certain degree of variability in the path taken by nerve 

'lb11. 

Innervation of the'Stipes-(Fig. 17) 

The sensory nerve '2bß' (Table 2) enters the stipes 

where it splits into two branches. The first branch travels 

towards the proximal region of the stipes (Fig. 17a). Along 

its route gives off branches which innervate some of Type 3 

. 
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sensilla on the proximal region of the posterior surface of 

the stipes above and outside the sulci of the stipes 'q' 

and 't'. 

The second branch travels distally towards the 

outer border of the stipes and innervates the Type 3 sensilla 

by a single neuron. Type. 1 and 7 sensilla situated here are 

also innervated by a single neuron. The sensilla within the 

longitudinal sulci of the stipes 'q' and 't' may be supplied 

by one of the nerve bundles of the 'b2' branch which is both 

motor and sensory (Fig. 17b). Some of the Type 3 sensilla 

in this portion are innervated by a single neuron. The 

distal part of the stipes is innervated by a sub-branch 'h' 

of the second main maxillary nerve 'IIMx' (Table 2). One 

of the bundles of fibre 'h', from the nerve 'gt reaches the 

distal portion of the stipes (Fig. 17b) and seems to innerv- 

ate some of Type 3 sensilla. Some of the Type 6 sensilla 

are also innervated by a single neuron. The same branch 

seems to be sensory but the precise nervous connection with 

the sensilla is not completely clear, this is probably a 

result of inadequate staining. 

It has been noticed that there is some variability 

in the nervous innervation of the stipes between individuals 

of the same sex. The nerve fibre which arises from nerve 

tb2' is in the form of a multiterminal neuron, giving rise 

to three to four dendrites (Fig. 17b). 



Fig. 16. Posterior view of the cardo showing the 

innervation of the sensilla by a 

sub-branch of the first main maxillary 

nerve 111W. 
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Fig. 17. Posterior view of the stipes: 

a, showing innervation of the sensilla 

by a sub-branch of the first main 

maxillary nerve ' IMx' ; b, a sub-branch 

'h' of the second main maxillary nerve 

IIix'. 
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Second main maxillary nerve 

The second main maxillary nerve 'IIMx' (Figs. 10 

and ha) is very. thick compared with the first 'main maxillary 

nerve, 'IMx' and arises from the suboesophageal ganglion. 

Immediately after its origin from the suboesophageal 

ganglion, the nerve branches into three, the first, second 

. and third maxillary nerves, 'Imx', 'IImx', 'IIImx' (Table 2) 

as seen in Fig. 11a. From first maxillary nerve 'Imx' a fine 

(nerve innervates the adductor of the stipes (Muscle 11), (Fig. 

12a). 

First maxillary nerve 

The first branch of the second main maxillary nerve 

'IIMx' immediately gives rise to a fine nerve which innerv- 

ates the adductor of the stipes (Muscle 11), (Fig. 11a). 

After a short distance, the first maxillary nerve 'Imx' 

bifurcates into two branches 'c' and 
-' 

d' (Table 2). The 

first branch 'c' is motor and gives off a . 
branch l ell (Fig. 

10) which. travels dorsally to innervate the cranial flexor 

of the lacinia (Muscle 12) (Figs. 10,13 and 14a). A 

further branch of this nerve 'c2' innervates the protractor 

, 
of-the cardo (Muscle 9)j (Figs. lib and 13). The second 

branch id' (Table 2), which is also motor, enters the stipes 

where it splits into two nerves 'd1' and 'd2' (Table 2). 

The former nerve, 'd1' innervates the flexor of the lacinia 

(Muscle 13), (Figs. 11b, 14a and b). ý The other branch 'd2' 

passes into the palp. where it supplies nerves to the levator 

0 
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and depressor of the palp (Muscle 15 and 16), (Figs. 10 and 

15) and then passes into the first maxillary palp segment 

where it provides nervous innervation to the levator of the 

first palp segment (Muscle 17), (Fig. 11b). 

Second maxillary nie 

The second maxillary nerve 'II"mx' (Table 2) is the 

thickest of the three branches of the second main maxillary 

nerve 'IIMx'. It enters the distal part of the stipes 

(Pigs. 10,11a and b) and runs for more than half of its 

length before it divides into two sensory branches 'e' and 

If' (Table 2). The first branch ' e' 
, 
runs into the galea 

(Fig. 10) whilst the other branch If' enters the pale and 

innervates all segments of. the palp giving off small branch- 

lets to each segment. 

Innervation of the Galea (Figs. 18 and 19) 

The sensory branch 'e' of the second maxillary nerve 

fork as it enters the galea into two nerves 'ell and t e2' 

(Plate la and b) which innervate the posterior and anterior 

surfaces of the galea respectively (Table 2). Each nerve, 

as it passes towards the tip of the gales (Fig. 18), gives 

off a lateral branch about a quarter of the way along its 

length. This nerve passes towards the base of the galea 

and its branches provide innervation to the Type 3 sensilla 

along the length of the outer side of the galea. Most of 

these sensilla have two neurons whilst the Type 4 sensilla 

innervated by this nerve have only a single neuron. At the 



Fig. 18. Posterior surface of the galea 

illustrating innervation of sensilla. 
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Fig. 19. Anterior surface of the galea 

illustrating innervation of sensilla. 
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site of origin of this lateral branch of "l e1 t arise two 

more branches, one of which assumes the form of a loop (Pig. 

18). The first one curves, crosses over the main branch of 

' el' and then undergoes further subdivision. One branchlet 

gives off numerous fibres which supply innervation to the 

many-sensilla situated on the inner margin of the proximal 

region of the galea (Fig. 18). The Type 3 sensilla present 

in this area are mostly innervated by four neurons, whilst 

the large Type 1 sensilla and also Type 11 are innervated by 

a single neuron. A smaller bundle of nerve fibres arises 

from this loop-shaped branchlet; they run towards the outer 

part of the galea and appear to innervate sensilla of Type 3 

and 4. As the main branch of 'elf passes towards the tip 

of the galea, it gives off another smaller branchlet. 

Immediately after its origin this branchlet curves towards 

the outside of the gales and so crosses over the loop-shaped 

branchiet, and innervates the sensilla in this area. Just 

distal to this, 'ei' gives off a very fine nerve which runs 

parallel to 'e1' for some distance before it becomes further 

subdivided and bends proximally to supply the sensilla situat- 

ed in the mid outer regions of the galea (Pig. 18). However, 

the detail of this branch was hard to elucidate. The main 

nerve 'e1 then bifurcates about half way along its length. 

One branch is thick and travels distally in the midline of 

the galea, giving off some side branches. When it reaches 

the end of the galea, it subdivides many times to thoroughly 



Explanation of the Plates 

All the photographs in this section have been taken 

under a light microscope. 

Plate 1. Light micrograph of the galea: 

a. posterior view; 

b. anterior view (X320). 



a 

b 
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ramify the area. The Type 5 sensilla which are densely 

packed in this region are innervated by this nerve. The 

group of Type 10 sensilla also receive a branch from this 

nerve although the individual neurons could not be traced 

(Pig. 18) 0 
The second branch passes towards the inner side of 

the galea and innervates the sensilla'found in this region. 

On the outer side of the galea, approaching the apex, multi- 

terminal neurons have been found, these each have three 

dendrites. 

The anterior surface of the galea'(Pig. 19) is 

mainly innervated by the branch let' (Plate 1b) of the 

second maxillary nerve 'IImx'. This passes in the midline 

to the apex of the galea and gives` off many branchlets 

throughout its course. The most significant branch emerges 

half way along its length. This branch bifurcates soon 

after its origin from te2'. One of the branchlets passes 

proximally to innervate the Types 3,6 and 7 sensilla, each 

having a single neuron. The other branchlet runs distally 

almost parallel to 'e2' and gives off finer nerves which 

innervate'Types 6 and 7 sensilla each having a single neuron. 

The branch 'e2' (Fig. 19) then continues towards the apex of 

the galea giving off a couple of small nerves along its route. 

Finally it splits into many branchlets which supply the sen- 

silla in this region. The sensilla are mostly of Type 5 

and again have a single neuron. 
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Innervation of the Max llaryPalp (Figs. 20 and 21) 

The sensilla of the maxillary paip are innervated 

by nerve I f' of the second maxillary nerve -' IImx 1. Branch 

supplies the posterior surface and 'f2' the anterior 
r 

surface. 

On the posterior surface 'fit passes throughout the 

length of the palp and gives off nerves to each segment (Pig. 

20). Towards the base of the palp 'f1' lies towards the 

outer side and gives off a branch which passes distally for 

a short distance and then passes horizontally across the seg- 

ment. Finer branches of these nerves supply the sensilla in 

the segment. Most of the Types 3 and 4 sensilla have a 

single prominent neuron (Plate 2a). In the second segment 

gives off a branch towards the distal end of the segment 

(Fig. 20). The branch passes proximally for some distance 

before it subdivides into a network of nerves to innervate 

the sensilla of this segment, these are mainly Type 3 which 

again have a single neuron (Plate 3a). 

The remaining segments of the palp are longer and 

therefore appear to have a more substantial nervous supply. 

A branch from If, ' (Fig. 20) arises at the junction of the 

second and third segments (Plate 4a). After a short distance 

it bifurcates into two nerves which diverge slightly and in 

turn divide to innervate the sensilla of the segment. The 

outer branch innervates the hair plate sensilla and other 

sensilla in the proximal outer corner of the segment. The 



Fig. 20. Posterior surface of the maxillary 

palp illustrating innervation of 

sensilla. 
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Fig. 21. Anterior surface of the maxillary 

palp illustrating innervation of 

sensilla. 
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exact pathway followed by these nerves can be seen in Plate 

5a and b. The inner branch innervates the sensilla at theI 

base of the segment including the Types 2,3 and 4 sensilla. 

This branch also supplies the sensilla in the distal part of 
this segment mostly of Types '4 and 6. 

The proximal part-of the fourth paip segment has 

only a few nerves. However, about one third of the way 

down the segment 'fi' gives off two substantial branches. 

These subdivide many times in a rather dichotomous fashion 

and supply most of the sensilla in the segment. Types 2,3, 

4 and 6 sensilla are all innervated by a single neuron. 

In the fifth segment the nervous supply to the 

sensilla is very complex. To some extent this may be an 

artefact due to difficulty in staining this segment. Near 

the base of this segment there are numerous small branches 

from IfIll some of which seem to stop short of the sensilla. 

The pattern of innervation in the middle of the fifth segment 

(Fig. 20) illustrates that Type 3 sensilla are mostly innerv- 

ated by three neurons. One fine branch arises from 'fIl 

near the proximal region of the segment and it travels more 

than half of the length of the segment. It innervates some 

of the sensilla on the inner side of the segment. Other 

small nerves arise from nerve If1' and all tend to pass 

towards the distal end of the palp. Towards the tip a more 

prominent branch arises which splits into three. Some of 

the Type 3 seneilla in this region are provided with four 



-357- 

neurons (Plate 6a). The extreme tip of the segment could 

not be examined in detail because of the problems experienced 

with staining. 

Nerve tf2' supplies the anterior surface of the 

maxillary palp (Fig. 21). At the base 'of the palp this 

nerve is situated towards the outer side of the segment but 

it assumes a more median position in the third and terminal 

segments. The hair plate sensilla and some of the Type 3 

sensilla on the first palp segment are innervated by a 

separate branch of nerve 'f' which arises before the nerve 

enters the maxillary palp. A prominent branch of 'f' arises 

at the base of the first segment and runs parallel to If' 

through the first segment and into the proximal half of the 

second segment. In the first segment this branch gives off 

a few lateral branches which innervate the Type 3 sensilla. 

A very fine nerve also arises from If' and follows a course 

parallel to the branch just described. Midway along its 

length there is a multiterminal neuron (Plate 2b). 

The second palp segment is also completely innervat- 

ed by the branch of If' which originated in the first segment 

(Plate 2b). Lateral branchlets are given off at various 

intervals along the length of the nerve (Plate 3b) and supply 

sensilla of Types 3,4 and 6. Types 3 and 4 sensilla both 

have a singleneuron (Fig. 21). 

