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• ABSTRACT 

A study of the morphology of the ovipositor of British 

Tettigoniidae has been related to its role in reproduction 

and particularly oviposition behaviour. 

The gross morphology of the ovipositor of Metrioptera roeselii 

(Hagenbach) has been described and compared with that of eight 
other species. From this study five variations of the basic 

ovipositor structure have been recognised. The musculature 

associated with the ovipositor of one representative of each 

of these types has been described together with a description 

of the musculature of a generalised abdominal segment. These 

structural attributes have been combined with behavioural 
studies of oviposition to provide a detailed account of the 

function of the components of the ovipositor. 

A survey of the types of sensilla and various surface 
sculpturing found on both faces of the ovipositor valves 

has been made using scanning electron microscopy. The 

distribution of these structures is recorded and their 

possible role in penetration of the oviposition substrate and 
egg movement along the ovipositor is discussed. 

By means of oviposition substrate preference tests on five 

species, representative of each type of ovipositor, it was 

possible to relate the morphology of the ovipositor to the 

nature of the substrate. Video-recordings of mating behaviour 

and oviposition facilitated a detailed description of both 

oviposition and mating. 

Keys to identify the nymphs of nine British species are given 

together with a means of separating the instars within each 

species. The study also includes brief descriptions of the 

habitats for each species and some basic biological information 
on post-embryonic development and the occurrence of diapause. 
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PART 1 

GENERAL INTRODUCTION 



GENERAL INTRODUCTION 

The Tettigoniidae belong to the order Orthoptera, sub-order 

Ensifera and are commonly referred to as bush crickets or 

long horn grasshoppers. They have a world-wide distribution 

and also exhibit a considerable range of habitat preferences. 

The British species, which are the subject of this study, 

occur in a number of different types of habitat though they 
seldom occur in cultivated areas. The general biology of the 

British species is documented by Ragge (1965, 1973). However, 

comprehensive and comparative investigations of the morphology, 

biology and development of the British species have not been 

conducted. This may be due to the restricted distribution 

of species (Ragge 1965, Hartley 1973, Warne 1975) and to the 
difficulty of collecting and rearing large numbers of 

specimens, particularly in the early instars. The long egg 

diapause in some species makes continuous rearing extremely 

difficult. 

The aim of the present study is to examine the reproductive 

biology of nine species of British Tettigoniidae with 

particular reference to the female. This investigation of 
the reproductive biology involves an examination of the 

morphology, musculature, sensory apparatus and surface structure 
of the ovipositor. In order to relate the gross morphology 

to the functioning of the structures experiments have been 
conducted to determine the preferred oviposition substrate 

of a number of species. The nymphal development of these 

species has also been examined and simple field keys have 

been constructed to nymphs and to the instars of each species. 

There are ten British species of Tettigoniidae representing 
five sub-families: 

Sub-family Meconematinae 

Meconema thalassinum (DeGeer) 
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Sub-family Tettigoniinae: 

Tettigonia viridissima (L.) 

Sub-family Decticinae: 

Decticus verrucivorus  (L.) 
Pholidoptera griseoaptera (DeGeer) 

Platycleis denticulata (Panzer) 

Metrioptera brachyptera  (L.) 
Metrioptera roeselii (Hagenbach) 

Sub-family Conocephalinae: 

Conocephalus dorsalis (Latreille) 

Conocephalus discolor (Thurnberg) 

Sub-family Phaneropterinae: 

Leptophyes punctatissima (Bost) 

Of the ten British species only nine have been studied since 

D. verrucivorus is rare in Britain and the large numbers of 

specimens required were not therefore available,nor was it 

considered appropriate to attempt their collection. 

From a survey of the morphology of the ovipositor in the major 

groups of insects, two basic types of ovipositor have been 

recognised (Snodgrass 1963): 

Type I : An ovipositor formed by a flexible abdomen 

which does not include specialised terminal 

sclerites. 

Type II: An ovipositor formed by specialised sclerites 

situated on abdominal segments eight and nine. 

The iettigoniid ovipositor is of the second type and is 

complete. The Type II ovipositor has the same basic 

components in all orders in which it occurs although some 



(t3, t9) 
(lgcx.) 
(2gcx.) 

( ga.  ) 
( aiv.) 
( piv.) 

single structures 

paired structure 

paired structure 

paired structure 

single structure 

single structure 

sclerites may be absent or fused. The ovipositor may be 

divided into two functional sections. The first section 

(the basal sclerites) attach the second section (the distal 

valves) to the rest of the abdomen. 

The basal sclerites are: 

Tergites eight and nine 

First gonocoxa 

Second gonocoxa 

Gonangulum 

Anterior intervalvula 

Posterior intervalvula 

The distal valves are: 

• First gonapophysis 

Second gonapophysis 

Gonoplac 

(lgp. ) 	paired structure 

(2gp. ) 	paired structure 

(gpl. ) 	paired structure 

The ovipositor is bilaterally symmetrical about the midline, 

most of the sclerites and the valves being paired. The basal 

sclerites articulate the valves to the abdomen and provide 

them with the flexibility required during oviposition. Any 
variation in the basal sclerites is mainly one of shape 

although the intervalvulae are absent in all orders except 

those of the Orthopteroid group. The first gonocoxa may be 

fused with the gonangulum as in the Gryllidae (Scudder 1961a) 

or absent as in some Tettigoniidae.(Walker 1919). The 

ovipositor valves also exhibit variation in shape, size and 
function. The first gonapophysis is always present and well 

developed. The second gonapophysis may be well developed as in 
the Homoptera (Balduf 1933) and Tettigoniidae or reduced and 

non-functional as in the Acrididae (Albrecht 1953)  and 
Gryllidae.(Gupta 1950). The gonoplac is normally well 

developed but may serve one of two roles, either as a sheath 
protecting the other valves (Homoptera) or as a fully 

functional valve in some Orthoptera. The latter may either, 
replace the second gonapophysis as in the Acrididae and 

Gryllidae, or act as a functional valve in addition to the 
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second gonapophysis (Tettigoniidae). Finally within the 

Hymenoptera some groups have modified the ovipositor so that 

it functions as a sting and is no longer used in oviposition. 

In the Gryllidae and Tettigoniidae the ovipositor valves 
connect not only with the basal sclerites but also with one 

another by means of sliding tongue and groove joints. The 
ventral edge of the gonoplac in the Gryllidae and of the 

gonoplac and second gonapophysis in the Tettigoniidae fit 
into grooves on the dorsal edge of the first gonapophysis. 

This enables the valves to move backwards and forwards in 
relation to one another without separating during substrate 

penetration. The ovipositor of the representatives of the 

family Tettigoniidae has been described by various authors. 

Ander (1939)  described a generalised tettigoniid ovipositor 

but listed various examples of the variations existing within 

the basic type. Chopard (1920) described the morphology and 

musculature of Pholidoptera femorata, Fieber and 

made certain comparative descriptions of the external 
morphology of species of various European sub-families of 

Tettigoniidae. This comparative study demonstrated the 
considerable variation in form of the ovipositor. Walker 

(1919) and Gurney (1936) have both described the ovipositor 

of Ceuthophilus spp. and Walker also compared the ovipositor 

of Ceuthophilus lapidicola,(Burmeister)with that of Conocephalus 

fasciatius,(DeGeer) noting a large number of differences in 

the detailed morphology. Krammer (1944) described 

Amblycorypha oblongifolia (PeGeer) and differences between this 
and the species described above are apparent. 

From existing descriptions and those made in the present study 

the question arises as to whether the variation in structure 

is related to the function of the ovipositor and in 

particular to the type of substrate in which the eggs are laid. 

In an attempt to answer this question the morphology of the 

ovipositor of M. roeselii has been described in detail and 

compared with that of eight other species. From this, five 

variations in ovipositor structure have been recognised. The 

musculature and surface structures of species representative 

of these 'types' have also been studied, and this has been coupled 
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with an investigation of the oviposition substrate preferences 

of these species. 

In order to understand the functioning of the ovipositor a 

thorough knowledge of the musculature is necessary. Within 

the Orthoptera there have been relatively few accounts of 

abdominal musculature. Ander(1939)  has given a comprehensive 

account of the abdominal ovipositor musculature of the 

Tettigoniidae. Chopard (1920) gave a brief description of 

the major muscles of the Tettigoniidae, Gryllidae and 

Acrididae but without mention of their function. Voss (1905), 
DuPorte (1920) and Ford (1923) have described the musculature 

of the abdomen and ovipositor of Gryllus assimilis.(Fabr). 
Ford's study includes a comparative examination of the 

musculature of the Acrididae, Gryllidae, Grylloblattodea, 
Blattodea and Mantodea as well as C. lapidicola and C. fasciatis. 

Ford also discusses the function of some individual muscles 
but does not relate these to the functioning of the ovipositor 

as a whole. Here the musculature of the terminal abdominal 

segments and ovipositor i of M. roeselii has been described and 

compared with that of representative species of the other 

four 'types'. 

During observation of oviposition it became clear that the 

female Is able to discriminate between various substrates 
and to choose an optimum area within a substrate. Initial 

testing of the substrate is conducted using both maxillary 
and labial palps and to a .cer.tain•extent the mandibles. After 

this initial testing the ovipositor is lowered so that the 
tip is in contact with the substrate, a second testing phase 

occurs when the ovipositor itself is used. This behaviour 
implies the presence of sensory structures on the ovipositor. 

To substantiate these preliminary observations an examination 

of the surface of the ovipositor valves has been conducted 

using scanning electron miscroscopy. Le Roy.  (1969, 1970) 

has demonstrated the presence of complex surface sculpturing 

on the surface of the ovipositor in the Tettigoniidae but 
rinse not incNltke a stumray of the esengi l 1a 	in other insert 

orders both sensilla and surface sculpturing have been 

recorded. Capel-Williams (1978) has described the presence 
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of complex surface sculpturing and several types of 

sensilla on the first and second gonapophyses of 

Graphocephala fennahi (Homoptera).Mickoleit (1973)has 

demonstrated their presence on the ovipositor of the 

megalopteran Raphidia ophiopsis L., and a number of 

authors have described the sensilla of the ovipositor 
of ichneumonid wasps. Within the Orthoptera the sensory 

structures of the ovipositor of Gryllus bimaculatus DeGeer 

(Igelmund 1979), Gryllus campestris L. (Sellier 1971) and 

Acheta domesticus L. (Marrable, unpublished) have been 

described. In the present work M.roeselii has been examined, 

the sensilla have been classified in terms of their 

external morphology and their density and distribution 

has been described. The types of surface sculpturing have 
also been described and their position mapped. The 

distribution and form of the various structures is discussed 

in relation to their function. Finally, the development 

of the Tettigoniidae has been investigated for only a few 
species. The number of instars for most British species 

is known (Ragge 1965) and those in which the number is 
uncertain have been investigated. The post-embryonic 

development of M.roeselii has been described by Cejchan 

(1960) and Sanger (1976), and the latter author has also 

investigated the number and duration of instars for 
C.dorsalis and P.griseoaptera. The development of 

P.denticulata (= grisea) is documented by Kochlich (1976) 

However, in some species the number of instars in Britain 

is different from that of the same species in Europe, 

Keys for the adults of the British species of Tettigoniidae 
are available (Ragge 1965) but no such keys to the nymphs 

or to the instars exist. Illustrated keys have been 
constructed by examination of nymphs collected from the 

field and reared from eggs. 



15 

PART II 

GENERAL MATERIALS AND METHODS 
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1. Collecting Methods 

The nine British species of Tettigoniidae to be studied 

were collected in the field (as nymphs and adults) in 

the Spring and Summer 1977-1979. The main sites from 

which collections were made are given in Table 1. 

Initially nymphs and adults of all specimens except 

M. thalassinum and L. punctatissima were collected from 

the field using a D-framed sweep net. This technique 
proved to be ineffective on bramble, heather and long grass 

and also damaged some nymphs. Nymphs and adults were 

subsequently collected individually in small round 

transparent plastic pill boxes, with loose fitting lids, 

(diameter 5 cms, depth 2.5 ems) ventilated by means of 

a 2.5 cm circular hole in the lids covered with nylon 

gauze attached with 'UHU' glue (Fig. la). Each insect 
was first located by disturbing the vegetation, this 

normally caused the insect to move, enabling its exact 

position to be determined. The insects could be stored 
for up to eighteen hours in these boxes, in a cool shaded 

position. The later instars and adultsof T. viridissima 
were caught in a similar manner using transparent plastic 

butter dishes: (diameter 10 cms, depth 4 ems), with loose 
fitting ventilated lids (Fig. lb). Nymphs and adults of 

M. thalassinum and L. punctatissima were collected from 

oak trees. A beating tray (Watkins and Doncaster) was 

placed under the lower branches of a tree and the ends of 
the branch shaken vigorously. This normally dislodged 

the insects, which were collected in pill boxes. 

2. Culturing Methods 

All nymphs and adults were kept in a constant temperature 

room at 20°C and 60% relative humidity, with a diurnal 

light periodicity corresponding approximately with that in 
the field. Three types of cages were employed for rearing 

nymphs and for experiments with adults (Fig. 1). 
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Type 1. Transparent plastic butter dishes similar to 

those used for collecting. 

Type 2. 	Small larval rearing cages (Watkins and Doncaster) 

(diameter 12 cros, depth 23 ems) ventilated in the 

lid by a muslin insert 4 ems in diameter. (Fig. lc). 
Type 3. 	Small transparent perspex fish tanks (length 33 cros, 

width 25.5 cros, depth 18.5 cros) with perspex lids, 
which were loose fitting so no ventilation holes 

were required. (Fig. id). 

Each cage was provided with a small weighing boat 
containing artificial diet and a drinking bottle. The 

artificial diet consisted of 75' per cent Bemax, 20 per cent 

dried skimmed milk and 5 per cent Brewer's yeast (Brown 

1973). This was occasionally supplemented with bramble or 
fresh grass. The drinking bottles were in the form of short 

glass tubes filled with distilled water and stoppered with 
absorbent cotton wool rolls in Type 1 cages, while in Types 

2 and 3, test tubes were filled with distilled water and 
stoppered in the same manner. The food was changed twice 

a week to prevent fungal growth(ōn the food), and the water 
bottles were refilled once a week. Expanded aluminium gauze 

was placed in each cage to provide the nymphs with a 
suitable substrate to hang from during moulting. 

One or two individuals only of C. dorsalis and M. thalassinum 

and T. viridissima were kept in each cage since members 
of these species exhibited cannibalistic behaviour, probably 

when overcrowded. Up to six members of the other species 

were kept in Type 2 cages. 

Materials and methods relevant to particular sections of 

the work will be described in the appropriate chapter. 



a: pill box 

c: larval rearing cage 	b: butter dish 

zinc gauze 

food 	« 	7 water bottle 

d: perspex fish tank 

Fig.1. 	Cages for collecting and rearing 
nymphs. 



TABLE 1. 	Sites from which Various Specimens were Collected  

Site 

Ordinance Survey 
Grid Reference 
1 : 50000 Metric 

Species Habitat-Type 

Flatford Mill 
Suffolk 

TM 073 332 M. roeselii Salt marsh - lush grassland. 

C. discolor 

P. griseoaptera 

Farthingdown, 
Surrey TQ 303 570 P. griseoaptera Grassy scrub, dogwood, scrub 

on chalk downland. 

Silwood Park, 
Berkshire SU 945 688 

SU 850 645 (Crowthorne) 

L. punctatissima Oak 	trees. 

M. thalassinum 

Newhaven harbour, 
Sussex TQ 447 003 T. viridissima Grassy scrub and bramble on 

building rubble. 
C. discolor 

C. dorsalis 

Hastings Cliffs, 
Sussex TV 837 099 P. denticulate Grassy scrub and bramble on 

chalk cliffs. 
P,i griseoaptera 



TABLE 1. Sites from which Various Specimens were Collected Contd. 

   

Site 
Ordinance Survey 
Grid Reference 	A 
1 : 50000 Metric 

Species_ Habitat-Type 

Hastings Cliffs 
Sussex 

TV 837 099 L. punctatissima Grassy scrub and bramble on 
chalk cliffs 

Oxshott Common, 
Surrey 

TQ 136 607 

. 

M. brachyptera Heather heathland 

Winspit 
Dorset 

SY 976 761 . 	P. denticulata Limestone cliffs, mixed 
herbage 

T. viridissima 

P. griseoaptera 

St. Aldahelms 
Head 
Dorset 

SY 957 758 P. denticulata Limestone cliffs, mixed 
herbage 

T. viridissima 

P. griseoaptera 



TABLE 1. Sites from which Various Specimens were Collected Contd. 

   

Site 
Ordinance Survey 
Grid Reference,
1 : 50000 Metric 

r 

SY 956 769 

Species 

P. denticulata 

Habitat-Type 

Limestone stream bed, 
mixed herbage 

Chapmans Pool 
Dorset T. viridissima 

P. griseoaptera 

C. dorsalis 

Kimmeridge 
Dorset 

SY 906 792 P. griseoaptera Foreshore, mixed herbage 
and bramble 

P. denticulata 

Whitley Wood 
Hampshire 

SU 297 055 M. brachyptera Marsh 

MatleyBog 
Hampshire 

SU 330 070 M. brachyptera Bog 
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PART III 

THE OVIPOSITOR 
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Section 1. The Morphology of the Ovipositor of the British 

Tettigoniidae  

1.1 Introduction 

The major contributions to the literature concerning the 

morphology of the ovipositor in the Tettigoniidae has 
already been discussed (pages 9 - 14). Of particular 

relevance are the works of Walker (1919), Gurney (1936), 

Ander (1939),  Krammer (1944) and Huxley (1970), although 

the ovipositor has also been described by Lacaze-Duthiers 

(1852) Chopard (1920) and Cappe de Baillon (1920). 

The homologies of the ovipositor valves and basal sclerites 

have been the subject of much controversy and a review 
of current literature is included. 

It is preferable that the terminology used for the 

component sclerites of the ovipositor should relate to 

the homologies and function of each sclerite. 

Consequently the terminology used here is that of 

Scudder (1961a), (wherever possible) and supplemented with 

that of Snodgrass (1933). 	The author's original 

terminology where different to that used in the present 

text is given in parentheses. 

A detailed description of the pregenital segments and 

ovipositor is given for M. roeselii. The eight other 

species were investigated and described in comparable 

detail. However, it was considered preferable to represent 

this work in the form of a substantial comparative table 

in which other species are compared with M. roeselii (Table 1.3 

The abbreviations used in the diagrams and tables are 

standard throughout. 	In Table 1.3 M. roeselii is 

abbreviated to M.r. The terms broad, broader, narrow, 

narrower etc. are relative terms comparing the size of a 

sclerite or apodeme in one species with the size of the 

sclerite or apodeme in M. roeselii. 
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1.2 Review of the Homologies of the Ovipositor 

The insect ovipositor is a highly complex structure and 
its evolutionary development and homologies have been 

studied in detail since the middle of the nineteenth 

century. Two main conflicting theories on the origin 

of the ovipositor have arisen. 	The first theory states 

that the ovipositor valves are derived in various ways 

from modified abdominal appendages or associated 

structures. 	The second theory considers the valves to 

be entirely new structures derived from the primary 

sternum. 	The homology of the subgenital plate is also 

uncertain since its development varies in different orders 

being either derived from modified intersegmental membrane 

or modified sternites. 

Most early authors including Packard (1868), Grassi (1887), 

Haase (1889) and Peytoureau (1895) considered the ovipositor 

valves to be derived from secondary ectodermal outgrowths 

of the sternum. 	Heymons in a series of papers (1896 - 	1899) 
concluded from embryological studies that the first and 

second gonapophyses were derived from the median field of 

the primary sternum, and since the median field does not 

bear appendages the gonapophyses must be sternal in origin. 

To confirm this Heymdns demonstrated, in the Orthoptera, 
the development of styli on the ninth abdominal segment, 

derived from appendage rudiments. These styli degenerate 

and only then do the gonapophyses develop. Heymbns 

concluded that the appendage rudiments could not therefore 

give rise to the gonapophyses since they had already 

produced styli which had then degenerated. The gonapophyses 

must therefore be sternal structures. 

Lacaze-Duthiers(1852) compared the Orthoptera with the 

Hymenoptera and concluded that the first gonapophysis 
was sternal in origin but that the second gonapophysis 
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and gonoplac were appendicular. 

DeWitz (1875), Wheeler (1893) and Verhoeff (1896 - 1899) 

all considered the gonapophyses and gonoplac to be 

derived from appendage rudiments. Verhoeff in particular 
challenged Heymons'theories, believing that the styli were 

secondary coxal structures while the gonapophyses were 

telopodites of the primary appendage and hence the 

development of the styli did not preclude the subsequent 
development of the gonapophyses. In 1903 Verhoeff also 

suggested that the gonoplac was a modified gonocoxite 
and that the first and second gonapophyses were homologous 

with one another. 

During this early discussion it was unclear from which 

segments the valves were derived. Kraeplin (1873) 

believed the rudiments arose on segments eight, nine and 

ten, while Packard (1898) considered that one pair of 

valves was derived from segment seven, one pair from 

segment eight and one pair from segment nine. Wheeler 

(1893), DeWitz (1875), Heymons (1896 - 1899) and almost 

all subsequent authors have agreed that the valves are 

derived from segments eight and nine. 

Two recent authors have supported Heymons original concept 

of the sternal origin of the gonapophyses. Matsuda (1957) 

first postulated the sternal origin of the gonapophyses 
from a study of the musculature of Agulla adnixa (Neuroptera). 

In this work, Matsuda tried to demonstrate homologies 

between the musculature of segments eight and nine. He 

demonstrated that the muscles of the first gonapophysis 

originated on the first gonocoxa but in segment nine he 

did not distinguish between the second gonocoxa and 

gonangulum (valvifer). In fact he described the second 

gonapophysis as originating on the gonangulum which was 

sternal in origin. Since the gonangulum was sternal in 

origin Matsuda concluded that the gonapophysis was also 
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derived from the sternum. Further, since Matsuda 

considered the musculature of segment eight to be 

homologous with segment nine, he concluded that the 
first gonocoxa and first gonapophysis must also be 

derived from the sternum. 	In a second paper (1958) 

Matsuda reviewed the development of the larval legs and 

appendage rudiments in Lepidoptera, Trichoptera, Coleoptera, 

Neuroptera and Hymenoptera indicating that the appendage 

rudiments on segments eight and nine were absent or 
had degenerated long before the development of the 

gonapophyses occurred. Since Matsuda did not consider 
it possible for the appendage rudiments to undergo a 

latent period before the development of the gonapophyses, 

he concluded that the gonapophyses could have no other 
origin than from the true sternum. Even though DeWitz 

(1875) and Wheeler (1893) both described the direct 

development of'the gonapophysis from appendage rudiments 

in the Locustidae and Tettigoniidae respectively, Matsuda 

considered both authors to have mistaken gonapophysis 

analgen of sternal origin with appendage rudiments. In 

a later work (1976) Matsuda modified this view stating 
that in the Acrididae and Tettigoniidae the first and 

second gonapophyses were derived from embryonic appendages 
of segments eight and nine, but that this represented 

a specialised mode of development unique to these two 

super families. 	Matsuda's (1958) third premise for the 

sternal origin of the ovipositor valves was based on the 
subdivision of the sternum into a median true sternum 

and the lateral limb bearing sternal fields. 	Since the 

gonapophyses develop medially this again indicates that 

they must be sternal in origin. However, from the 

literature it would appear that the position of the 

gonapophyses rudiments is variable and dependent on the 

development of the accessory glands and spermatheca 

(D'Rozario 1942). 	In the -,hysanuran Neomachilis halophiles 

Matsuda described the presence of eversible vesicles and 

lateral styli on abdominal sternites one to nine, on the 
ceg e nts (eight and nine) the vesirlēs were absent 
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and the gonapophyses present. Matsuda believed that 

the styles represented the sole expression of the appendage 

so that the gonapophyses could not be limb derivatives, 

even though he described them as developing from the 
lateral sternal fields (coxasternites). Matsuda did not 

consider the possibility of the gonapophyses being 
derived from permanently everted eversible vesicles, as 

have other later workers. 

Rakshpal (1961) agreed with Matsuda on the sternal theory. 

Rakshpal demonstrated the development and later reabsorption 

of the abdominal appendage rudiments in embryos of 

Gryllidae. However, this still does not exclude the 

possibility of a latent period for the appendage rudiments 

before the gonapophyses develop. 

The majority of authors since Verhoeff have considered 

the ovipositor valves to be derived from modified abdominal 

appendages, homologous with thoracic ambulatory appendages. 

Amongst these workers, however, there has been considerable 

difference of opinion as to which parts of the ambulatory 

appendage are represented in the ovipositor. 

Newell (1918) reviewed the available literature and 

concluded that the ovipositor valves were derived from 

abdominal ambulatory appendages, although she incorrectly 

described the genital appendages as three serially 

homologous structures derived from segments eight, nine 

and ten. 

Several authors attempted to demonstrate that the first 

gonapophysis and gonoplac were serially homologous while 

the second gonapophysis had no homologue. 	The homology 

of these valves with the genitalia of Machilids which were 
considered to represent the basic genitalic complement 

of insects was therefore confused and gave rise to the 

suggestion that the homologies between various orders 

may be different. The first author to describe different 

homologies was George (1929) in his description of the 
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development of the ovipositor in the cercopid, Philaenus  

leucophthalmus L. and the zygopteran Agrion. In 

P.leucophthalmus George described the lobes on the eighth 
and ninth sterna in the second instar as having median 

buds; the buds on the eighth sternum gave rise to the 
first gonapophyses (anterior valves) and the outer lobe to 

the first gonocoxae (basivalvulae). While in the ninth 
segment, the median buds gave rise to the second 

gonapophysis (inner valves) and the outer lobes gave rise 
to the gonoplacs (lateral valves). In Agrion, initially 

only one pair of lobes was present on the eighth sternum. 

although a pair of median processes did develop in the - last 

instar. George considered the median buds in both 

P. leucophthalmus and Agrion to be endopodites. He also 

considered the first gonocoxite to be the coxite of the 

eighth segment in P. leucophthalmus. Apart from these 

two conclusions George did not consider the question of 

the homologies of the ovipositor components although 
several authors (e.g. Nel 1930, Gupta 1950) have quoted 

his work when postulating that the first gonapophysis and 

gonoplac were homologous structures. 	Nel (1930) 

examined and compared the development of the genitalia 

in the Orthoptera and Odonata. In Locustana and 

Blattella lobes on the eighth sternum and lateral lobes 

on the ninth sternum developed first, into first 

gonapophyses and gonoplacs respectively, followed by 

median buds on the ninth sternum which developed into 

second gonapophyses. Nel considered this to indicate 

that the second gonapophysis did not have a homologue. 

Since both the first gonapophysis and gonoplac were 

derived from lateral buds Nel considered them to be 

derived from coxites, while the second gonapophyses were 

telopodites. Nel supported this hypothesis using 

George's study of the Homoptera where - there were median 

buds on both segments eight and nine. 	In this case the 

median buds gave rise to the first gonapophysis, indicating 

that in the Homoptera the first and second gonapophyses 
were Serially mmol  ogon_e 211(9 derived from telopodites, 
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while the gonoplac was serially homologous with the 

first gonocoxite. Hence in these two orders the first 

gonapophysis was derived from different parts of the 

ambulatory appendage. Nel also compared the ovipositor 

of the Homoptera and Odonata with the ovipositor of the 

Machilids. He concluded that in the Homoptera the first 

gonapophysis was homologous with the gonapophysis of 

segment eight in the Machilids while the first gonocoxite 

and gonoplac were homologous with the coxites of segments 

eight and nine respectively. However, in the Odonata 

the median processes,(which develop in the last instar), 

on the first gonapophysis which were homologous with the 

first gonapophysis of the Machilids. 

Gupta (1950), by a study of the development of the 

ovipositor in Blattaria and Orthoptera, supported Nel's 

view, that in most orders of insects the first gonapophysis 

and gonoplac were homologous and derived from coxites. 

In Schistocerca americana gregaria (Fbrskal) Gupta 

described the development of lateral buds on sternites 
eight and nine which gave rise to the first gonapophysis 

(first valve) and gonoplac (third valve) respectively. 
He then described the presence of median buds on the 

lobes of both segments, the median buds in segment eight 
were absorbed, whilst those on segment nine developed 

into the second gonapophyses (second valves). 	Since 
the first gonapophysis and gonoplac developed similarly 

he considered they were homologous and from acceptance of 

Crampton's (1929) view that the gonoplac was derived from 

the coxite considered the first gonapophysis was also a 
coxite. 	The second gonapophysis did not therefore have 

a homologue on the eighth sternite but was homologous 
with the first and second gonapophyses of the Thysanura 

representing the endite of the appendage since it 
developed as an outgrowth of the coxa. 

Qadri (1940) was also of the opinion that the first 
crnnarn-nhIrci c (antari nr Iral irr ) .rrac not mmnl no-niic 

with the second gonapophysis (posterior valve) since he 
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observed the first gonapophysis to develop as a lateral 

or posterior lobe on the coxite of segment eight in the 

Gryllidae, and not as a median lobe on the coxite as in 

the Thysanura. However, he did not agree with Nel that 

the first gonapophysis was homologous with the gonoplac 

(lateral valve) or coxite. 	Qadri described the 

development of the ovipositor in the Tettigoniidae and 

Gryllidae and compared it with that of the Blattaria 

and Acrididae. 	In Acheta (=Gryllus) domesticus (L.) 

the first gonapophyses lobes develop laterally as 

papillae on the posterior margin of the first gonocoxites 

(first valvulae). 	The second gonapophyses develop as 

median buds on the lobes of the gonoplacs on the ninth 

sternum. Qadri therefore considered that the gonoplac 

was a modified coxite and that the second gonapophysis 

was an endite of this coxite, implying that the second 

gonapophysis was homologous with the gonapophysis of the 

Thysanura. The first gonapophysis could not be a modified 

coxite of the eighth sternum since it develops from and is 

hinged to the coxite. 	Qadri therefore considered it 

to be the stylus of the eighth coxite, homologous with 

the stylus of that segment in Machilis (Thysanura). 