Two main branches emerge from 'f2t towards the base 

of the third palp segment (Plate 4b). At the origin of 

0 



Plate 2. Light microscope of the first 

maxillary pale segment: 

a. posterior view, 

b. anterior vier (X320). 
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Plate 3. Light micrograph of the second 

maxillary palp segment: 

a. posterior view, 

b. anterior view (X 320). 
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Plate 4. Light nicrogaph of the third 

=axi11ary pulp coc ont: 

a. posterior view; 

b. anterior vicrr (X 320) " 
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Plate 5. Lieht micrograph of the third 

maxillary pale co ont: 

a. posterior view distal part; 

b. posterior vicuu proximal part 

(X 3 20). 
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these branches a number of small nerve fibres are given off 

which supply the sensilla at the base of the segment. The 

two main branches of 'f2' pass distally one on either side of 

the mid-line. These send branches to innervate, presumably, 
r 

all the sensilla on the anterior surface of the segment. 

However, the nervous connection of all sensilla could not be 

clearly seen. Both Types 1 and 3 sensilla have a single 

neuron. 

A nerve from the apex of the third segment passes 

into the fourth segment but the subject of its innervation 

is not clear. The hair plate sensilla are innervated 

directly by short nerves arising from the proximal part of the 

fourth paip segment. Almost half way through this segment 

nerve If21 gives off a branch which itself soon bifurcates 

and by'further branching ramifies the entire distal half of 

the segment and innervates the sensilla in this area (Fig. 

21). 

The nervous innervation of the sensilla on the 

fifth palp segment is quite complex. A few fine nerves 

leave If2I at the base of the segment to supply innervation 

to the hair plate sensilla. Approximately in the middle of 

the terminal palp segment two branches are given off from 

if2t. One of these on the outer side of the segment curves 

around and passes to the base of the segment supplying the 

sensilla in this area. The other branch bifurcates 

immediately after its origin from 'f2' (Fig. 21). One 



Plate 6. Light micrograph of: 

a. posterior view of the fifth 

maxillary palp segment (X 320) ; 

b. multiterninal neuron on the 

prementum (X 1280). 
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branchlet again splits into two and travels distally to 

innervate some of the sensilla on the inner side of the 

terminal segment. The remaining sensilla in this area are 

supplied by another small branch from If 91 
(Fig. 21). The 

other branchlet passes. in the opposite direction towards the 

tip of the segment. Two other branches arise directly from 

nerve If21 and are probably also involved in the innervation 

of sensilla in this area although unfortunately this could 

not be confi=ed, again due to difficulty in staining. 

Towards the tip of the segment nerve 'f2' splits into a fan 

of smaller nerves which supply the numerous sensilla in this 

region. These sensilla are mostly of Types 3 and 5 and 

have a single neuron. 

Third maxillary nerve 

The third maxillary nerve 'IIImxt (Table 2) is a 

slender subdivision of the second main maxillary nerve 

' IIMxt (Table 2). It passes into the lacinia as nerve I g' 

(Figs. 13,14a and 22) whilst a very small branch tht 

terminates in the distal part of the stipes. 

Innervation of the Lacinia (Figs, 22 and 23) 

Branch ' g' of the third maxillary nerve ' IIlmx' 

(Fig. 10) divides into three branches, immediately it enters 

the lacinia (Pig. 22). These branches are referred to as 

the outer branch 'g', the middle branch t92I and the inner 

branch tg3t. Prior to this subdivision it gives off a very 

small branch 'h' (Fig. 22) which innervates the sensilla on 



Pig. 22. Posterior surface of the lacinia 

illustrating innervation öf sensilla. 
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Fig. 23. Anterior surface of the lacinia 

illustrating innervation of sensilla. 
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the distal portion of the stipes (Fig. 17. b) . Branch Ig3' 

is relatively fine and gives off a number of branches to the 

mesal surface of the lacinia which supply the Type 4 sensilla 

(Fig. 22)'. A few sensilla of Types 2,3,6 and 7 are also 
r 

innervated by 'g3' and these together with Type 4 all have 

a single neuron. One branch of 'g3' passes to the. outer, 

'side of the lacinia to innervate the basal part of the 

structure. 
The two chordotonal organs of, the lacinia 

_ 
(Fig. 

. 
22) , 

which consist of two scoloparia, are innervated by two fine 

branches arising from the extreme base`of 'g3'. The first 

one. is more-median in position and has three or occasionally 

four scolopidia, whilst the second one possesses only one to 

two scolopidia. Slifer (1936), McFarlane (1953) and Fudalewicz- 

Niemczyk and Rosciszeivska (1974)' have recorded uimilar organs 

in M. mexicanus, M. differentialis"and larval (. domesticus 

respectively. 

The middle branch 1'52t is the thickest branch of 

tgI and lies in the centre of the lacinia. This innervates 

sensilla on the posterior surface. It is undivided for 

about half of the length of the lacinia, but then gives off 

a branch, which after further subdivision, innervates Types 

2 and 4 sensilla on the mesal surface of the galea and distal 

to those innervated by tg3'. This branch also innervates 

the two pore can äls (Type 12 sensilla) in the smallest and 

most proximal tooth. A more distal branch of '92' forms a 
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Table 2 Innervation of muscles and sensilla by the 
maxillary nerve 

Main Subdivision Site and structure of 
nerve of nerve innervation 

a1 Adductor of the cardo (Muscle 10) 
a , a2 Adductor of the cardo (Muscle 10a) 

Ib1 Sensilla of the cardo 
nix b 1 

2b1 Sensilla of the stipes 
b 

1b2 Flexor of the galea (Muscle 14) 
b2 

2b2 Levator of the palp (Muscle 15) 

c1 Cranial flexor of the lacinia 
Muscle 12) 

" c 
C2 Protractor of the cardo (Muscle 9) 

L d1 Flexor of the lacinia (Muscle 13) 

d d2 Levator and de ressor of the palp (Muscle 15,16) and levator of the 
first pale segment (Muscle 17) 

IIr e1 Sensilla on the posterior surface of 
the galea 

e 
e2 Sensilla on the anterior surface of 

the galea 
II mx 

: 
f 

f1 Sensilla on the posterior surface of 
the maxillary palp 

f Sensilla on the anterior surface of 2 the maxillary paip 

g Sensilla of the lacinia 
III mx 

h Sensilla of the stipes 
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loop which then passes proximally to innervate the Type 7 

sensilla. Finally 'g2' divides fanwvise to supply innerva- 

tion to the tip of the lacinia. The two pore canals in the 

most distal cusps are innervated by tg2º. A number of 
r 

Types 6 and 7 sensilla are also innervated by this branch. 

This particular cluster of. nerve fibres innervate the sensilla 
on both anterior and posterior surfaces of the tip of the 

lacinia. 

The outer branch 'g1' passes down the outer margin 

of the lacinia but does not extend to the tip of the lacinia. 

This branch supplies innervation to a group of Type 4 sensilla 

(Fig. 23) and a few of Types 6 and 7 present on the anterior 

surface (Fig. 23). There are three to four multiterminal 

neurons present on the posterior surface of the lacinia (Fig. 

22). It is interesting that only a single neuron of this 

type has been recorded by larval G. domesticus by Fudalewicz- 

Niemczyk and Rosciszewska (1974). 

6.3. d. Labial nerve 

The labium is innervated by two pairs of labial 

nerves, the first pair being thicker than the second. 

First main labial nerve 

The first main labial nerve 'ILbt (Table 3) is 

mainly sensory. After leaving the suboesophageal ganglion, 

the first labial nerve gives off a very small nerve tit 

(Table 3) to the adductor of the labium (Muscle 23), (Fig. 

24). In the region of the submentum, the first main labial 



Fig. 24. Muscular innervation supplied by the 

first and second main labial nerve, 

'ILbt, 'IILbt. 
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'Fig. 25. Posterior view of the submentum: 

ä, diagrammatic representation of the 

nervous innervation; b, initial 

branching of '-j' ; c, innervation of 

sensilla. 
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nerve gives off a branch 'j' which is mainly motor (Table 

3). The retractor of the hypopharynx (Muscle 31) is inner- 

vated by one of the branchlet from nerve 'j' (Table 3). 

Nerve I j' also innervates the retractor of the labium (Muscle 

22), (Fig. 24). After innervating these muscles the nerve 

becomes purely sensory and supplies nervous innervation to 

the sensilla of the submentum (Pigs. 24 and 25a). 

Innervation of the Submentum, b1entum and Prementum 

The branch 'j' of the first labial nerve passes 

horizontally to the lateral border. This then forms three 

loops and so terminates in the proximal corner of the sub- 

mentum. These loops provide innervation to sensilla 

present on-the lateral border of the submentum (Fig. 25a). 

From here the nerve bifurcates and then becomes further sub- 

divided to ramify the central area of the submentum (Fig. 

25b). Sensilla of Types 1,2,3,4,7 and the hair plates 

are innervated by this branch and each have a single neuron 

(Fig. 25c). The detailed connections to all the sensilla 

could not be traced. 

As the first labial nerve leaves the submentum, 

it bifurcates into nerve 'k' and fl' (Table 3). The first 

labial nerve 'k' (Fig. 24) is both motor and sensory. This 

branch innervates the muscles of the salivarium and labial 

palp and the sensilla of the ment=, prementum and labial 

palp (Table 3)o 



Fig. 26. Nervous innervation of the sensilla on 

the posterior surface of: a, half of 

the mentum; b, the prementum. 
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Fig. 27. Multiterminal neuron on the posterior 

surface of the prementum: a (X 100) ; 

b (X 400). 
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The nerve 'k' divides into two sub-branches 'k1' 

and 'k2' (Table 3) .^ The branch 'i is both sensory and 

motor and gives rise to three smaller nerves referred to as 

'11c11, '2k' and '3kß' (Table 3). The first branch '1k1' 
r 

penetrate the, depressor of the palpiger (Muscle 28), (Fig. 

24). The second or middle branch ' 2kj' (Table 3) innervates 

the second and third pairs of compressors of the salivarium 

(Muscle 35 and 36)t (Fig. '24) . The third nerve ' 3k1' is 

contiguous with '2k1' for a short distance but then passes 

into the prementum giving off two short branches which 

innervate the levator of the palpiger, Muscle 27), (Fig. 24). 

The nerve ends finally by innervating the extensor of the 

first palp segment (Muscle, 29) , 
(Fig. 24). 

The nerve responsible for the innervation of the 

mentum and prementum is '2k,! (Table 3) which is a branch 

of the nerve tk1, '. This nerve is positioned towards the 

side of the mentizm, and at about half way along its length 

gives off a horizontal branch which crosses the mentum to 

approach the midline (Fig. 26a). From the horizontal branch, 

nerves are given off to the Types 1,2,3 and 7 sonsilla, and 

these form a complex network of nerve fibres. Near to the 

distal boundary of the mentum a couple of fine nerves emerge 

and innervate the hair plate sensilla which have a single 

neuron (Fig. 26a). 

Nerve '2kß' also innervates the prementum by a 

branch from the nerve which innervates the mentum. From its 
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lateral position '2k1' passes diagonally towards the centre 

of the prementun. Initially it bifurcates and each branch 

undergoes further subdivision to reach all the sensilla. 

Types 1 and 7 and some Type 3 are innervated by a single 

neuron (Figs. 26b; 27a and b) whilst other Type 3 sensilla 

are supplied'by four neurons. Multiterminal neurons in the 

'central and lateral part of the prementum are present (Fig. 

27b; Plate 6b). In some cases there appears to be a gap 

between the sensilla and the axon, this may be a reflection 

of the staining method or that the dendrite actually pene- 

trate between the cells of , the epidermis as suggested by 

Osborne (1964). 

The other branch of 'kt nerve 'k 21 
(Table 3) serves 

two functions, firstly to innervate the muscle of the second 

palp segment and secondly to innervate the sensilla of the 

labial palp. The latter function necessitating the sub- 

division 'of Ik2I into I1k2t and f 2k2' (Table 3) which pass 

through the whole length of the palp. Nerve '1k2' supplies 

the sensilla on the posterior side and '2k2' those on the 

anterior side. 

Innervation of the Labial Palp (Figs. 28 und 29) 

The nerve '1k2' innervates the sensilla on the 

posterior surface of the labial palp (Fig. 28). The nerve 

passes through the centre of the labial palp. At the base 

of the first segment a small branch from '1k21 divides and 

innervates the hair plate sensilla on the'proximal border of 
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the first paip segment (Plate 8a). This branch, after 

innervating the hair plate sensilla, passes distally and 

innervates some of the Types 3 and 4 sensilla situated on 

the postero-lateral surface of the first segment. Another 

branch which appears to originate from t1k2' again passes 

distally where it splits into many nerves which spread in 

all directions to innervate particularly the Types 4 and 6 

sensilla situated at the distal end of the segment. There 

are some multiterminal neurons found in the central region 

of this segment. Some of the dendrites have been seen to 

end blindly in the intersegrnental membrane. It is con- 

ceivable that they do in fact innervate the intersegrnental 

membrane. Knyazeva t al (1975) found dendrites innerva- 

ting the intersegmental membrane in the abdomen of G. 

domesticus. 

In the second segment, the sensilla on the posterior 

surface are innervated by a branch from ' 1k2' which passes 

towards the distal end of the segment nearly parallel to 

'1k2' (Plate 9a). Along its route lateral branches are 

given off to innervate the Types 1,2,3 and 6 sensilla of 

the segment, most of these have a single neuron. 

The pattern of innervation on the posterior side 

of the third segment is shown in Fig. 28. Near to the 

proximal end of the segment a very fine nerve arises from 

'1k2' and this innervates some of the Type 3 sensilla in 

this area. Almost midway along the length of this segment 



Fig. 28. Posterior surface-of the-labial palp 

illustrating innervation of sensilla. 
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Fig. 29. Anterior surface of the labial palp 

illustrating innervation of sensilla. 
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a very thin nerve arises from one side of the nerve '1k21. 

This immediately splits into two branches, one of which 

travels distally and the other proximally to innervate the 

Type 4 sensilla present at the inner edge of the palp (Fig. 

28). Another more prominent nerve arises from nerve Ilk21 

in this area and passes towards the tip of the palp. 

Initially it gives off branches to the outer side of the 

palp and then splits fanwise to ramify the whole end of the 

palp (Plate 9b). The detailed innervation of the Type 5 

sensilla could not be clearly seen, although it was obvious 

in some preparations that a number of Type 3 sensilla were 

supplied by three neurons in this region (Plate 9b). 

The anterior surface of the labial palp is innerv- 

ated by a branch of nerve 'k2l referred to as 12k 21. This 

branch passes throughout the length of the palp. In the 

distal region of the first palp segment (Fig. 29) the nerve 

' 2k2' gives off a branch from its innerside which forms a 

hair pin-shaped loop and crosses over '2k2' to form branches 

which spread throughout the segment. These branches innerv- 

ate the Types 1,2 and 3 sensilla which all have a single 

neuron. 
Within the second palp segment a branch, which 

actually arises from the distal portion of the first p alp 

segment, bifurcates and one branchlet supplies the hair 

plate sensilla (Plate 8b). From the hair plate a fine nerve 

passes distally to supply the Types 3 and 4 sensilla (Fig. 



Plate 7e Light micrograph of: 

a, posterior view of the paraglossa; 

b. posterior view of the glossa 

(X320). 
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Plate 8. Light micrograph of the first 

labial palp segment; 

a. posterior vies!; 

b. anterior view (X320). 
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Plate 9. Light micrograph of: 

a. posterior view, of the second 

labial pale segment; 

b. posterior view of the third 

labial palp segment (Y. 320). 
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29). Before innervating the hair plate sensilla on the 

outer surface of this segment a branch is given off which 

passes diagonally through the segment to its distal end and 

innervates many of the sensilla in the segment. The 

innervation of the Type 1 sensilla, with a single neuron, is 

particularly clear. The Type 6 sensilla present in the 

extreme distal part of this segment are innervated by fine 

nerves arising directly from '2k2I. These sensilla again 

have a single neuron. 

The hair plate sensilla present at the base of the 

third palp segment are innervated by a branch '2k2' (Fig. 

29). From about one third of the length of the segment a 

branch of ' 2k2' emerges which after further subdivision 

innervates the sensilla in the centre of this side of the 

p alp segment. Sensilla on the outer side of this region 

are innervated by short nerve fibres arising directly from 

t2k2t. Towards the tip of the segment two branches are 

given off which diverge from the midline to supply nervous 

innervation to the sensilla on either side. Unfortunately, 

the nervous supply to sensilla at the extreme tip of the 

p alp could not be ascertained. 

Innervation of the Paraglossa (Pig. 30) 

The second branch Il' of the first labial nerve 

'lLbl (Table 3) divides into two nerves '11' and '12' 

(Fig. 24). The nerve which innervates the paraglossa is 

referred to as 111' (Fig. 30a). On the posterior surface 



Fig. 30. Nervous innervation of sensilla of the 

p araglossa: a, posterior surface; 

b, anterior surface. 
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Pig. 31. Posterior surface of the glossa 

illustrating innervation of sensilla. 
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of the paraglossa, near its base ! 1l' divides fanwise (Fig. 

30a) into an array of nerves which reach all areas of the 

paraglossa and supply innervation to the sensilla (Plate 74). 

Types 1, 2,3,4,6,7 and 11 sensilla are all innervated : by 

a single neuron whilst Type 5 have more than one neuron. 

Multiterminal neurons have been recorded on the lateral 

border of the paraglossa (Fig. 30a) . 
The anterior surface of the paraglossa (Fig. 30b) 

is also innervated by sub-branches of 111'. These are 

particularly prominent on the outer side of the structure. 

As on the posterior surface Type 5 sensilla are the only 

type with more than one neuron. 

Innervation of the Glossa (Fig. 31) 

The nerve ! 12' enters the glossa (Fig. 31) and 

passes to its distal extremity; - As it passes through the 

structure it gives off laterally a number of fine bundles O. L. 

fibres which innervate Types 2,3,6 and 7 sensilla all 

having a single neuron. However, some of the Type 3 sensilla. 

are innervated by three or four neurons (Plate 7b). A 

similar bundle of nerve fibres innervates the two scolopidia 

of the chordotonal organ in the distal region of the glossa. 

Second main labial nerve 

The second main labial nerve 'IIZb' (Table 3) is 

very thin compared with the first main labial nerve 'lib'. 

It originates from the suboesophageal ganglion just median 

to the origin of 'IZbl (Fig. 24). The nerve tIIZb' may be 



. -406- 

Table 3 Innervation of muscles and sensilla by the 
labial nerve 

Main Subdivision Site and structure of 
nerve of nerve innervation 

i Abductor of the labium (Muscle 23) 

Retractor of the hypopharynx 
(Muscle 31) 

j Adductor of the labium (Muscle 22) 
Sensilla of the submentum 

1k1 Depressor of the palpiger (Muscle 
28) 

Second and third pairs of com- 
pressor of the salivarium (Muscle 

2k1 35,36) 
k, Sensilla of the mentum and 

prementum 

Ilb k Levator of the palpiger (Muscle 27) 
Extensor of the first labial palp 

(Muscle 29) 

1k Sensilla on the posterior surface 2 
of the labial palp 

k2 2k2 Sensilla on the anterior surface 
of the labial palp 

11 Sensilla of the paraglossa 
1 

12 Sensilla of the glossa 

Connected Median retractor of the labium 
with (Muscle 24) 

m k Second pair of compressor of the 
salivarium (Muscle 35) 

Third pair of compressor of the 
IIZb salivarium (Muscle 36) 

n1 Adductor of the glossa (Muscle 25) 

n n2 Adductor of the paraglossa 
(Muscle 26) 
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considered as two branches 'm' and 'n' (Table 3). Branch 

'm' innervates the median retractor'of the labium (Muscle 

24), (Table 3). Branch 'm' is also connected (Table 3) to 

the branch 'k' of the first main labial nerve (Fig. 24). 

Thomas (1971) has reported similar cross connections between 

nerves whilst considering the abdominal sensilla of locusts. 

The nerve 'm' (Fig. 24) also innervates the second and third 

compressors of the salivarium (Muscles 35 and 36), (rig. 24). 

These muscles receive supplementary innervation from branches 

of the first labial nerve (Fig. 24). After innervating 

these muscles branch 'm' is referred to as 'n' which sub- 

sequently bifurcates into two branches 'n1' and 'n2'. 

These nerves innervate the adductors of the glossa and para- 

glossa (Muscls 25 and 26) respectively. 

6.3. e. Hypopharyngeal nerve (Fig. 32) 

The hypopharyngeal nerve originates from the sub- 

oesophageal ganglion. It is thinner than the mandibular 

nerve. The hypopharyngeal nerve 'Hphyn' enters the hypo- 

pharynx and level with the suspensorial sclerite gives off 

a number of branches of nerve fibres which pass towards the 

sensilla (Fig. 32a). Detail of the nervous supply of some 

of these sensilla could not be attained. After giving 

innervation to sensilla of the hypopharynx, the nerve then 

passes to the distal part of the hypopharynx where branches 

are seen to penetrate the pseudotracheae (Fig. 32b). A more 

intensive study of this structure alone would be of considerable 

interest. 



Fig. 32. Lateral view of the hypopharynx: 

a, innervation of some sensilla; 

b, relationship of the hypopharyngeal 

nerve and the pseudotracheae. 
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Abbreviations applied to the innervation of the muscles 

and sensilla associated with the head appendages 

A, B = Sub-branches of the labral nerve 

Ads = Adoral surface 

ad ap = Adductor apodeme 

Br = Brain 

Cd = Cardo 

c= Comb 

cb = Cell body 

ch = Chordotonal organ 

d= Dendrite 

efd = Efferent duct 

fc = Frontal connective 

fg = Frontal ganglion 

Ga = Galea 

G1 = Glossa 

Hs = Suspensorial sclerite 

Hphy = Hypopharynx 

Hphyn = Hypopharyngeal nerve 

hp = Hair plate 

Le = Lacinia 

Tim = Labrum 

Lmn = Labral nerve 

ILb = First main labial nerve 

IILb Second main labial nerve 
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Md = Mandible 

Mdn = Mandibular nerve 

Mt = Mentum 

I First main maxillary, nerve 

IIMx = Second main maxillary nerve 

mit = Multiterminal neuron 

ml = Midline 

n= Nerve 

Pgl = Paraglossa 

Print = Prementum 

Psud -= Pseudotracheae 

rn = Recurrent nerve 

St = Stipes 

Sly = Salivarium 

Smt = Submentum 

sog = Suboesophageal ganglion 

Tr = Trachea 

tr = Tracheole 

tor = Torma 

t, q= longitudinal sulcus of the stipes 

t1 = Type 1 sensilla 

t2 = Type 2 It 

t3 = Type 3 

t4 = Type 4 

t5 = Type 5 

t6 = Type 6 +t 

t7 = Type 7" 
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t8 Type 

t9 = Type 

ti0 = Type 

til = Type 

t 12 = Type 

t13 = Type 

VL = Scle 

8 sensilla 

9 II 

10 t' 

11 'I 

12 u 

13' tt 

rotized bar on labrum 



db 

-413- 

PART7 

M 

THE ROLE OF THE MOUTHPARTS AND 

ASSOCIATED STRUCTURES IN FEEDING 
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7.1 Introduction 

In spite of many advances that have been made in 

understanding the functional morphology of the mouthparts 

and the associated feeding behaviour of insects over the 

last two decades, there are still many gaps in our knowledge 

of the subject. The work. that has so far been documented 

in the Orthoptera has been confined mainly to the Acrididae. 

The closely related family, Gryllidae, has received very 

little attention. 

The act of feeding involves a combined and highly 

synchronized action of the oral appendages. In the pre- 

ceding chaptersý(Parts 3, 4 and 5) the scene has been set, 

in so far as the structure and musculatures of the head 

capsule and its appendages, the distribution of sensilla and 

the nervous innervation of both muscles and sensilla have 

been fully described. Literature relating to the functional 

morphology of the mouthparts of insects from a range of taxo- 

nomic groups has been reviewed by a number of workers (e. g. 

Rietschel, 1953b; William, 1954; Crichton, 1957; Brown, 

1961; Gangwere, 1960; Evans, 1964; Popham, 1961; Blaney 

and Chapman, 1970). 

According to Gangwere (1960) insects may be 

regarded as either margin feeders or centre feeders, the 

latter type may be subjected to a further modification that 

of piercing. Feeding may be broken down into a series of 

stages often with different stimuli and structures involved. 
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According to Dethier (1966) the. feeding behaviour 

of an insect consists of the following: locomotion bringing 

the insect to its food, cessation of locomotion on arrival 

near the food, biting, continued feeding and termination of 

feeding. 