Chopard (1920) described the development of Pholidoptera  

femorata (Fieber) stating that the first and second 

gonapophyses were homologous. 	The first gonapophyses 

(inferior valves) arise submedially on sternum eight, 

the second gonapophyses (internal valves) arise submedially 

on sternum hin and the gonoplacs (superior valves) 

arise laterally to the second gonapophyses. From this 

description Chopard considered the gonoplac to be derived 

from the ninth sternum, the second gonapophyses to 

represent the apophyses of sternum nine and the gonapophyses 

to be the apophyses of sternum eight. 

Several authors disagree with Nel, Gupta and Qadri and 

consider that the first gonapophysis is homologous with 

the second gonay oDhy s is and also with the gonapophysis 
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of the Thysanura. 

Walker (1919) described the ovipositor of the Orthopteroid 

insects including Ceuthophilus lapidicola (Burmeister) 

and Conocephalus fasciatus (DeGeer). 	Walker considered 

that the valves were derived from pedal appendages and 

that the first gonapophysis (ventral valve), was the 
gonapophysis of segment eight, the second gonapophysis 

(inner valve), was the gonapophysis of segment nine and 

the gonoplac (dorsal valve) was derived from the coxite 

of segment nine. 

Both Crampton (1929) and Snodgrass (1933) derived the 

homologies of the ovipositor on theoretical grounds 
based upon the assumption that the ovipositor was 

developed from a primitive biramous limb, they did however 
disagree with one another as to exact derivations of 

baseptocrustaceanof 
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having a basal coxite, with a lateral stylus (telopodite) 

and a median eversible vesicle organ. 	The genital segments 
of the Thysanura also had a basal coxite and lateral stylus, 

but no eversible vesicle, instead there was a median 

gonapophysis. However, Snodgrass, unlike Silvestri 

(1905), did not consider that the gonapophysis was a 

modified eversible vesicle which had become permanently 

everted. 	The reasons for this were two-fold; firstly 

he believed the gonapophysis to be an endite of the subcoxa 

and the eversible vesicle an endite of the coxa, and 

secondly; the vesicle had a muscle inserted at its distal 

tip whilst the gonapophysis did not. 	Snodgrass 
considered the gonoplac to be derived from the second 

gonocoxa, not the stylus. 

Following Qadri two authors examined the development of 

the ovipositor in various orders, in particular the 

position of the valves during development. D'Rozario 

(1942) compared the development of four species of 

Hymenoptera. He found that the first gonapophyses 

(anterior valves) developed as widely separated lateral 

buds on the eighth sternum in two of the species and as 

median buds in the other two. The variable position of 

the first gonapophyses buds appeared to be dependent on 

the time at which the accessory gland and spermathecal 

duct develop. When the gland and duct invaginate they pull 

the lateral regions of the sternum towards the midline. 

Thus if they invaginate before the buds appear, the buds 

will lie near the midline, alternatively if the buds 
appear before invagination has occurred, the buds will be 

lateral. 	Since the position of the buds is dependent 
on this fact it can not be used to provide information 

about the homologies of the various valves. D'Rozario 
suggested that the first gonapophyses were homologous 

with the second gonapophyses (inner valves) and also that 

the gonoplacs were modified gonocoxites of the ninth 

segment. 	Later Ramsay (1965) examined the development 
o'f The ovipositor in Deinacri rla ruzcsn Buller C + 	~ ~+ r +.J ~ 	+ 	 ...111.L1,.i11~-``~ 	tl~l~ a6.1. .J1.t11~+1 	~~./rL jVpt2rā) 

and demonstrated the growth of the ovipositor valves on 
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the coxites of segments eight and nine. Ramsay did 

not observe median lobes on the buds on the eighth 

sternum in any of the nymphal instars. He considered 
that the position and development of the first 
gonapophyses, (first valvulae) so closely resembled that 

of the second gonapophyses (second valvulae), that the 

two must be homologous with one another. He also 
suggested that the gonapophyses were homologous with 

the gonapophyses of the Thysanura. Ramsay also 
described the development of the gonoplac (third valvula) 
from the second gonocoxite (second valvifer) showing it 

to be part of a modified gonocoxa. 	Ramsay demonstrated 

that the gonoplac had a distal style in the early instars 

which was subsequently absorbed to form part of the 

gonoplac. 

Michener (1944) described the ovipositor of Machilis in 

relation to the Pterygotes and concluded that the gonoplac 

(third valvula) must be the stylus of segment nine, a 

view not commonly held by other authors. The appendages 

of segment eight and nine consisted of a broad basal 

coxopodite which bore on its inner margin an endite, 
the gonapophysis, and on its apex a stylus. Michener 
then compared the ovipositor of Machilis with that of the 

Pterygotes, stating that the first and second gonocoxa 

(first and second valvifers) were coxites, the first and 
second gonapophyses (first and second valvulae) were 

gonapophyses and finally that the gonoplac must therefore 

be the stylus of segment nine. 

Four authors have concluded by separate premises that the 

ovipositor is a complex of structures derived from several 

different functional parts of the insect abdomen. All 

agree that the gonocoxae and gonoplac are derived from the 

coxite of the abdominal appendage, while the gonapophyses 

are derived from the eversible vesicles (sacs) found on the 

pregenital abdominal segments of Machilids. 	Silvestri 
(1905) describers the hasic insect appenriage as hailing a 



- 3 - 

proximal subcoxa and a distal telopodite. 	Since he 

considered the abdominal styli of the Thysanura to be 
rudiments of the telopodite, the gonapophyses could not 

be derived from these structures. 	In both Machilis and 

Nicoletia the abdominal subcoxa of segments 1 - 7 bore 

a retractile vesicle. 	These were absent from the genital 

segments and Silvestri concluded that the gonapophyses 

present on these segments represented modified eversible 
vesicles. A similar view was held by Gustafson (1950) 

who presented a more detailed case. 	He did not consider 

that the gonapophyses were of sternal origin, since the 

sternum was a single plate and therefore unlikely to 

give rise to paired structures. Gustafson believed that 

insects possessed a uniramous limb, which was represented 
in the Thysanura by a basal coxite and distal style, in 

both pregential and genital segments there was no 
additional segment of the abdominal appendage. Further 

the gonapophyses could not be derived from the coxites 
since both coxites and gonapophyses were present at the 

same time, and they developed separately in the embryo, 

not one from the other. From the presence of the 

eversible vesicles of the pregenital segments only and 

the similarity of the musculature of the eversible vesicles 

and gonapophyses Gustafson concluded that the gonapophyses 

must be dervied from eversible vesicles. 	Gustafson 

agreed with most authors that the gonoplac was part of the 

modified second gonocoxa. 	In 1966 Ross supported 

Gustafson's hypothesis with an examination of mutants 

of Blattella germanica (L.). 	In normal cockroaches 

median buds on the eighth and ninth sterna gave rise 

to the gonoplac (third valvula). 	The latter structure 

bore a style in younger nymphs which was lost in the 

fifth or sixth instar. In mutant females the coxopodite 

of segment eight remained fully developed (instead of 

reducing as in normal females) and gave rise to a stylus 

bearing outer valve, like that of the ninth segment. 

Ross considered this to be homologous with the gonoplac 

on segment nine and so confirmed the origin of the gonoplac. 
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Furthermore in some specimens a single inner valve 

developed on one side of the seventh segment, from a 

small bud in the mid-ventral integument of the nymphs, 
in the same manner as the first and second gonapophyses. 

Since all three valves developed in the mid region Ross 
did not consider that they could be coxipodal in origin. 

Also found on the abdominal sterna of mutant females, 

were eversible midTventral outgrowths, which were 

occasionally associated with other structures. 	Ross 
considered the eversible outgrowths to represent genital 

papillae, which closely resembled the eversible vesicles 

found in Thysanura, in position, morphology and • 

musculature. The genital papillae are replaced by the 

single inner valve on the seventh segment and Ross 
concluded from this that the gonapophyses were homologous 

with the eversible vesicles of the Thysanura. 	Scudder, 

in a series of papers (1957 - 1971), provided a revised 

interpretation of the Pterygote ovipositor based on the 

ovipositor of the thysanuran family Lepismatidae. 

Scudder believed that the ovipositor of most insects, 

other than the Machilids, is composed of the same 

sclerites, derived from structures homologous with those 

found in the Lepismatidae. A functionally fundamental 

sclerite, the gonangulum,provided the main pivot of the 
ovipositor. 	Scudder considered the gonoplac to be 

part of the modified second gonocoxa and that the 

gonapophyses were derived from the eversible vesicles 

of the pregen .tal segments in the Machilidae. 	Scudder 
supported his concept of the ovipositor with a discussion 

(1964) of the postembryonic development of Gryllus veletis 
(Alexander and Bigelow). 	Scudder suggested that, contrary 
to Matsuda's belief, the limb analgen are lost, and that 

they enter a latent period after the polypod embryo and 

only begin to develop into the gonocoxites and gonoplacs 
of the ovipositor in the second or third instar, while 

the gonapophyses develop from latent analgen of the 

eversible vesicle (genital papilla). 	Scudder demonstrated 

t11at the govaropl',yseU novel op in the 	I n 	t~ b.. 	~ l.~.y .... 	.. ~ 	r .a.l. mit., same ~.iu.CC on the 

genital segments of the Machilids as do the eversible 
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vesicles on the pregenital segments, and also that the 

eversible vesicles and gonapophyses have homologous 

musculature. 	Scudder considered these points indicated 

conclusively that the gonapophyses are derived from 

eversible vesicles. 

Smith (1969) tried to collate and even incorporate the 

various theories of the origin of the gonopods. He 

concluded that the ovipositor was derived from abdominal 

appendages, that the gonapophyses were either endites or 

exites of the gonocoxite, and that the gonoplac is the stylus 

of the gonocoxite of segment nine. 	Smith also considered 

the gonocoxites themselves to be complex structures derived 

from the coxite, coxasternum and sternum of the ancestral 

abdominal segment, possibly with part of the genital 
ampullae also included. Hence the derivatives of the 

gonocoxite might also be complex structures with 

multiple homologies. 

The homologies of the gonangulum and the subgenital plate 

have also been discussed by several authors. 	The 

functional importance of the gonangulum was only recognised 

when its presence in virtually all insect species was 

noted, (Scudder 1961 a and b). Several authors had described 
the gonangulum as the first gonocoxa (Chopard 1920, 
Matsuda 1957, and Smith 1969), Smith (1969) considered the 
first and second gonocoxa to be complex structures and 

that the gonangulum was secondarily separated from the 

first gonocoxa. 	Snodgrass (1933) and Krammer (1944) 
both believed the gonangulum to be a separate sclerite 

(basivalvula) with no apparent homologies. Most authors, 
particularly those who hive studied the development of the 

genitalia (Walker 1919, Gupta 1950, Qadri 1940 and 
Rakshpal 1961), have recognised the gonangulum as being 
derived from the antero-lateral angle of the eusternite 

of segment nine and therefore of sternal origin. 

The origin of the subgenital plate is now known to vary 

in different orders. 	Within the Orthoptera sternum eight 
was most often considered to give rise to the subgenital 
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plate, (Walker 1919, Cappe de Baillon 1920, Gurney 1936). 

However, some authors suggested that the intersegmental 

membrane gave rise to the subgenital plate 

Rakshpal 1961, Ramsay 1965), in the Gryllidae and 

Tettigoniidae. Gupta (1950) believed that the subgenital 

plate was derived from the posterior margin of segment 

seven, while Ander (1939)  believed it to be derived 
from the paired limb analgen of the seventh segment 

It is now more generally accepted that the subgenital 

plate arises from sternum eight in the Acrididae and 

from the intersegmental membrane between sternum seven 

and eight in the Gryllidae and Tettigoniidae (Ramsay 1965). 



Table 1.1 Terminology Used by Certain Authors in the Review of the Homology of the Ovipositor 

Author 
First 
Gonapophysis 

Second 
Gonapophysis Gonoplac Gonangulum 

First 
Gonocoxa 

Second 
Gonocoxa 

Spbgenital 
Plate Intervalvulae 

Lac az e -
Duthiers 
(1852) 

Tergo- 
rhabdite Sternite 

Sterno-
rhabdite 

Pachard 
(1868, 
1898) 

First 
rhabdite 

Second 
rhabdite 

Third 
rhabdite 

Heymans 
(1896 - 
1899) 

First 
valvula 

Second 
valvula 

Third 
valvula 

Verhoeff 
(1896 - 
1902) 

Anterior 
valve 

Inner 
valve 

Lateral 
valve 

Walker 
(1919) Ventral 

valvula 
Inner 
valvula 

Dorsal 
valvula Valvifer 

Basi- 
valvula 

Superior 
intervalvula 
Inferior 
intervalvula 

Chopard 
(1920) Inferior 

valve 
Internal 
valve 

Superior 
valve Pileolus 

Crampton 
(1927 - 
1929) 

Ventral 
valve 

Inner 
valve 

Dorsal 
valve Valvifer 

Basi-
valvula 

George 
(1929) Anterior 

valve 
Inner 
valve 

Lateral 
valve 

s 



Table 1.1  contd 

author 
First 	'Second 
Gonapophysis Gonapophysis Gonoplac Gonangulum 

First 
Gonocoxa 

Second 
Gonocoxa 

Subgenital 
Plate Intervalvulae 

el 
(1930) Anterior 

valve 
Inner 
valve 

Lateral 
valve 

Basi-
valvula 

Snod-
grass 

(1933) 
Anterior 
valve 
First 
valvula 

Inner 
valve 
Second 
valvula 

Lateral 
valve 
Third 
valvula 

First 
valvifer 

Basi- 
valvula 

Second 
valvifer 

Anterior 
intervalvula 
Posterior 
intervalvula 

Gupta 
(1940) First 

valvula 
Second 
valvula 

Third 
valvula Valvifer 

First 
gonocoxa 

Second 
gonocoxa 

First 
intervalvula 
Second 
intervalvula 
Third 
intervalvula 

!adri 
(1940) Anterior 

valve 
Posterior 
valve 

Lateral 
valve Valvifer 

Basi-
valvula 

or 
First 
valvifer 

m Roz-
aria 

(1942) 
Anterior 
valve 

Inner 
valve 

Dorsal 
valve 

Tri-
angular 
plate 



Table 1.1 contd 

Author 
First 
Gonapophysis 

Second 
Gonapophysis Gonoplac Gonangulum 

First 
Gonocoxa 

Second 
Gonocoxa 

Subgenital 
Plate Intervalvulae 

Mich -
ener 

(1944) 
First 
valvula 

Second 
valvula 

Third 
valvula 

First 
valvifer 

Second 
valvifer 

Gustaf-
son 

(1950) 
First 
valvula 

Second 
valvula 

Third 
valvula 

First 
gono- 
coxite 

Second 
gono-
coxite 

Matsuda 
(1957, 
1959) 

First 
valvula 

Second 
valvula 

Third 
valvula 

First 
valvifer 

Second 
valvifer 

Raksh-
pal 

(1961) 
Anterior 
valve 

Inner 
valve 

Lateral 
valve 

First 
valvifer 

First 
valvifer 

Second 
valvifer Intervalvulae 

Ramsay 
(1965) First 

valvula 
Second 
valvula 

Third 
valvula 

First 
valvifer 

Second 
valvifer 

Ross 
(1965) First 

valvula 
Second 
valvula 

Third 
valvula 

First 
valvifer 

Second 
valvifer 

Scudder 
(1967 - 
1971) 

First 
gonapophysis 

Second 
gonapophysis Gonoplac Gonangulum 

First 
gonocoxa 

Second 
gonocoxa 

Smith 
(1969) Gonapophysis 

VIII 
Gonapophysis 
IX 

Gono- 
stylus 

Gonocoxite 
VIII 

Gono- 
coxite 
VIII 

Gono-
coxite 
IX 

• 



Table 1.2 Homologies and/or Origins Proposed for the Ovipositor Structure by Authors Quoted in 
the Review of Homologies of the Ovipositor  

Author 
First 
Gonapophysis 

Second 
Gonapophysis Gonoplac Gonangulum 

First 
Gonocoxa 

Second 
Gonocoxa 

Subgenital 
Plate Intervalvulae 

Lacaze-
Duthiers 
(1852) Sternum Appendigial 

Append- 
igial - 

• 
- - - -  

Pachard 
(1868, 
1892) 

Sternum 
segment 
eight 

Sternum 
segment 
nine 

Sternum 
segment 
ten - - - - - 

Kraeplin 
(1873) Appendigial 

from 
abdominal 
segment 
seven 

Appendigial 
from 
abdominal 
segment 
eight 

Append- 
igial 
from 
abdomin-
al 
segment 
nine 

- Appendigial 
- 

- - 

De Witz 
(187c;) Derived from appendigial rudim- 

ents 
- Appendigial - -  

Grassi 
(1888) Secondary ectodermal 

he sternum 

I 
outgrowths of 

1 
- Secondary 

of the sternum 
dermal outgrowths 

i 
ecto- - - 

Haase 
(1888) Secondary ectodermal 

the sternum 
outgrowths of 

1 

- Secondary 

of the sternum 
dermal outgrowths 

1 
ecto- - - 

• 



• 

Table 1.2 	contd 

Author 
First 
Gonapophysis 

Second 
Gonapophysis Gonoplac Gonangulum 

First 
Gonocoxa 

Second 
Gonocoxa 

Subgenital 
Plate Intervalvulae 

Wheeler 
(189)) Derived from appendage rudiments - Appendigial - - 

Peytou- 
real. 

(189!>) 
Secondary ectodermal 

t 1 

the sternum 
outgrowths 

I 
of - 

I 
Secondary 

of the sternum 
dermal outgrowths 

ecto - - 

Heymans 
(1896 - 
189 9) 

Median field 
of primary 
sternum 

Median field 
of primary 
sternum 

- - Median 
field of 
primary 
sternum 

Median 
field of 
primary 
sternum 

- - 

Verhoeff 
(1896 - 
1902) 

Telopodite 
segment 
eight 

Telopodite 
segment 
nine 

Gono- 
coxite 
segment 
nine 

- Coxite 
segment 
eight 

Coxite 
segment 
nine 

- - 

Sil-
vestri 
(190) - 
190!5) 

Eversible 
vesicle 
(Machilidae) 

Eversible 
vesicle 
(Machilidae) - - - - - - 

Newell 
(1918) Appendigial 

from segment 
eight 

Appendigial 
from segment 
nine 

Append- 
igial 
from 
segment 
ten 

- - - - - 



Table 1.2 contd 

Author 
First 
Gonapophysis 

Second 
Gonapophysis Gonoplac Gonangulum 

First 
Gonocoxa 

Second 
Gonocoxa 

Subgenital 
Plate Intervalvulae 

Walker 
(1919) Appendage 

segment 
eight 

Appendage 
segment 
nine 

Coxite 
of 
segment 
nine 

Lateral 
region 
sternum 
nine 

Coxite 
segment 
eight 

Coxite 
segment 
nine 

Sternum 
eight 

- 

Chopard 
(1920) Apophysis of 

sternum 
eight 

Apophysis of 
sternum nine 

Sternum 
nine 

Coxite 
segment 
eight 

- - Inter- 
segmental 
membrane 
7- 8 

- 

Cramp-
ton 

(1927, 
1929) 

Endopodite Endopodite Proto- 
podite 
(Second 
gonocoxa) 

- Proto- 
podite 

Proto- 
podite 

- - 

George 
(1929) Endopodite - - - Coxite 

segment 
eight 

- - - 

Nel 
(1930) Telopodite 

(Homoptera) 
Coxite 
segment 
eight 
(Orthoptera) 

Telopodite Coxite 
segment 
nine 

- Coxite 
segment 
eight 

Coxite 
segment 
nine 

- - 

• 



Table 1.2 	contd 

Author 
First 
Gonapophysis 

Second 
Gonapophysis Gonoplac Gonangulum 

First 
Gonocoxa 

Second 
Gonocoxa 

Subgenital 
Plate Intervalvulae 

Snod-
grass 

(1933) Endites of 
the subcoxa 
segment 
eight 

Endites of 
the subcoxa 
segment nine 

Coxite 
segment 
nine 

Coxite 
segment 
eight 

- Coxite 
segment 
nine 

- Sternum nine 

Ander 
(1939) - - - - - - Limb 

rudiments 
segment 
seven 

- 

Qadri 
(1940) 

. 
Stylus of 
the coxite 
segment 
eight 

Endite of 
the coxite 
segment 
nine 

Coxite 
segment 
nine 

Lateral 
region 
sternum 
nine 

Coxite 
segment 
eight 

Coxite 
segment 
nine 

- 
, 

- 

D'Roz-
ario 

(1948) Appendage 
(gona- 
pophysis) 

Appendage 
(gona- 
pophysis) 

Coxite 
segment 
nine 

- Coxite 
segment 
eight 

Coxite 
segment 
nine 

- - 

Mich- 

(1944) Endite of 
the coxa 
segment 
eight 

ener • 
Endite of 
the coxa 
segment 
nine 

Stylus 
segment 
nine 

- Coxite 
segment 
eight 

Coxite 
segment 
nine 

- - 



Table  1.2 	contd 

Author 
First 
Gonapophysis 

Second 
Gonapophysis Gonoplac Gonangulum 

First 
Gonocoxa 

Second 
Gonocoxa 

Subgenital 
Plate Intervalvulae 

Gupta 
(19E,O) Coxite 

segment 
eight 

Endite of 
the coxa 
segment nine 

Coxite 
segment 
nine 

Lateral 
region 
sternum 
nine 

Coxite 
segment 
eight 

Coxite 
segment 
nine 

Inter- 
segmental 
membrane 
7 	8 

- 

Gust-
afson 

(19c;o) Eversible 
vesicles 

Eversible 
vesicles 

Coxite 
segment 
nine 

- Coxite 
segment 
eight 

Coxite 
segment 
nine 

- - 

Mat-
suda 

(1957, 
1967) 

Sternum 
eight 

Sternum 
nine 

Sternum 
nine 

Sternum 
nine 

Sternum 
eight 

Sternum 
nine 

- - 

Raksh-
pal 

(1961) Sternum 
eight 

Sternum 
nine 

Sternum 
nine 

Lateral 
region 
sternum 
nine 

Sternum 
eight 

Sternum 
nine 

Inter- 
segmental 
membrane 
7 	8 

- 

Ramsay 
(1965) Appendage 

(gona- 
pophysis) 

Appendage 
(gona- 
pophysis) 

Coxite 
segment 
nine 

- Coxite 
segment 
eight 

Coxite 
segment 
nine 

Inter- 
segmental 
membrane 
7 	8 

- 



Table  1.2  contd 

Author 
First 
Gonapophysis 

Second 
Gonapophysis Gonoplac Gonangulum 

First 
Gonocoxa 

Second 
Gonocoxa 

Subgenital 
Plate Intervalvulae 

Ross 
(1965) Eversible 

vesicle 
Eversible 
vesicle 

Coxite 
segment 
nine 

- Coxite 
segment 
eight 

Coxite 
segment 
nine 

- - 

Scudder 
(1967 - 
1971) 

Eversible 
vesicle 

Eversible 
vesicle 

Coxite 
segment 
nine 

Sternum 
nine 

Coxite 
segment 
eight 

Coxite 
segment 
nine 

- - 

Smith 
(1969) Exite or 

endite of 
coxite 	- 
segment 
eight 

Exite or 
endite of 
coxite 
segment 
nine 

Style 
segment 
nine 

Coxite 
segment 
eight 

Coxite 
segment 
eight 

Coxite 
segment 
nine 

- - 
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1.3 Materials and Methods 

Fresh specimens of all species were obtained from the 

field in August and September of 1977 and 1978, and 

dried specimens of M. thalassinum, L. punctatissima, 

M. brachyptera, M. roeselii, C. dorsalis, C. discolor 

and P. griseoaptera were also examined. The dried 

material was brittle and distorted so it was pretreated 

with a relaxing solvent, ( M. Samways pers. comm.). 

Composition of relaxing solvent  
93% Alcohol 44.5% 

Ethyl acetate 15.6% 

Benzene 5.6% 

Distilled water 34.2% 
The abdomen was first separated from the rest of the 

body, and placed in the relaxing solution for 1 week. 

The abdomen was washed repeatedly in 90% alcohol to 

remove the benzene, and rehydrated by passing down 

through the alcohols to distilled water. The abdomen 

was then treated in the same manner as those from fresh 
specimens. 

Live insects were killed by placing in killing jars 

filled with chloroform vapour for up to 5 minutes. 

When the insect was dead the abdomen was removed, placed 

in a labelled tube, and covered with 10% potassium 
hydroxide (KOH) solution at room temperature (19-21°C) 
to macerate. The time taken for the cuticle to soften 

varied between species from 24 to 76 hours. This slow 

treatment was found preferable to warming the KOH solution. 

The abdomen was removed from the KOH solution when 

softened, washed three times in distilled water and any 
remaining internal structures removed. It was then 

dehydrated in alcohol (30%, 50% and 70%) and kept in 70% 
alcohol for dissection. Abdominal segments one to six 

were removed and some specimens were stained in Chlorazol 
black E in 90% alcohol to demonstrate the membranes of the 

genital region. When staining was required the abdomen 

was first placed in 90% alcohol, transferred to the stain 

for 30 seconds and then rinsed in 90% alcohol. The degree 
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of staining varied and the process was repeated, if 

necessary, (with additional staining periods of 5 

seconds). 

The abdomen was returned to 70% alcohol for storage; 

the stain was not found to fade significantly. 

Each specimen was placed in a shallow dish of 70% 

alcohol and small glass beads were used to support the 

specimen during examination. A minimum of three specimens 

of each species were used, a longitudinal median section 

was made of one, the tergites removed from the second 

and the basal components separated in the third. 

The examination of the internal reproductive organs of 

M. roeselii was made on a fresh female with partially 

mature ovaries. After killing the head and thorax were 

removed and a longitudinal incision was made to one side 

of the midline of the abdomen. The specimen was pinned 

in a wax bottomed dish, covered in insect saline and the 

gut removed.. The saline was subsequently replaced by 

70% alcohol which whitened the nerves and the muscles. 

The fat body and tracheae were removed and the 

reproductive organs examined in situ. 

All specimens were examined and dissected using a Wild 

M5 stereoscopic microscope and diagrams were made using 

a squared eye piece graticule and graph paper. The graph 

drawings were transferred to card using a tracing table. 

For clarity in Fig. 1.15 the second gonocoxal lateral 
band was cut and the anterior intervalvula moved forwards 

in relation to the posterior intervalvula. 
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1.4 Pregenital Abdominal Segments, M. roeselii  

(Fig. 1.1)  

There are seven pregenital or visceral segments, the 

sternites being displaced posteriorly in relation to 

their respective tergites due to the ventral expansion 
of the thorax and the migration of the first gonapophysis 

back to below tergite nine. Segment five is representative 

of the visceral segments and is described. The dorsum 

is composed of a sclerotised tergite which extends 

laterally for some distance. The anterior edge of the 

tergite is straight and is covered by the posterior edge 

of tergite four. The intersegmental membrane connecting 

the two tergites is normally folded and lies beneath the 
overlap. In mature females the abdomen becomes distended 

with eggs and the membrane unfolds. A similar extension 

may occur during oviposition. The ventral and posterior 

edge of the tergite are also straight. 

A spiracle lies in the pleural membrane above the pleural 
fold beneath the tergite. The pleural fold is indistinct, 

particularly in mature females where the abdomen is 

distended and all the membranes stretched. Immediately 

below the pleural fold are two small sclerites (the 
laterosternites), an anterior small oval sclerite, and 

a posterior and larger oblong or square sclerite. (Fig.l.la). 
Since there is only a single pleural fold it is not 

possible to distinguish between the laterosternal region 

and the true pleural region. On morphological grounds 

it is impossible to indicate whether the sclerites are 
sternal or pleural in origin. However, from the 

musculature of these sclerites they appear to be sternal 

and the term laterosternite used by Krammer (1944)and 

Ford (1923) has been adopted. 

The sternum of segment five occupies the ventral region 
of the segment and is oblong with rounded corners. The 
sternite overlaps in the same way as the term tes arri  

is separated by flexible membranes, which are folded 
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in immature females and stretched in mature females. 



a.  

b.  

apodeme 

1.0mm. 

Fig11. Lateral view of the internal face of, a: 

abdominal segments four to six; b: abdominal 

segments eight and nine, Metrioptera roeselii. 
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1.5 Genital Segments of the Abdomen and the Ovipositor 

Metriopter& roeselii 

The ovipositor of M. roeselii is a tapering blade shaped 

structure curved proximally and straight distally, 

associated with abdominal segments eight and nine. The 

ovipositor is composed of three pairs of valves and a 

series of basal sclerites all of which are symmetrical 

about the median longitudinal axis. 

The basal sclerites and associated structures consist of: 
(i) modified tergites eight and nine 

(ii) subgenital plate 

(iii) gonangulum (paired) 

(iv) first gonocoxa (paired) 

(v) second gonocoxa (paired) 

(vi) anterior and posterior intervalvulae 

The distal valves are: 

(i) the first gonapophysis (paired) 

(ii) the second gonapophysis (paired) 

(iii) the gonoplac (paired) 
Each of these components will be described separately 

and a limited discussion included where relevant. 
Basal Sclerites  

(i) Modified Tergites eight and nine, t8, t9  (Fig l.lb,1.2) 
The eighth tergite in M. roeselii is slightly modified 

because it provides origins for some of the muscles 

of the ovipositor. The anterior edge of tergum eight 

is also more heavily sclerotised than in the 
preceding tergites. The ventral edge is longer and 

is concave,sloping obliquely upwards so that the 

posterior edge of the sclerite is shorter than that 

of more anterior sclerites. (Fig l.lb). 