Many workers have restricted their studies to an 

appraisal and analysis of the mode of functioning of a single 

component of the feeding apparatus. It is these investiga- 

tions which are invaluable in an attempt to describe the 

overall feeding process. Without exception, these studies 

in the Orthoptera have been carried out using representatives 

of the Acrididae as experimental tools., This must be 

clearly understood when relating these findings to the 

Gryllidae, many of which feed on rather different food sub- 

stances. 

Blaney and-Chapman (1970) investigated the function- 

ing of the maxillary palps in the Acrididae and suggested that 

palpation is essentially related to feeding behaviour., The 

palps play an important role in food selection, but if 

insects are starved for more than 24 hours the palps become 

less important. However, Sinoir (1969), working on Locusta, 

considered that the stimuli perceived by the palps and which 

result in the lowering of the head are tactile and not 

chemical. Furthermore it is the mechanical stimulation of 

the labrum which leads to biting. The pattern of feeding 

and regulation of feeding in larvae of 1, migratoria has been 
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described by Blaney, Chapman and Wilson (1973). Mordue 

(1975) studied the role of the mouthparts and'antennal 

receptors in S. gregaaria and suggested that the palps are 

important both in food selection and in the maintenance of 

continued feeding. She further explained that in the 

absence of the palps the antennae could assume a more 

important role in the exploration of the food before and 

during a meal. 
The role of individual receptor cells in feeding 

is a relatively new field of study. Electrophyciological 

techniques have now been employed by a number of workers. 

In Z. migratoria Haskell and Schoonhoven (1969) described 

the function of certain mouthpart receptors in relation to 

feeding and the electrophysiological work of Haskell and 

Mordue (1969) demonstrated that some of the palp receptors 

tested responded to both chemical and mechanical stimulation. 

More recently Blaney (1974,1975) reported that on the tip 

of the maxillary palp in Z. migzratoria larvae there are three 

morphologically and functionally-different types of sensilla 

all of which respond to chemical stimuli. Furthermore it 

was demonstrated that within each sensillum the same neuron 

may respond to different chemicals. 

In this study it was proposed to investigate the 

detailed feeding mechanism of A. domesticus. This was 

undertaken by close observation under a dissecting binocular 

microscope, by eine photography and by the use of a video- 
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recorder. From this it was hoped to analyse the sequence 

of events in the feeding process, the mode of action of the 

various components and their synchronisation with other 

components and finally to assess, 'where feasible, the role 
r 

of each component in the overall process. The initial 

searching for food often involves locomotory activity 

(Mordue, 1975) and this was also noted. 

It is appreciated that the present work is only 

' an introduction to a relatively unstudied group of insects. 

However, this may form the basis for further research 

involving techniques such as amputation and electrophysio- 

logy. 

7.2 Methods 

In order to study the feeding mechanism in A. 

domesticus the insects were maintained and. cultured' as 

described earlier (Part 2). Previous studies on the feed- 

ing behaviour of locust hoppers have shovm that environ- 

mental factors play an important role (Uvarov, 1977). 

Furthermore it was noted by Blaney and Chapman (1970) that 

excessive starvation produced a non-typical feeding response, 

particularly in respect of the role of the maxillary palps. 

Under normal conditions the maxillary palps play an integral 

part in feeding, though after starvation they become non 

functional. 
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It was therefore of utmost importance to examine 

the feeding process under conditions which would closely 

simulate normal field conditions, and yet enable one to see 

as much of the process as possible. Insects were selected 

at random from the breeding jars. Only adult female insects 

were used. In the past it has been common practice to 

deprive the insects of food for a certain period of time in 

order to facilitate observations on feeding (Pfadt, 1949 and 

Sinoir, 1969). Although it is obviously undesirable to 

starve the insects-for a prolonged period before observation, 

12 - 24 hours deprivation was found to have no marked effect 

on the feeding behaviour and yet did enable more regular and 

predictable investigations. 

Several different techniques have been employed to 

study the feeding mechanism of A. domesticus each one 

providing additional information. 

a. Cine photography 

Cine photography was used initially to analyse the 

overall feeding process. The camera used for this-purpose 

was a Beaulieu, 4008 ZM2.10 - 15 female insects were 

placed in a rectangular glass aquarium, both water and food 

were provided. The aquarium was illuminated, but the 

lights were fitted with heat filters to prevent the insects 

becoming overheated. The insects moved about at random in 

the aquarium but started-feeding when they came in contact 

with the food. When a suitably positioned insect was 
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settled and feeding the insect was filmed. This technique 

proved partially successful; the rapid movement of the head 

and its appendages in feeding were observed and also the 

imbibing of water. The movement of the individual mouthparts, 

however, was not detectable by this technique. 

b. Observations using a Microscope 

Female insects were mounted on a glass microscope 

slide in such a way that the dorsal side of the insect was 

facing towards the slide and the ventral side of the insect 

faced upwards towards the observer. The insect was secured 

with a small strip of cellotape across the thorax. The 

food was offered in a pair of fine forceps. First observa- 

tions of this type were made under the low power of a 

binocular dissecting microscope (Wild M5). In this way the 

movement of the glossae, paraglossae, galeae and laciniae 

could be clearly seen in addition to the more obvious move- 

ments of the palps. 

To get more detailed observations the mounted 

insect was observed under higher magnifications. Photo- 

graphs were then taken using a camera (Nikkormmat) fitted 

to the Wild I5, and with an electronic flashgun held 25cms 

from the objective stage. A series of such photographs 

records the position of the various mouthparts during feeding 

and the relationship between components. The relative 

position of the mandibles maxillary palps, galeae, laciniae, 

clypeolabrum and labium became clear in this way. 



Plate la. The use of a Videorecorder to 

demonstrate the feeding behaviour 

of A. domesticus, 



a 

.ýi ._ 



-422- 

The above method obviously has some limitations 

in that only isolated incidents in the feeding process can 

be recorded. In order to record the complete sequence a 

videorecorder was used. 

C. Videorecording 
r 

An attempt was made to record the entire feeding 

process including the initial orientation to the food, its 

sampling and then continued feeding. 

A single female insect was placed in an empty 

falcon culture flask (Falcon plastic, U. S. A. ). This 

container offered only a limited space to the insect and 

was chosen to facilitate filming and to ensure that the 

insect did not take too long searching for the food. The 

insect was allowed about ten minutes to settle dorm before 

food was introduced into the container. A pre-arranged 

TV camera (Takumar) and close circuit television filmed the 

insect from the time of introduction of the food. The 

videorecording was then subjected to careful observation 

which was facilitated by slow motion playback. This tech- 

nique proved invaluable in understanding the feeding process. 

The movement of the individual mouthparts and their role in 

touching, tasting and the acceptance or rejection of food was 

noted. In addition to this the actual processes of biting, 

mastication and ingestion of the food was recorded. 

To assist in the description of feeding certain 

stages have been expressed diagrammatically and relevant 

4 

14 



Fig. 1a - c. Orientation of the head during 

feeding. 
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photographs included. The films taken during the course 

of the work have been submitted to the film collection, 

accommodated in the Department of Zoology, Imperial College. 

7.3 Results and conclusion 

Feeding in A. domesticus is a very complex process 

involving the highly synchronised and integrated movement of 

the head capsule and its appendages. 

After the insect has been allowed to equilibrate, 

food is introduced and orientation to the food commences. 

The insect generally walks towards the food. As it does so, 
the antennae move in all directions and then the maxillary 

palps start möving as well. These initial actions which 

occur before the insect comes into contact with the food, 

lead one to speculate that the initial searching behaviour is 

controlled by odour attraction. As the insect approaches 

the food, it clearly orientates itself towards the food. 

The head is moved rapidly and is lifted by expanding the neck 

membrane ventrally (Fig. 1a). When the insect is close to 
the food particle the head is flexed dorsally and so assumes 
the typical hypognathous condition (Pig. 1b). These move- 

ments of the head are brought about by the cervical muscles. 

The cervix, or neck, is provided with depressor, elevator 

and rotator muscles which bring about the rapid multi- 

directional movement of the head. The antenna continue to 

move without touching the substratum or the food. It may 

be suggested that after initial orientation to the food the 



Fig. 2. Diagrammatic representation of the 

movement of the maxillary palp in 

feeding. 

(f = food particle). 
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antennae play no further part in food selection. The 

maxillary palps then come into contact with food and make 

small, irregular, flicking movements. The flicking move- 

ments of the maxillary pales are then converted into more 

rapid and extensive vibrations. This process appears 

comparable to the palpation recorded in the Acrididae (Blaney 

and. Chapman, 1970). The food is touched with the tip of the 

fifth maxillary palp segment (Fig. 1c). This segment 

obviously plays a vital role in the initial testing of the 

food. The sensilla Which have been found to be concentrated 

on the tip of the maxillary palp are likely to be contact 

chemoreceptors. The complete action of the maxillary palps 

can be seen in Figs. 2 and 3. Fig. 2a -c shows the initial 

touching of the food particle, firstly on top and subsequent- 

ly at the side. The palp then moves away from the particle 

(Fig. 2d) and then returns to the particle (Pig. 2e, f). 

Later the two palps move synchronously to surround the part- 

icle and draw it towards the pre-oral food cavity. In 

Fig. 2g -i appeared to be the basic behaviour of the maxi- 

llary palp and was observed in several specimens. However, 

the occasional individual digressed from this pattern. For 

example the antennae may touch the substratum whilst the 

maxillary palps are testing the food. Alternatively, an 

insect may test one particle and then reach for another food 

particle and test that for a minute or so before returning to 

the original particle and moving that towards the pre-oral 



Plate 2a. Initial testing of food. 

of the fifth maxillary palp segment. 

Some food particles are at the tip of 

the palp. 
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Plate 3a. Food particle between the labrum and 

hypopharynx. 

r 

Plate 3b. Food held in pre-oral cavity by the 

labrun, labial palp and labium. 
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Plate 4a. Galeae in closed position, mandibles 

slightly apart. 

Plate 4b. Epipharyngeal region of labium exposed 

to show the position of the mouthparts. 
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food cavity (Fig. 3a, b). The movement of the particle 

towards the mouth was assisted by the labial palp (Fig. 

3a, b) in some specimens. 
The agile manipulation performed by the maxillary 

palp is brought about by the movement of the individual 

paip segments relative to each other. There is little 

flexibility between the basal three segments (Plates 2- 4). 

In particular very little movement occurs between the first 

and second segments although these were obscured during part 

of the videorecording. Slight flexibility exists between 

the second and third segments. However, the third and 

fourth segments form a type of elbow and movement through 

900 or more is a common feature displayed by the junction 

between the third and fourth segments (Plates la and 2- 4). 

There is also considerable flexibility between the fourth 

and fifth segments. During various stages the angles 

between the third and fourth, and fourth and fifth segments 

vary greatly. 

These intricate movements of the p alp are brought 

about by its complex musculature. The levator muscle of 

the palp lies within the stipes and is a short thick muscle 

with two unequal branches, its contraction brings about the 

outward movement of the palp. The smaller depressor muscle 

also lies in the stipes and its contraction results in the 

inward bending of the palp. The rigidity of the first three 

segments makes these move as a unit, the process being 



Fig. 3. Diagrammatic representation of the 

movement of the maxillary and the 

labial paip in feeding. 

(f = food particle). 
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brought about by the flexor and depressor muscles of the 

palp. The muscles of the individual paip segments also 

play a part in the movement of the palp in feeding. The 

muscles of the first, second and third segments would 

presumably contribute to the movement of the whole of the 

base of the palp and assist in the maintenance of rigidity. 

The slightly longer levator muscle of the third segment 

would enable greater flexibility between this and the fourth 

segment and similarly the flexor muscle of the fourth seg- 

ment would facilitate the characteristic inward bending of 

the fifth segment. 

The process of palpation leado to head lowering 

and to the biting of the food particle once it has been 

collected by the maxillary and labial palp` As the food 

particle is, taken into the pre-oral food cavity (Plate 3a) 

the labrum is lifted up towards its base or proximal end by 

the action of its abductor muscles. The flexibility of the 

clypeus at its'point of separation into ante and post 

clypeus also facilitates in lifting the labrum (Fig. 3c). 

The movable part of the clypeolabrum namely the labrum, 

fulfils the role of a dorsal lip and both covers the pre- 

oral food cavity and keeps the food within it. Once within 

the pre-oral food cavity, food comes into contact with the 

hypophärynx and the distal part of the labrum. Some of the 

food particles have been seen to be rejected at this stage 

once they come into contact with the labrum. This serves 
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to confirm the presence of some taste receptors on the 

labrum. Such receptors have been reported in insects such 

as S. gregaria and h. moratoria migratorioides (Haskell and 

Schoonhoven, 1969). 

The lifting of the labrum coincide: with the out- 

ward movement of the mandible. When the food particles are 

taken in, the epipharyngeal membrane of the labrum stretches 

resulting in a widening of the cibarium. The contraction of 

the median depressor muscles of the labrum performs this 

function. Once the food particle is within the pre-oral 

cavity the labrum moves backwards and presses against the 

mandibles. This backward movement of the labrum is brought 

about by the first and second adductors of the labrum. 

The hypopharynx pushes the food further into the 

pre-oral cavity where it comes into contact with the man- 

dibles. Biting and mastication are carried out simultane- 

ously and presumably during this process saliva is added to 

the food, although the timing of this is difficult to 

determine. The incisor processes cut the food whilst the 

molar process grind the food particles. Each mandible 

articulates with the head capsule at two points which restrict 

the structure to a lateral movement. Since the mandibles are 

asymmetrical more effective grinding is possible. The over- 

all movement of the mandible is controlled by its four 

extrinsic muscles. The closing or adduction of the mandibles 

is due to the adductor muscle which originates from the top 



Fig. 4. A diagrammatic representation of the 

position of the mandibles, galeae and 

laciniae during feeding. 
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of the head capsule. This movement is probably assisted 

by the hypopharyngeal mandibular adductor muscle. The 

outward movement of the mandible or abduction is due to the 

abductor muscle. Whilst the inward and slightly backward 

movement of the mandible during mastication is accomplished 

by the tentorial adductor muscle. The actual movement of 

the hypopharynx is difficult to see although its elevation 

pushes the food between the closing mandibles and probably 

assists in the distribution of saliva. 

The mandibles are opened by the contraction of 

the abductor muscles and the ground food particles escape 

from the mandibles to be pushed towards the mouth by the 

laciniae and galeae. When the mandibles are closed the 

galeae and laciniae of the two sides are widely separate 

(Fig. 4a), but when the mandibles are opened the. galeae, and 

laciniae are closely approximated to the midline (Pig. 4b). 

Thus the mandibles and maxillae act in time but in anti- 

phase. The presence of a comb on the distal portion of 

each galea probably serves to push the smaller pieces of 

food towards the mandibles for further mastication. The 

galea thus acts as a lateral lip. Its movement may be 

easily explained by reference to its musculature. The 

laciniae are stout at their distal part and provided with 

teeth like structures. The laciniae help in the collection 

of the fragments of food. - which, get . loosened by the mandibles 

during biting and appear to push them inwards towards the 
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pre-oral food cavity. The movement of the galeae and 

laciniae is brought about by their flexor muscles which 

allow them to move sideways. The contraction of the 

adductor of the stipes, adductor of the cardo, protractor 
r 

of the cardo and cranial flexor muscles also facilitates 

in the bending of the maxilla towards the other mouthparts 

whilst the cranial flexor of the lacinia also helps in' 

bending the lacinia inwards. 

The glossae and p araglossae of the labium help in 

the manipulation of the food, but their main function is 

the provision of a lower lip for the oral cavity. The 

glossae and p araglo ss ae move backwards and forwards in 

unison. The glossae appear incapable of independent move- 

ment and always move in conIunction with the paraglossae. 

The movement of the glossae and p araglossae is brought about 

by their adductor muscles. 

The labial palp, like the maxillary p alp, is 

supplied with two muscles at the base of the first palp 

segment, referred to as the levator and depressor of the 

labial palp. The depressor has its insertion on the middle 

posterior portion of the base of the first paip segment. " 

The lateral movement of the labial palp results in either 

the raising or the bending of the pale downwards and inwards 

and is due to the levator and depressor muscles of the palp. 

The extensor muscle of the first segment and depressor of 

the second segment cause the labial palp to extend outwards 
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whilst the depressor muscle of the second segment results 

in the terminal itself devoid of muscles, being bent inwards. 

When the food is thoroughly chewed it is ready-to 

be swallowed. This is done by the contraction of the com- 

pressor muscles of the salivarium which press the hypophaxynx 

against the labium. These compressor muscles also prevent 

the escape of excess saliva. The food mixed with saliva is 

passed through the cibarium to the pharynx. Its passage is 

assisted by tracts of orally directcd. sensilla and hairs on 

the epipharyngeal surface of the clypeolabrum. During 

swallowing the dilation of the cibarium and stomodaeum is 

brought about by the contraction of the dilator muscles of 

the cibarium and relevant muscles of the stomodaeum. The 

food material is sucked into the crop by the contraction of 

the stomodael constrictor muscle which moves the-food back- 

wards and pushes it into the crop. 

One interesting process which may be considered in 

relation to feeding is the imbibing of water. This was 

observed particularly well by cin6 photography. During this 

process the lobes of the hypopharynx swell. The swelling of 

the proboscis is considered to-be partly due to an increase 

in blood pressure (Rietschel, 1953b) and also to the presence 

of water in the pseudo-tracheae. The pseudotracheae are 

small, open canals which facilitate the uptake of water and 

its passage towards the mouth.. 
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7.3. a. Summary of the role of each structure 

Clypeolabrum 

When the food particles are taken in, the labrum is 

displaced towards its base. Flexibility of the clypeolabral 

complex is provided by the partial division of the clypeus 

into ante and post clypeus; The labrum serves as ,a mobile 

covering to the mouthparts. The epipharyngeal surface of the 

clypeolabrum possesses intertorma besides tormae on which some 

of the compressor muscles of the labrum are inserted. The 

labrum acts as a dorsal lip which keeps the food within the 

pre-oral cavity. It also plays an important role in food 

selection, many of the sensilla on the epipharyngeal surface 

having a gustatory function. 

Mandibles 

The mandibles bear incisor and molar lobes;: the 

former being used for cutting the food and the latter for 

masticating or grinding the particles, Cutting and mastica- 

tion are done simultaneously. The mandibles move laterally 

and are slightly asymmetrical on their medial surface. 

Maxillae 

The galeae play an important role in holding the 

food during feeding-and help to push it towards the food 

cavity. They therefore act as lateral lips. They do not 

move independently but are moved backwards and forwards by 

the displacement of the mandibles. Usually the galeae and 
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laciniae move together a movement assisted by the flexor 

muscles of these structures. 

The laciniae are heavily sclerotized and are armed 

with teeth, ' they play an important part in holding, the small 
r 

particles of food cut from the mandibles. The mandibles 

push the food towards the mouth between the molar lobes which 

masticate it until it is swallowed. 

The maxillary palps are densely covered with 

sensilla. These sense organs are used for the orientation 

to the food and its initial testing. The palps begin to 

palpate when the insect approaches the food and this is 

continued during sampling. The p asps are also responsible 

for lifting the food towards the pre-oral cavity. 

Labium 

The labium acts as a ventral lip, whilst the labial 

paips may help to introduce the food into the pre-oral cavity. 

The glossae and paraglossae rock back and forth with the 

movement of the mandibles and probably prevent the saliva 

falling from the inner side of the prementum during feeding. 

Hypopharynx 

The hypopharynx serves as the floor of the cibarium 

and during mastication its surface is raised by the hypo- 

pharyngeal adductor muscles of the mandible. This elevation 

of the bypopharynx pulls the base of the hypopharynx against 

the roof of the pharynx and so closes the entrance to the 

oesophagus. The food, after mastication, is swallowed by 
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the widening of the pharyngeal opening which is brought 

about by the contraction of the depressor muscles of the 

hyp opharynx. 

Antennae 

During feeding the antennae apparently play no 

special role in food selection, although they are obviously 

important in the initial orientation to the food. The 

movement of the antenna in all directions is assisted by the 

levator, flexor and depressor muscles in addition to the 

extensor and flexor muscles of the scape. 

7.4 Discussion 

This analysis of the feeding mechanism of A. 

domesticus has resulted from direct observations, tine 

photography and videorecording. The functional significance 

of many structural features have been suggested. Four 

distinct phases in the feeding of A. domesticus may be 

recognised. . The first phase is orientation to the food. 

The second phase involves the testing of the food by the 

maxillary palps and the subsequent introduction of the food 

to the pre-oral cavity. The third phase is initiated when 

the hypopharynx pushes the food material upwards between the 

mandibles for mastication and the fourth and final stage 

when food material is sucked into the crop by the action of 

the cibarial and oesophageal dilator muscles. 

The mouthparts of A. domesticus are essentially 

of the generalized Orthopteroid type. Thie relatively 
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unspecialised type of mouthpart may be adapted to feed on 

any type of food substance and within the order Orthoptera 

examples may be cited of herbivores and carnivores in addi- 

tion to omnivores. It seems as if A. domesticus is an 

omnivore, but it must be emphasised that materials on which 

it feeds in the laboratory., are not necessarily its natural 

food. The species has been recorded to feed on skimmed 

milk, fish meal, yeast, molasses, salts and vitamin mixture 

(Ghouri, 1957). Besides these it damages vegetables and 

crops particularly vegetables in the seedling stage in 
. 

addition to household articles such as foodstuffs and fresh 

fruit. It is referred to as by Latif et al (1957) omni- 

vorous since it can feed upon any type of organic matter. 

One unusual feature of the mouthparts is the hypo- 

pharynx which is very different from that found in the 

Acrididae. In many respects the hypopharynx resembles the 

proboscis of cyclorraphan Diptera. The presence of pseudo- 
-I 

tracheae enables the species to imbibe fluid diets. Among 

other crickets this type of structure has been recorded in 

the black field cricket Ziogryllus campestris L. (Rietschel, 

1953b). 

The role of the antenna in the discrimination of 

the food is controversial. William (1954) holds the opinion 

that the antennae have nothing to do with the acceptance of 

food, whereas Goodhue (1962) reported that insects such as 

Schistocerca make use of their antennae. In some aeromatic 
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plants stimulation of the antenna alone may lead to 

rejection. The role of the antennae of the acridid, 

Poekilocrus hieroElyphicus (Klug) in the perception of the 

food from a distance is discussed by Abushama (1968), whilst 

Chen-Ning-Sheng (1964) has described the importance of the 

antenna of L. migratoria manilensis in recognizing food at 

close quarters. 

During orientation the importance of the maxillary 

pale has been noticed in A. domesticus. Their role in this 

context has already been reported in some other insects. 

The rapid flicking movement of the maxillary palps are 

described as palpation (Blaney and Chapman, 1970). The 

palpation serves to maintain a continuous flow of information 

to the central nervous system (Blaney and Chapman, 1970). 

Mordue (1975) suggests the p alps in Schistocerca are important 

both in food selection and in the maintenance of continued 

feeding. It is mentioned that in the absence of the palps 

the antennae could assume a more important role in the 

exploration of the food both before and during a meal. 

However, Goodhue (1963) considers that testing the food 

prior to ingestion in Schistocerca involves palpation with 

both the palps and the antennae. In A. domesticus palpa- 

tion leads to ingestion which supports Plorduets (1975) view. 

Studies on the structure and distribution of the 

sensilla on certain of the mouthparts have been made by 

Blaney and Chapman (1969a), le Barre and Louveaux (1969) and 
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Sinoir, Boulay and Le Berre (1968). Behavioural studies 

on food selection in insects in relation to the sensilla 

present have been undertaken by William (1954) and Abushama 

(1968). According to them removal of the palps enhanced 

the amount of feeding on, distasteful plants. Blaney and 

Chapman (1970), Haskell and Mordue (1969) and Sinoir (1969) 

have described the functions and role of the sensilla on the 

mouthparts in feeding behaviour. Some electrophysiological 

studies have been carried out by Haskell and Schoonhoven 

(1969), Blaney (1974,1975) and Blaney and Duckett (1975). 

The sensory basis for food selection depends on 

testing the food surface with exteroreceptors, sampling and 

the feeding. William (1954) has shown that selectivity is 

reduced by amputation of the palps and it has been confirmed 

that chemoreceptor sensilla are concentrated on the tips of 

the maxillary palps of the Acrididae (Frings and Frings, 

1949; Haskell and MMordue, 1969). The act of palpation in 

A. domesticus suggests that Types 3 and 5 sensilla at the 

tip of the maxillary palp act as contact chemoreceptors 

which are involved in the initial selection of an appropriate 

food. The rejection of the food once in the pre-oral cavity 

illustrates that there are some taste receptors present on 

the posterior surface of the epipharyngeal region and possibly 

on the anterior surface of the hypopharynx. Some of the 

sunken receptors on the inner surface of the clypeolabrum 

of S. grregaria and L. migratoria migratorioides act as 
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chemoreceptors (Haskell and Schoonhoven, 1969). In A. 

domesticus it seems that the Types 6 and 13 sensilla on the 

clypeolabrum may fulfil the same role whilst receptors on 

the other mouthparts permit continued feeding. 