The pleural membrane of the eighth segment is similar 
to that of the preceding segments. Ventrally the 
membrane i s  -P",, r7 with the A orsal may gin of th. 

subgenital plate, while posteriorly it is fused with 

the basal region of the first gonapophysis (Fig.l.2). 



EU 

CD 

O 

Fig.1.2. Lateral view of the ovipositor and 
associated structures, M. roeselii. 
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Tergum nine is highly modified in both shape and 

degree of sclerotisation. The anterior edge of the 

tergum is cōnvex and in the mid lateral region 

bears a broad anteriorly directed apodeme which is 

heavily sclerotised. A sulcus is present on the 
upper anterior area of the apodeme and follows the 

anterior edge of the tergite ventrally to the anterior 
ventral angle of the tergite. At the corner of the 

tergite the sulcus is deep, projecting medially into 

the body cavity. The ventral face of the sulcus 

forms the articular surface against which the anterior 

ventral angle of the gonangulum rests (Fig. l.lb). 

The convex anterior margin of the tergite curves 

posteriorly at its ventral end and hence the ventral 

border is displaced so that it passes obliquely 
dorsalwards., (Fig. l.lb). The posterior margin 

of the tergite is strongly concave laterally. The 

pleural membrane beneath tergite nine is displaced 

by the gonangulum but is probably represented by a 

membrane which connects the ventral edge of tergum 

nine with the anterior margin of the gonangulum 

(Fig 1.2). The posterior ventral margin of tergum 

nine is continuous with a membrane which connects 

the ventral margin of tergum ten and the base of the 

paraprocts dorsally, with the dorsal edge of the 

second gonocoxa laterally (Fig. 1.2) and with the 

dorsal border of the second intervalvula medially. 

(ii)Sub4enital Plate  sgp. 	(Figs. 1.2, 1.3, 1.8, 1.12). 

The subgenital plate forms a flap beneath the base of 

the first gonapophysis, having both an external and 

a reflexed face. The anterior margin of the external 

face connects with the posterior margin of sternum 
seven via an interseEmental membrane. The anterior 

section of the lateral margin is continuous with the 

pleural membrane. The posterior section of the lateral 

margin is free and passes obliquely towards the 

midline. The free posterior margin is deeply 

emarginate. (Fig. 1.12) . The reflexed face of the 

subgenital plate is complex, the posterior region is 

sclerotised whilst the anterior section is membraneous. 



0.5 m m. 
N 
co 
13  

Fig.1.3. Lateral view, longitudinal median section 
of the base of the ovipositor, M. roeselii.  
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The membraneous anterior section connects laterally 

with the ventral margin of the membraneous base of 

the first gonapophysis. The median area of the 
anterior section of the reflexed face is continuous 

with the membraneous floor of the genital chamber. 
(Fig. 1.8). 

(iii) Gonangulum ga. 	(Figs. 1.2, 1.3, 1.4a). 

The description of the gonangulum is made from Fig. 
1.4. 

The gonangulum is a triangular plate which 

articulates with tergite nine, the first gonapophysis 

and the second gonocoxa. The plate is thin dorsally 

but broader ventrally. The dorso-posterior corner 

of the gonangulum is enlarged and forms a condyle 

which rotates in a socket on the ventral margin of 

the second gonocoxa,anterior to the lateral band 
of the second gonocoxa. The anterior edge of the 

gonangulum is slightly curved and bears a large anteriorly 
directed apodeme. (Fig. 1.4a). The anterior edge 

connects with the ventral edge of tergite nine via a 

folded flexible membrane. The anterior ventral 

corner is broad, the face of the broad internal ridge 

so formed articulates with the antero-ventral 

corner of tergite nine. (Fig. 1.1b). The ventral 

edge of the gonangulum is slightly convex, the ridge 

on the anterior ventral corner is continued along the 

ventral edge. The ventral edge of the gonangulum 

is fixed to the dorsal edge of a narrow sclerotised 

region which passes anteriorly from the dorsal anterior 

area of the first gonapophysis. This small region 

may represent the first gonocoxa. The posterior edge 

of the gonangulum is curved and connects •;rich the 

second gonocoxa via a flexible membrane. 

(iv) First Gonocoxa lgcx. 

The fate of the first gonocoxa in the Te ttigoniidae 

is uncertain; confusion has occurred because of some 



_dorsal condyle 

a. 

apodeme 

articulation tg 
articulation lgp. 

0.2mm. 

ant. 	 post. 

b. 
apodeme 

articulation ga. 	 

articulation aiv. 

2gcx. sulcus 

articulation piv. 

gpl. 

0.4mm. 

Fig.1.4. Internal face of, a: the gonangulum; b: 
the second gonocoxa, M. roeselii.  
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misinterpretation of the gonangulum as the first 

gonocoxite (first valvifer). Walker (1919) and 

Crampton (1929) both call the first gonocoxa the 

basivalvula and agree that it is represented by a 

small sclerite fused to the base of the gonangulum 

(valvifer). Walker also indicates that in some 

species no such sclerite exists as it has been 

replaced by membrane. Snodgrass (1933)  also 

figures the first gonocoxite (basivalvula) but 
considers the gonangulum (valvifer) to be the displaced 

first gonocoxa. Krammer (1944) agrees with Snodgrass 

although he does not represent the basivalvula in his 

diagrams. Gurney (1936) represents the basivalvula as 

being a separate sclerite in the membraneous base of 

the first gonapophysis (ventral valve) but not as the 
gonocoxite. Finally, Huxley (1970) describes the first 

gonocoxa as being fused to the ventral edge of the 

gonangulum. In M. roeselii there is no discrete sclerite 

although the region below the gonangulum is more 

sclerotised than elsewhere in the membraneous base of 

the first gonapophysis. In P. griseoaptera a sclerite 

is present and forms the point of insertion for muscle 

12. Muscle 12 corresponds with muscle 15 of the ninth 
segment which is a large tergo-gonocoxal muscle of the 

second gonocoxa. From its relative position and 
comparative musculature it is probable that the small 

sclerite, when present, represents the first gonocoxa. 

(v) Second Gonocoxa 2gcx. 	(Figs. 1.3, 1.4, 1.5). 

The second gonocoxa is a complex structure. Dorsally 
its anterior margin is produced forwards into the body 

cavity -to the posterior edge of tergite eight as a 
heavily sclerotised apodeme (rounded in lateral 

aspect). Posteriorly the coxite tapers to a point 

and fuses completely with the dorsal edge of the 

gonoplac, forming the anterior wall of the socket 
which contains the posterior lateral angle of the 

posterior intervalvula (Fig. 1.4b). The mid region 
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of the coxite is extended ventrally as a narrow band 

that curves medially and anteriorly, so that its 
ventral end is internal to the gonangulum and directed 

anteriorly (Fig. 1.4b). The anterior margin of this 
band connects with the posterior border of the 

gonangulum by a flexible membrane. The posterior 

edge of the band is fused with the anterior end of 

the gonoplac forming a deep sulcus which is broadest 
ventrally. The curvature of the band causes the 

ventral end of the sulcus to be horizontal and forms 

a site of muscle insertion. Below the attachment 

the ventral anterior angle of the gonoplac and the 

sulcus combine to form a flattened articular surface, 

the face of which is directed medially (Fig. 1.4b), 
against which the ends of the anterior intervalvula 

rest (Fig. 1.5). 

(vi)_Anterior and Posterior IntervalvuIae 

(a) Anterior Intervalvula aiv, (Fig. 1.3,1.5). 

The anterior intervalvula is a narrow curved sclerite 

articulating laterally with the ventral end of the 

second gonocoxal-gonoplac sulcus. It is convex 

anteriorly, bearing (on the anterior face) a large 

apodeme on each side of the midline. The anterior 

face of the intervalvula is fused with the posterior 
edge of the membraneous roof of the genital chamber 

(Fig. 1.3). The posterior face of the intervalvula 

has a shallow ridge on either side of the midline 

against which the ventral ramus of the second 

gonapophysis rests (Fig. 1.5). The posterior edge 

of the intervalvula, between the rami is continuous 

with the fused membraneous inner faces of the second 

gonapophyses. Lateral to the rani the edge is joined 

with the membraneous inner face of the gonoplac. 
Snodgrass (1933)  considers both the anterior and 
posterior intervalvulae to be derived from the mid 

region of sternum nine and a number of authors 
including Gupta (1950) have demonstrated its 

development from the ninth sternum in the Gryllidae. 
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Since the intervalvulae of the Gryllidae and 

Tettigoniidae articulate in the same manner and 

resemble one another in shape it is most. probable 
that the intervalvulae of the'Tettigoniidae are also 

derived from the ninth sternum. 

(b) Posterior Intervalvula piv. (Fig. 1.5). 

The posterior intervalvula is an arrow shaped 

sclerite situated above and behind the anterior 

intervalvula. The apex of the sclerite is anterior 

and is extended into a median apodeme, which is 

keel shaped. The corner fits into the socket 
of the dorsal edge of the gonoplac (where it merges 

with the second gonocoxa). The posterior end of 
the apodeme is hollow, the dorsal ramus of the second 

gonapophysis is fused with the ventral posterior 

angle of the apodeme (Fig. 1.3). The posterior 

edges of the sclerite are fused with the dorsal 
region of the membraneous inner face of the gonoplac, 

on either side of the dorsal ramus. 

Distal Valves  

(i) First Gonapophysis lgp. 	• (Figs. 1.2, 1.3, 1.6, 

1.7, 18.). 

The first gonapophysis is a narrow curved blade, 

tapering gradually to a sharp point, the distal 

region of the ventral edge is serrated. Both inner 

and outer faces of the valve are sclerotised. 

The dorsal edge of the valve is modified to 

provide a means of articulating to the second 

gonapophysis and gonoplac (the olistheter of Smith 
1969). The dorsal margin of the outer face is 

raised to form a ridge which bears an internal 

narrow groove into which fits a tongue from the 

ventral edge of the gonoplac. Mesal to this is a 

deeper and more pronounced second groove into which 

a tongue from the second gonapophysis fits. The two 



	gpl. 

2gp. 

aulax 	  

	lgp. 

rachis 

0.1 mm 

internal 	 external 

Fig.1.6. Transverse section through the right 
half of the ovipositor in the mid region to show 
the tongue and groove mechanism, M. roeselii. 



a. near tip 	 b. distal region 

c. mid region 
	 d. basal region 

0.5mm 

Fig.1.7. Transverse sections through the right 
half of the ovipositor in various regions to show 
the tongue and groove mechanism, M. roeselii. 
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grooves form the aulax (Smith 1969) (Fig.1.6, 1.7c). 

In the basal part of the blade these grooves are not 

apparent, the dorsal edge is less sclerotised and is 

raised slightly to overlap the ventral edge of the 

gonoplac,(Fig. 1.7d.),although there is no real 
articulation of the valves(Fig. 1.7d.)in this 

region. The second gonapophysis does not articulate 
with the first gonapophysis in the extreme distal 

region (Fig. 1.7). Anterior to the start of the 
aulax the outer face is more sclerotised than the 

inner face, although gradually becoming membraneous. 
The dorsal edge of the outer face is fused to the 

ventral edge of the gonangulum. Ventrally the 

external face curves towards the midline and rests 

above the subgenital plate. The proximal end of 

the ventral margin on the right side bears a small 

median flap, which overlaps a similar flap on the 

gonapophysis of the left side, forming an egg guide. 

(Fig. 1.8.). The egg guide prevents the egg from 

passing out between the subgenital plate and first 

gonapophysis. The internal face of the first 

gonapophysis is membraneous in front of the olistheter 

and the membranes from the two sides fuse in the 

midline. The membraneous sheet so formed is 

continuous with the membraneous reflexed face of the 

subgenital plate and forms the floor of the genital 
chamber. Laterally the membrane is continuous with 

the roof of the genital chamber. 

(ii) Second Gonapophysis 2gp. 	(Figs. 1.3, 1.5, 1.6, 
1.7, 1.8). 

The second gonapophysis is a narrow blade running 

parallel with the ventral edge of the gonoplac. The 

ventral edge of the gonapophysis is produced into a 

tongue, the rachis, (Smith 1969), which fits into the 

deep inner groove on the dorsal edge of the first 

gonapophysis. Both inner and outer faces of the 

gonapophysis are sclerotised distally but proximally,  

the inner face becomes membraneous and the tongue 

and groove .mechanism is not apparent at the base. 
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The dorsal edges of the two gonapophyses from each 
side are fused basally and produced anteriorly as 

the dorsal ramus, which is fused to the ventral 
posterior corner of the posterior intervalvula. 

(Figs. 1.3, 1.5.). The ventral edges of the valves 

are not fused but continue forwards as ventral rami 

which curve towards the midline and butt against 

the anterior intervalvula. (Fig. 1.5). The 

membraneous inner faces of the second gonapophyses 

fuse and continue forwards between the ventral rami 

to fuse with the posterior edge of the anterior 
intervalvula. 

(iii) Gonoplac gpl. 	(Figs. 1.2, 1.3, 1.kb, 1.5, 

1.6, 1.7, 1.8). 

The gonoplac is much broader than the first gonapophysis. 
It is heavily sclerotised along its length and the 

dorsal edge is serrated distally. The distal part 

of the gonoplac articulates with the first 

gonapophysis by means of a tongue, the rachis,on 

its ventral edge which fits into the outer groove on 

the first gonapophysis, and curves around the second 

gonapophysis as shown in Fig. 1.6. 'Proximally the 

outer face of the gonoplac diverges from the midline 

dorsally. The anterior edge of the gonoplac is fused 

to the posterior margin of the second gonocoxa 
lateral band. (Fig. 1.3.). The internal face of the 

gonoplac becomes membraneous proximally; dorsally the 

membrane is fused with the posterior face of the 

posterior intervalvula, laterally with the anterior 

lateral margin of the second gonapophysis and ventrally 

with the posterior face of the anterior intervalvula. 
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1.6 	Internal Peproductive Organs, M. roeselii 

(Figs. 1.3, 1.8). 

Snodgrass (1903) described the reproductive organs of 

Peranabrus, scabricollis (Thom). It is clear from his 

description that the organs of M. roeselii are very 

similar in size, shape and orientation to those of 

P. scabricollis. 

In the adult the two ovaries lie on either side of the 

gut and extend from the first to the seventh abdominal 

segment, compressing the gut and distending the abdomen 

in mature females. Each ovary contains approximately 

twenty-five panoistic ovarioles,which enter the lateral 
oviduct in a ring around the proximal end of the 

oviduct. The lateral oviduct is broad and muscular 

and passes through the lateral part at the seventh 

segment, then turns abruptly towards the midline, 

joining with the lateral oviduct of the other ovary 

in the mid region of segment eight to form the common 

oviduct. The common oviduct is short, opening almost 
immediately into the genital chamber via the gono.pore. 

The genital chamber is a complex muscular walled sac lined 

with membranes (Fig. 1.3.) derived from various structures. 

The roof of the genital chamber is formed by a highly 

convoluted membrane whose posterior end is fused with 

the anterior ventral margin of the anterior intervalvula. 
The anterior end of the roof of the genital chamber 

passes ventrally and is continuous,medially, with the 

anterior end of the reflexed face of the subgenital 

plate, and laterally, with the anterior end of the 

membraneous inner face of the first gonapophyses. The 

internal faces of the first gonapophyses also form the 
lateral walls of the genital chamber. Immediately in 

front of the anterior end of the genital chamber the 

ventral edges of the first gonapophyses converge to the 

midline, lying on top of the subgenital plate and 
forming the floor of the genital c amher. This ; ~eli th 
the egg guide, ensures that when the egg enters the 

genital chamber it does not pass between the subgenital 

plate and first gonapophyses and so be dropped from 
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the lip of the subgenital plate. The gonapore opens in 

the mid region of the anterior end of the genital 

chamber. The spermatheca is a globular sac,the ventral 

side of which is slightly sclerotised, lying slightly 

to the left of the midline,beneath the gut. The 

spermathecal duct is folded and opens into the roof of 

the genital chamber in front of the anterior intervalvula. 

The accessory gland is a highly coiled tube with a 

slightly enlarged blind end. The distal end of the gland 
lies to the right of the gut, and then runs parallel to 

the gut for a short distance before passing over and then 

beneath the gut. The accessory gland opens into the 

genital chamber through the membraneous fixed inner faces 
of the second gonapophyses behind the anterior 
intervalvula. 
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1.7 Resilin 

Between some of the basal articulations of the ovipositor, 

narrow pads of rubber-like material were observed. These 

pads were particularly noticeable in the following sites 

of articulation: 

(i) Gonangulum and second gonoc oxa . 

(ii) Anterior and posterior intervalvulae and the gonoplac. 

(iii) Dorsal and ventral rami of the second gonapophysis 

and the intervalvulae. 

It was co.nsidered possible that this material was resilin 

and samples were subjected to a number of tests described 

by Anderson and Weis-Fogh (1964) for its identification. 

Material known to be resilin from the wing hinges of locusts 

was also subjected to the tests as a control. 

The tests performed were: 

(i) General appearance. 

(ii) Birefringence under stain. 

(iii) Staining with methylene blue and toluidine blue. 

(iv) Fluorescence in ultraviolet light. 

(v) Hydrolysis and amino acid analysis. 

The following results were obtained: 

(i) The pads were devoid of colour, transparent and showed 

no visible structure under the light microscope. 

(ii) Neither the locust nor tettigoniid material showed 

birefringence when stained. 

(iii) Locust and tettigoniid material were stained blue with 

methylene and toluidine blue. 

(iv) Fluorescence in ultraviolet light was not observed. 

However, the exhitation filters used were not of the 

optimum wavelength (LL?n mii) anri this may have rrceant 
-r~ 

that fluorescence did occur but did not show against 

background lighting. 

(v) The amount of material available after hydrolysis proved 
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to be insufficient for amino acid analysis. 

The result s_unf ortunately were not conclusive. The general 

appearance and staining properties of the rubber like 

pads both indicate that the material is resilin, although the 

other tests did not demonstrate the physical and chemical 

properties associated with resilin. 	The fact that the control 

material responded in the same way suggests that further 

and more extensive investigation of the material would be 

worthwhile. The role of the rubber like pad is probably 

to act as a buffer absorbing some of the shock experienced 

during substrate penetration. The pads between the inter-

valvulae and second gonapophyses rami are compressed, during 

the passage of the egg along the ovipositor, when muscle 19 
is constricted and the second gonapophysis moves anteriorly. 

The pads return to their original size when muscle 19 is 

relaxed and the second gonaophyses assume their original 

position. It appears that the rubber like material has two 

distinct functions dependent upon its position in the 

ovipositor. 



TABLE 1.3 	Comparison of the Morphology of the Ovipositor of Nine Species of Tettigoniidae  

Sclerite 
i 

M.roeselii M.brachyptera P.griseoaptera P.denticulata C.dorsalis C.discolor L.punctatissima M.thalassinum T.viridissima 

General 
shape of 
ovipos- 
itor. 

Relatively 
short, strongly 
curved, 
dorsally. 
Tapers to 
sharp point 
from swollen 
base. 

Longer than 
M.r. less 
strongly 
curved. 

Similar to M.r. 
out longer more 
strongly curved 
ipwards. 

Longer than 
M.r. less 
strongly 
curved. 

Elongate, 
narrow, 
strongly 
curved 
dorsally at 
base, straight 
distally. 

Elongate, 
narrow, 
straight. 

Very broad, 
short, strongly 
curved dorsally. 

Similar to M.r 
but longer. 

1 

Broad, 
straight. 

Tergite 
sight to. 

Sclerotised 
band passes 
across tergite 
to posterior 
ventral region. 

Sclerotised 
band dorsal 
only, on 
lateral 
section of 
anterior 
margin, 

Sclerotised 
band on 
anterior 
lateral margin 
not extending 
to ventral 
corner. 

No sclerotised 
band. 

• 
Sclerotised 
band narrow 
with 	ridge, 

Sclerotised 
band narrow 
with ridge, 
crosses tergite 
to mid ventral 
area. 

Sclerotised band 
narrow, behind 
anterior edge. 

Anteriorly 
lirected 
at,odeme present 
in lateral 
section of band. 

Sclerotised 
band narrow, 
extends to 
ventral 
anterior 
corner. 

L. 

Sclerotised 
plate present 
on dorsal 
section, 
anterior edge. 

Tergite 
nine t9.  

Anterior 
apodeme narrow, 

No sclerotised 
band on 
anterior edge. 

Sulcus extends 
along anterior 
edge behind 
apodeme. At 
ventral 
anterior corner 
forms 
articulating 
surface with ga 

Tergite does 
not extend 
oelow 

t10' 

No apodeme. 

As M.r. 

As M.r. 

As M.r. 

As M.r. 

Sclerotised. 

As M.r. 

Tergite does 
extend below 

t10.  

Apodeme broad. 

Sulcus origin 
similar to M.r.diagonally 
but then 
crosses tergiteto 
to midline,therwentral 
to 	anterior 
ventral corner.articulating 
Dorsal edge of 
sulcus at 
corner forms 
articulating 
surface with ga. 

As M.r. 
- 

Apodeme broad 
and deep. 

Sclerotised 
band behind 
anterior edge. 

Sulcus extends 

across tergite 
posterior 

forms 

surface with 	' 
ga. 

As M.r. 

corner,ventral 

Apodeme broad 
and deep. 

Sclerotised 
band behind 
anterior edge. 

Sulcus extends 
diagonally 
across tergite 
to posterior 

corner, 
forms 
articulating 
surface with 
ga. 

As M.r. 

Apodeme broad. 

Sclerotised 
band broad. 

Sulcus similar 
to M.r. but 
broader basally.across 

Tergite does 
extend below 

t  10' 

As M.r. 

As M.r. 

Sulcus extends 
diagonally 

tergite 
to posterior 
ventral corner 
forms 
articulating 
surface with 
ga. 

As M.r. 

Apodeme 	broad 

Sclerotised 
band behind 
anterior edge. 

Sulcus similar 
to M.r. but 
turns dprsally 
just above 
anterior vent-
ral corner of 
tergite. Artic 
-ulation of ga 
still on ridge 
corner of ter-
gite overlaps 
articulation. 

As M.r. 
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3 

M. brachyptera,  

ant. post. 

P. griseoaptera  

ant. post. 

P. denticulata  

ant. post. 

2.0mm. 

Fig.1.9. Lateral view of the ovipositor and 
associated structures, various species. 



C. discolor 

ant. post. 

C. dorsalis 

ant. post. 

L. punctatissima 

ant. post. 

M. thalassinum 

ant. post. 

   

2.0mm. 
Fig.1.10. Lateral view of the ovipositor and 

associated structures, various species. 
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TABLE 1.3 	Comparison of the Morphology of the Ovipositor of Nine Species of Tettigoniidae contd. 

Sclerite M.roeselii M.brachyptera P. griseoaptera P.denticulata C.dorsalis C.discolor L.punctatissima M.thalassinum T.viridissima 

3 ubgenital
Anterior 

ital
straight. 

edge As M.r. As M.r. As M.r. Anterior edge Anterior edge Anterior edge As M.r. Anterior edge 

lage 

xternal 
face. 

concave, concave convex. directed 
posteriorly 
from midline. 

Extreme Anterior Anterior As M.r. Lateral Lateral Lateral margin Lateral As M.r. 
anterior 
lateral margin 
fused with 	' 
pleuron. Most 
of lateral 
margin free. 

lateral 
margin fused. 
Posterior 
lateral 
margin free. 

lateral 
margin fused. 
Posterior 
lateral 
margin free. 

margin free, margin free 
constricted 
medially. 

merged with 
posterior edge. 

margin convex, 
fused. 

Posterior edge Posterior Posterior Posterior Posterior edge Posterior edge Posterior edge Posterior edge As M.r. 
deeply edge directed edge divided edge concave. concave. oblique to with median 
emarginate. to midline, tc 

form an 
emarginate 
lobe. 

by shallow 
median notch. 

emarginate. midline forms 
triangular lobe. 

blunt lobe, 
lateral regions 
concave. 

teflexed Posterior Lobes are Lateral Extreme Lateral margin Posterior No ,Sclerotised Anterior 
Eace. lateral region sclerotised. posterior lateral sclerotised lateral margin sclerotisation. laterally. lateral margin 

sclerotised. margin 
sclerotised 
with sensory 
hairs, 

margin 
sclerotised 
with sensory 
hairs. 

plate, pointed 
at both ends, 

sclerotised, 
broad 
anteriorly, 
pointed 
posteriorly. 

sclerotised 
narrow plate. 

Median anterior 
region 
continuous 
with floor of 
gch. 

Fig. 1.12 Fig. 1.12 Fig. 1.12 Fig. 1.12 Fig. 1.13 Fig. 1.13 Fig. 1.13 Fig. 1.13 Fig. 	1.13 



ant. 
4.0 mm. 

Fig.1.11. Lateral view of the ovipositor and 
associated structures, T. viridissima. 

ant. 

M. roeselii M. brachyptera 

ant. 

P. griseoaptera P. denticulata 

  

    

0.4mm 

Fig.1.12 Ventral view of the subgenital plate, 
various species. 



C. discolor 	C. dorsalis 
ant. 

post. 

L. punctatissima 	M. thalassinum 
ant. 

post. 

 

T. viridissima  0.4 mm. 

ant. 

post. 

 

0.8mm 

Fig.1.13. Ventral view of the subgenital plate, 
various species. 



TABLE 1.3  Comparison of the Morphology of the Ovipositor of Nine Species of Tettigoniidae contd. 

a 

Scierite 

r-  
M. roeselii M.brachyptera P. griseoaptera P.denticulata C.dorsalis 

r 

C.discolor L.punctatissima M.thalassinum T.viridissima 

The Triangular. Sub-triangular As M.r. Sub-triangular As M.r. As M.r. Square. Sub-triangular As M.r. 
(Gonang- 
ulum. ga. 

Dorsal corner 
elongate to 
form condyle 
articulates 
with 2gcx, 

As M.r. As M.r. As M.r. As M.r. Similar to M.r,Dorsal 
dorsal 
articulation 
is broad. 

anterior 
corner flattened 
to form dorsal 
margin. Dorsal 
margin projects 
beyond ventral 
margin T9. 

As M.r. As M.r. 

Anterior edge Anterior edge Anterior edge Anterior margin Anterior Anterior As M.r. Anterior Anterior 
straight. convex, convex. sinuous convex 

to concave, 
margin convex.margin convex. margin 

extreme 
convex. 

,margin convex. 

Anterior Anterior Anterior As M.r. Anterior Anterior No 	anterior No anterior No 	anterior 
apodeme broad. 

Anterior 
ventral angle 
elongate butts 
against 
anterior 
ventral angle 
T9,  

Ventral margin 

apodeme 
narrow, 

Anterior 
ventral angle 
flat. 

Ventral margin 

apodeme 
narrow, 

As M.r. 

Ventral margin 

As M.r. 

Ventral margin 

apodeme 
narrow, 

Similar to 
M.r. but 
articulates 
with 
posterior 
ventral 
corner T9.  

Ventral 

apodeme very 
narrow. 

Anterior 
ventral angle 
flat, 
articulates 
with posterior 
ventral corner 
T9.  

Ventral margin 

apodeme. 

As M.r. 

Ventral margin 

apodeme. 

Similar to 
M.r. but 
articulates 
with posterior 
ventral corner 
T9.  

Ventral margin 

apodeme. 

As M.r. 

Ventral margin 
straight, 
broad, passes 
obliquely 
dorsally. 

straight, 
narrow, fused 
with lgcx. 

straight, 
narrow, 	fused 
with lgcx. 

sinuous, convey 
to concave, 
fused with 
lgcx. 

margin 
straight, 
narrow, fused 
with lgcx. 

straight,
narrow, fused 
with lgcx. 

sinuous, fused 
with lgcx. 

convex, fused 
with lgcx. 

convex, fused 
to membraneous 
dorsal edge 
lgp. anteriorl 

Posterior As M.r. Posterior Posterior Posterior Posterior Posterior margin As M.r. Posterior 
margin convex. 

A narrow 
sulcus passes 
from dorsal 
corner to 
anterior 
ventral 
corner of ga. 

As M.r. 

margin sinuous 

Ventral 	edge 
forms deep 
sulcus. 

margin 
straight. 

As M.r. 

margin 
sinuous, 

As M.r. 

margin 
sinuous. 

As M.r. 

straight. 

As M.r. As M.r. 

margin strongl 
sinuous. 

As M.r. 

Fiq. 1.14 Fig. 1.14 Fig, 1.14 Fiq. 1.14 Fig. 1.14 Fig. 1.14 1 



M. roeselii 	 M. brachyptera 

     

ant. post. 

P denticulata  C. discolor 

ant. post. 

M. thalassinum 
	L. punctatissima  

ant. post. 

0.5 mm. 

Fig.1.14. Lateral view of the external face of the 
gonangulum, various species. 
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TABLE 1.3 	Comparison of the Morphology of the Ovipositor of Nine Species of Tettigoniidae contd. 

Sclerite M.roeselii M.brachyptera P. griseoaptera P.denticulata 

I 	, 

C.dorsalis 

r 

C.discolor L.punctatissima M.thalassinum r.viridissima ' 

First Narrow Narrow band, Narrow band, Rounded Narrow band, Narrow band 3road plate. lgcx. reduced Absent. 
gonocoxa sclerotised convex convex sclerite fused convex convex )orsal edge fusec.to narrow band 
lgcx. area at base 

of ga. 
ventrally 
fused to base 

ventrally 
fused to base 

to 	ga. Bears 
sensory hairs 

ventrally fused 
to base of ga. 

ventrally 
fused to base 

to ga. sinuous, 
Jentral edge 

below ga. which 
folds back on 

ga. Tapers to 
a point 
anteriorly, 
fused to 
anterior end 

of ga. Tapers 
to a point 
anteriorly, 
fused to 
anterior end 

in ventral 
region, 

Tapers to a 
point 
anteriorly, 
Fused to 
anterior end 

of ga. Tapers 
to a point 
anteriorly, 
Fused to 
anterior end 

straight, 
Anterior edge 
rounded. 
Posterior edge 
straight fused 

itself 
ventrally. 

of 
sclerotised 
region lgp, 
posteriorly, 

of 
sclerotised 
region lgp. 
posteriorly. 

of sclerotised 
region lgp. 
posteriorly, 

of sclerotisedto 
region lgp. 
posteriorly. 

dorsal edge, 
anterior region. 
sclerotised 
section lgp. 

Second Anterior As M.r. As M.r. Anterior As M.r. Anterior Anterior apodeme Anterior Anterior 
gonocoxa 
2gcx. 

corner 	' 
produced 
anteriorly as 
large apodeme, 
curves 
antero- 
medially. 

apodeme large, 
curved medially 
and is twisted 
clockwise 
through 90°. 

apodeme 
similar to 
M.r. but is 
twisted 
through 90°  
anticlockwise. 

short, pointed. apodeme_short. apodeme large, 
tip rounded, 
upturned. 

Posterior 
corner tapers 
to point. 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 

Median lateral Similar to Similar to Similar to As M.r. Similar to Similar to M.r. Similar to M.r. Broad. 
area directed M.r. curves M.r. curves M.r. 	curves M.r. curves curves medially curves medially 
ventrally as 
narrow band 

medially. Medially. medially. medially, twists anti-
clockwise. 

(lateral band) 
which 	curves 
anteriorly, is 
internal to 
ga. 
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TABLE 1.3 Comparison of the Morphology of the Ovipositor of Nine Species of Tettigoniidae 	contd. 

  

Sclerite M.roeselii M.brachyptera P.griseoaptera P.denticdlata C.dorsalis C.discolor L.punctatissima M.thalassinum T.viridissima 

Second Anterior margin As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 
gonocoxa of lateral band 

connects with 
contd. posterior 

margin ga. by 
flexible 
membrane. 

Ga. articulates As M.r. As M.r. As M.r. As M.r. Ga. Ga. articulates As M.r. As M.r. 
with 2 gcx. by articulation on flat ridge 
notch on square socket. projecting from 
anterior anterior dorsal 
dorsal angle 
of lateral band 

angle, lateral 
band. 

Posterior 
margin band 
fused with 
anterior margin 
gpl. Deep 
suture formed 
by fusion 
projects into 
body cavity. 

Similar to 
M.r. suture 
narrow, 

As M.r. fks M.r. As M.r. Similar to 
M.r. suture 
narrow. 

Similar to M.r. 
suture narrow. 

As M r. As M.r. 

Anterior 
ventral end of 

Similar to 
M.r. apodeme 

As M.r. Similar to M.r. 
apodeme 

Similar to 
M.r. apodeme 

As M.r. Apodeme forms 
elongate 

As M.r. As M.r. 

lateral band 
forms rounded 
apodeme for 
nuscle 
attachment lies 

narrow lies 
over aiv. 

elongate. does not lie 
over aiv. 

horizontal bar 
crossing lateral 
band. 

5ver end of aiv 

Posterior 
ventral corner 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 

Lateral band 
neneath apodeme 
forms condylor 
surface of end 
of aiv. 

'Pig. 	1.4 



TABLE 1.3  Comparison of the Morphology of the Ovipositor of Nine Species of Tettigoniidae contd. 

C'o 

Sclerite M.roeselii M.brachyptera P.griseoaptera P.denticulata C.dorsalis C.discolor L.punctatissima M.thalassinum T.viridissima 

Anterior 
inter- 
valvula 

Narrow sclerite 
convex 
anteriorly 

Straight. As M.r. Straight. As M.r. Straight. Broad sclerite 
convex 
anteriorly 

Straight. As M.r. 

aiv. Lateral 	ends 
expanded, 
articulate 
with 2gcx. 
lateral band. 

Similar to 
M.r. lateral 
ends not 
expanded. 

As M.r. Similar to 
M.r. lateral 
ends elongate, 

As M.r. As M.r. Similar to M.r. 
lateral ends 
greatly 
expanded. 

As M.r. As M.r. 

Anterior face 
with two 
lateral 
apodemes. 

As M.r. Similar to 
M.r. but 
apodemes 
extend to 
midline. 

As M.r. No 	apodemes. No apodemes. Similar to M.r. 
apodemes narrow 
lateral. 

No apodemes. No apodemes. 

Anterior 
ventral margin 
fused with 
membraneous 
roof gch. 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 

Posterior 
ventral margin 
fused with 
membraneous 
inner face gpl. 
laterally, with 
membraneous 
inner face 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 

2gp. medially. 

Posterior face Similar to M.r Similar to Lateral ridges Similar to As M.r. As M.r. Mid region of Similar to 
with shallow mid lateral M.r. notch butt against M.r. notch posterior face M.r. notch 
lateral notch, 
holds anterior 
end ventral 
ramus 2gp. 

ridge butts 
against 
anterior end 
ventral ramus 
2gp _ 

near midline. anterior end 
ventral ramus 
2gp. 

near midline, enlarged, 
anterior end 
ramus 2gp. 
butt against 
lateral end 
raised area. 

deep close to 
midline. 

Fig. 1.15 Fig. 1.15 Fig. 1.15 Fig. 1.15 

E. 



A 

• P. griseoaptera  

ant. 

P. denticulata  

post. 

M. thalassinum C. dorsalis  

ant. 

post. 
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0.5mm. 

Fig.1.15. Expanded dorsal view of the . basal 

articulation of the second gonapophyses and 

gonoplacs, various species. 



TABLE 1.3 Comparison of the Morphology of the Ovipositor of Nine Species of Tettigoniidae 	contd 

  

Sclerite M.roeselii M.brachyptera P.griseoaptera P.denticulata C.dorsalis C.discolor 1.punctatissima M.thalassinum T.viridissima 

Posterio 
inter- 
valvula 
piv. 

Arrow shaped 
sclerite 

As M.r. As M.r. As M.r. As M.r. As M.r. Similar to M.r. 
but rounded 
anteriorly 

Narrow sclerit? 
anterior face 
passes 
obliquely 
anteriorly to 
midline 
forming point. 

As M.r. 

Large ventral 
median apodeme 

Anterior end 
dorsal ramus 
2gp. fused with 
ventral 
posterior 
corner apodeme. 

As M.r. 

Similar to 
M.r. peg on 
apodeme fits 
socket on 
dorsal 
anterior 
angle 2gp. 

As M.r. 

As M.r. 

As M.r. 

Similar to 
M.r. peg on 
dorsal ramus 
2gp. fits 
socket on 
ventral 
posterior 

Similar to 
M.r. apodeme 
hollow, 

As M.r. 

Similar to 
M.r. apodeme 
hollow. 

As M.r. 

Ventral apodeme 
reduced. 

As M.r. 

No ventral 
apodeme 

No fusion with 
2gp. membrane 
connects 
anterior end 
dorsal ramus 
with posterior 
margin piv. 

As M.r. 

Similar to 
M.r. peg on 
ventral 
apodeme fits 
socket on 
dorsal anterior 
corner 2gp. 

dorsal ramus. corner apodeme. dorsal ramus. 

Posterior 
lateral corner 
piv fits 
socket in 
dorsal margin 
gpl. behind 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r, 

2gcx. fusion. 

Posterior 
margin lateral 

As M.r. As M.r, As M.r. As M.r. As M.r. As M.r. Membraneous 
face gpl. 

As M.r. 

to fusion with 
dorsal ramus 
2gp., continuous 
with 
membraneous 
inner face gpl. 

fused in midli-je 
anterior to 
dorsal ramus 
2gp. connects 
dorsal ramus 
to posterior 
edge piv. 

Fig. 1.16 Fig. 1.18 Fig. 1.17 
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0.5 mm. 
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Fig.1.16. Lateral view, lon-gitutlinal_ median 
section of the base of the ovipositor, C. discolor. 
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0.5mm. 
Fig.1.17. Lateral view, longitudinal median 

section of the base of the ovipositor, M. 
thalassinum.  



0.5 mm 

Fig.1.18. Lateral view, longitudinal median 
section of the base of the ovipositor, L. punctatissima. 
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TABLE 1.3 	Comparison of the Morphology_of the Ovipositor of Nine Species of Tettigoniidae 	contd. 

Sclerite M.roeselii M.brachyptera P.griseoaptera P.denticulata C.dorsalis C.discolor L.punctatissima M.thalassinum T.viridissima 

First 
gona- 
pophysis 
lgp. 

Narrow, curved 
strongly 
upwards. 

Ventral margin 

Narrow, 
slightly 
curved 
distally, 

Ventral margin 

As M.r. 

Ventral margin 

As M.r. 

Ventral margin 

Narrow, 
slightly 
curved 
upwards. 

Ventral margin 

Narrow, 
straight, 

Ventral margin 

Broad, strongly 
curved upwards 

Ventral margin 

Very narrow 
slightly 
curved upwards 
distally. 

Ventral margin 

Broad,straight 

Ventral margin 
serrated 
distally,teeth 
largest at tip 
anteriorly 
directed. 

serrated 
distally,teeth 
largest before 
tip, rounded 
ventrally 
directed. 

not serrated. not serrated. serrated 
distally, 
teeth largest 
in front of 
tip, rounded, 

serrated 
distally, teeth 
largest before 
tip,rounded. 

serrated 
distally teeth 
largest at tip, 
anteriorly 
directed. 

not serrated, not serrated. 

Dorsal margin 
with double 
groove forming 
aulax. Ventral 
margin gpl. 
fits onto 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 

groove. VentraL 
margin 2gp. 
fits inner 
groove. 

Proximal end As M.r. As M.r. As M.r. As M.r. As M.r. Proximal end Proximal 	end As M.r. 
lgp. aulax not lgp. dorsal edgelgp. dorsal 
present,dorsal 
edge lgp. 
overlaps 
ventral 	edge 
gpl. 

forms flat shelfadge 
on which gpl. 
rests, 

forms 
flat shelf on 
which gpl.rests 



TABLE 1.3 
	Comparison of the Morphology of the Ovipositor in Nine Species of Tettigoniidae 	contd. 

Sclerite M.roeselii M.brachyptera P. griseoaptera P.denticulata C.dorsalis C.discolor L.punctatissima M.thalassinum T.viridissima 

First 
gona- 
pophysis 

contd. 

At base 
external and 
internal faces 
of valve 
differentiate. 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 

1. Ventral 
edge external 
and internal 
faces remain 
fused. 
2. Dorsal edge 
external face 
remains 
sclerotised, 
diverges from 
membraneous 
internal face. 

Dorsal region 
external face 
is above sgp. 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 

Dorsal margin 
fused with ga. 
via lgcx. area 

As M.r. As M,r. As M.r. As M.r. As M.r. As M.r. As M.r. lgp. fused 
directly with 
ga. on dorsal 
margin. 

Below fusion Similar to As M.r. As M.r. Similar to As M.r. Similar to M.r. No 	sensory Similar to 
with ga. lgp. 
is 
sclerotised, 
densely 	( 
covered with 
sensory hairs. 

M.r. many 
hairs, 
greater number 
ventrally. 

M.r. sensory 
area reduced, 
thin 
horizontal 
strip below 
ga. 	fusion. 

sensory area 
narrow strip 
Below ga. fusion. 

area. M.r. few 
sensory hairs. 

Anterior end 
of 	dorsal 
region 
continuous 
with pleural 
membrane 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 
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Sclerite M.roeselii M.brachyptera P.griseoaptera P.denticulata C.dorsalis C.discolor L.punctatissima M.thalassinum T.viridissima 

First 
gona- 
pophysis 

contd. 

Ventral region 
external face 
lies on sgp. 
ventral margin 
of 2 valves 
meet in midline 

AS M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 

Flap on ventral Similar to Flaps meet in Flaps on the Ventral 	edge Ventral edge Ventral edge Ventral edge Similar to 
edge of valve M.r. flap the midline ventral edge flaps reduced, flaps reduced, flaps very flaps very M.r. flap 
projects over continues above the greatly reducecdo not meet in do not meet in reduced, do not reduced, do continues 
midline, over- 
lapping flap 

anteriorly 
forming floor 

posterior edge 
sgp. Bear on 

meet above 
posterior 

midline, 
ventral edge 

midline, 
ventral edge 

meet in midline. 
Anterior end 

not meet in 
midline. 

forwards 
forming floor 

from other side gch. oblique and 	• margin of sgp. diverges from diverges from ventral edge lgp Anterior end gch. Flaps 
forming egg Flaps bear oval 	then ventral midline. midline. fuses with ventral edge bear sensilla. 
guide. Anterior sensilla. sclerotised 	edge diverges Anterior end Anterior end lateral anterior lgp. fuses 
end of ventral plate 	from midline ventral edge ventral edge angle reflexed with lateral 
half of valve supporting the fusing with lgp. fuses with lgp. fuses face sgp. anterior angle 
fuses with flaps, has 	anterior lateral anterlorwith lateral Reflexed face reflexed face 
lateral region some sensory 	lateral region region,reflexed anterior regia sgp. forms floor sgp. Reflexed 
reflexed face hairs.Behind 	reflexed face face sgp. reflexed face gch. face sgp. 
sgp,Membraneous plate ventral 	sgp. forms Reflexed face sgp. Reflexed No sensilla. forms floor 
inner face lgp. 
forms wall gch. 
fusing with 
anterior margin 
reflexed face 
sgp. anterior 
with roof gch. 
dorsally. 

edge diverges 	floor gch. 
from midline, 
densely 
covered with 
sensory hairs. 
Anterior end 
ventral edge 
fuses with 
lateral 
anterior region 
reflexed face 
sgp. forms 
floor gch. 

sqp. forms 
floor gch. 
No sensilla. 

face sgp. 
forms floor 
gch. 
No sensilla. 

gch. 
No 	sensilla. 

Fig. 1.9 Pig. 1.9 	Fig. 1.9 Fig. 1.10 	'Pig. 1.10 Fig. 1.10 Fig. 1.10 Fig. 1.11 



TABLE 1.3 
	Comparison of the Morphology of the Ovipositor of Nine Species of Tettigoniidae 	contd. 

Sclerite M.roeselii M.brachyptera P.griseoaptera P.denticulata C.dorsalis C.discolor L.punctatissima M.thalassinum T.viridissima 

Second Very narrow Very narrow As M.r. As M.r. Very narrow Very narrow Very narrow Very narrow Very narrow 
Gona- curved slightly slightly straight. strongly curved slightly straight. 
pophysis 
2gp, 

strongly 
upwards, 

Ventral edge 
of the valve 
modified 
forming a 
tongue 

curved 
distally. 

As M.r. As M.r. As M.r. 

curved upwards 

As M.r. As M.r. 

upwards. 

As M.r. 

curved upwards 
distally. 

As M.r. As M.r. 

(rachis) which 
fits the inner 
groove dorsal 
edge lgp. 

Proximally 
external and 
internal faces 
different. 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M,r. 

External face 
remains 
sclerotised 
internal face 
becomes 
membraneous. 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 

Most of 2gp. 
ends behind 
piv. Dorsal 
and ventral 
margins 
continue 
forwards. 



TABLE 1.3  Comparison of the Morphology of the Ovipositor of Nine Species of Tettigoniidae contd 

   

Sclerite M.roeselii M.brachyptera P.griseoaptera P.denticulata C.dorsalis C.discolor L.punctatissima 'M.thalassinum T.viridissima 

Second Dorsal margin As M.r. Similar to As M.r. Similar to Similar to Dorsal margin of[Dorsal ramus Similar to 
gona- 
pophysis 

passes dorsally 
medially,the 

M.r. dorsal 
ramus elongate 

M.r. dorsal 
ramus elongate 

M.r. dorsal 
ramus elongate 

each valve turns 
dorsally fuse 

is thin, 
tapering does 

M.r. Anterior 
end of ramus 

2gp. two valves anterior face The anterior The anterior beneath piv. not reach piv. slopes forwards 
contd. fuse medially, 

Form dorsal 
fused with 
ventral 

end of ramus 
passes 

end of ramus 
passes 

posterior 
ventral corner 

but is 
connected to 

fuses with face 
of ventral 

ramus. posterior ventrally ventrally in midline and piv. via fused posterior angle 
Anterior end 
of ramus fuses 
with small peg 
from posterior 
ventral corner 
piv. 

corner piv. beneath 
ventral 
posterior 
corner piv. 
for short 
distance 
fusion with 
piv. is only 
on dorsal 
anterior angle 
before ventral 
extension. 

beneath 
ventral 
posterior 
corner piv. 
for short 
distance 
fusion with 
piv. is only 
on dorsal 
anterior angle 
before ventral 
extension. 

with corner of 
piv. 

membraneous 
corner faces 
gpl. 

piv. 

Ventral margin 
continues 
forwards as 
ventral ramus. 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 

Ventral ramus Similar to As M.r. Similar to Similar to Similar to Ventral 	ramus As M.r. Ventral ramus 
is straight M.r. anterior M.r. anterior M.r. turns M.r. turns curves towards curves towards 
except at end butts end butts abruptly abruptly midline,anterior midline. 
proximal end against ridge against 	ridge towards mid- towards mid- end butts ridge Anterior end of 
where it curveson posterior on posterior line,anterior line, anterior in mid region ramus forms 
towards midlineface 
Anterior end 
butts against 
notch in 
posterior face 
aiv. 

aiv. face aiv. end pointed 
fits notch in 
mid region 
posterior face 
aiv. 

end pointed 
fits notch in 
mid region 
posterior face 
aiv. 

posterior face 
aiv. 

wedge which 
fits into notch 
on posterior 
face aiv. 



TABLE 1.3 
	Comparison of the Morphology of the Ovipositor of Nine Species of Tettigoniidae 	contd 

Sclerite M.roeselii M.brachyptera P.griseoaptera P.denticulata C.dorsalis C.discolor L.punctatissima M.thalassinum T.viridissima 

Second 
gona- 
pophysis 
2gp. 

contd. 

Membraneous 
inner faces 
of 2gp. fuse 
in midline 
below dorsal 
ramus,continue 
forward 
between 
ventral 	ramii 
and fuse with 
posterior 
ventral margin 
aiv. 

As M.r. As M.r. As M.r. As M.r. As M.r. 

Fig. 1.16 

As M.r. 

Fig. 1.18 

As M.r. 

Fig. 1.17 

As M.r, 

Gonoplac Broad,strongly Broad,slightly Broad,curves Broad,curves Narrow, Broad,straight Extremely broad Broad,slightly Broad,straight 
gpl. curved upwards curved upwards gently upwards gently upwards, slightly strongly curved curved upwards gradual taper 

proximally 
tapering 
gradually to 
a point. 

distally. tapers to 
point which 
is slightly 
downturned. 

curved upwards upwards 	,. 
proximally. 

distally. to tip. 

Dorsal edge As M.r. Dorsal margin Dorsal margin Dorsal margin Dorsal margin Dorsal margin Dorsal margin Dorsal margin 
serrated along 
distal third, 

not serrated. not serrated. serrated along 
distal two 
thirds. 

serrated along 
distal two 
thirds. 

serrated along 
distal tip. 

not serrated. not serrated. 

Valve convex 
along length, 
least at tip 
greatest at 
base. 

As M.r. As M.r. As M.r. As M.r. As M.r. Valve flattened 
along its 
length. 

distally, 
convex 
proximally. 

Valve flattenedValveflattened 
distally, 
convex 
proximally. 

At the base 
the dorsal 
region of the 
valves diverge 
abruptly from 
the midline. 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 
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TABLE 1.3 
	Comparison of the Morphology of the_Ovipositor of Nine Species of Tettigoniidae 	contd. 

Sclerite M.roeselii M.brachyptera P.griseoaptera P.denticulata C.dorsalis C.discolor L.punctatissima M.thalassinum T.viridissima 

Gonoplac 
gp. 

contd. 

Ventral margin 
of valve forms 
tongue (rachis 
which fits 
into outer 
groove on 
dorsal margin 
lgp. 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 

At base of 
valve tongue 
absent, dorsal 
margin lgp. 
overlaps 
ventral margin 
gpl. 

As M.r. As M.r. As M.r. As M.r. As M.r. Ventral margin 
gpl. rests on 
flattened dorsal 
margin lgp. 

Ventral margin 
gpl. rests on 
flattened 
dorsal margin 
lgp• 

As M.r. 

Anterior 
margin gpl. 
fused with 
posterior 
margin 2gcx. 
lateral band 
forming deep 
sulcus. 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 

Dorsally fusion 
is external 
to ga. but 
ventrally 
passes 
medially 
internal to 
ga, then 
anteriorly. 

1 



TABLE 1.3. 	Comparison of the Morphology of the Ovipositor of Nine Species of Tettigoniidae 	contd. 

Sclerite M.roeselii M.brachyptera P griseoaptera P.denticulata C.dorsalis C.discolor L.punctatissima M.thalassinum T.viridissima 

Gonoplac ventral As M.r. As M.r. Ventral Ventral Similar to Ventral anterior As M.r. As M.r. 
gpl. anterior 

corner of 
anterior end 
of sulcus 

anterior end 
of sulcus 

M.r. narrow, 
pointed 

end of sulcus 
forms elongate 

contd. fusion 
directed 
anteriorly as 
small apodeme. 

forms elongate 
horizontal 
apodeme, 
projecting 
anteriorly and 
posteriorly. 

forms short 
ventrally 
directed 
apodeme. 

dorsally 
directed. 

broad horizontal 
apodeme, 
projecting 
anteriorly and 
posteriorly. 

Beneath Similar to Similar to Similar to Similar to Condyle Similar to M.r. As M.r. As M.r. 
apodeme is M.r. condyle M.r. condyle M.r. condyle M.r. condyle exceedingly condyle 
elliptical 
condyle for 
articulation 
of lateral end 
of aiv. 

irregular. round. oval. relatively 
small, round. 

small,round. irregular. 

On dorsal 
margin behind 
tip of 2gcx. 
is socket 
which holds 
posterior 
lateral corner 
of piv. 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 

At base of 
gpl. inner 
face becomes 
membraneous. 

As M.r. As M.r. As M.r. As M.r. As M .r. As M .r. As M.r. As M.r. 
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TABLE 1.3 	Comparison of the Morphology of the Ovipositor of Nine Species of Tettigoniidae 	contd. 

Sclerite M.roeselii M.brachyptera P.griseoaptera P.denticulata C.dorsalis C.discolor L.punctatissima M.thalassinum T.viridissima 

Gonoplac 
gpl. 

contd. 

Dorsally the 
inner face is 
continuous 
with the 
lateral margin 
of the dorsal 
ramus 2gp. 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 

Anterior end 
of dorsal 
section of 
membrane is 
fused to 
lateral 
section 
posterior 
margin piv. 

Laterally the 
membraneous 
inner face gpl. 

fused to 
anterior end 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 

2gp. 

Ventrally 
membraneous 
inner face gpl. 
continues with 
lateral margin 
ventral ramus 

As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. As M.r. 

2gp. Fuses 
anteriorly with 
posterior face 
lateral section 
aiv. 

Fig. 	1.19 Figs. 1.9 Figs. 1.9 Figs. 1.9 Figs. 1.10 Figs. 1.10 Figs. 1.10 Figs.l.lO Figs. 1.11 
1.19 1.19 1.19 1.20 1.20 1.20 1.20 1.20 



M. roeselii 	 posterior anterior 

M. brachyptera  

P. denticulata  

P. griseoaptera  

0.5mm. 
Fig.1.19.Lateral view of the internal face of the 
gonoplac, various species. 



anterior • posterior 
C. discolor 

C. dorsalis  

M. thalassinum  

L. punctatissima  

   

0.5mm. 

T. viridissima  

1.3mm. 
Fig.1.20. Lateral view of the internal face of the 

gonoplac, various species. 
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1.8 Discussion 

From a comparison of the morphology it is clear that 

considerable variation occurs between all nine species. 
However, it also clear that in some species the variation 

is slight, and normally relates to variation'in age, 

whereas in others there are fundamental differences in 

morphology in addition to size. 

The most common type of variation which relate to 

function can be categorised as follows: 

(i) Gross differences in the relative size 

and shape of the ovipositor. 

(ii) The presence or absence of serrations 
on the ovipositor valves. 

(iii) The presence or absence of the first 

gonocoxa. 

(iv) The shape of the gonangulum. 

(v) The position of the gonangulum 

articulation on tergite nine. 

(vi) The relative size and shape of the 

posterior intervalvula. 

(vii) The basal articulation of the second 

gonapophysis with the anterior and 

posterior intervalvulae. 

(viii) The origin of the floor of the genital 

chamber from the first gonapophyses or 

the reflexed face of the subgenital 

plate. 

(ix) The presence of a sensory area on the 

base of the first gonapophysis. 

(x) The presence or absence, of various 

apodemes and sulci and the relative 

size when present. 

From the differences in these characters shown in Table 

1.3 it is possible to distinguish five types of ovipositor, 

shown in Table 1.4. 

The five types of ovipositor defined in Table 1.4 are 

related but the degree of the relationship between 
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the types is varied. Ovipositor Types I and II are 

the most similar. Categories (ii), (iii) and (viii) 

above. The Type III ovipositor displays some similarity 
with the Type I and II ovipositors. In addition to the 

three main variations listed above, the valves of the 
Type III ovipositor are less strongly sclerotised than 

Types I and II, and the articulation of the gonangulum 

and ninth tergite is different. Finally Types IV and 

V ovipositors are quite dissimilar from Types I and 

III and from each other. The Type IV ovipositor has 

extremely broad and flattened valves, with serrated 

margins. The dorsal margins of the second gonapophyses 

remain separate until the fusion with the posterior 

intervalvula.' The gonangulum has no anterior apodeme 
and the anterior apodeme of the second gonocoxal band, 

is elongate horizontal extending anteriorly and posteriorly. 

In the Type V ovipositor the valves are narrow, less 

sclerotised and unserrated. The basal articulations 

are reduced or modified, the gonangulum articulates 

with the posterior ventral angle of the ninth segment 

(see Type III), the posterior intervalvula is small, 

triangular with a medial ventral apodeme. The dorsal 

ramus of the second gonapophysis does not reach the 

posterior intervalvula and there is no sensory area 

below the first gonocoxa. 

In the British Tettigoniidae the Type I ovipositor 

is represented by M. roeselii, the Type II by 

P. griseoaptera and P. denticulata with M. brachyptera 

and T. viridissima exhibiting a combination of both 

Type I and Type II characteristics. Both C. dorsalis  

and C. discolor have the Type TTT  ovipositor, 

L. punctatissima the Type IV and M. thalassinum the 

Type V ovipositor. 

A description of the function of the ovipositor and a 

discussion of the significance of the variation in 
nisi inns i tnr etr,iptiirA Will hi= rri VPn n -  ±Ar cerci ong 2 and 

3• 



TABLE 1.4 The Five Morphological 'Types' of Ovipositor in the  

British Tettigoniidae  

Point TYPE I TYPE II TYPE III TYPE IV TYPE V 

(i)  Valves narrow,Valves narrow,Valves narrow, Valves very Valves narrow 
strongly strongly less strongly broad,stronglyless strongly 
sclerotised sclerotised sclerotised sclerotised sclerotised 

Markedly Curved Curved Markedly Curved 
curved dorsally or dorsally or curved dorsally 
dorsally almost 

straight 
straight dorsally 

Ovipositor Ovipositor Ovipositor Ovipositor Ovipositor 
oval in cross oval or oval or flat in slightly 

section slightly 
flattened in 
cross section 

slightly 
flattened in 
cross section 

cross section flattened in 
cross section 

(ii)  Dorsal margin 
of the 
gonoplac, 

Dorsal margin 
of the 
gonoplac, 

As Type I As Type I As Type II 

ventral margirventral 
of the first 
gonapophysis 
are serrated 

margir. 
of the first 
gonapophysis 
are not 
serrated 

(iii)  First gonccoxaFirst 
absent 

gone oxa.As 
present 

Type II As Type II As Type II 

(iv)  Gonangulum Gonangulum Gonangulum Gonangulum Gonangulum 
triangular triangular or triangular square. No sub-triangula 
with anterior sub-triangularwith narrow apodeme No anterior 
apodeme with narrow 

anterior 
apodeme 

anterior 
apodeme 

apodeme 

(v)  Gonangulum 
articulates 
with anterior 
ventral corner 
of tergite 
nine 

As Type I Gonangulum 
articulates 
with posterior 
ventral corner 
of tergite 
nine 

As Type I As Type III 

(vi)  Anterior and 
posterior 
intervalvulae 
are well 
developed. 

As Type I As Type I As Type I Anterior and 
posterior 
intervalvulae 
are reduced. 

Posterior 
intervalvula 
arrow snaped 
with large 
median ventral 
apodeme 

Posterior 
intervalvula 
small, 
triangular 
with no 
median ventra_ 
apodeme. 	I 



Table 1.4 contd. 