Although the present work does not aim at 

confirming the function of. the receptors, based on electro- 

physiological evidence, it may suggest the function of 

certain of the dominant groups of sensilla. 
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PART 8 

GENERAL DISCUSSION 
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The present study was undertaken in order to 

investigate the structure and mode of functioning of the 

head capsule and appendages, in relation to feeding, in 

A. domesticus. The detailed external anatomy of the head 

capsule was complemented by, an investigation of the muscul- 

ature of the head capsule and mouthparts. This enabled a 

more precise understanding of the movement of each appendage. 

The nervous innervation of the musculature was also investi- 

gated. The cuticular sensilla play a vital role in the 

detection of suitable food, its sampling and continued feed- 

ing. '" Consequently the detailed distribution of the various 

sensilla types on the mouthparts and their nervous innerva- 

tion completed the study. 

Two-types of head capsule are-recognised by Hudson 

(1945), depending on the orientation of the longitudinal axis 

of the head. . In the prognathous type, the longitudinal axis 

of the head is horizontal and the mouthparts are anteriorly 

directed, whilst in the hypognathous type, the longitudinal 

axis of the head is vertical, and the mouthparts are directed 

ventrally. According to Walker (1932) prognathism is 

. common among carnivorous insects that chase and capture their 

prey with their mandibles, whilst hypognathism is found in 

carnivorous species which await their prey, e. g. mantids and 

nymphs of dragonfly. This type-is also present in phyto- 

phagous insects with perching habits such as the Tettigonii- 

dae and Acrididae. 
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In discussing the occurrence ofprcgnathism Hudson 

(1945) uses certain examples from the Orthopteroid insects. 

In some groups such as the Phasmida, Tettigoniidae and 

Gryllotalpidae a change in shape of the head capsule is 

reflected by a corresponding change in its internal skeleton 

or tentorium. In the Phasmida, the elongation of the 

ventral region of the head capsule in Diapheromea fem orb 

Say. causes the occipital region to change its plane from 

perpendicular to oblique resulting in very simple tentorial 

body (Hudson, 1945). Vhilst in the Gryllotalpidae, where. 

the fossorial habit has favoured prognathism, the elongation 

of post-ocular region of the head in e. g. Gryllotalpa 

africana Pal. has resulted in the occipital foramen becoming 

oval and lying at an inclined plane to the body axis. In 

this case the tentorial body is very elongated. In the 

Tettigoniidae, the elongation of the head capsule of 

Oecanthus capensis Saus. has taken place in the anterior 

region because the mouthparts have become forwardly directed. 

This change has effected the dorso-anterior elongation of 

the head capsule and has caused an elongation of the body of 

the tentorium which thus shows a great similarity to that of 

the Gryllotalpidae. 

The greatly elongated body of the tentorium suggests 

a phenomena of secondary evolution of prognathism, since in 

primitive prognathous insects the elongated body of the 

tentorium is not encountered. This agrees vrith Walker (1932) 
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and Hudson's (1945) view that secondary evolution of 

prognathism in G. africana and 0. capensis has occurred as 

a result of change of habits or habitat. Hudson (1945) 

considers-that the Phasmida fall into a separate group which 

retain a primitive prognathous type of head and possess'a 

very small posteriorly place d'tentorial body without a median 

aperture, The absence of a median aperture separates them 

from another cursorial group, the Dictyoptera, in which a 

median aperture is present and the posterior tentorial arms 

are well developed. 

In the saltatorial Orthoptera the 

gnathous and the tentorium is essentially X. 

three main groups, Tettigoniidae, Acrididae 

however, differ. In the Tettigoniidae and 

dorsoventral elongation of the head capsule 

head is hypo- 

-shaped. The 

and Gryllidae, 

Acrididae a 

results in 

shortening of the body of the tentorium. In the Gryllidae, 

however, the body of the tentorium. is widest anteriorly 

whereas, in the Tettigoniidae and Acrididae the reverse 

condition is found. The dorsal arms in the Tettigoniidae 

and Acrididae are very delicate unlike the Gryllidae where 

they are very strong. 

According to Snodgrass (1960) tim the Orthopteroid 

and other lower insects with strong biting and chewing 

mandibles, the tentorium may be strengthened by the develop- 

ment of a central plate, the 'carpotentorium' in which the 

four arms are united". In A. domesticus the carpotentorium 
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is well developed. In Popham' s (1961) interpretation of 

the function of the tentorium, he compared the mouthparts 

of a cockroach with those of the Hezniptera. In the 

Hemiptera, the mandibles and maxillae are reduced to stylets 

and the tentorium is consequently absent. In these forms 

the mouthparts play no major role in the actual collection 

of food by lifting it into the cibarial cavity. In this 

case the movement of the fluid food material is brought 

about by a cibarial sucking pump. In P. americana the 

tentorium is perforated by a foramen in the tentorial body 

through which pass the circumoesophageal commissures. 

Popham (1961) gives a functional explanation for the form 

of the tentorium in Periplaneta and in Locusta. In both 

forms the maxillae are used to pass food to the mouth. In 

Locusta, the maxillae are moved forwards and pass food 

towards the mandibles, whilst in Periplaneta the movement of 

the maxilla is in transverse plane. In Periplaneta the 

maxillary muscles extend towards the midline, this results 

in an extension of the anterior arms of the tentorium towards 

the midline to accommodate the origins of the maxillary 

adductor muscles. The anterior arms of the tentorium then 

become extended inwards around the circumoesophageal commmi- 

ssure and causes a special foramen to develop in the tentorial 

body. " In A. domesticus the maxillae also move in a trans- 

verse plane, but here the tentorial body serves as a site of 

attachment for the muscles and thus no extension of the 
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anterior arms is necessary. 

The tentorium of A. domesticus is X-shaped and 

displays the generalised structure displayed by the Orthop- 

tera and has anterior, posterior and dorsal arms. Hudson 
r 

(1945) suggests that, an X-shaped tentorium confers rigidity 

to the head capsule and provides a base for the attachment 

of the cephalic muscles. In addition it strengthens the 

points of insertion of. certain muscles of the mouthparts 

(Imms, 1951). Bigelow (1954) also emphasizes the import- 

ance of the tentorium as a brace for the head in addition 

to providing a rigid base from which movement can be trans- 

witted. He believes that stresses applied to the tentorial 

arms by the muscles attached to them are transmitted to the 

facial integument between the anterior tentorial pits and 

that this accounts for the origin of the frontoclypeal 

inflection which reinforces this region. The tentorium is 

particularly important in insects with strong mandibles 

since the muscles operating these structures need particu- 

larly strong sites of attachment. However, according to 

Duporte's (1957) interpretation it is the secondary mandi- 

bular articulation which causes stresses on the fronto- 

clypeal sulcus and it is in response to, these that an 

inflection or ridge develops to reinforce the cranial wall. 

In A. domesticus the presence-of this inflection may be due 

to the secondary mandibular articulation in addition to the 

increased strength of the tentorium itself. 
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Essentially the head capsule is a rigid, box-like 

structure. The junction between the clypeus and frons in 

L. migratoria is rigid and does not allow movement of the 

clypeus against the frons (Cook, 1976). According to the 

same author the clypeolabral junction, on the other hand, is 

flexible and allows movement of the labrum in an anterior and 

forwards direction relative to the clypeus. It has been 

seen in A. domesticus that although the junction between the 

clypeus and frons is again rigid, some flexibility of the 

clypeolabral complex is provided by the partial division of 

the clypeus into ante and post-clypeus. Thus the clypeo- 

labrum serves as a mobile covering to the mouthparts. 

Narula (1968) recoxtb a similar condition in G. sigillatus, 

where the clypeus is divided into two portions by the trrans- 

clypeal sulcus, whilst Cook (1944) calls this partition the 

intraclypeal suture in G. assimilis. The clypeolabral 

suture in A. domesticus is incomplete and membranous unlike 

G. sigillatus where it is complete and well developed 

(Narula, 1968)s 

The cuticular thickenings between the clypeus and 

labrum are called the tormae. The structure of the tormae 

has been investigated by Anderson and Vteis-Fogh (1964) who 

consider them to be composed of resilin. Resilin is known 

to be modified cuticle which possesses elastic properties, 

thus the tormae would act by their inherent elasticity to 

return the labrum to its resting position against the 
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mandibles. The epipharyngeal surface of the labrum possesses 

an intertorma in addition to the tormae on which some of the 

compressor muscles of the labrum are inserted. Crampton 

(1930) records similar structures in the sand cricket, 

Stenop elmatus (Stenopelmatidae). These demarcate the 

anterior epipharyngeal region from the posterior epipharyngeal 

region. The presence of the sclerotized bar on the epi- 

pharyngeal surface (VerstIrkungsleiste of-Rietschel, 1953a) 

gives support to the membranous region. This is necessary 

because the second pair of adductor muscles of the labrum 

are inserted on its proximal side. 

The role of the labrum of L. migratoria in feeding 

has been examined by Sinoir (1969), who shovied that stimula- 

tion of the terminal sensilla on the maxillary palps leads to 

a 'head lowering' response which brings the distal region of 

the anterior surface of the labrum into contact with the sub- 

stratum or food. 

The importance of the elasticity of the cuticle in 

relation to the functioning of the mouthparts has been 

discussed by Brown (1961) in the mayflies C. dipterum and 

Baetis rhodani Pictet. The same author also shows how the 

tips of the mouthparts are used to collect food in Centro - 

tilum by virtue of their flexible cuticle. In A. domesticus, 

as in many other insects, the tips of the maxillary palps 

are important in collecting the food and drawing it towards 

the pre-oral food cavity and other mouthparts assist in this. 
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However, it is difficult to separate the importance of the 

sensory role of these structures from their purely mechani- 

cal role. 

The structure of the head has an important bearing 

on the feeding mechanism (William, 1954) . Isely (1944) 

showed that in grasshoppers, the mandibles are specially 
adapted to the type, of vegetation which is normally consumed, 

whilst William (1954) explains that they may be adapted to a 

range of food substances. The presence of both the incisor 

and molar teeth suggest that the mandibles of A. domesticus 

are of the cutting, chewing and grinding type. These are 

referred to in the Acrididae as the. graminivorous type 

(William, 1954). 

Perhaps one of the most interesting features of the 

structure of the feeding appendages is the similarity in the 

hypopharynx of A. domesticus and the proboscis of some 

gyclorrhaphan Diptera. In both cases the structure is modi- 

fied for sucking. A sucking proboscis is seen in several 

groups of insects although the structures involved are not 

always the-same. In. the Diptera the labium is highly modi- 

fied and the palps are transformed into labella lobes. In 

certain Hymenoptera e. g. the honey bee, Apis, the labium is 

again specialized. and together with the maxillae is elongated 

to form the maxillolabial complex. However, in the Lepi- 

doptera the galeae of the maxillae are modified to form a 

long coilable proboscis. In the above mentioned orders, the 



-462- 

hypopharynx is reduced, this deficiency being overcome by 

other mouthparts which perform a suctorial role. An 

interesting parallel can be draim between the Trichoptera 

and A. domesticus. Crichton (1957) has reported the 
r 

presence of a hypopharynx in adult Triehoptera which is 

adapted for taking up "fluids. This modification occurs in 

conjunction with the presence of biting and chewing mouth- 

parts. In forms where the mandibles were reduced the hypo- 

pharynx is particularly enlarged and specialized. 

The detailed structure of the hypopharynx of A. 

domesticus reveals the presence of pseudotracheae which lead 

to efferent ducts which in turn open on the anterior surface 

of the hypopharynx. Thus the hypopharynx forms a well 

developed proboscis-(Rietschel, 1953a) similar to that seen 

in some Diptera where the labium is the structure involved. 