Point TYPE I TYPE II TYPE III TYPE IV TYPE V 

(vii)  The second As Type I As Type I The second The second 
. gonapophyses 
are extended 
anteriorly 
as 1 fused 
dorsal ramus 
and 2 ventra_ 
rami.. 	The 
dorsal ramus 
fuses with 
the posterior 
corner of 
the ventral 
apodeme of 
the posterior 
intervalvula, 

- gonapophyses 
are extended 
anteriorly as 
2 dorsal 
rami 	and 2 
ventral rami',. 
The dorsal 
rami. 	fuse 
beneath the 
posterior 
corner of the 
ventral 
apodeme of 
the posterior 
intervalvula 
to which they 
are also 
fused. 

gonapophyses 
are extended 
anteriorly 
as 1 fused 
dorsal 	ramu- 
and 2 ventra 
rami.. 	The 
dorsal ramus 
is short and 
does not 
extend to 
the posterio 
intervalvula 
but is 
connected to 
it by the 
fused 
membranes of 
the inner 
faces of the 
gonaplacs. 

(viii)  The base of 
the inner 
faces of 
first 
gonapophyses 
form the 
floor of the 
genital 
chamber. 

The reflexed 
face of the 
subgenital 
plate forms 
the floor of 
the genital 
chamber. 

As Type II As Type II As Type II 

(ix)  There is a There is a There is a There is a There is no 
large large sensory narrow sensory narrow senso sensory area 
sensory area area below area below the area below below the 
below the the first first gonocoxa the first first 
fusion with gonocoxa on on the base of gonocoxa on gonocoxa on 
the the base of the first the base of the base of 
gonangulum the first gonapophysis. the first the first 
on the base 
of the first 

gonapophysis. gonapophysis. gonapophysis. 

I
gonapophysis 

(x)  The anterior 
ancdeme of 
the second 
gonocoxa 
band is 
anteriorly 
directed. 

As Type I As Type I The anterior 
apodeme of 
the second 
gonocoxa 
band is 
horizontal 
and is both 
anteriorly 
and 
posteriorly 
directed. 

As Type I 

• 
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Section 2. Musculature of the Ovipositor in the Tettigoniidae 

2.1. Introduction 

The musculature of the ovipositor of the Tettigoniidae 

has only been described for a few species and has never 

been related in detail to the function of the ovipositor. 
Chapard (1920) described the major muscles in P.femorata 

omitting the muscles of the genital chamber and smaller 
sclerites. From this brief description it is difficult 

to determine whether these are comparable with the muscles 

of P.griseoaptera. 

Ford (1923) described in detail the musculature of the 

pregenital and genital segments of Conocephalus fasciatus  

which is particularly similar to that of C.dorsalis. This 

description was part of a comparative study of the 
Orthopteroid insects and Ford also discussed the homologies 

of some of the genital muscles. Ander (1939) described 

the musculature of the abdomen in the Tettigoniidae, 

agreeing with Ford on the muscles present although not 

always on the homologies of the pregenital muscles. It 

is therefore possible to compare directly the musculature 

described by Ford with that in the five species studied in 

detail (pp.119-124).Souliē(1956) described the musculature 

of the ovipositor of T.viridissima. The musculature of the 

Gryllidae has been described by Duporte (1920) and Ford 

(1923). This closely resembles the musculature of the 

Tettigoniidae except for the muscle of the second gonapophysis, 

which is greatly reduced in both the Gryllidae and Tettigoniidae 

according to Ford or absent according to Duporte and 

Snodgrass. Snodgrass also described the function of the 

ovipositor in the Gryllidae basing his description on the 

morphology and musculature of the ovipositor. The function 

of the ovipositor in the Gryllidae and Tettigoniidae annears 

to be very similar, differing only in the use of the second 

gonapophyses. 

From the examination of the morphology of the ovipositor 
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it is clear that in the British Tettigoniidae there are 

four main functional morphological variations and one 

of these four may be further subdivided. These five types 

may be seen in M.roeselii,P.griseoaptera, C.dorsalis, 
L.punctatissima and M.thalassinum. Therefore a comparative 

study of the musculature of these species has been 
conducted to determine whether the variation in morphology 

is similarly reflected in differences in the musculature 

Furthermore, it is hoped to relate such variations to 

function. The form of the study and the presentation of 

results is similar to that in section 1, i.e. the ovipositor 

of M.roeselli has been described in detail and a table 

comparing the five species constructed. 

In order to gain an understanding of the homologies of the 

specialised musculature of the genital segments, a general 

description has been made of the abdominal musculature in 

segments five and six of the five species. Segments five 

and six were found to be typical of the pregenital 

abdominal segments. The muscles have been named according 

to their origins and insertions and are also numbered, 
the abdominal muscles are further numbered with a suffix 

denoting the segment. 

The muscles are described in the following order: 

(i) Tergal 

(ii) Tergo-sternal 

(iii) Pleuro-sternal 

(iv) Spiracular 

(v) Sternal 

The genital muscles are described according to the segment 

in which they occur 	and from anterior to posterior. 

A table of the origins and insertions of the genital 

muscles of M.roeselli has been constructed. Following 

Table 2.1 is a description of the general abdominal 
movements and alto a description of the functions of the 

individual muscles directly involved in the mechanism of 
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oviposition. An overall description of the function of 

the ovipositor as a unit is deferred until after the 
description of the surface structures of the ovipositor 

has been given (Section 3). 

All comparative diagrams are drawn from an internal 
aspect. Diagrams in this section are not necessarily 

drawn to scale, this decision being made for improved 

clarity. 	In Table 2.2 M. roeselii has been abbreviated to 

M.r. 	The abbreviations for morphological structures are 

the same as those used in Section 1. 	In the descriptions 

the term external refers to those muscles nearest the body 

wall and the term internal to those internal to the external 

muscle. The terms outer muscle and inner muscle mean 
lateral and median respectively, and in Table 2.2 terms 

such as broader and narrower are relative to the muscle 

in M. roeselii. 
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2.2 Materials and Methods  

Fresh, partially mature females were killed using the method 

described in Section 1. The head and thorax were removed. 

Three specimens were examined for each species and a 

longitudinal section in the midline was made.of the first, 

the dorsal region of the tergite was removed in the second, 

and a longitudinal incision was made in the ventral region 

of the tergite of the third. 	The specimens were pinned 

in wax dissecting dishes with the tergites displaced where 

necessary. The abdomen was covered in 70% alcohol, and 

the fat body trachea, gut and reproductive organs (excluding 

the oviducts and genital chambers) were removed. 	The 

exact position, origin and insertion and nature of the 
muscles were examined and subsequently drawn in situ, using 

a stereo dissecting microscope (Page 48). 
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2.3 Musculature of the Pregenital- Segments of the  

Abdomen as displayed by Segments Five and Six, 

M.roeselli (Fig 2.1). 

Muscle 1. Longitudinal Tergal Muscle (Fig. 2.1).  

The origin is on the internal face of the anterior part 

of tergum 5. The position of the origin varies from 

species to species but generally it is in the anterior 
region of the tergum ventrally, and approaches the midline 

dorsally. The insertion is on the anterior edge of tergum 

6 which is overlapped by tergum 5. The muscle extends to 
the midline, dorsally and meets that of the opposite side. 

Muscle 2. Anterior Tergo-sternal Muscle (Fig. 2.1).  

The origin is on the anterior angle of the lateral edge of 

the tergum. The muscle passes ventrally and medially to 

its insertion on the dorsal face of the anterior latero-

sternite. 

Muscle 3. Posterior Tergo-sternal Muscle (Fig. 2.1).  

The origin is on the posterior region of the tergum 

external to the longitudinal tergal muscle (1). The 

muscle is inserted on the lateral margin of the posterior 

laterosternite. 

Muscle 4. Pleuro-sternal Muscle (Fig. 2,1).  

The origin is on the pleural membrane dorsal to the pleural 

fold in segment 4. The muscle passes ventrally and 

posteriorly to its insertion on the anterior laterosternite 

of segment 5. This muscle varies considerably in width 

between species. 
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Muscle 5. Spiracular Muscle, dilator (Fig. 2.1).  

The origin is on the anterior laterosternite posterior 
to the anterior tergo-sternal muscle (2). The muscle 

passes posteriorly to its insertion on the small 

articular apophysis of the anterior valve of the spiracle. 

Muscle 6. Spiracular Muscle, occulsor (Fig. 2.1).  

A short slender muscle which originates on the pleural 

membrane, dorsal to the pleural fold, beneath the posterior 

tergo-sternal muscle (3). It is inserted on the ventral 

section of the posterior valve of the spiracle. 

Muscle 7. Outer Longitudinal Sternal Muscle (Fig. 2.1).  

The origin is on the posterior edge of the laterosternite 

of segment 5, beneath the transverse sternal muscle (8). 

The muscle passes posteriorly to the insertion on the 

anterior margin of the anterior laterosternite of segment 

6. 

Muscle 8. Transverse Sternal Muscle (Fig. 2.1).  

The origin is on the dorsal face of the anterior 

laterosternite on one side of the segment. The muscle 
passes across the sternum and is inserted on the dorsal 

face of the anterior laterosternite of the other side of 

the segment. 

Muscle 9. Anterior Laterosternal Muscle (Fig. 2.1).  

The origin is on the anterior lateral region of the 

sternum. The muscle narrows as it passes dorsally and 
posteriorly to its insertion on the median ventral margin 

of the anterior laterosternite of the same segment. 
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Muscle 10. Posterior Laterosternal Muscle (Fig. 2.1).  

The origin is on the lateral margin of the anterior 

region of sternum 6. 	The muscle narrows as it passes 

dorsally and anteriorly to its insertion on the posterior 

laterosternite of segment 5. 

Muscle 11. Inner Longitudinal Sternal Muscle (Fig. 2.1).  

The origin is on the face of the anterior lateral region 

of the sternum of segment 5. The muscle passes horizontally 

to its insertion laterally on the anterior margin of sternum 

6. 



posterior 

sty 
anterior 

Fig.2.1. Diagram of the musculature of 
abdominal segments five and six. 



- 110 - 

2.4 Musculature of the Genital Segments, M. roeselii 

(Figs. 2.2 to 2.7).  

Each sclerotised structure of the ovipositor is associated 

with at least one muscle, Table 2.1. 	There are only a 

few pairs of antagonistic muscles within the genitalia, 

most of the muscles work against the elasticity of the 

ovipositor and abdomen. 

Segment Seven 

All the abdominal muscles are typical except for the inner 

longitudinal sternal muscle (11) (Fig. 2.2). 	The origin 

of the muscle is normal but it is inserted on the anterior 
lateral region of the genital chamber instead of on the 

anterior edge of sternite eight. 	It is longer and narrower 

than in more anterior segments and passes over the base of 

the lateral oviduct. •  

Segment Eight 

Muscle 18. Longitudinal Tergal Muscle (Fig. 2.5).  

The muscle is divided into three blocks, the dorsal block 

is typical and is not shown in Fig. 2.5. 	The median 

lateral block originates on a narrow oblique ridge of 
sclerotisation which extends posteriorly and ventrally 

across the inner face of the tergum. 	The muscle passes 

dorsally to insert on the external face of the dorsal 

section of the anterior apodeme of segment nine. 	The 

ventral block originates on the lateral face of tergum 

eight below the oblique ridge and is inserted on the 

external face of the anterior apodeme ventral to the 

median block. 

Muscle 28. Anterior Tergo-sternal Muscle (Fig. 2.5).  

Typical. 

Muscle 38. Posterior Tergo-sternal Muscle (Fig. 2.5).  

Typical. 



Muscle 48. Pleuro-sternal Muscle. 

Absent. 

Muscle 58. Spiracular Muscle - Dilator (Fig. 2.5).  

Typical. 

Muscle 68. Spiracular Muscle - Occulsor (Fig. 2.5).  

Typical. 

Muscle 78. Outer Longitudinal Sternal Muscle. 

Absent. 

Muscle 88. Transverse Sternal Muscle (Fig. 2.2).  

Typical, though narrower than in the preceding segments, 

passes over the genital chamber, anterior to the opening 

of the spermathecal duct. 

Muscle 98. Anterior Laterosternal Muscle.  

Absent. 

Muscle 108. Posterior Laterosternal Muscle (Fig. 2.2).  

The origin of the muscle is displaced from its position, 

in the preceding segments, on the lateral margin of the 

sternum, to the roof of the genital chamber anterior or 

lateral to the opening of the spermathecal duct. 	The 

muscle broadens'as it passes between the tergo-

gonapophyseal muscle (12) and the anterior inter-

valvular muscle (16), to the insertion on the posterior 

laterosternite of segment eight. 

Muscle 11Q. Inner Longitudinal Sternal Muscle.  

Absent. 
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Muscle 128. Tergo-gonapophyseal Muscle (Fig. 2.2).  

The origin is on the dorsal section of the anterior 

apodeme of tergum eight. 	The muscle passes ventrally to 

insert on the small sclerotised region in the otherwise 

membraneous base of the first gonapophysis which probably 
represents the first gonocoxa. (Figs. 2.2, 2.8). 

Segment Nine  

Muscle 19. Longitudinal Tergal Muscle (not shown) 

The muscle is present but greatly reduced and confined 

to the dorsal region of the tergum. 

Muscle 29. Anterior Tergo-sternal Muscle (Fig. 2.5).  

The origin is slightly displaced anteriorly, to the ventral 

margin of the anterior apodeme of tergum nine. The 

muscle passes ventrally and slightly posteriorly to the 
pleural membrane, lateral to the base of the first 

gonapophysis. (The laterosternites are absent in segment 
nine). 

Muscles 3 - 11 are absent. 

Muscle  13. Dorsal Tergo-gonocoxal Muscle (Figs. 2.2, 2.3,  

2.4, 2.5, 2.7).  

A horizontal muscle whose origin varies from the inner 

face of the midlateral region of the tergum to beneath 

the anterior tergo-gonocoxal muscle (15), on the face of 

the anterior apodeme of tergum nine. 	It is inserted on 

the dorsal edge of the second gonocoxal apodeme. 

Muscle 14. Ventral Tergo-gonocoxal Muscle (Fig. 2.5).  

The muscle is subdivided into an internal ventral 

tergo-gonocoxal muscle (14a) and an external ventral 

tergo-gonocoxal muscle (14b). 

• 
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Muscle 14a. Internal Ventral Tergo-gonocoxal Muscle  

(Figs. 2.2, 2.5).  

The origin is on the sclerotised ventral angle of tergum 

nine, broadening as it passes dorsally to its insertion 

on the inner face of the second gonocoxal apodeme. 

Muscle 14b. External Ventral Tergo-gonocoxal Muscle 

(not shown). 

The muscle is similar to 14a but originates on the face 

of tergum nine above the origin of 14a and is inserted 

on the outer face of the second gonocoxal apodeme. 

Muscle 15. 	Anterior Tergo-gonocoxal Muscle (Figs. 2.2,  

2.3, 2.4).  

The origin is on the dorsal region of the anterior 

apodeme of segment nine. It narrows as it passes 
ventrally and posteriorly to its insertion on the anteriorly 

directed apodeme at the base of the second gonocoxal 
band. 

Muscle 16. 	Tergal Anterior Intervalvular Muscle  

(Figs. 2.2, 2.3).  

The origin is on the anterior apodeme on tergum nine 

and ventral to the origin of the anterior tergo-gonocoxal 

muscle (15). 	The muscle passes ventrally and posteriorly, 

internal to muscle 15, to its insertion on the dorsal 
face of the anteriorly directed apodeme of the anterior 

intervalvula'. 

Muscle 17. Gonangulum-posterior Intervalvular Muscle 

(Figs. 2.2, 2.3, 2.7).  

A broad transverse muscle. The origin is on the face of the 
gonangulum and the anterior face of the gonangulum apodeme. 

The muscle passes medially and is inserted on the lateral 
face of the median apodeme of the posterior intervalvula. 
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Muscle 18. 	Gonangulum-pleural Muscle (Fig. 2.2).  

The origin of the muscle is on the posterior face of 
the gonangulum apodeme. The muscle passes dorsally and 

posteriorly, and is inserted on the pleural membrane just 

below the base of the cercus. 	It is not involved in the 

movement of the ovipositor but in the orientation of the 

cercus. 

Muscle 19. 	Gonocoxal-gonapophyseal Muscle (Figs. 2.3,  

2.4, 2.6, 2.7).  

The origin is on the posterior face of the second 

gonapophyseal sulcus and in some specimens is also on 
the face of the gonoplac at its base. 	It is a broad 

muscle which passes posteriorly to insert over a wide area 

covering the dorsal edge of the ventral ramus, the anterior 

margin and the ventral edge of the dorsal ramus, of the 

second gonapophysis. 



• 

Fig.2.2 Lateral view of the musculature of the 
genital segments, M. roeselii. 
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2gc apodeme 

gonangulum 

2gc band 

16 
aiv._i 

2gp ventral ramus 

Fig.2.3. Lateral view of the musculature the ninth tergite 

and gonangulum. 

Fig.2.4. Lateral view of the musculature of the second gono-

coxa and second gonopophysis. 



Fig.2.5. Lateral view of segments eight and nine 

with muscles 12, 15 and 16 removed. 

2gp. 

aiv 

Fig.2.6. Dorsal view of the gonocoxal-gonopo-
physeal muscle, (19). 
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Fig.2.7. Lateral view of the musculature of the 
genital segments, Metriopteraroeselii. 

Fig.2.8. Lateral view of the musculature of the 
genital segments, Pholidoptera griseoaptera. 



Fig.2.9.Lateral view of the musculature of the 
genital segments, Conocephalus dorsalis. 

2 

Fig.2.10.Lateral view of the musculature of the 
genital segments, Meconema thalassinum. 



• 

Fig.2.11. Lateral view of the musculature of the 
second gonocoxa and the intervalvulae. 

12 

Fig.2.12. Lateral view of the gonocoxal-gonapop-
hyseal muscle, (19). 



TABLE 2.1 Summary of the Origins and Insertions of the  

Genital Muscles. M. roeselii  

Ovipositor Structure Origin Insertion 

First gonocoxa (first 
gonapophysis) 

Tergo-gonapophyseal 
muscle 	(12) 

Second gonocoxa Gonocoxal- 
gonapophyseal 

muscle 	(19) 

2Dorsal tergo-gonocoxal 
muscle (13) 

Ventral inner and outer 
tergo-gonocoxal muscle 
(14) 

Anterior tergo-gonocoxal 
muscle (15) 

Gonangulum Gonangulum-posterior 
intervalvular muscle 
(17) 

Gonangulum-pleural 
muscle (18) 

Posterior intervalvula Gonangulum-posterior 
intervalvular muscle (17) 

Anterior intervalvula Tergal-anterior 
intervalvular muscle (16) 

Second gonapophysis 
• 

Gonocoxal-gonapophyseal 
muscle 	(19) 

Gonoplac Gonocoxal- 
gonapophyseal 

muscle (19) - in some 
specimens 

Genital chamber Posterior latero- 
sternal muscle 108  

Longitudinal sternal 
muscle 117  

• 



TABLE 2.2 A Comparative Table of the Musculature of the Five Species  

Muscle M.roeselii P.griseoaptera 	t C.dorsalis L.punctatissima M.thalassinum 

Segment 7 Origin on anterior 
lateral region of 
St 
7' 
 Insertion on 

lateral  anterior 
area of roof of gch. 
Passes over base of 
lateral oviduct. 

Similar to M.r. 
insertion more 
posterior in front of 
opening of 
spermathecal duct. 
Muscle, broad. 

Similar to M•r• 
insertion more 
lateral. Muscle, 
narrow. 

Similar to M.r. 
insertion anterior to 
spermathecal duct, 
insertion very broad. 

Similar to M.r. 
insertion more 
lateral, broad. Longitudina. 

- sternal 

Segment 8 Divided into two 
blocks laterally, 
Origin on face and 
oblique ridge t8, 
Inserted on 
external face t9  
apodeme. 

Similar toM.r. ventral 
block broader, 
extends further 
ventrally. 

Dorsal 	block more 
oblique. Origin on 
face t 	not on 
ridge.81nsertion as 
M.r. 

Muscle single block, 
similar to preceding 
segments. 

Muscle single block, 
similar to 
preceding segments. Longitudina_ 

— 
teral 
muscle 1 

8 

Anterior 
tergo- 
sternal 
muscle 28.  

Origin on ventral 
section t8  apodeme 
passes ventrally. 
Insertion on 
anterior 
latero-sternite 
(Fig. 	2.7). 

Similar to M.raniscle 
narrower. 

Similar to M.r. 
muscle shorter, 
narrower. 

Similar toM.r. muscle 
shorter, narrower. 

Similar to lt.r. 
muscle narrower. 

Posterior 
tergo- 
sternal 
muscle 38. 

Origin ventral on 
face t, external 
to 18.

8  Insertion on 
posterior 
latero-sternite. 

Similar toM.r. muscle 
broader. 

Similar to M.r.;  
muscle broader, 

As M.r. Present, muscle 
narrow, displaced 
anteriorly. 
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TABLE 2.2 A Comparative Table of the Musculature of the Five Species Contd. 

Muscle M.roeselii P.griseoaptera 	+ C.dorsalis L.punctatissima M.talassinum 	+ 

Spiracular 
dilator 
muscle 58.  

Origin on anterior 
latero-sternite, 
insertion on 
spiracular 
apophysis. 

As M.r. As M.r. As M.r. As M.r. 

Spiracular 
occulsor 
muscle 68.  

Origin on pleural 
membrane. Insertion. 
on closing valve of 
spiracular. 

As M.r. As M.r. 

. 

As M.r. AsM.r. 

Anterior 
Longitudinal 
sternal 
muscle 78.  

Absent Absent Absent Absent Absent 

Transverse 
sternal 
muscle 88,  

Origin on anterior 
latero-sternite of 
one side. Insertion 
on same sclerite 
of other side. 
Passes dorsal to 
gch. 	. 

As M.r. As..M.r. As M.r. As M.r. 

Anterior 
latero-
sternal 
muscle 98.  

Absent Absent Absent Absent Absent 
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TABLE 2.2 ,A Comparative Table of the Musculature of the Five Species Contd. 

Muscle M.roeselii P. griseoaptera 	1 C.dorsalis L.punctatissima M.thalassinum 

Posterior 
latero- 
sternal 
muscle 108.  

Origin on posterior 
latero-sternite. 
Insertion_on roof 
gch. lateral to 
opening spermathecal 
duct. 

As M.r. As M.r. Similar to M•r•Insertion 
antero-lateral to 
spermathecal 	duct. 

As M.r. 

Inner 
longitudinal 
sternal 
muscle 118.  

Absent Absent Absent Absent Absent 

Tergo- 
gonapophsea_edge 
muscle 12_ 

Origin on anterior 
B. Passes 

posterio-ventrally. 
Inserted on sclerite 
in (lgcx.) membrane 
at base of lgp.- 

Similar to M.r.but on 
sclerite 	(lgcx.) 
base of lgp. medially, 
near gch. 

Similar to M.r. 
insertion more 
posterior on 
sclerite (lgcx.) 
in base lgp. 

Similar to M.r.insertion 
on sclerite (lgcx.) in 
base lgp. 

- 

Similar to M.r. 
insertion on 
sclerite (lgcx.) in 
base lgp. 

Segment Origin on face t.9  
insertion on 

margin tin.
Confined to dorsa  
region. 

As M.r. As M.r. As M.r. As M.r. 
Nine 
Longitudina_anterior 
tergal 
muscle 19.  
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Muscle M.roeselii P.griseoaptera 	1 C.dorsalis L.punctatissima M.thalassinum 

Anterior 
tergo- 
sternal 
muscle 29.  

Origin, extreme 
ventral margin t9  
apodeme, passes 
ventrally, insertion 
on pleural membrane, 
lateral to base of 
lgp. 

Origin similar to M.r. 
Insertion at base of 
Sgp. where its reflexed 
face and pleural 
membrane fuse. 

Origin similar to 
M.r.but much 
broader on lateral 
edge, external face 
lgp. 

As M.r. Similar to M.r.but 
broader. 

Muscles 
3'-;11 
inclusive 

Absent Absent Absent Absent Absent 

Dorsal 
tergo - 
gonocoxal 
muscle 13. 

Origin on extreme 
dorsal 	area t9 
apodeme passes 
ventro-posteriorly. 
Insertion on 
external 	face 2gcx. 
apodeme. 
(Fig. 	2.7). 

Similar to M.r'.origin 
onto  apodeme and face 
t
9' 

Insertion as M.r. 

(Fig. 	2.8) 

Similar to M.r. 
origin onto 

 
apodeme and face 
t
9' 

 

(Fig. 	2.9) 

Similar to M.r.origin 
ont 9  apodeme and face 
t 	Insertion on 
dorso-lateral face of 
2gcx.apodeme. 2gcx 
apodeme twisted through 
9Ō therefore lateral 
face = dorso-lateral 
face. 
(Fig.2.lO) . 

Similar to M.r. 
origin on t.9  
apodeme and face of 
t
9' 
 Insertion on 

anterior end and 
dorsal 	edge 2gcx. 
apodeme. 
(Fig. 	2.11). 

Inner 
ventral 
tergo- 
gonocoxal 
muscle 14a. 

Origin on ventral 
angle t o. Passes 
dorsally. Inserted 
on inner face 2gcx. 
apodeme. 
(Fig. 	2.7). 

Similar to M.r.Origin 
broad, on ventral 
region t9  apodeme, 
posterior face and 
ventral angle t9. 
(Fig. 2.8). Insertion 
as M•r• 

As 0.r. 

(Fig. 	2.9). 

Similar to M.r.on 
ventral face apodeme 
(see 13). 

(Fig. 	2.11). 

Similar to M.:. 
Origin includes 
short extension 
along ventral region 
anterior margin t9. 
Insertion more 	

9 

posterior on 
apodeme. 
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Muscle M.roeselii P.griseoaptera C.dorsalis L.punctatissima M.thalassinum 

Outer 
ventral 
tergo- 
gonocoxal 
muscle 14b. 

Origin on face t'9  
dorsal to 14a,rūns, 
parallel with 14a. 
Insertion on 
anterior end 
external face 2gp. 
apodeme. 

As M.r. As M.r. Similar toM.r. Common 
origin with 14a. 

Similar to M.r. 
Common origin with 
14a. 

Anterior 
tergo- 
gonocoxal 
muscle 15. 

Origin on dorsal 
region t9  apodeme. 
Insertion on
apodeme at base 
2gcx. band. Origin 
internal to origin 
14 a and b. 
(Fig. 	2.7). 

As M.r. 

(Fig. 	2.8). 

As M.r. 

(Fig. 	2.9). 

Similar to M.r.Insertion 
on dorsal face 2gcx. 
sulcus. 

(Fig. 	2.12.). 

As  M.r.. 

(Fig. 	2.10). 

Tergo- 
anterior 
inter- 
valvular 
muscle 16. 

Orig'.n on to  
apodeme ventral to 
29.  Passes 
posterio-ventrally. 
Insertion anterior 
lateral apodeme of 
aiv. 
(Fig. 	2.7). 

As M.r. 

(Fig. 	2.8). 

Similar to M.r. 
muscle longer 
since aiv. is more 
posterior than in 
M.r. 

(Fig. 	2.9). 

As M.r. 

(Fig. 	2.11). 

Similar to M.r. 
Insertion on whole 
of anterior face 
aiv. 

(Fig. 	2.10). 
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TABLE 2.2 A Comparative Table of the Musculature of the Five Species Contd. 

Muscle  M.thalassinum 

Gonangulum 
posterior 
inter- 
valvular 
muscle 17. 

Origin on face of 
ga. and ga. apodeme. 
Insertion on ventral 
face ventral 
apodeme piv. 
(Fig. 	2.7) . 

As M.r. 

(Fig. 	2.8) . 

As M.r. 

(Fig. 	2.9) . 

Similar to M.r.Piv. has 
narrow apodeme insertior 
also on ventral face 
of piv. 

(Fig. 	2.11) . 

As M.r. 

(Fig. 	2.10) . 

Gonangulum 
pleural 
muscle 18. 

Origin on posterior 
face ga. apodeme. 
Insertion on 
pleuron below cercus 

As M.r. As M.r. As M.r. As M.r. 

Gonocoxal-- 
gona- 
pophyseal 
muscle 19. 

Origin on posterior 
face 2gcx. band 
sulcus. Passes 
postero-medially. 
Insertion on 
lateral anterior 
edge 2gp. ventral 
margin dorsal ramus 
2gp. 	and ventral 
ramus 2gp. 
(Fig. 	2.7) . 

Similar to M.r.Origin 
on face gpl. in 
addition to 2gcx. 
band. 

(Fig. 	2.8) . 

Similar to M.r. 
Origin on face 
gpl. in addition 
to 2gcx. band. 
Insertion similar 
to.M.r.not on 
ventral ramus. 

(Fig. 	2.9) . 

Origin or dorsal and 
ventral faces, 
horizontal sulcus of 
fused 2gcx. and gpl. 
Insertion as M.r. 

(Fig. 	2.12) . 

Similar to M.r. 
Insertion on 
anterior lateral 
face 2gp.and 
lateral face dorsal 
ramus 2gp. 

(Fig. 	2.])O) . 
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2.5 General Abdominal Movements  

During any movement involving the ovipositor the abdomen 

is first curved so that the ovipositor is approximately 

positioned above the substrate. 

Dorso-ventral curvature of the abdomen in oviposition 

or cleaning is caused by contraction of longitudinal 

muscles 1, 7 and 11. 	On contraction of muscles 7 and 11 

and simultaneous relaxation of muscle 1 the abdomen is 

directed ventrally. 	Reversal of the procedure returns 

the abdomen to its normal horizontal position. 

Lateral movement of the abdomen is caused by the 
simultaneous contraction of muscles 1, 7 and 11 on one 
side only, the muscles of the opposite side remaining 
relaxed. Thus dorso-ventral and lateral movements of the 

ovipositor are caused by antagonistic pairs of muscles. ' 
The pumping of the abdomen in respiration and particularly 

during oviposition is caused by dorso-ventral muscles 
2, 3, 4, 9 and 10, contracting and causing a compression 

of the haemocoel. 	The haemocoel is returned to its normal 

size by the relaxation of the dorso-ventral muscles. 	The 

spiracular dilator (muscle 5) opens the spiracle, the 

spiracular occulsor (muscle 6) closes the spiracle. 
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2.6 Function of the Genital Musculature in 

M. roeselii  

Segment Seven 

Muscle 117. Longitudinal Sternal Muscle (Fig. 2.2).  

Origin: St7 	Insertion: roof gch. 

The primary function of the longitudinal muscle is 
to oppose the contraction of the muscular walls of the 

genital chamber. When the walls of the genital chamber 

contract a decrease in volume occurs and eggs are forced 

from the chamber into the base of the ovipositor. 
The contraction of the longitudinal muscle brings about an 

extension of the genital chamber to its original shape 
after egg deposition. This enables the next egg to enter 

the genital chamber from the lateral oviduct. The 

secondary function of the muscle is to prevent the egg 

in the genital chamber returning to the oviduct when the 

chamber contracts. The muscle performs this by 

maintaining adequate tone to flatten the lateral oviduct, 

over which it passes. 

Segment Eight 

Muscle 18. 	Longitudinal Tergal Muscle (Figs. 2.6, 2.7).  

Origin: Face T8. 
Insertion: Anterior apodeme T9. 

The dorsal block of the muscle causes the retraction of 

the ninth tergum beneath the eighth, which is the normal 

function of the longitudinal tergal muscle. The lateral 

blocks maintain a degree of tone which prevents the 

anterior apodeme from moving when the tergo-gonocoxal 

(13, 14, 15) and the tergo-anterior intervalvular (16) 
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muscles contract. The oblique angle of the muscle and its 

subdivision into these blocks facilitate these functions. 

Muscle 28. Anterior Tergo-sternal Muscle (Figs.2.2, 2.5, 2.7). 

This muscle has no special function related to oviposition. 

Muscle 38. Posterior Tergo-sternal Muscle (Figs. 2.5, 2.7). 

Origin: Face T8  

Insertion: On posterior latero-sternite 

The muscle maintains the relative dorso-ventral position of 

the posterior latero-sternite, when the posterior latero-

sternal muscle (IO) contracts, enabling IO to alter the 

volume of the genital chamber. 

Muscle IO8. Posterior Latero-sternal Muscle (Figs. 2.2,2.7). 

Origin: Roof of gch 

Insertion: Posterior Latero-sternite 

This muscle in conjunction with muscle 117  causes the 

resumption of the normal volume of the genital chamber, after 

egg deposition has occured, by raising the roof of the 

genital chamber. 

Muscle I2. Tergo-gonapophyseal Muscle (Fig.2.2). 

Origin: Anterior apodeme T8. 

Insertion: Sclerite in base Igp. 

The longitudinal tergal muscle (I) of segment seven 
maintains the relative position of the anterior apodeme of 

segment eight while the tergo-gonapophyseal muscle (I2) 

contracts. When the contraction of I2 is unaccompanied by 

that of 15 and 16, anterior movement of the first gonapophysis 

results. Although the muscle is directed dorso-anteriorly, 

the valve cannot move in the vertical plane because of its 

connection with the gonoplac, and the valves', fusion with 

the gonangulum. Anterior movement is possible because the 

valve can slide along the tongue and groove mechanism and 

because the gonangulum pivots about its dorsal articulation 

with the second gonocoxa, pushing the ninth tergum forwards 

because of the gonangulum's articulation with the tergum. 

The ninth tergum is also contracted beneath the eighth by 

it longitudinal moanle, T,1. When 
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12 and 18  are contracted the first gonapophysis and ninth 

tergum are under tension so that when 12 and 18  relax, 

they return to the original position. These movements 
of the first gonapophysis result in the sawing action 

which facilitates penetration of the substrate during 

oviposition. 

When the tergo-gonapophyseal muscle, 12 acts in unison 

with 15 and 16, antero-dorsal movement of the base of 
the ovipositor occurs resulting in the ovipositor being 

directed ventrally. Ventral movement of the first 
gonapophysis is possible because the gonangulum thrusts 

against its articulation with the ninth tergum, tilting 

the posterior angle of the gonangulum ventrally, while 
at the same time the gonoplac is directed ventrally, 

thus the two obstructions to ventral movement of the first 

gonapophysis are removed. 

Segment Nine  

Muscle 13. 	Dorsal Tergo-gonocoxal Muscle (Figs. 2.2, 2.3, 

2.4, 2.5, 2.7).  

Origin: Anterior apodeme T9. 

Insertion: Dorsal edge 2gcx. 

The primary function is to assist 12, 15 and 16 in 

depressing the gonoplac by elevating the second gonocoxal 

apodeme. This action-pivots the second gonocoxa about 

the gonangulum and hence diverts the gonoplac ventrally. 

The secondary function of 13 is to orientate the ovipositor 

laterally. When contracted 13 tends to move the gonocoxa 
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towards the face of the ninth tergite. If the muscles 

(13) on both sides of the ovipositor are contracted 

simultaneously, no net lateral movement results but the 

gonoplacs are pressed against one another. If the muscle 

of one side should contract more than that of the other, 
the gonocoxa will rotate about its articulation with the 

gonangulum and the gonoplac will move away from the side 

on which the muscle is most contracted. The first and 

second gonapophyses of the latter side must follow the 

gonoplac simultaneously by virtue of the tongue and 

groove joint, while the valves of the opposite side are 

pushed over by the 'active' valves. 

Muscles 14a and 14b. The Ventral Tergo-gonocoxal Muscle 
(Figs. 2,2, 2.3, 2.4, 2.5, 2.7).  

Origin: Ventral region T9. 
Insertion: Face of 2 gcx.apodeme. 

The contraction of muscles 14a and b opposes the action of 

12, 13, 15 and 16, by lowering the second gonocoxal 

apodeme and so raising the gonoplac. The first and second 

gonapophyses are raised simultaneously by virtue of the 

tongue and groove mechanism. This brings the ovipositor 

back to its resting position. 

Muscle 15. 	Anterior Tergo-gonocoxal Muscle (Figs. 2.2,  

2.3, 2.4, 2.7).  

Origin: T9  apodeme Insertion: Base 2gcx. band 

The origin of the muscle is held in position by the 

longitudinal tergal muscle 18. Contraction of 15 causes 

the blades of the gonoplac and second gonapophysis to be 
lowered. This occurs because when 15 contracts it moves 

the base of the second gonocoxal band dorso-anteriorly. 

This in turn causes the second gonocoxa to pivot on the 

dorsal gonangulum articulation, raising the second gonocoxa 

and so depressing the gonoplac. The raising of the base of 
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the second gonocoxal band also elevates the anterior 

intervalvula assisted by the action of 16. As the 

anterior intervalvula is raised so are the ventral rami 

of the second gonapophyses. Simultaneously the dorsal 

ramus moves postero-ventrally by the movement of the 

posterior intervalvula which is fused to the gonoplac. 

This occurs in conjunction with the movement of the first 

gonapophysis caused by 12 and results in all three pairs 

of ovipositor valves being depressed. 

Muscle 16. 	Tergo-anterior Intervalvular Muscle (Figs.  

2.2, 2.3).  

Origin: T9  apodeme 

Insertion: Anterior face/apodeme of aiv. 

This muscle raises the anterior intervalvula in conjunction 

with muscle 15. This raises the base of the second 

gonapophyses (see above) causing the ovipositor valves 

to be lowered. 

Muscle 17. Gonangulum-posterior Intervalvular Muscle 

(Figs. 2.2, 2.3, 2.7).  

Origin: Face of ga. Insertion: lateral face piv. 

When muscle 17 contracts the posterior intervalvula is 

pulled forwards forcing the gonoplac forwards, since 

the posterior intervalvula and gonoplac are fused. This 

in turn pulls the dorsal corner of the gonangulum 

forwards because of the gonangulum's articulation with 

the second gonocoxa. The antero-ventral corner of the 

gonangulum pivots about its articulation with tergum 

nine. Muscle 18  relaxes as muscle 17 contracts and the 

ninth tergum moves posteriorly forcing the ventral margin 

of the gonangulum back. This in turn pushes the first 

gonapophysis backwards because of the first gonapophysis' 

fusion with the ventral margin of the gonangulum. Hence 

the gonoplac moves forwards as the first gonopophysis 

moves back. When muscle 17 relaxes and muscles 118  and 12 

contract the gonoplac moves posteriorly while the first 
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gonapophysis moves anteriorly. 	This provides the vigorous 

sawing action which occurs during the first phase of 

substrate penetration. 

Muscle 19. 	Gonocoxal-gonapophyseal Muscle (Figs. 2.3,  

2.4, 2.6, 2.7).  

Origin : Posterior margin 2gcx. band. 

Insertion : Rami and anterior margin 2gp. 

On contraction of 19 the second gonapophysis is pulled 

anteriorly, sliding along the tongue and groove joint 

independentally of the first gonapophysis and gonoplac. 

The dorsal and ventral rami of the second gonapophysis 
are thrust against the posterior and anterior intervalvulae 

respectively. 	The joints of the rami with the intervalvulae 

are cushioned with pads of rubber-like material and these 

are compressed by the rami. When the muscle relaxes the 

pads are restored to their 'normal' shape, forcing the 

second gonapophysis posteriorly. 	This slight antero- 

posterior movement facilitates the passage of the egg along 

the ovipositor. 
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2.7 Discussion 

As has been shown there are eleven abdominal muscles 

found in each pregenital segment and apart from variations 
in relative size of these muscles between species, they 

are similar in the species studied. 

Within the genital segments there are eight specialised 

muscles associated with the ovipositor, in addition to 

some of the pregenital muscles. 	The muscles from pregenital 

segments may either be in their 'typical' form or have 

modified origins or insertions. Differences within the 

five species are again ones of relative size and 

occasionally slight positional alterations. 

It is possible to demonstrate the homologies of some of 
the genital muscles with the pregenital muscles based upon 

the homologies of the basal sclerites to which the genital 

muscles are attached. 

The latero-sternites are derived from the lateral region 

of the coxosternum, as are the gonocoxae. 	It is therefore 

possible that the tergo-gonapophyseal muscle (12) which 

is inserted on the membraneous base of the first gonapophysis 

or the sclerite (lgcx.) in the base of the first gonapophysis 

represents a tergo-sternal muscle of segment eight. 	The 

tergo-gonocoxal muscles (13, 14 and 15) of segment nine 

may also represent modified tergo-sternal muscles, their 

insertions being moved from the latero-sternite to the second 

gonocoxa. 	Ford (1923) did not consider 12 to represent a 

tergo-sternal muscle but a highly modified transverse 

sternal muscle. 	This suggestion arose because she 

considered the insertion to be on the subgenital plate 
(sternum eight) and not on the first gonapophysis ( or first 

gonocoxa) and that the origin had moved from the latero- 

s terni te to the tergite. 	This migration does not occur 

in the ninth segment and would, therefore, seem to be unlikely. 
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Ford does state, however, that 13 (tertiary tergo-sternal 

muscle) and 15 (secondary tergo-sternal muscle) are tergo- 

sternal muscles. 	Muscle 14, is also, by the same reasoning, 

a tergo-sternal muscle, although Ford does not describe a 
muscle corresponding to it. Muscle 16 may also represent an 

inner tergo-sternal muscle (Ford) since the anterior 

intervalvula on which it is inserted develops from the 

nymphal ninth sternum. Muscle 17, the gonangulum-posterior 

intervalvular muscle is attached to lateral derivative of 

the ninth sternum (gonangulum) and a median derivative 
of the sternum (posterior intervalvula) and so could well 

be a modified latero-sternal muscle. 	Muscle 13 does not 

appear to have a homologue in the pregenital segments. 

Ford (1923) records that her equivalent to 9, (referred to 

as lateral outer sternal muscle) is inserted on the lateral 

oviduct and not on the latero-sternite. 	However, in all 

species examined 97  was typical in its position. 	Ford 

also describes two muscles in C. fasciatus which were 

absent in the species examined, these muscles were 

referred to as the transverse basivalvular muscle and 

the muscle of the subgenital plate. 	Ander's (1939) 

description of the musculature agrees with that of Ford 

except for a discussion of the primitive condition 

which is not relevant here. 

The functional significance of the variation in size and 
position of the muscles in different species will be 

discussed in the section containing the function of the 

ovipositor. 
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Section 3. Surface Structures on the Ovipositor of the  

Tettigoniidae  

3.1 Introduction 

The detailed gross morphology of the ovipositor has been 

described in some representatives of most insect groups, 
however, the fine structure of the surface of the ovipositor 

valves and the sensilla present on them has largely been 
neglected. 

Smith (1972) described annuli (which crossed the faces of 

the valves) of Euura sp. (Hymenoptera : Tenthedinidae) but 

he did not describe any other types of surface sculpturing. 

In the Raphidiodea the internal faces of the ovipositor 

valves have complex comb-like structures which are 

posteriorly directed and which assist in the transport of 
the egg down the ovipositor (Mickoleit 1973). 	Similar 

comb-like structures are found in the Homoptera, in 

addition to rasping structures on the external faces of 

the first and second gonapophyses. (Capel-Williams 1978). 

Sellier (1971) and Igelmund (1979) have both described 

complex surface sculpturing in the Gryllidae and LeRoy 

(1969, 1970) has listed some types of surface sculpturing 

found on the ovipositor of certain European species of 
Tettigoniidae. 	In all of these cases the authors have 

stated that the surface sculpturing has one of two functions, 

either assisting in substrate penetration or in the 

passage of the egg along the ovipositor, the precise 

function varying according to the position of the 

sculpturing. 

Sensory structures have been found on many types of 

ovipositor. Hooper et al (1972) has described both mechano-

receptors and chemoreceptors on the ovipositor of the face 

fly, Musca autumnalis DeGeer. 	In the parasitic 
Hymenoptera there have been a number of studies, King 

and Raf'ai (1970) described the presence of, what they 

considered to be, tactile setae and also chemoreceptor 

"pores", the latter being membrane covered depressions on 
the first gonatophysi s (curl etc) of Na  son i  a  tri tri,'. er nis  

Walker. 	King and Fordy (1970) described the presence ' 
of thick walled chemoreceptors of variable form in several 
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species of Hymenoptera. 	In Venturia (Devorgilla)  

canescens (Gravenhorst), Ganesalingam (1972) described 

the presence of chemoreceptors on both the first 

(ventral) and second (dorsal) gonapophyses, although the 

highest density per unit area was found on the dorsal 

valve. 	Smith (1972) demonstrated the presence of 

various sensilla on the ovipositor of Euura including 

campaniform sensilla on the olistheter, rachides, anuli 

and teeth of the gonapophysis, basiconic sensilla on 

the gonoplac (gonostylus) and (trichogenous) tactile 

setae on the gonangulum (gonocoxa), gonoplac and mesal 

faces of the gonapophysis. 	Hawke (1973) described 

dome-shaped chemoreceptive sensilla and two types of 

campaniform sensilla on the surface of the valves of 
Orgillus lepidus Muesebeck. 	In the Homoptera Capel- 

Williams (1978) demonstrated the presence of a number 

of types of sensilla on the first and second gonapophyses 

of G. fennahi, Ulopa reticulata (Fabricius) and Macropsis  
scutellata (Boheman). 	It is surprising that there have 

been only a few studies in the Orthoptera. In the 
Gryllidae, Sellier (1971) has described both mechanoreceptors 

and chemoreceptors on the internal and external faces 

of the first gonapophysis and gonoplac. LeRoy (1970) 

mentioned the presence of sensilla on the ovipositor of 
the Tettigoniidae but did not describe their morphology 

or distribution. 

In the present study the external and internal faces of 

the ovipositor valves of the five selected species are 

described and compared. The range of types of surface 
sculpturing and sensilla present are first described. 

These sensilla are defined on morphological grounds 
from their external appearance as observed by scanning 

electron microscopy. 	It was outside the scope of the 

present study to investigate their ultrastructure or 

innervation. 	The functions of each type of sensilla 

is therefore discussed in relation to sensilla of known 

function from other insects and also upon their relative 

position on the ovipositor. 	Measurements of the sensilla 

were derived from plates taken on the scanning electron 

microscope. 	Each plate is provided with a marker 
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representing the measurement given in the corresponding 
caption. 	In the description the valves are described 
in order and related to their function in oviposition. 

The function of the valves is discussed (page 214), the 
external faces of the first gonapophyses and gonoplac 

are concerned with substrate testing and penetration; 

the external face of the second gonapophysis with smooth 

movement over the gonoplac; the internal faces of all 

three valves with the passage of the egg along the 
ovipositor. 	The valves are therefore described in the 
following order: 

	

1. 	External Faces 

a) First Gonapophysis 

b) Gonoplac 

c) Second Gonapophysis 

	

2. 	Internal Faces  
a) First Gonapophysis 

b) Second Gonapophysis 
c) Gonoplac 

The face of each valve is described, from tip to base, 

and then the ventral and dorsal margins. The dorsal 

margins of the first gonapophysis forms the aulax, which 

is composed of three ridges separated by two deep channels. 

The ridges are termed outer, middle and inner and are 

described in turn. The ventral margins of the second 

gonapophysis and gonoplac are both modified to form 
rachides which extend from just behind the tip of the 

valves to the base. 	The rachis is absent on the basal 
section of the blade as is the aulax. 	The rachis is 

normally a narrow rounded ridge separated from the rest 

of the face of the valve by a curved section of cuticle 

forming a ridge on the external fade of the valve and a 
channel on the internal face. 

The distribution of sensilla on the surface of the valves 

has been described in two different ways according to 
their density. 	On the external faces of the first 

gonapophyses and gonoplac a number of types of sensilla 
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are present, The main density per unit area for each 

type of sensilla is normally high and is given in Table 

3.1, for each species. 	The density of sensilla on the 
other faces of the valves is normally very low and many 

types of sensilla may be absent. 	In these cases the 

sensilla which are present are described in the relevant 

section of the general description of surface structures 

for each species. 

A general discussion of the function of the various types 

of surface sculpturing and sensilla is included. A 

more detailed discussion of the function of the surface 

structures in relation to oviposition will be included 

in the discussion of the functioning of the ovipositor. 
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3.2 Materials and Methods 

Last instar females, approximately one day before the 

final moult, were placed individually in clean cages 
and provided with water but no food. This prevented 

the adult ovipositors valves from becoming soiled. 

After moulting the females were left for two days to 

allow the cuticle to harden before they were killed 

with CO2. The terminal segments of the abdomen were 

removed and the ovipositor valves dissected from the 

basal sclerites. 	The valves were washed twice in 

distilled dionised water. 	Initially some valves were 

placed in an ultrasonic bath for further cleaning, but 

it was found that this dislodged or broke many of the 
sensory structures, and subsequent specimens were not 

treated in this way. 

The valves were dehydrated in 35%,  50%, 70%, 90% and 

finally two changes of 100% acetone (10 minutes in each 

dilution) followed by dewa,xing for 24 hours in 1 : 1 

chloroform; methanol. 	This also served to fix the 

material. 	The valves were washed three times in 100% 

acetone and dried using a critical point dryer with 

liquid carbon dioxide. After drying, specimens for 

examination by the Cambridge stereoscan,. Type 96113 

Mark 2a were mounted on half inch aluminium stubs using 

double sided sellotape as an adhesive. 	Two specimens 

were mounted on each stub, the internal and external 

face of a particular valve being uppermost per stub. 

Specimens for examination by the Jeol Temscan were 

mounted on elongate brass holders using rapid Araldite 

as an adhesive. Again the internal and external faces 

of a valve were mounted on one stub. All specimens were 

then coated with gold by a Polaron 5000 (2 minutes, 40mV). 

All specimens were initially examined using a Cambridge 

Stereoscan IIa scanning electron microscope with an 
accelerating voltage of 10kV. 	The number of sensilla 
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on the surface of the valves were counted at a 

magnification of x 500, the area of the screen being 

used as a unit area representing 0.21mm2. 	The numbers 

per unit area were tabulated and an average density for 

each region obtained from as many replicates as possible 
where the number of replicates is N. 	Some species 

were also observed in the Jeol Temscan in scanning mode 
with an accelerating voltage of 40 KV, this enabled some 

high magnification examinations of sensilla to be made. 
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3.3 Surface Scul•turin_ on the Ovipositor Valves 

The external and internal faces of the ovipositor 

valves are mainly covered, though to variable degrees, 

by surface sculpturing. 	Some generally small regions, 

notably the extreme tip of most valves (Plate 1) and 

some parts of the rachides (Plate 2) and aulax are smooth, 

but these areas are exceptional. 

The types of surface sculpturing may be divided into 

four categories. 

(i) Ridges 

(ii) Flat plates 
(iii) Overlapping plates 

(iv) Microtrichia (single or multiple 
non-articulated spines). 

Some of these categories may be further sub-divided 
for convenience although the various types may gradually 

merge into each other. 

Type (i) Ridges (Plate 3) 

Simple ridges are not commonly found, only 

being observed on the external face of the 

first gonapophysis of L. punctatissima near 

the tip. 	However, pectinate or toothed 

ridges are common, particularly in transition 

areas between one type of plate sculpturing 

and another. Each ridge forms a shallow, 

normally convex arc which gives rise to 

elongate unidirectional spines (pectines) 

lying horizontally over the surface of the 

valve and thus an irregular fringe (Plate 3). 

Type (ii) Flat plates (Plates 4,5,6) 
Most of the surface of the valves is divided 

into discreet blocks of cuticle, (Capel-

Williams 1978) possibly reflecting the structure 

of the underlying epicuticle although it was 

not possible to demonstrate this. 	The flat 



Plate 1. First Gonapophysis, internal face, tip. 
L. punctatissima. 	Scale 401u 

 

Plate 2. 	Second Gonapophysis, internal face, ventral margin 
(rachis). P.griseoantera.  Scale 18lu 



Plate 3. 	First Gonapophysis, internal face, tip. 
L. punctatissima. Scale 9.1 iu 

Plate 4. 	First Gonapophysis, external face, mid region. 
L. ounctatissima. Scale 10 
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plates are normally trapezoidal or hexagonal 

with plain margins, these may be faintly 

outlined (Plate 4), or clearly separated by 
channels (Plate 5). 	There are also 

transitional plates between types (i) and (ii) 

which do not overlap each other but have one 

or two margins more clearly defined than the 

other and therefore appear to be directional. 

(Plate 6). 

Type (iii) Overlapping plates, 
The overlapping plates cover much of the 

surface of the valves and exhibit the greatest 

degree of variation. 	The plates are again 

formed by discreet blocks of cuticle, with 
either one or two edges or an angle of one 

plate overlapping an adjacent plate. 	In a 

particular region of a valve all the plates 

overlap in the same direction. Here the 

overlapping section of the plate is termed 

the leading section and, the direction in 

which it points, the direction of the plate. 

The orientation of the plates is closely 

related to their function which is discussed 

in detail in a following section. 

The overlapping plates fall into five main 

morphological forms, with some intermediates 

occurring between them. 

(a) Simple (Plates 7, 8) 
Each plate is quadrilateral, with 

straight simple margins, closely 

resembling reptile scales in general 

appearance (Plate 7). 	The individual 

plates may become elongate but are still 

clearly quadrilateral (Plate 8). 	These 

plates are normally parallel with, or 

at right angles to, the margins of the 

valves. 



Plate 5. 	First Gonapophysis, external face, base. 
P. griseoaptera. Scale 9.1 

SI* 

Plate 6. 	First Gonapophysis, external face, proximal outer ridge 
of aulax. P. griseoaotera.  Scale 8.7 y 



• 

• 

• 

Plate 7. 

Plate 8. 

Second Gonapophysis, internal face , dorsal ramus. 
P. griseoaptera. Scale 40 ? 

Gonoplac , external face, mid region. c. dorsalis. 
Scale 16 ? 
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(b) Elongate (Plates 9, 10, 11) 

The elongate form of surface 

sculpturing displays considerable 

variation. The lateral margins of 

each plate are either greatly reduced 

and rounded or form acute angles. 

Normally one angle or margin 

"leads" (Plates 9. 10). 

Occasionally one angle and both 
elongate margins overlap adjacent 

plates (Plate 11). 

(c) Trapezoid (Plate 12) 
This type of plate is only found 

in M. thalassinum. 	The plates 
occur in rows, the anterior ventral 

and posterior dorsal corners bf 
each plate are elongate, and are 

overlapped by the rounded posterior 
ventral and anterior dorsal corners 

or the preceding and succeeding 

plates respectively. 

The following types of plate have 

the same basic shape as types (a) 
or (b) but have serrated or toothed 

(pectinate) margins. 

(d) Serrated (Plates 13.14) 
Serrated plates are normally diamond 

shaped with two leading margins both 
of which are serrated (Plate 13). 

Alternatively each plate has a single 
leading slightly serrated margin. 

The lateral extremes of the leading 

margin do not normally overlap the 
adjacent plate (Plate 14). 	Each 

serration consists of a small 

rounded extension of the margin, the 

serrations are usually all of similar 





a 

Plate 11. Gonoplac, internal-face, mid region. 
P. griseoaptera. Scale 4 

Anterior Posterior 

Plate 12. Gonoplac, internal face, near tip. M. thaiassinum 
Scale 8.8 p 



• 

ri 

Plate 13. First Gonapophysis, external face, distal region. 
P. griseoaptera. Scale 10p 

Plate 14. First Gonapophysis, external face, proximal region. 
P. griseoaptera. Scale 10.5? 
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size are equally distributed 

around the plate. 

(e) Pectinate (Plates 15, 16, 17, 18, 19, 20) 
This type of plate consists of either 

type (iii) (a) or (iii) (b) plates 
with the leading margin or corner of 

the plate extended as pointed or 

rounded teeth or pectines. 

The simplest form is a quadrilateral 

plate with a single leading margin 

which is divided into regular, rounded 

pectines (Plate 15), or into irregular, 

pointed pectines (Plate 16). 

The intermediate form is based on the 

type (iii) (b) plate where the leading 
margin has short, very irregular pointed 

pectines along its length (Plate 17). 

The most complex form is an irregularly 

shaped plate with a leading corner 

and one or two leading margins. The 

leading corner is produced as an 

elongate pointed pectine while the 

margins are variously covered with 

shorter, pointed pectines (Plate 18). 

Finally there are some plates where the 

leading corner is produced into a single, 

and large very long pectine (Plate 19). 

Numerous rows of these plates form 

complex fringes (Plate 20). 	These 

closely resemble microtrichia especially 

when the plates are slender. 

Type (iv) Microtrichia (Plates 22.23,20 

Microtrichia are discrete non-articulated spines 

arising normally from the membraneous basal areas 
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Plate 15. Second Gonapophysis, internal face, mid region. 
L. punctatissima.  Scale 3.7? 

Plate 16. Gonoplac, internat face, distal region, dorsal margin. 
L. punctatissima.  Scale 18? 

I • 



 

Plate 17. Gonoplac, external face, mid region, ventral. 
C. dorsalis. Scale 8 

 

 

Plate 18. Second Gonapophysis, external face, dorsal margin, 
distal third. L. punctatissima. Scale 10.5/u 



• 

Plate 19. First Gonapophysis, internal face, dorsal margin, base. 
M.  thalassinum.  Scale 8 )2 

1* 

Plate 20. First Gonapophysfs, internal face, dorsal region, base. 
M. thalassinum.  Scale 8 
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of the valves. The microtrichia vary 

considerably in size and density (Plates 

22, 23) and may form complex patterns on 

the surface of the valves (Plate 24) . 

The dorsal and ventral margins of the 

valves, the rachides and the aulax are also 
covered by discrete plates in most species, 

but these will be described in detail for 

each species. 



Plate 21. Second Gonapophysis, internal face, mid region. 
M. thalassinum.  Scale 20p 

Plate 22. First Gonapophysis, external face, base dorsal margin. 
P. griseoaptera.  Scale 20 N 
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Plate 23. First Gonapophysis, external face, base ventral region. 
P. griseoaptera. Scale 20? 

Plate 24. Second Gonapophysis, internal face, ventral ramus. 
P. griseoaptera. Scale 18 y 
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3.4 Sensory Structures on the Ovipositor Valves  

Although there are many forms of sensilla in the five 
species it is possible to categorize these into ten 

types, based on their external morphology : 

(i) Campaniform sensilla 

(ii) Campaniform type 2 sensilla 

(iii) Placoid sensilla 

(iv) Coeloconic sensilla 

(v) Dome-shaped sensilla 

(vi) Basiconic sensilla 

(vii) Styloconic sensilla 

(viii) Trichodea sensilla 

(ix) Short trichoid sensilla (Trichoid a) 

(x) Long trichoid sensilla (Trichoid b) 

(i) Campaniform sensilla (Plates 11, 25, 26) 

These were found in the five species examined 

and were particularly evident in the basal areas 

of the valves and on the rachis and aulax. 

The Campaniform sensilla all have the same 

basic shape, being a rounded or oval dome 
projecting slightly above the surface of the 
cuticle, with one (Plate 11) or more (Plates 

25, 26) central pores. 	Where the sensillum 

is in an area of complex surface sculpturing, 

its dome and associated cuticle may reflect 

the form of this surface sculpturing (Plate 26). 

The diameter of this type of sensillum varies 

considerably. 

Campaniform sensilla are known to be 
proprioceptors, which monitor shearing 

forces on the cuticle. 	They normally occur 

singly. 

Smith (1972) describes Campaniform sensilla 

on the olistheter annuli and teeth of the 

ovipositor of Euura sp. (Hymenoptera) and also 

on the gonangulum (gonocoxite eight). 



Plate 25. Gonoplac, internal face, distal region. Campaniform. 
M. thalassinum. Scale 3.4 jt 

Plate 26. Gonoplac, internal face-T distal region. Campaniform. 
M. thalassinum.  Scale 3.4 y 

• 
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(ii) Campaniform Type 2 sensilla (Plates 45, 46) 

These are only found in C. dorsalis. 