In A. domesticus the labium displays the typical Orthopteroid 

structure. As Rietschel (1953b) concludes the proboscis of 

A. domesticus and certain Diptera have different origins but 

are identical in function; they are therefore analogous but 

not homologous to each other (Rietschel, 1953b). In the 

Acrididae so far described the hypopharynx shows no special 

modification to sucking. Even within the Gryllidae differ- 

ences occur in the hypopharynx. The hypopharynx of 

L. campestris resembles that of A. domesticus although no 

specialisation occurs in the wood cricket, Nemobius sylvest- 

ris Fabr. or G. sigillatus (Narula, 1968) and G. assimilis 
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(Duporte, 1920). 

The surprising similarity of the cricket proboscis 

to that of some flies suggests that the mode of life and in 

particular their feeding habits may be similar (Rietschel, 

1953b). It suggests that both insects live on juices. 

Flies-live on openly exposed juices produced, in most cases, 

by chemical breakdown of either animal or plant substances 

(Rietschel, 1953b), whilst crickets probably feed on juices 

exposed by the mechanical breakdown of plants and animals 

brought about by mastication by the well developed mandibles. 

In Dipterä the biting jaws are absent and mechanical break- 

down would be impossible. Crickets, on the other hand, in 

addition to their proboscis, possess the same Orthopteroid 

mouthparts as cockroaches and grasshoppers. They can, 

therefore, deal with solid food in addition to liquid food. 

It is possible that crickets with a highly modified probes- 

cis use it mainly for drinking. In captivity they are often 

seen ttdrinking" from a cotton wool pad soaked in water. 

There are several features of the muscular system 

associated with the head and its appendages which warrant 

special attention and discussion. Generally the most 

interesting features are comparative, either between closely 

related species. or between different insect groups. 

The mandible is characterised by having an adductor 

and an abductor muscle in most insects, but in addition other 

subsidiary muscles may be present. In A. domosticus, a 
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tentorial adductor of the mandible (Muscle 7) and a hypo- 

pharyngeal adductor of the mandible (Muscle 8) are present. 

In the case of the tentorial adductor muscle, Snodgrass 

(1955) has reported the presence of this muscle in lower 

Pterygote insects whilst Khattar (1964) has recorded its 

presence in Schizodactylus (Schizodactylidae) where it 

closely resembles the Gryllidae (Khattar, 1959). However, 

these authors do not report its function. In A. domeoticus 

the function of the tentorial adductor (Muscle 7) appears 

principally to be that of adduction. It draws the mandibles 

towards each other in the midline, a process which is accom- 

panied by a limited backward movement of the mandibles. In 

many respects this mode of action resembles that reported by 

Narula (1974) in G. sigillatus. It is of interest that this 

muscle has not been discussed by a number of authors in the 

various Orthoptera they studied e. g. (Berlese (1909), 

Duporte (1920), Snodgrass (1928), Misra (1946) and I=s (1951), 

In the case of the hypopharyngeal adductor of the 

mandible, Snodgrass (1935) has mentioned its presence in the 

lower Pterygota and in the Lepismatidae of the Thysanura. 

He refers to the muscle as the ventral adductor of the 

mandible. According to him, the muscle is present in the 

larvae of Ephemeroptera and Odonata, where it arises from the 

anterior arms of the tentorium, and also in adult Isoptera 

and most Orthoptera, except the Acrididae where it is aboent. 

Chapman (1975) confirms these views and regards the origin 
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of the muscle to be the hypopharyngeal apophysis. The 

muscle is however absent in the higher insects. Narula 

(1974) reports the presence of this muscle in G. sigillatus 

where, contrary to its name, it has no connection with the 

hypopharynx. He considers the muscle to be homologous with 

the ventral adductor of more primitive insects, which has 

lost its connection with the anterior tentorial arm and due 

to the increase in size of the mandibles lies completely 

within the cavity of the mandible. In addition to this 

muscle Vishoni (1962) has mentioned the presence of a second 

adductor in the termite Odontotermes. A comparable muscle 

has not been found in A. domesticus. 

From a review of the literature on the musculature 

of the mandible it is apparent that there are considerable 

differences even within the Orthopteroid insects. This 

opinion was also voiced by ldarula (1974). A comparative 

study of the mandibular musculature in a selection of specie: i 

would be an invaluable contribution to comparative and 

functional morphology. 

From the careful work of Khattar (1964), it can be 

seen that although Schizodactylus shoves certain features of 

its head musculature common to the families Tettigoniidae 

and Acrididae, it more closely resembles members of the 

family Gryllidaeo Within the Gryllidae, its mu sculature 

appears more similar to A. domesticus than G. si ig llatus 

(Narula, 1974) or G. assimilis (Duporte, 1920). To take 
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one example, the origin of certain labial and hypopharyngeal 

muscles vary in relatively closely related species of 

Orthopteroid insects. In A. domesticus the adductor of the 

labium (Muscle 22) and the retractor of the hypopharynx 

(Muscle 31) originate on the posterior edge of postoccipital 

ridge close to the posterior tentorial pit and in this 

-respect are similar to those in Schizodactylus (Khattar, 

1964). However, in the Gryllids, G. assimilis and G. 

sigillatus the origin of these muscles is on the tentorial 

body (Duporte, 1920 and Narula, 1974 respectively). The 

difference in the reported origin of these muscles is of 

interest and needs to be considered from a functional stand- 

point. 

The structure of the antennae of insects is 

reviewed generally by several authors, e. g. Chapman (1969), 

Imms (1930) and Richards and Davies (1977). The flagellum 

is generally considered to be secondarily annulated. The 

annuli are joined by membranes which give considerable 

mobility and flexibility to the structure. In the Pterygota 

and Thysanura of the Apterygota, there are no muscles in the 

flagellum, and the nerve which passes through the flagellum 

is purely sensory. Plagellar muscles are only found in the 

Collembola, Diplura among the insecta and also in the Myria- 

poda (Schneider, 1964). It has been demonstrated conclusive- 

ly in the present work that muscles are absent from the 

pedicel and flagellum. In this way A. donesticus is 

characteristic of the Pterygota. However, in G. assimilis 
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(Duporte, 1920) and G. sigillatus (ITarula, 1974) intrinsic 

muscles have been reported to be, present in the flagellum. 

Since this feature is found only in certain Apterygotes, its 

presence in certain representatives of the Gryllidae would 
r 

perhaps indicate a primitive character. In addition to 

these two species, antennal musculature has been-recorded in 

Blattat Gryllus and certain Thysanura (imms, 1939), and in 

Termes by Basch (1865). However,, Imms (1939) cast doubt on 

these reports and considers the muscles to be two prominent 

branches of the antennal nerve. This he confirms by using 

stained Whole -mounts 
examined under polarized, light and also 

by serial sections and dissections. - The absence of intrin- 

sic muscles in the flagellum of A. domesticus confirms it to 

be of the annulated type, typical of Pterygote insects. 

One may conclude initially that the recorded presence of 

intrinsic muscles in. the closely related species, G. assim- 

ilis (Duporte, 1920), may be due to confusion in interpreta- 

tion and that the muscles may in fact be the two sub-branches 

of the antennal nerve. This explanation was in fact con- 

firmed by Imms (1939) during his reinvestigation of the 

antenna of Q. assimilis. However, further confusion occurred 

when intrinsic muscles in the pedicel and a few segments of 

the flagellum were recorded recently in G. sigillatus by 

Narula (1974). Narula (1974) considers that the presence 

of the muscles in G. sigillatus suggests an intermediate 

condition between the Collembola and Pterygota. This would 
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indicate the primitive nature and possibly early ancestry 

of the Gryllidae. It is apparent that a detailed study of 

the antennal musculature throughout the group, in the type 

of detail displayed in the present study, needs to be 

undertaken before any conclusive statement can be made. To 

date, A. domesticus is the. only representative of the family 

Gryllidae, studied in detail, that has been'shown to demon- 

strate the Pterygote condition in respect of this character. 

The mouthpart and associated. appendages of A. 

domesticus are well supplied with sensilla of various types 

and functions. Thirteen different types of sensilla have 

been recognised by description and measurement of their 

external characteristics. By careful examination of their 

nervous innervation, it is often possible to suggest a func- 

tion of a particular sensilla type, a subject which would need 

confirmation by physiological methods. 

According to Slifer (1970) the classification of 

sensilla may be based on the thickness of the sensillar 

cuticle. However, in this work a scheme based on the shape 

of the sensillu: m is used. - Asimilar scheme was adopted by 

Thomas (1965,1966). 

Here the mechanoreceptors on the mouthparts will. 

be-dealt with first. McIver (1975) explains the term 

mechanoreceptor in a broad sense, by defining mechanoreception 

as "the perception of mechanical distortion of the body 

caused by the external stimuli of touch, air or water-borne 
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vibrations or due to the internal forces generated by 

activities of the muscles". The articulated sensory hairs, 

known as trichoid sensiiia, are excited by the mechanical 

deformation of some part of the receptor (e. g. Dethier, 1963; 

McIver, 1975). Their role as proprioceptors occurs by their 

response to mechanical stresses set up in the cuticle. This 

subject has been fully discussed by Finlayson (1968). It 

can be concluded that of the trichoid sensilla. (Typos 1- 5), 

Types 1,2 and 4 sensilla in A. domesticus are mechano- 

receptors and these are provided with a single neuron. 

Types 3 and 5 most probably play a part in me chanore caption 

since the number of neurons varies from 1-3 depending on 

their position. Often trichoid sensilla are grouped-to 

form hair plates. In, A. domesticus trichoid sensilla of 

Type 2 are sometimes grouped together into hair plates. 

These probably act as proprioceptors. The hair plates in 

P. americana have been studied by Pringle (1938c), Haskell 

(1959) and. others. According to Pringle (1938e) the hairs 

of the hair plates are mechanical sense organs with a slow 

rate of adaptation, and in life the hairs are excited by the 

deformation of a fold of intersegmental membrane.. The 

level of excitation varies with the position of the joint. 

The hair plate sensilla in S. gregaria are innervated by a 

single neuron and monitor the movement of one segment 

relative to the next (Blaney and Chapman, 1969a), The 

'hair plates' on the vertex of Locusta and Schistocerca form 
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cephalic airflow receptors which help in flight regulation 

(Guthrie, 1966; Gewecke,. 1972). It has been demonstrated 

in A. domesticus that the hair plate sensilla are innervated 

by a single neuron. 
P, 

Sensilla of Type 1 appear to have one neuron and 

certainly seem to be the same as the Type III of Blaney and 

Chapman (1969a). According to Haskell (1956a, b) the long 

setae present on the abdomen of British grasshoppers respond 

to vibrations of the substrate whilst others probably 

receive airborne vibrations. It is possible that in. A. 

domesticus some of the long setae of Type I present on the 

mouthparts may respond to vibrations of the air. 

In A.. domesticus, as in other insects studied, it 

is evident that hairs with pores or openings in the setae 

are innervated by a single neuron. These may bear cuticular 

sculpturings such as grooves or spicules, whilst the sockets 

sometimes bear inward projecting ribs or diaphragms. It 

has been noticed that the height and the diameter of the 

socket, together with any projection of the socket, restrict 

the movement of the hairs and probably assist in its mechano- 

receptive function. Bernays et al (1976) also report the 

presence-of longitudinally grooved trichoid sensilla on the 

first instar nymph of S. gregaria. Here they are involved 

in the prenynphal ecdysis. 

It has been reported that a number of sensilla with 

a presumed mechanoreceptive function have two dendrites. 
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Thomas (1971) reported that trichoid sensilla of Type 'a1' 

were provided with two neurons instead of a single neuron 

found in sensilla from other location on the body. Bernays et al 

(1976) suggest that the double innervation may be a general 

property of mechanoreceptors although its significance is 

unknown. Sensilla of Types 3 and 5 in A. domesticus most 

probably act as chemoreceptors, although it is not precluded 

that they may also play some part in mechanoreception. The 

number of neurons varies from I-4. 

Campaniform sensilla which act as proprioceptors 

respond to strains in the cuticle (Pringle, 1938a, b). 

Albert et al (1976) suggest that t-campaniform sensilla monitor 

the degree of cuticular stress with changes in air pressure 

at various locations on the wing of Iielanoplus sanguinipes, 

whilst Arnold (1974) found similar sensilla on the tarsi of 

cockroaches. 

The campaniform sensilla are referred to as Type 6 

in A. domesticus. They are innervated by a single neuron. 

The shape of such sensilla has been described by a number of 

authors as semispherical or semiellipsoidal (Ismail, 1962; 

Mclndoo, 1929; Schneider and Kassling, 1956). This type 

of sensilla has been recorded on a variety of head structures 

in A. domesticus. On the pedicel of the antenna, where they 

are arranged in a definite row and at the joints of the 

labial and maxillary palp where they are found in small groups. 