They are oval mounds with a central 

circular depression either covered by a 
membrane (Plate 45) or containing a single 

peg protruding above the depression. 

They may be either proprioceptors or 

chemoreceptors. 

(iii) Placoid sensilla (Plate 27) 
This type of sensillum was only observed 

in P. griseoaptera on the external face 

of the gonoplac. 	The sensillum is a 

sunken circular plate apparently attached 
to the rest of the cuticle by an 

articulating membrane. This type of 
sensillum may function as a chemoreceptor 

or an unusual form of Campaniform sensilla. 

(iv) Coel000nic sensilla (Plate 28, 29) 

These sensilla resemble simple pits but 

have a central peg sometimes with an 

obvious central pore. 	The peg does not 
extend above the surface of the cuticle. 

They may be either true sensilla functioning 
as chemoreceptors (Slifer 1970) or possibly 

blocked secretory pores. 	The ultrastructure 

of these sensilla is required to ascertain 
their function. 

(v) Dome-shaped sensilla (Plate 30) 

These occur only on the gonoplac of 

L. punctatissima and closely resemble the 

dome-shaped sensilla described on the 

ovipositor of certain parasitic Hymenoptera 

(Ganeslingham 1972, Hawke, Farley and 
Greany 1973). 	They consist of small 

round domes (approximately 2.8 p. diameter) 

with a central pore, and are most probably 
chemoreceptors. 



Plate 27. First Gonapophysis, external face, distal region. Placoid. 
P. griseoaptera. Scale 4 I 

• 

J 

Plate 28. First Gonapophysis, external face, proximal. Coeloconic. 
P. griseoaptera. Scale 3.6 » 

4 



Plate 29. First Gonapophysis, external face, basal, dorsal. Coeloconic, 
P. griseoaptera. Scale 9.5 y 

Plate 30. Gonoplac, external face, distal region. Dome-shaped 
sensilla. L. punctatissima. Scale 3.9 y 
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(vi) Basiconic sensilla (Plates 31, 32) 

These sensilla exhibit some variation in 
form but generally consist of a dome-shaped 

basal mound, articulating with the 

surrounding cuticle via a flexible membrane. 

The mound bears a short (mean length 

3.5)0 articulated peg. 

The majority of the pegs observed are 

thick walled and have a terminal pore. 

They occur on the ovipositor of the five 

species and reach their greatest density 

near the tip of the external first 

gonapophysis and gonoplac faces. 	They 

probably act as contact chemoreceptors 

and have a double articulation to provide 
them with greater flexibility to avoid 
damage during substrate penetration. 

(vii) Styloconic sensilla (Plates 13, 33, 34, 35) 
These are similar to the Basiconic sensilla 

but have a longer peg (mean length 8 u). 

They also have a double articulation and 

are probably chemoreceptors. 	In 
P. griseoaptera the peg was curved and 

fluted (mean length 9.O,u) with terminal 
pores (Plate 34). 	These were found on 

the gonoplac. 	Occasionally in 

P. griseoaptera, the peg was found 

projecting from a deep pit (Plate 13). 

An atypical form was found in L. punctatissima 

with a rounded basal dome and a broad cone 
shaped peg. 	The tip of the peg was bifurcate 

and the sides of the peg were grooved (Plate 35). 

(viii) Trichodea sensilla (Plate 36) 

These occur in low density on most valves 
of the ovipositor. 	They have a rounded 

basal area with a double articulation, (the 

outer articulation may be absent). 	The peg 



Plate 31. Gonoplac, external face, base. Basiconic. 
P. griseoaptera.  Scale lO }z 

Plate 32. First Gonapophysis, external face, distal region. 
Basiconic. P. griseoaptera.  Scale 9.5 }a 
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Plate 33. First Gonapophysi"s, external face, base. Styloconic. 

P. griseoaptera. Scale 10.5 )2 

J 

Plate 34. Gonoolac, externarface, distal region. Styloconic. 

P. griseoaptera. Scale 4)1 
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Plate 35. Gonoplac, external face, base. Styloconic. 
L. punctatissima.  Scale 4.2 p 

Plate 36. First Gonapophysis, external face, dorsal margin, base. 
Trichodea. P. griseoaptera.  Scale 20» 
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is normally a fine tapering hair (mean 

length 18.4.p). 	Considerable variation 

occurs in terms of articulation, diameter 
of the hair and the presence of surface 

sculpturing. 	This indicates that there 
are probably several different types of 

sensilla in this category and that they 

perform functions of mechanoreception 

and chemoreception. A more detailed 

examination of the ultrastructure of the 

sensillum is required. 

(ix) Short Trichoid sensilla (a) (Plate 37) 

These sensilla have a single articulation 

with an indistinct basal mound. The peg 
is conical, fluted and very stout (mean 

length 32.7 )u). They normally occur at 
the base of the external faces of the 

first gonapophysis and gonoplac. 

(x) Long Trichoid sensilla (b) (Plates 38, 39, 40) 
The majority of Trichoid sensilla are 

elongate fine hairs with a single 
articulation to a rounded base (mean 

length 57.7 }a). 	The hair is normally 
fluted, in a spiral arrangement. 

Occasionally the sensilla are smooth 

walled (Plate 38) some may have bifurcate 

tips (Plate 39, 40) or alternatively have 

enlarged mound-like bases. 	These hairs 

are almost certainly mechanoreceptors. 

Also found on the external faces of the first 
gonapophyses and gonoplacs are numerous pits or 

pores of unknown function, but possibly of a secretory 
nature. 

As has been indicated the classification of the 

sensilla is tentative in so far as the precise 
function needs to be determined by electrophysiological 

techniques. 	However, the survey of sensilla 



• 

Plate 37. Gonoplac, external face, base. Short trichoid. 
M. roeselii.  Scale 10.5 1i 

Plate 38. Gonoplac, internal face, distal region. Long trichoid. 
L.  punctatissima.  Scale 8? 



ir 

Plate 39. First Gonapophsis, external face, base,dorsal margin. 
Trichoid b. P. griseoaptera. Scale 8.7 p 

Plate 40. First Gonapophysis, external face, base, mid region. 
Trichoid b. P griseoaptera. Scale 3.9 p 
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distribution can still contribute a useful guide 

to the function of the ovipositor as a sensory 

organ related to substrate testing. 
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3.5 Surface Sculpturing and Sensilla of the Ovipositors  

M. roeselii 

(i) External Faces 

(a) First Gonapophysis  

The surface sculpturing of the first 

gonapophysis is relatively simple. The 

ventral half of the valve, in the distal 

third, is divided by deep, vertical, 

irregular ridges, which form a serrated 

edge. 	The rest of the valve, including 

the ventral edge and base, is covered 

in hexagonal type II plates, whilst the 

middle and inner ridges of the aulax are 

covered in elongate posteriorly directed 

type III a plates. 	The surface 

sculpturing forms a continuum and does not 

divide the face into discrete areas for 

this reason, the density of the sensilla 

was measured in the following areas : 

1. Distal 1.0 mm 

2. Distal half in front of area 1 
3. Proximal half 

4. Ventral third, at base 

5. Middle third, at base 

6. Dorsal third, at base 

The mean density (per unit area) of each 
type of sensilla is given in Table 3.2'. 

The commonest type of sensilla is the Basiconic 

sensilla, which occurs at a fairly low, but 

uniform, density over the valve. However, 

the density at the base of the valve and to 

a lesser extent at the tip is higher. 

Campaniform sensilla are found on the dorsal 

region of the valve although at a very low 

density. 	Styloconic and Trichodea sensilla 

are found on the whole surface of the valve, 
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whilst Trichoid sensilla are restricted 

to the base. 

(b) Gonoplac  

The entire face of the valve, including 

the base, is covered in hexagonal type II 

plates. The ventral margin forms the 

rachis, and this bears posteriorly directed 

type III(a) plates, (to the base where the 

rachis is absent). 	The dorsal edge has 

small, rounded, dorsally directed teeth 

along the distal third, whereas the proximal 

two-thirds are smooth. 

Apart from two Styloconic and two Trichoid 

(b) sensilla, found on the dorsal margin at 

the base, only Campaniform and Basic onic 

sensilla are present on the external face of 

the gonoplac. 	The valve is divided into 

four areas based on the distribution of the 

sensilla (Table 3.2). 

1. Distal half, dorsal 

2. Distal half, ventral 

3. Proximal half and base, dorsal 
4. proximal half and base, ventral 

The Basic onic sensilla have their greatest 

density towards the tip and along the dorsal 

margin. 

Whilst the Campaniform sensilla are more 

numerous dorsally particularly in the basal 

region. 

(c) Second Gonapophysis  

Both the tip and base of the valve are smooth. 

Immediately behind the tip, the face of the 

valve is covered by posteriorly directed 

type III (d) plates which are replaced by 
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diamond shaped type III (a) plates 

ventrally and similarly shaped type II 

plates dorsally. 	The rachis has posteriorly 
directed elongate type III (b) plates along 

its length, and is separated from the rest of 
the valve by a shallow smooth ridge. The 

dorsal margin is bordered by posteriorly 
directed diamond shaped type III (a) plates. 

There are no sensilla on the external face of 

the second gonapophysis. 

(ii) Internal Faces 

(a) First Gonapophysis  

The tip is smooth although immediately behind 
this the face is covered with posteriorly 

directed type III (a) plates. 	These plates 
continue forwards to the mid region of the 

valve, where they are replaced dorsally by 

square posteriorly directed type III (d) 

plates. 	These type III (d) plates continue 

with the type III (a) plates ventrally to 

the base of the valve which is membraneous. 

The ventral margin bears small anteriorly 

directed teeth along the distal third, and 
is bordered along its entire length by 

ventrally directed, elongate type III (a) 

plates. The dorsal margin is covered with 

diamond-shaped type II plates, similar to 

those in Plate 33. Only one area was 

sampled quantitatively. 

A few Styloconic sensilla are present on 

the distal half of the valve but at very low 

density (<0.1 per unit area). 	Basiconic, 

Styloconic and Trichoid (a) sensilla occur in 

quite high density along the ventral margin 

in the proximal half of the valve, but are 

absent elsewhere. 



- 176 - 

(b) Second Gonapophyysis  

The entire face is covered in square, 

posteriorly directed type III (d) plates, 

whilst the rachis bears elongate, posteriorly 
directed type III (b) plates. 

The dorsal margin of the valve is smooth 

throughout its length. 

There are no sensilla on the internal face 
of the second gonapophysis. 

(c) Gonoplac  

The surface sculpturing on the gonoplac 
is complex. 	The tip of the valve is 

smooth. 	Immediately behind the tip the 
face is divided into two regions; a narrow 

dorsal region with ventrally directed type 

III (a) plates, which continue to the base, 

and a broad, ventral region with dorsally 

directed type III (a) plates. 	In the 

proximal two thirds the ventral region 

itself is subdivided into a median area, 

which maintains the dorsally directed type 
III (a) plates, and a ventral area of 

posteriorly directed type III (a) plates 

with a single, short pectine in the centre 

of each leading margin. These latter 
ventral plates are replaced in the proximal 

third of the valve by square type II plates 
which continue to the base. 	The base is 

membraneous except for the ventral and dorsal 

margins. The rachis and entire dorsal 

margin are both covered in parallel, 

posteriorly directed type III (b) plates. 

The face of the valve has various types of 

sensilla at low densities. Campaniform 

sensilla are found along the rachis (<0.1 

per unit area) and Basiconic sensilla occur 

in the proximal half of the valve (<0.6 per 
unit area). Styloconic sensilla are also 
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found near the base in the ventral and 

median regions (4 0.9 per unit area) whilst 

Trichodea sensilla are restricted to the tip 

of the valve, (1.1 per unit area). 	No 
Trichoid sensilla were found on the internal 

face of the gonoplac. 
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3.6 Surface Sculpturing and Sensilla of the Ovipositor, 

P. griseoaptera 

(i) External Faces  

(a) First Gonapophysis  

The extreme tip is smooth without surface 

sculpturing or sensilla. Immediately 

anterior to the tip most of the surface 

of the valve, except the ventral and dorsal ` 

margins, is covered by anteriorly directed, 

diamond-shaped type III (d) plates (Plate 13). 

These plates continue to the base but become 

elongate in the mid-region of the valve. 

The base is covered by hexagonal type II plates 

(Plate 5), except in the extreme dorsal region 

where the face is smooth (Plate 28). 	The 

ventral margin is smooth. The outer edge 

of the aulax and a narrow distal section of 

the face of the tip of the valve, parallel 

to the margin, is covered with elongate type 

II plates (Plate 41). 	In the mid region 

of the valve these plates are replaced by 

elongate, ventrally directed type III (d) 

plates (Plate 14) and these in turn are 
replaced, in the proximal region of the valve, 

by type III (a) plates. 	These latter are an 

intermediate type with a single leading margin 

medially directed (Plate 5). 	The middle and 

inner ridges of the aulax are covered along 

their length by anteriorly directed type III 
(a) plates (Plate 6). 	The membraneous base 

of the first gonapophysis is covered in 

microtrichia, which increase in length proximally 

(Plates 22, 23). 

The face of the valve is divided into seven 

areas, based upon the distribution of the 

surface sculpturing : 



6 

Plate 41. First Gonapophysis-, amlax, mid region. 
P. griseoaptera.  Scale 20 

• 

• 

	1 

Plate 42. Gonoplac, external face, tip. 
P. griseoaptera.  Scale 100 

• 
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1. Distal lmm 

2. Distal third in front of area 1 

3. Median third, ventral half 

4. Median third, dorsal half 
5. Proximal third, ventral third 

6. Proximal third, median third 

7. Proximal third, dorsal third 

The densities of each type of sensillum 

per unit area is given in Table 3.2, from 

which it is clear that the Basiconic 

sensilla are the most common type of 

sensillum. 	The Basiconic sensilla have 

their greatest density at the tip and 

along the ventral margin of the valve; 

and their density is much lower on the 

dorsal margin. 	Styloconic sensilla are 
also quite common, particularly along the 

tip and proximal dorsal margin. 

Campaniform and Trichoid sensilla are only 

found on the basal section of the valve. 

Also at the base, on the ventral margin 

in the region normally covered by the 

subgenital plate, is a hair plate 

containing approximately 24 Trichoid (b) 

sensilla and 6 Trichodea sensilla. 

(b) Gonoplac  

The surface sculpturing of the gonoplac 

is even more complex than that of the first 

gonapophysis. The tip is again smooth, 

anterior to this the face of the valve is 

covered in anteriorly directed, diamond-

shaped type III (d) plates, as on the first 

gonapophysis (Plate 42). 	In the marginal 

regions of the valve these plates are 

replaced by elongate type III (d) plates, 

which are parallel with the margin but 

medially directed. These marginal regions 
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expand and converge on the midline in 

the midregion of the valve, extending over the 

whole surface except for the rachis. 	In 
the proximal half of the valve these plates 
are not serrated but otherwise resemble 

those in the mid region. At the base 

the dorsal and ventral areas of the valve 

are covered with indistinct hexagonal type 

II plates, although the median area is smooth. 

The rachis is separated from the rest of 
the valve by a small ridge. The rachis 

arises in front of the tip, bearing elongate, 
narrow, anteriorly directed type III (b) 

plates. 

The distribution of the surface sculpturing 

divides the face of the valve into six areas : 

1. Distal, near tip 

2. Dorsal, distal two thirds 

3. Ventral, distal two thirds 

4. Proximal third 

5. Median, basal region 

6. Dorsal and ventral, basal region 

There are no Campaniform or Trichoid 

sensilla on the face of the gonoplac. 	The 

Basiconic sensilla have their greatest density 
at the tip and along the ventral margin of 

the valve, decreasing in number towards the 
base. 	There is a large sensory plate, 

composed of 16 Styloconic sensilla and 2 

Trichoidea sensilla, on the dorsal margin, 

posterior to the fusion with the second 

gonocoxa. Also present on the base are 

Trichoid (b) sensilla, these are marginally 

more numerous in the mid region. Three 

Placoid sensilla were observed near the tip 

of the valve. 
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(c) Second Gonapophysis  

The face of the valve has very uniform 
surface sculpturing. 	In the middle section 

the plates are diamond-shaped, posteriorly 

directed, type III (e) plates with small 

irregular pectines on one leading edge. 

The marginal areas, except the rachis, 

have elongate type III (e) plates which 

are parallel with the margins and medially 

directed. 	At the base, behind the rami, 

these plates merge into diamond-shaped type 

II plates. 	The rachis is separated from 

the body of the valve by a shallow, smooth 

channel and is covered with medially 

directed type III (b) plates. 	There are 

no sensilla on the external face of the 
second gonapophysis. 

(ii) Internal Faces 

(a) First Gonapophysis  

The tip of the valve is smooth. 	Anterior 

to the tip the valve is divided into two 

areas; the dorsal third, with parallel, 

posteriorly directed type III (b) plates, 
whilst the rest of the face bears elongate 

parallel plates, which are intermediate 

between types II and III (b) and are 

occasionally posteriorly directed. In the 

mid region of the valve the plates of the 

mid dorsal area are modified to form rounded, 

posteriorly directed type III (a) plates. This mid 
dorsal band of plates broadens proximally 

to cover the whole surface of the valve 

posterior to the base. 	The ventral plates 

at the base are bordered with short pectines, 

whilst the dorsal plates become elongate 

(Plate 10) and smooth in the extreme proximal 

area. 	The mid region of the base is 

membraneous and the ventral margin smooth. 
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There are no sensilla on the distal two 

thirds of the valve. There are no 

Campaniform sensilla and only one Basiconic 

sensillum has been observed in the proximal 

third of the valve. 	Styloconic and 

Trichoid (b) sensilla are both quite common, 

although mainly confined to the ventral 

area of the valve. 	Some Trichoidae sensilla 

are also present (Table 3.2). 

(b) Second Gonapophysis  

The extreme tip bears faint type II plates 

which are replaced by posteriorly directed 

type III (a) plates, anterior to the tip. 

These plates continue forwards in the dorsal 

half of the valve and as a narrow band on 

the ventral margin above the rachis. The 

majority of the ventral half of the valve 

is covered in elongate type II plates which 
give way to type III (a) plates in the 

proximal region of the valve. The rami of 

the valve also bear type III (a) plates. 

The membraneous basal region is covered in 

complex patterns of microtrichia (Plate 24). 

The rachis is a simple ridge at the tip 
covered in elongate, posteriorly directed 

type III (b) plates (Plate 44). 	For most 

of the length, however, the rachis is 

separated from the rest of the face by a 

shallow, smooth channel and is covered in 

elongate parallel, medially directed type 

III (b) (Plate 2). 

Campaniform sensilla are the only sensilla 

found on the inner face of the second 
gonapophysis and are at a very low density. 

The sensilla are confined to the smooth 

channel along the rachis. 



Plate 43. Second GonapopPysis, internal face, proximal third. 
P. griseoaptera. Scale 20 ).t 

Plate 44. Second Gonapophysis, internal face, rachis near tip. 
P. griseoaptera. Scale 9.51 
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(c) Gonoplac  

The tip is without surface sculpturing. 

Immediately anterior to the tip the plates 

are elongate posteriorly directed type III 
(b) plates (Plate 11). 	These gradually 
become modified into long, narrow medially 

directed plates and continue to the base. 

The mid region of the base is membraneous 

and bears many microtrichia. The rachis 

has type III (b) plates distally and type 

II plates proximally which continue 

forwards beneath the microtrichia. The 

dorsal edge is smooth along the length of 
the valve. 

Basiconic and Campaniform sensilla are 

found scattered over most of the face of 

the valve but at very low densities (4:0.1 

per unit area n = 10) and some Styloconic 

sensilla are also found. A small sensory 

plate exists on the ventral margin, below 

the articulation with the anterior 

intervalvula, and contains approximately 

16 Styloconic and short Trichoid sensilla. 
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3.7 Surface Sculpturing and Sensilla of the Ovipositor 

C. dorsalis  

(i) External Faces 

(a) First Gonapophysis  

The tip is covered with anteriorly directed 

type III (a) plates. 	In front of the tip 

the distal region of the face is a composite 

of irregularly shaped areas of type III (a) 

plates and smooth areas. 	These are replaced 

by elongate, anteriorly directed, type III 

(a) plates, over the proximal face of the valve. 

The base is without surface sculpturing. The 

distal third of the ventral margin bears small 

rounded teeth. The ventral and dorsal 

margins are both covered in medially directed, 

elongate type III (b) plates from tip to base. 

The middle and inner ridge of the aulax have 

elongate, diamond-shaped type II plates. 

Sensilla are found along the whole length of 

the valve. Large numbers of Campaniform type 

2 sensilla are found on the face except at the 

base (Plates 45, 46). 	Although classed as 
Campaniform type 2 sensilla in the description 

on page 162, it is possible that they are 

chemoreceptors. Their function will be 

discussed in more detail in a further section. 

The face of the valve is divided into three 

areas based on the distribution of sensilla : 

1. Distal half 

2. Proximal half 

3. Base 



r 

Plate 45. First Gonapophysis, external face. Campaniform Form 2. 
C. aorsalis. Scale 3 ,p 

Plate 46. First Gonapophysis, external face. Campaniform Form 2. 
C. dorsalis. Scale 3 
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The distribution of sensilla within each of 

these areas is very uniform. 	In the distal 

half the Campaniform type 2 and Basic onic 

sensilla both occur in high density (Table 

3.2). 	Some Styloconic and Trichoidea sensilla 

are also present in this region. 	The tip of 

each tooth bears a pit sensillum of unknown 

function (Plate 47). The proximal area has 

an even higher density of Campaniform type 

2 sensilla but a lower density of Basiconic 

sensilla. 	Styloconic sensilla occur in the 

same density as in the distal half, but there 

are no Trichoidea. At the base Campaniform 

sensilla are absent and only a very few 

Basiconic, Styloconic and Trichoidea sensilla. 

Trichoid sensilla are present in reasonably 

high densities over the whole of the base and 

are not confined to the discrete basal plates. 

(b) Gonoplac 

The tip of the gonoplac is smooth. 	The 

surface of the dorsal third of the valve 

and the dorsal margin are covered with 

anteriorly directed type III (a) plates and 

beneath these are elongate type III (a) plates, 
which are parallel with the margins and medially 

directed. Along the midline the plates from 

the dorsal and ventral regions butt together 

(Plate 8). 	These plates continue to the base, 

replacing the dorsal plates in the proximal 

two thirds. Some of the ventral plates may 

be pectinate. 	The base is smooth. 	The 
rachis is also covered with dorsally directed, 

elongate type III (a) plates. 	The ventral 

margin at the base is smooth. 

The face of the valve is divided into seven 

areas based upon the distribution of the 

surface sculpturing and the sensilla. 



Plate 47. First Gonapophysis, external face, ventral margin, tooth 
apex. Sensilla. C. dorsalis. Scale 3 p 

Plate 48. Gonoplac, internal face, midline, mid region. 
C. dorsalis. Scale 20 p 
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The areas are as follows : 

1. Distal third, ventral 

2. Distal third, dorsal 
3. Median third, ventral 
4. Median third, dorsal 
5. Proximal third, ventral 
6. Proximal third, dorsal 
7. Base 

In the distal two thirds of the valve and 

particularly ventrally, the density of the 

Campaniform type 2 sensilla is very high 

(>7.4 per unit area) and far exceeds that of 
the Basiconic sensilla. 	There are some 

typical Campaniform sensilla along the ventral 
margin, but no other types of sensilla. In 

the proximal third of the valve the density of 

Campaniform type 2 sensilla is much lower, 

although still higher than the Basiconic 
sensilla. 	Some Styloconic, typical 

Campaniform and Coeloconic sensilla are also 

present in this region. At the base of the 

valve there are no Campaniform type 2 and only 
a few typical Campaniform, which mainly occur 

along the dorsal margin. In the mid ventral 

area of the base there is a sensory plate 

containing approximately 18 Styloconic and 
Trichoidea sensilla. 	Styloconic sensilla 

are also found scattered over the rest of 
the base (Table 3.2). 

(c) Second Gonapophysis  

The distal region of the valve is covered in 
shallow, parallel markings. 	These markings 

differentiate into elongate parallel plates 

extending to the base, but not covering the 

rami des which are smooth. The rachis is narrow 

and bordered by very elongate, posteriorly 

directed type III (b) plates. 
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In the distal region of the valve there are a 

few Basiconic sensilla (4,0.1 per unit area 

n = 5), although there are no other sensilla 
on the external face of the second gonapophysis. 

(ii) Internal Faces 

(a) First Gonapophysis  

At the tip the valve is covered by posteriorly 
directed type III (a) plates. 	These are 
replaced ventrally by narrow, parallel, 

ventrally directed type III (a) plates. 

Posteriorly directed, square type III (a) 

plates occur dorsally in the proximal two- 

thirds of the valve. 	The two types of plates 
continue forwards to the base and cover it. 

The dorsal plates become pectinate. 	The 
ventral margin is also covered in elongate, 

parallel ventrally directed type III (a) 

plates. The aulax has been described 

previously (page 186). 

The face of the valve does not have any 

Styloconic sensilla but most other types 
are present. 	The face is divided into five 
regions : 

1. Distal third 

2. Median third 

3. Proximal third 

4. Base, ventral margin 

5. Base, dorsal margin 

Some typical Campaniform sensilla and Basiconic 
sensilla are found near the tip, but not 

elsewhere. 	Trichoidea sensilla occur in quite 

high densities (1.0 per unit area) in the 

proximal two thirds. 	Trichoid sensilla are 

found on both dorsal and ventral margins and 

form a hair plate, approximately 1.05 mm long, 

on the dorsal margin, with variation in the 
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distribution of the sensilla (mean density 

3.1 range 1.0 - 7.0 per unit area). 

(b) Second Gonapophysis  

The entire face of the valve is covered in 
posteriorly directed type III (a) plates 
with elongate posteriorly directed, slightly 
serrated plates on the dorsal and ventral 
margins. The channel separating the rachis 
from the valve is smooth. 	The base is 

covered by elongate type II (a) plates which 
run obliquely dorso-ventrally. 

There are no sensilla on the face of the 
second gonapophysis. 

(c) Gonoplac  
The tip is smooth but anterior to the tip 
the face of the valve bears parallel type 
III (b) plates. 	Most of the face of the 
valve is covered by dorsally directed plates 
which butt against ventrally directed plates 

in the dorsal region (Plate 48). 	The base is 
smooth along the dorsal and ventral margins, 
and membraneous medially. The rachis is 
covered by elongate, ventrally directed plates . 

separated from the face of the valve by a 
narrow band of pectinate, posteriorly directed, 

type III (e) plates. 	The dorsal margin is 
smooth. 

The ventral margin of the valve has some 
typical Campaniform and Basiconic sensilla 
in the distal half of the valve (<0.1 per 

unit area, n = 5). 
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3.8 Surface Sculpturing and Sensilla of the Ovipositor, 

L. punctatissima 

(i) External Faces  

(a) First Gonapophysis  

The distal third of the valve is crossed 

by large, simple, dorso-ventral ridges. 

The ventral edge bears heavily sclerotised, 

posteriorly directed teeth. 	The teeth are 

pointed and the anterior edge of each tooth 

is continued across the face of the valve 

as a ridge. The proximal two thirds of the 

valve bear dome-shaped type II plates (Plate 

4) except for a narrow band on the ventral 
margin which remains smooth, and a dorsal 

section of posterior directed type III (a) 

plates in the proximal third of the valve. 

The type III (a) plates gradually become 

pectinate towards the base and the area they 

cover widens so that they encroach on the 

midline basally. The proximal two thirds 

and basal section of the ventral margin have 
medially directed type III (e) plates. 	The 

aulax is smooth distally. In the median 

third the middle ridge is covered by elongate, 

posteriorly directed type III (b) plates, 

whilst the inner ridge is smooth. 	In the 

proximal third of the valve both middle and 
and inner ridges bear elongate, posteriorly 

directed type III (e) plates. 

The surface of the valve is divided into six 

areas based both on the surface sculpturing 

and sensilla : 
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1. Distal third, ventral 

2. Distal third, dorsal 

3. Median third, ventral 
4. Median third, dorsal 

5. Proximal third 
6. Base 

Ventrally, in the distal third of the valve, 

large numbers of Basiconic sensilla are found 
in front of the teeth. A few Trichoidea 
sensilla are also present and are scattered 
on the face. Large numbers of dome-shaped 

sensilla occur along the dorsal margin (outer 
ridge of the aulax). 	The numbers of sensilla 

increases in the median third, decreasing 
again in the proximal third. At the base, 
large numbers of evenly distributed Trichoid 
sensilla are found. Dome-shaped sensilla, 
Campaniform and Basiconic sensilla are absent 
on the base, and the densities of Styloconic 
and Trichoidea sensilla are low (0.1 per unit 

area). 

(b) Gonoplac  
The tip is smooth. Most of the face, except 
the dorsal region, has irregular patches of 

type II plates or is smooth. 	The dorsal region 

bears anteriorly directed type III (a) plates, 
which proximally become elongate parallel 
type II plates. Ventrally, the base is 
covered in posteriorly directed type III (e) 
plates, medio-ventrally and dorsally it is 
smooth and media-dorsally has anteriorly 

directed type III (e) plates. 	The rachis 

has dorsally directed type III (b) plates 
which, proximally, become posteriorly directed, 

pectinate. 	The dorsal margin is smooth 
distally and bears elongate type III (a) 
plates for most of its length, becoming 

pectinate at the base. 
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The face of the valve is divided into three 

areas based on the distribution of sensilla : 

1. Distal half 
2. Proximal half 
3. Base 

The distribution of sensilla on the face of 
the gonoplac is similar to that on the first 

gonapophysis. Large numbers of Dome-shaped 
and Basiconic sensilla are found over the 
whole surface except for the base where they 
are virtually absent. Styloconic and 
Trichoidea sensilla gradually increase in 
density from tip to base. 	Trichoid (b) 
sensilla are restricted to the base where they 
occur in two areas; the first on the ventral 
margin, above the subgenital plate, contains 
6.0 sensilla in a plate approximately 0.3 mm 
long, the second area covers the mid-dorsal 
region of the base, where the face of the valve 

is strongly convex and contains l8_=sensilla. 