Both their position and earlier work suggests their function 
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is proprioception (Schneider, 

McIver, 1975). 

1964; Pringle, 1938a, b and 

It is interesting to note that Berlose (1909) 

first used the term campaniform to describe the whole class 

of sensilla previously known as dome, bell and cupola shaped 

structures. These have subsequently been described by a 

number of'authors (McIndoo, 1920; Lees, 1942; Snodgrass, 

1935; Dethier, 1963; Schmidt, 1973 and McIver, 1975). It 

has been noticed that the presence of a single neuron is 

typical of campaniform sen , ills. Similar campaniform 

sensilla have been described from various regions of the 

exoskeleton of insects where compression occurs (Thurm, 1964, 

1965; Stuart and Satir, 1968; Chevalier, 1969; Smith, 

1969; Moran, Chapman and Ellis, 1971 and Quennedey, 1975). 

According to McIver and Siemicki (1975) the morphologically 

different campaniform sensilla on the palp of A. stephensi 

are functionally distinct. Pringle (1961) suggeöts that 

oval sensilla are selectively sensitive to strains in a 

particular direction, whilst according to G©ttrup (1973) 

the type of reaction to agiven stimulus is determined by 

the-degree of elevation of the cap. 

Of the chemoreceptor3, Type 7 are probably 

olfactory in function. 

The Type 7 sensilla seem to be typical sensilla 

placodea. They appear to be thin, oval or elliptical 

plates of cuticle and are present mostly on the outer 
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surfaces of the mouthparts. All of the Type 7 senoilla 

recorded in A. domesticus are innervated by a bipolar neuron 

with a very long dendrite. Only a single triangular ohapod 

pore could be seen in the centre of the sensillum, although 

presumably pores are scattered over the entire surface but 

could not be seen at the resolution used. ' The presence of 

'sensilla placodea has been demonstrated by a number of authors 

in a range of insects, e. g. Slifer and Sokhon (1961) have 

recorded numerous sensilla of this type on the antenna of 

Apis. Those on the antennae of Aphidoidea have been shown 

to consist of an outer perforated cuticular plate, separated 

from an inner plate by a space containing many fine dendritic 

branches (Slifer and Sekhon, 1963). Slifer (1970) and 

Lewis and Marshall (1970) have recently used the term 

sensory plaque, for sensilla placodea when referring to 

similar structures on the antenna of the lanternfly, Pyrops. 

The sensilla placodea of A. domesticus have a small notch on 

the border of the depression are therefore comparable to 

those sensilla found on the flagellum, maxillary and labial 

palp of the caddisfly F. missa (Slifer and Sokhon, 1971). 

Lacher and Schneider (1963), Slifer and Sekhon (1961,1964), 

all report their function to be olfactory. 

Other chemoreceptors in A. domesticuo are concerned 

with gustation. The sensilla are generally abundant on the 

mouthparts of insects but less so on the antennae. They 

may also be found on the tarsi (Richards and Davies, 1977). 
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There are a variety of types of contact chemoreceptor, e. g. 

sensilla trichoidea, basiconica and coeloconica. Typical- 

ly insect contact receptor. possess four or five neurons, 

whilst six have been recorded by Blaney and Chapman (1969a), 

although Dethier (1955) recorded only three in many Diptera. 

Both the mouthparts and the surface of the pro-oral food 

cavity is richly supplied with this type of chemoreceptor 

(Thomas, 1966; Chapman, 1966). 

Trichoid sensilla of Type 3 present in A. domosticuo 

are likely to serve, at least in part, as gustatory sensilla. 

These are comparable to the Type 3 of Thomas (1966) and Typo 

2 of Blaney and Chapman (1969a). The Types 3 and 5 sencilla 

are present in an aggregated form at the tip of each paip. 

Their role in gustation is suggested by the 'palpation' 

which can be seen once in contact with the food. Similar 

sensilla have been recorded on the maxillary palpe of 

Acrididae (Blaney and Chapman, 1969a) and also on the labella 

of Diptera (Adams and Forgash, 1966) where they mediate taste. 

Blaney and Chapman (1970) and Blaney, Chapman and Wilson (1973) 

showed that the terminal sensilla on the maxillary palps of 

L. migratoria are important in food selection in the un- 

starved insect. However, it has also been reported in many 

insects that sensilla of Type 3 may have an olfactory func- 

tion (Jefferson et al, 1970 and Myers and Brower, 1969). 

le Berre et al (1967) recognised two types in this situation, 

one with a blunt end and an opening and the other with a 
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pointed end and no pore. The latter type presumably 

serve as mechanoreceptors. Blaney and Chapman (1969b) 

showed that the terminal sensilla on the maxillary palps 

of Schistocerca were chemoreceptors and similar sensilla 
r 

were present in Locusta (Blaney et al, 1971). Haskell and 

Schoonhoven (1969) confirmed the chemoreceptive function of 

these terminal sensilla on the maxillary palp of L. mi, ra- 

toria by using electrophysiological techniques and showed 

that the sensilla respond to a wide range of chemicals from 

different chemical classes. Haskell and Mordue (1969) 

found that receptors on the pales in Schistocorca stimulated 

feeding whilst deterrents were picked up by receptors on the 

labrum. The importance of the palps in food selection is 

debatable. Dadd (1963) and Mulkern (1967) have shown that 

selection is only performed when the insect bites the plant. 

These observations were contradicted by William (1954) who 

suggested that selectivity is reduced by amputation of the 

paip. Recently many features of the structure and function 

of insect contact chemoreceptors has been clarified using 

electron microscopy (Slifer, 1970) and electrophysiology 

(Hodgson, 1968). 

In A. domesticus the sensilla basiconica are 

represented by Types 8 and 9 sensilla present on the post- 

erior surface of the clypeolabrum. These are comparable to 

the sensilla basiconica of Dethier (1955). They are thick 

peg like structures and respond to various chemical stimuli. 
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Dethier (1955) has shown that the intensity of the response, 

varies according to the nature of the chemical stimulant. 

The importance of these sensilla in feeding has been 

demonstrated in lepidopterous larvae by Schoonhoven (1969). 

Less conspicuous sensilla are the Type 12 cencilla. 

These are pore canals in the mandibles and laciniac of A. 

domesticus. They appear open and are therefore probably 

contact chemoreceptors. They are innervated by a bipolar 

neuron. Similar pore canals have also been reported by 

Le Berre and Louveaux (1969) in the mandibles of the first 

instar larvae of L. migratoria and in other insects euch as 

the wireworm, Ctenicera destructor (Brown), (Zacharuk, 1962). 

According to Le Berre et al (1969) the dendrites which 

infiltrate the tips of the mandibular teeth in the first 

instar of grasshopper, Z. migratoria are also mechanorec©p- 

tors. 

The Type II sensilla of A. domesticus found on 

I 

the galea and paraglossa are comparable to the H type 

sensilla of Thomas (1965)-in Schistocerca. They are conical 

in shape and have projections forming guards of variable 

length at the base of the socket. Thomas (1965) considers 

the function of these guards to be the restriction of move- 

ment of the seta, to one plane. These sensilla were 

referred to as basiconic pegs in G. domosticus by Fudalewicz- 

Niemczyk and Rosciszewska (1974). It may be suggested that 

these function as chemoreceptors. 

0 



-477- 

Type 13 sensilla of A. domesticus are comparable 

to the sensilla ampullacea or sensory flasks reported by a 

number of authors (Barbier, 1961; Pudale`ricz-Niemczyk and 

Rosciszetiwska, 1974; Schenk, 1903; Richards, 1952; 

Kuwabara and Takenda, 1956; Slifer and Sekhon, 1961). 

These are innervated by a'single neuron, as in A. domosticus 

where it may be suggested that they function as m©chano- 

receptors. McIver (1974) found sensilla ampullacea on the 

antenna of A. stephensi and Aedes anti (L. ), those have 

an elliptical-shaped orifice opening into a flask-shaped 

chamber. However, these are innervated by three neurons 

and are thought to play a role of thermoreception. 

This study of A. domesticus has also revealed the 

presence of multipolar stretch receptors on the various 

mouthparts. These are a specialised type of mechanoroceptor 

and form part of the proprioceptor sensory system. Similar 

multipolar cells with triangular cell bodies and a distinct 

nucleus have been studied by ufilczek (1967) in the blowfly 

Phormia regina Neigen. Peter (1961) considers them to play 

an important role in integrating information from the sense 

organs. Guthrie (1967) considers the multipolar stretch 

receptors to provide an indendent source of information 

concerning gradual movement at a joint. The presence of 

stretch receptors has been given by a number of authors 

(Finlayson and Lowenstein, 1958; Guthrie, 1962). 
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The main contribution of the present work is to 

describe fully the types of sensilla and their distribution 

on the head appendages of A. domesticus. From this one is 

able to indicate their role in feeding. The next logical 

step should be to confirm some of these tentative suggestions 

by electrophysiological work. 

I 
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SUMMARY 
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(1) The gross structure of the head capsule of 

A. domesticus has been described, together with 

the neck region or cervix. 

(2) The internal skeleton of the head or tentorium 

is X- shaped. with well developed anterior, 

posterior and dorsal arms.. 

(3) The structure of the head capsule and mouthparts 

has revealed several interesting features: 

(i) On the epipharyngeal surface of the 

labrum there is a well developed intertorma in 

addition to the tormae. A well developed 

sclerotized bar strengthens and gives support 

to the anterior part of the head capsule. 

(ii) The gales of the maxilla is two segnentod 

and at its distal end is furnished with a well 

developed comb. 

(iii) The lacinia of the maxilla at its distal 

end is provided with three cusps, two of which 

are well sclerotized. 

(iv) The hypopharynx has a complex structure 

and. bears pseudotracheae. In many respects 

its structure resembles the modified labium 

seen in Cyclorrhaphan Diptera. 

(4) The muscles associated with the mouthparts and 

those responsible for the movement of the head 

have been carefully described. A total of 
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sixty eight muscles have been investigated and 

particular emphasis placed on the sites of origin 

and insertion of these muscles. The mode of 

action and probable function of the muscles has 

been described wherever possible. 
(5) Particular features of interest in respect of 

the head musculature include: 

. 
(i) In the mandibleo two extra extrinsic 

muscles, the hypopharyngeal adductor of the 

mandible (Muscle 8) and the tentorial adductor 

of the mandible (Muscle 7), are present in 

addition to the normal adductor and abductor 

of the mandibles (Muscles 5 and 6 respectively). 

(ii) The origin of the , retractor of the hypo- 

pharynx (Muscle 31) and the adductor of the 

labium (Muscle 22) on the occipital ridge 

differs from other Gryllidae. 

(6) Thirteen different types of cuticular sensilla 

have been identified on the feeding appendages. 

The accurate distribution of these sensilla typos 

in adult female crickets has been recorded and 

compared with that of the adult male. 

(7) The density of sensilla on the different feeding 

appendages varies, the clypeolabrum, maxillary 

and labial palps have numerous sensilla whereas 
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the glossae are provided with a relatively small 

number of sense organs. 

(8) A close similarity is evident between the 

maxillary palp and the labial palp in the types 
r 

and distribution of sensilla, 

(g) The development of the adult sensilla pattern 

was studied by examining the number and distribution 

of sensilla in the eleven nymphal instars. Since 

such a wide range of sensilla types are seen on 

the clypeolabrum, the developmental study con- 

centrated on this structure. Although most typos 

are present from an early instar their rate of 

increase varies considerably. 

(10) Cuticular sculpturing is present on certain of 

the feeding appendages and microtrichia are 

present on the epipharyngeal surface of the labrum. 

(11) A thorough study of the nervous innervation to the 

sensilla and muscles was undertaken. All the 

main nerves originating from the brain, sub- 

oesophageal ganglion and frontal connective have 

been traced. 

(12) Each main nerve divides into many sub branches 

and the course of these to their site of innerva- 

tion has also been traced. 

(13) An attempt was made to relate the structural 

investigation to the feeding mechanism of the 

0 
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insect. To record feeding in living insects 

various techniques including light microscope 

observation, cine photography and videorecording 

were employed. The role of the various com- 

ponents could be suggested by collating the 

information obtained from each method. 

(14) In the field it seems that A. domesticus Ja 

omnivorous, feeding on both hard food stuffs and 

fluids which it can imbibe by means of its 

specialised proboscis. 
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