(c) Second Gonapophysis  
The tip and ventral region of the valve are 
smooth, the absence of sculpturing continues 
to the base in the ventral region. The 

dorsal half of the valve is covered from just 
in front of the tip up to and including the 
base in elongate, diamond-shaped, posteriorly 
directed type III (e) plates with long 
pectines on the dorsal leading margin. The 
ventral ramus is smooth. The rachis is 

separated from the rest of the valve by a 
deep smooth channel. 	The rachis itself is 
covered in elongate, pointed, posteriorly 
directed type III (e) plates near the tip, 
which give way to more rounded plates medially 
(Plate 49). 	The dorsal margin bears 

pectinate ridges distally (Plate 50), 



Plate 49. Second Gonapophysis, external face, rachis. 
L. punctatissima.  Scale 11 » 

Plate 50. Second Gonapōphysis, external face, distal region. 
L. punctatissima.  Scale 10 » 
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which give way to irregular, pectinate, 

cuboid plates (Plate 18) continuing to the 
base and along the dorsal ramus. 

There are large numbers of Dome-shaped sensilla 
along the distal two thirds of the valve, 
particularly in the smooth ventral region of 

the valve (5.6 per unit area, ventral half, 
0.8 per unit area, dorsal half, n = 13). 
There are no other sensilla on the external 
face of the second gonapophysis. 

(ii) Internal Faces 

(a) First Gonapophysis 
The surface sculpturing on the inner face is 
far more complex than on the outer face. The 
extreme tip is smooth (Plate 1), although 
immediately anterior to the tip there are rows 

of posteriorly directed pectinate ridges 
which cross the face of the valve (Plate 3). 
These ridges gradually give way to broad 
posteriorly directed type III (e) plates, 
which continue to the base along the dorsal 
third of the valve. In the mid region of 
the valve the plates in the mid region are 
elongate, slightly pectinate and hexagonal 
with two leading margins. The ventral third 
of the valve and the entire ventral margin 
is smooth. The aulax has been described 
previously. 

Basiconic, Styloconic and Trichoidea sensilla 
are found along the ventral margin! 

(b) Second Gonapophysis 
The tip of the valve is smooth but the 
remainder is, covered with posteriorly directed, 
square type III (e) plates with rounded pectines 
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(Plate 15). 	The rachis is covered in 

similar, but more elongate, posteriorly 
directed plates which becbme rounded and 
non-pectinate on the extreme margin. The 
dorsal margin resembles the external face. 
There are no sensilla on the internal 
face of the second gonapophysis. 

(c) Gonoplac  
The surface sculpturing is again complex. 
The tip is smooth anterior to the tip, 
with the exception of dorsal and ventral 

margins, which have rounded posteriorly 
directed type III (e) plates with elongate 

pectines (Plates 16, 51). 	Further anteriorly 
the ventral region has type III (b) plates 
(Plate 9), which continue forwards to the 
base where they occur on 80% of the surface. 
The dorsal region retains the pectinate 
plates (type III (e) along its length. 	The 
median area of the base is membraneous 
and the ventral and dorsal margins are smooth. 

The rachis has elongate, type III (e) plate 
near to the tip which become type III (b) 
plates anteriorly (Plate 5). 	The dorsal 
margin is smooth along its length. 

The face may be divided into two areas based 

upon the surface sculpturing : 

1. Dorsal third 

2. Ventral two thirds. 

Some slight variation in the proportions 
of the given areas occur along the length of 
the valve, due to the difference in the 

sculpturing. The valve is unusual in having 
smooth walled Trichoid sensilla along its 
length (Plates 9, 38) in high densities 
particularly in area 2. (Table 3.2). 



• 

Plate 51. Gonoplac, internal face, ventral margin, behind tip. 
L. Dunctatissima.  Scale 401u 

ie■ 
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Campanif orm and Styloconic sensilla are also 

present in very low densities in both areas. 
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3.9 Surface Sculpturing and Sensilla of the Ovipositor, 
M. thalassinum 

(i) External Faces 

(a) First Gonapophysis  

The tip and face of the distal half of the 

valve are smooth, whilst the basal and 

proximal half bears hexagonal type II plates. 

The base itself has posteriorly directed 
type III (a) plates. 	The ventral margin is 
smooth except for the base where it is 

covered by posteriorly directed type III (a) 

plates. The dorsal margin has posteriorly 

directed single pectine plates, intermediate 

between types III (a) and (e), along its 

length. The middle and inner ridges of the 

aulax also have these plates. 

The face of the valve is divided into two 

areas based upon the surface sculpturing : 

1. Distal half 

2. Proximal half and base. 

All types of sensilla are found in area 1, 

Campaniform, Styloconic and Trichoidea sensilla 

are present in particularly high densities 

(Table 3,2) and some Basiconic and Trichoid (.a) 

sensilla also occur here. In area 2 the 

number of most types of sensilla are lower and 

Campaniform sensilla are absent. 	Some Trichoid 

(b) sensilla are present. 

(b) Gonoplac  

The surface of the valve is smooth distally 

and at the base, whilst the proximal half 

(including the dorsal margin) is covered in 

hexagonal type II plates. Elongate posteriorly 

directed type III (b) plates with leading 

margins occur in the rachis. 
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The face of the gonoplac is again divided into 

two areas based upon surface sculpturing and 

sensilla distribution. 	The base is excluded 

since this does not bear sensilla. 

1. Distal half 

2. Proximal half 

In area 1 the density of Basiconic sensilla 

is high, and decreases from the tip to the 

mid region. 	Styloconic sensilla also occur 

in quite high densities and are more evenly 

distributed than the-Basiconic sensilla. 	Some 

Campaniform and Trichoidea sensilla are also 
present in area 1. In area 2 the number of 

Campaniform and I1'richoidea sensilla increases 

and some Trichoid (a) sensilla are also present, 

whilst the densities of Basiconic and Styloconic 

sensilla are low. 

(c) Second Gonapophysis  

The tip is smooth. 	Anterior to the tip the 

surface is covered for a short distance by flat 

irregular type II plates, which are replaced 

by rounded, ventrally directed type III (b) 

plates continuing to the base. The dorsal 

region of the base has hexagonal type II plates, 

whilst the remainder of the base is smooth. 

The entire rachis is covered in posteriorly 
directed type III (b) plates. 

Only Campaniform sensilla are found on the 

external face of the valve. 

(ii) Internal Faces  

(a) First Gonapophysis _ 

The tip and ventral region of the valve, 

including the base, bears elongate, ventrally 
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directed type III (b) plates. 	The dorsal 

region has elongate, posteriorly directed 
single pectine plates (Plate 20) which continue 
to the dorsal margin (Plate 19). 	The proximal 
region of the valve bears posteriorly directed 

type III (e) plates, which extend over the mid 
region of the base. The entire ventral margin 
is covered in elongate, ventrally directed 
type IIIb) plates. 

There are no sensilla on the internal face of 

the first gonapophysis. 

(b) Second Gonapophysis 
Although the tip is smooth the remainder of 
the face except the ventral margin is covered 
in posteriorly directed single pectine type 
III (e) plates similar to those on the first 
gonapophysis. In the mid region there is a 
narrow central smooth area along the midline 
(Plate 21), which expands dorso-ventrally 
towards the base where it occupies half the 
face of the valve. The pectines on the 
plates are shorter at the base of the valve. 
The rachis is covered by elongate, posteriorly 
directed type III (e) plates, whilst the dorsal 

margin is smooth. 

There are no sensilla on the internal face of 

the second gonapophysis. 

(c) Gonoplac  
The length of the gonoplac is divided into a 
number of parallel bands of surface sculpturing. 
The dorsal margin and band are covered in 
elongate, ventrally directed plates. Ventral 
to these occurs a band of posteriorly directed 

broad type III (e) plates. Whilst in the mid 

region is a third band of single pectine plates. 

The ventral region has diamond-shaped type 
III (a) plates which are posteriorly directed 
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and occasionally pectinate. 	The base is 

membraneous except for the margins which are 

without surface sculpturing. The rachis has 

parallel ventrally directed type III (b) 

plates along its length. 

Campaniform sensilla are found in the single 

pectine plate region in the proximal half of 
the valve. A few Basiconic and Styloconic 

sensilla are also present in this region, 

although on the remainder of the valve sensilla 

are absent. 



Table 3.1  Summar of the Surface Scul•turin: of the Ovi•ositor of the Five Re.resentative S.ecies 

Vnlve,face M. roeselii P. griseoaptera C. dorsalis L. punctatissima M. thalassinum 

lgp 
external 

Face: smooth 

Ventral 	- 
margin: 
toothed 

Aulax: 
posteriorly 
directed 
plates 

. 

Face: anteriorly 
directed plates 
serrated 

Ventral margin: 
smooth 

Aulax: outer 
ridge ventrally 
directed plates 
serrated. Middle 
and inner ridge 
anteriorly 
directed plates 

Face: alter- 
nate smooth 
areas and 
anteriorly 
directed 
plate areas 

Ventral 
margin: 
toothed 

Aulax: 
outer ridge 
medially 
directed 
plates. 
Middle and 
inner ridges 
smooth 

Face: distal in 
ridges. Proximal 
smooth except 
for dorsal 
posteriorly 
directed plates 

Ventral margin: 
toothed 

Aulax: distal 
smooth. Proximal 
posteriorly 
directed plates 
pectinate 

Face: smooth 

Ventral margin: 
smooth 

Aulax: 
posteriorly 
directed 
plates 
pectinate 

Gpl 
external 

Face: smooth 

Dorsal margin: 
toothed 

Rachis: 
posteriorly 
directed 
plates 

Face: distal 
anteriorly 
directed plates 
serrated. Median 
medially directed 
plates serrated. 
Proximal medially 
directed plates 

Dorsal margin: 
smooth 

Rachis: anteriorly 
directed plates 

Face: dorsal 
anteriorly 
directed 
plates. 
Ventral 
medially 
directed 
plates 

Dorsal 
margin: 
toothed 

Rachis 
dorsally 
directed 
plates 

Face: dorsal 
anteriorly 
directed plates. 
Ventral smooth 

Dorsal margin: 
toothed 

Rachis: distal 
dorsally 
directed plates. 
Proximal 
posteriorly 
directed plates 
pectinate 

Face: smooth 

Dorsal margin: 
smooth 

Rachis: 
posteriorly 
directed 
plates 

4 
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Table 3.1 	contd 

Valve,face M.roeselii P. griseoaptera C. dorsalis L. punctatissima M. thalassinum 

2gp 
external 

Face: dorsal 
smooth. 
Ventral 
posteriorly 
directed 
plates 

Rachis: 
posteriorly 
directed 
plates 

Face: posteriorly 
directed plates 
pectinate 

Rachis: medially 
directed plates 

Face: 
posteriorly 
directed 
parallel 
plates flat 

Rachis: 
posteriorly 
directed 
plates 

Face: dorsal 
elongate 
posteriorly 
directed plates 
pectinate. Ventral 
smooth 

Rachis: posteriorly 
directed plates 
pectinate 

Face: parallel 
ventrally 
directed plates 

Rachis: 
posteriorly 
directed plates 

lgp 
internal 

Posteriorly 
directed 
plates 
(serrated) 

Posteriorly 
directed plates 

Ventral 
elongate 
parallel 
ventrally 
directed 
plates. 
Dorsal 
posteriorly 
directed 
plates 

Posteriorly 
directed plates 
pectinate 

Posteriorly 
directed plates 
pectinate 

2gp 
internal 

i 

Posteriorly 
directed 
plates 
serrated 

Posteriorly 
directed plates 

Posteriorly 
directed 
plates 

Posteriorly 
directed plates 
pectinate 

Posteriorly 
directed plates 
pectinate 
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Table 3.1  contd 

Valve9face M. roeselii P. griseoaptera C. dorsalis L. punctatissima M. thalassinum 

Gpl Dorsal Distal elongate Medially Distal elongate Dorsal ventrally 
internal ventrally posteriorly directed posteriorly directed plates. 

directed directed plates plates directed plates Median 
plates. proximal medially pectinate. Median posteriorly 
Ventral 
distal 
dorsally 
directed 
plates 
proximal 
posteriorly 
directed 
plates 

directed plates and proximal dorsal 
posteriorly 
directed plates 
pectinate. Ventral 
posteriorly 
directed plates 

directed plates 
pectinate. 
Ventral 
posteriorly 
directed plates 
(pectinate) 

- 

Terms in brackets indicate that only some plates are of the type described. 
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Table 3.2 The Density of Sensilla per Unit Area on Various Valves of the Ovipositor in 
Five Representative Species  

Species Valve face Area N Cl  C2  DS B S Tr Ta Tb 

M. roeselii lgp ' 	1 5 - 0.4 0.8 - - - 
external 2 7 0.1 0.3 0.1 0.7 - - 

3 10 0.2 0.3 0.6 0.2 - - 

4 7 - 3.1 0.7 0.3 - 1.7 

5 11 0.1 320 0.4 - 1.1 0.3 

6 8 - 2.0 - - 0.5 0.8 

Gpl 1 7 1.1 8.0 - - - - 
external 2 4 1.0 2.2 - - - - 

3 7 2.7 3.5 - - - - 
4 9 0.7 1.2 - - - - 

2gp 
external 

- - - - - - - - 

lgp 
internal 

1 8 - 1.4 1.0 - 1.4 - 

2gp 
internal 

1 10 0.1 - - - - - 

Gpl 
internal 

1 10 0.1 - 0.1 - - - - 
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Table 3.2 	contd 

Species Valve face Area N C1  C2  DS B S Tr Ta Tb 

P. griseoaptera lgp 1 5 - 5.6 1.0 - - - 
external 2  7  - 2.5 0.3 - - - 

3 7 - 1.5 0.7 - - - 
4 6 - 0.5 - - - - 
5 6 0.3 1.3 0.3 - 1.3 - 
6 5 - 0.6 0.2 - - - 

Gpl 1 5 - 4.0 - - - - 
external 2  7  - 1.7  - - - - 

3 10 - 2.9 - - - - 
4 6 - - - - - - 
5 5 - 0.4 - - - 1.0 
6 5 - - - - - 0.6 

2gp 
external 

- - - - - - - - 

lgp 
internal 

1 13 - 0.1 0.7 0.1 0.3 0.8 

2gp -  
internal 

- - - - - - - 

Gpl 
internal 

1 10 0.1 - 0.1 - - - 
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Table 3.2 	contd 

Species Valve face Area N C1  C2  DS B S Tr TA Tb 

C. dorsalis lgp 1 7 - 1.8 2.5 0.1 0.4  - - 
external 2 11 - 3.5 1.4 0.1 - - - 

3 12 - - 0.1 0.1 0.1 - 1.1 

Gpl 1 3 1.0 5.2 3.0 - - - - 	I 
external 2 2 - 12.5 4.0 - - - - 

3 2 1.0 5.0 0.5 - - - - 
4 2 - 80 0.5 - - - _ 
5 4 0.3 3.0 0.5 0.3 - - 0.7 
6 4 0.5 3.o 0.7 - - - 0.7 
7 5 0.4 - 0.6 1.4 - - - 

2gp 
external 

1 5 - - 0.1 - - - - 

lgp 1 15 0.2 - 0.1 - 0.1 - - 
internal 2 10 - - - - 1.0 - 0.1 

3 7 - - - - 0.9 - 0.7 
4 5 - - - - - 3.1 - 

5 9 - - - - 0.1 0.4 0.6 

2gp 
internal 

- - - - - - - - - 

Gpl 
internal 

1 5 0.1 - 0.1 - - - - 
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Table  3.2 	contd 

Species Valve face Area N C1  C2  DS B S Tr Ta Tb 

L. punctatissima lgp 1 7 - - 2.7 - 0.1 0.4 - 
internal 2 .5 

- 
1.4 

- - 
0.2  

- - 

3 7 - 0.1 1.1 0.6 1.1 - - 
4 5 - 4.4 - 0.2 0.4 - - 
5 to - 0.3 1.2 0.6 0.2 - 1.7 
6 12 - - - 0.1 0.1 - 2.4 

Gpl 1 10 - 10.0 2.9 0.4 0.4 - - 
external 2  10  - 7.3 1.3 0.2 1.3 - - 

3 10 - - 0.2 2.4 1.6 - - 

2gp 1 13 - 5.6 - - - - - 
external 2 13 - 0.8 - - - - - 

lgp 
internal 

1 12 - - 1.7 1.1 1.1 - - 

2gp - 
internal 

- - - - - - - - 

Gpl 1 18 0.1 - - 0.1 - - 3.1 
internal 2  

34 0.1 
- - 

0.1 
- - 

3.1 
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Table 3.2 	contd 

Species Valve face Area N Cl  C2  DS B S Tr Ta Tb 

M. thalassinum lgp 
external 

1 

2 
20 
20 

1.5 
- 

0.3 
0.1 

0.9 
0.2 

0.8 
0.6 

0.1 
0.4 

- 

0.1 

Gpl 
external 

1 
2 

16 
16 

0.1 
0.8 

3,7 
0.5 

1.1 
0.2 

0.1 
0.8 

- 
0.8 

- 
- 

2gp 
external 

1 5 1.0 - - - - - 

lgp - 
internal 

- - - - - - - 

2gp 
internal 

- - - - - - - - 

Gpl 
internal 

1 5 0.6 _ _ _ _ _ 
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3.10 Discussion 

The faces of the ovipositor valves each perform 

different functions. The surface sculpturing and 
sensilla are modified and distributed in relation 

to these functions. Major differences exist in the 
type and distribution of the surface structure 

present in each of the five species (Tables 3.1, 

3.2), and these differences wherever possible will 

be discussed in relation to the preferred oviposition 

substrates of these species in a subsequent section 

(Section 5). 

The functions of the various types of surface 

sculpturing may be defined in relation to their 

position on the ovipositor valves. The external 

faces of the first gonapophysis and gonoplac are 

involved in substrate penetration. 	Some species 
(M. roeselii and M. thalassinum) have smooth or 

flattened surface sculpturing which would contribute 

little possible assistance in substrate penetration 

but would offer little resistance. 	In other species 

the external faces of these valves have anteriorly 

directed plates or perpendicular ridges on at least 

part of each valve. In L. punctatissima the ridges 

most probably act in the same manner as the teeth on 

the dorsal and ventral margins of the ovipositor. The 

anteriorly directed plates would not assist directly 

in the penetrative stroke of the ovipositor valve 

but would rasp at the surface of the ovipositor hole 

when the valve is partially withdrawn. This would 

widen the hole for the next penetrative stroke and 

would permit the expansion of the ovipositor which 

takes place during egg deposition. 

The external face of the second gonapophysis lies 

over the ventral region of the internal face of the 
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gonoplac, yet free movement of the gonoplac must 
occur. Both faces of the second gonapophysis either 

have posteriorly or ventrally directed plates or 

are partially smooth. The area of the gonoplac 

covered by the second gonapophysis has either similar 

surface sculpturing to that on the second gonapophysis 

or dorsally directed plates. Neither types would 

interfere with the free movement of the two valves. 

It would appear that a smooth surface would suffice in 

this position and thus the precise function of this 

type of surface sculpturing is not entirely clear. 

The internal faces of the first and second gonapophysis, 

and in some cases of the gonoplac, are concerned with 

the passage of the egg along the ovipositor. Hartley 
(1964.) and Mazzini (1976) have both demonstrated 

complex surface sculpturing on the chorion of the 

egg of several species of Tettigoniidae. 	This 

sculpturing has several functions related to respiration, 

but it also provides a suitable templet for the surface 

sculpturing on the internal faces of the ovipositor 

to grip and thrust against. In all species the inner 

surface of the ovipositor is covered in posteriorly 

directed plates, often serrated or pectinate, which 

could grip the surface of the egg when the valve is 

thrust backwards but would slide over the surface of 

the egg when the valve retracts. 	(The detailed 

mechanism of the passage of the egg along the ovipositor 

is described in Chapter 4). 	It would be an interesting 

extension of this work to determine whether variations 

in surface sculpturing between species is related to 

the type of surface sculpturing on the egg chorion. 

The dorsal area of the internal face of the gonoplac 

also has one of two roles in the passage of the egg 

along the ovipositor. 	In M. roeselii, C. dorsalis  

and M. thalassinum the dorsal section has ventrally 

directed plates along its length. The egg is laid 
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from the tip of the ovipositor but during its passage 

along the ovipositor it is possible for the egg to 

migrate dorsally and even leave the ovipositor 

anterior to the tip. 	The ventrally directed plates 
would serve to maintain the egg in its central 

position. 	P.griseoaptera has similar ventrally 

directed plates proximally, although distally these 

are replaced by posteriorly directed plates which 
assist the movement of the egg along the ovipositor. 

This arrangement is necessary since the second 

gonapophysis does not extend to the tip of the 

ovipositor. 	In L. punctatissima the entire dorsal 

section of the gonoplac has posteriorly directed 
pectinate plates. 	Since the ovipositor and the egg 
of L. punctatissima are both very broad and flattened, 

and the egg occupies the whole volume of the ovipositor, 

the gonoplac plays a more active role in the passage 

of the egg along the ovipositor. 

The presence of the sliding connection between the 

three valves is essential to the functioning of the 

ovipositor. 	The rachides normally form slightly 

swollen ridges on the ventral margins which fit tightly 

into the grooves in the aulax. Both rachis and aixlax 

are covered in complex surface sculpturing. The 

presence of surface sculpturing would help to prevent 

the valves from separating, since the rough edges 

would catch upon one another when the aulax and rachis 

were pulled apart dorso-ventrally. However, this 

surface sculpturing does not interfere with the antero- 

posterior movement of the valves. 	In M. roeselii, 

L. punctatissima and M. thalassinum the surface 

sculpturing of both aulax and rachis is posteriorly 

directed, whilst in P. griseoaptera it is ventrally 

directed. 	In C. dorsalis the aulax ridges are smooth, 

but the rachis is covered in dorsally directed plates 

which grip the walls of the grooves and so prevent 

separation. 

The distribution of sensory structures on the external 

a 
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face of the ovipositor is directly related to the 

use of the ovipositor for substrate testing prior to 

and during oviposition. Tettigoniidae have two 

types of sensilla on the ovipositor, mechanoreceptors 

and chemoreceptors. During oviposition a substrate 

is selected, which is suitable for ovipositor 

penetration and for accommodating the egg. Each 

species has preferred oviposition substrates for egg 

incubation (Section 5). A particular substrate is 

tested in a number of ways (Section 5) including trial 

penetrations of the substrate by the ovipositor. 

The degree of 'hardness' of the substrate is an 

important characteristic since it effects the ease of 

penetration and the suitability of the substrate for 

egg incubation. A substrate which is too hard may 
damage the ovipositor, whilst one which is too soft 

may not provide sufficient physical protection for 
the egg. 	The degree of resistance that the substrate 

offers to the ovipositor provides some indication of its 

hardness, and is most probably measured by proprioceptors 
in the muscles of the ovipositor and abdomen. 

Shearing forces will also be placed upon the base of 

the ovipositor valves as the ovipositor is thrust 

aginst the substrate and as the abdomen is twisted 

during penetration. 	These shearing forces are measured 

by the Campaniform sensilla which are found on the 

external faces of the valves in most of the species 

studied. 	If initial penetration is successful the 

ovipositor is thrust into the substrate, up to the basal 

region before egg deposition commences. At this 

stage it is most important that the ovipositor is 
correctly inserted. 	If the ovipositor is inserted 

too deeply the base of the ovipositor may be damaged, 

since its inherent flexibility would be restricted. 

Alternatively if it is not inserted fully the egg may 

be exposed on, or too close to,' the surface of the 

substrate. 	Trichoidea sensilla are found scattered 
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over the surface of the external faces of the valves 

in all the species studied; such sensilla in other 

insects have been shown to respond to both chemical and 
mechanical stimuli (Chapman 1975). 	In the female 

Tettigoniids these most probably indicate the depth 
to which the ovipositor is inserted in the substrate. 

At the base of the ovipositor Trichodea and Trichoid 

sensilla are both found in quite high densities. 	The 

Trichoid sensilla frequently occur in discrete sensory 

areas (plates) along the dorsal and ventral regions 

of the base of the gonoplac and scattered along the 

ventral margin of the first gonapophysis. 	These 

sensilla would be stimulated when the ovipositor is 

fully inserted in the substrate. 	Some Trichoid sensilla 

at the base of the first gonapophysis, on the ventral 

margin, will lie above the reflexed face of the 

subgenital plate and will be stimulated as the first 

gonapophysis moves relative to the subgenital plate. 

Hence movements of the first gonapophysis will be 

monitored. 	The subgenital plate is normally pressed 

against the base of the first gonapophysis thereby 

preventing eggs from leaving the genital chamber below 

the first gonapophysis. 	Some of the Trichoid sensilla 

found on the base of the first gonapophysis may 

monitor the relative positions of the subgenital plate 

and first gonapophysis. 

It has previously been stated (Section Y) that the 

connection between the three valves formed by the 

olistheter must not be broken. Campaniform sensilla 

are present along the length of both the aulax and 

ramus of the valves to monitor the amount of lateral 

stress placed on the olistheter during substrate 

penetration. 

The distribution of mechanoreceptors on the internal 

faces of the ovipositor varies between species, but 

their density is always lower than on the external 

faces. Most sensilla are confined to the dorsal 

margin of the first gonapophysis. Trichoidea sensilla 
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are commonest on the distal two thirds of the first 

gonapophysis and gonoplac and perform the same function 

as those sensilla on the external faces. No Trichoid 

sensilla are found on the faces of the valves except 

in L. panctatissima where long, smooth walled sensilla 

are common, possibly facilitating the passage of the 

egg along the ovipositor as well as indicating the 

position of the egg in the ovipositor. 	Trichoid 
sensilla are present on the dorsal and ventral margins 

of the gonoplac in the proximal third of the ovipositor 
and project externally. 	These have the same function 

as those Trichoid sensilla found in corresponding 

positions on the external faces. Campaniform sensilla 

may be found on the internal faces of the first 

gonapophysis and gonoplac in low densities and these 

monitor the stresses induced in the valves during 

substrate penetration. Apart from some Campaniform 

sensilla near the rachis no sensilla are found on the 

internal face of the second gonapophysis. In addition 

to mechanical properties the chemical properties of a 

substrate are an important indication of the type and 

suitability of a substrate. 	The tip of the ovipositor 
is the first section to come into contact with a 

substrate and in all species the distal sections of 
the external faces of the first gonapophysis and gonoplac 

have very high densities of chemoreceptors. The 

commonest type of chemoreceptor in most species is the 

Basiconic sensilla. 	The Basiconic sensilla project 

above the surface of the valves and are therefore 

subject to mechanical damage during oviposition. 

They appear to have two articulating membranes which 

provide them with additional flexibility so that they 

may bend or retract into their socket to avoid damage. 

In C. dorsalis and L. munctatissima large numbers of 

Campaniform type 2 or Dome-shaped sensilla respectively 

are present with the Basiconic sensilla. The Dome-

shaped sensilla are known to be chemoreceptors in other 

insects (Hawke, Farley and Greany, 1973). By virtue 
of their large numbers, distribution and apparent 
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morphology the Campaniform type 2 sensilla may also 
be chemoreceptors. 	Both of these receptors do not 

project above the surface as the Basiconic sensilla do 
and are therefore less prone to physical damage, 

providing an alternative source of sensory information 
to the Basiconic sensilla. 

Small number of Coeloconic ,and possibly Placoid sensilla 

are found on the external faces of the valves in 
P. griseoaptera. 	These are both known to be chemo- 

receptors and may, in P. griseoaptera perform the role 

of the Campaniform type 2 and Lbme-shaped sensilla in 

C. dorsalis and L. punctatissima respectively. 	There 
are no chemoreceptors on the second gonapophysis except 
for a few in C. dorsalis. 	There are some Basiconic 
sensilla on the internal faces of the first gonapophysis 

and gonoplac but these are largely confined to the 

marginal areas where they are likely to come into 

contact with the substrate. 

Styloconic sensilla have a similar distribution to the 
Basiconic sensilla though present in much lower numbers. 

The structure of the Styloconic sensilla resembles the 

Basiconic sensilla in having two articulating membranes. 

The Styloconic sensilla are chemoreceptors and monitor 

the chemical composition of the substrate. 

Trichoidea sensilla are both mechanoreceptors and 

chemoreceptors in other insects (Chapman 1975) which is 

probably the case in the Tettigoniidae. They normally 

have a single articular membrane in common with the 

Trichoid sensilla. 	Trichoidea sensilla do occur in 

the distal regions of the valves but in very low 

densities being more common in the proximal regions. 

They most probably monitor both the substrate type and 

the depth of substrate penetration. Trichoidea 

sensilla are also found on the internal faces of the 

first gonapophysis and gonoplac to determine the 

position of the egg in the oviposit or. 	The egg of 
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L. punctatissima is cemented to the oviposition 

substrate by a substance coating the outside of the 

egg, most probably secreted by the accessory gland. 

The chemoreceptors on the internal faces of the first 

gonapophysis and gonoplac may detect the presence of 
this substance and so monitor the passage of the egg 

along the ovipositor. 

Hence the type and distribution of sensilla and surface 

sculpturing on the ovipositor can be seen to be related 

to the function of any particular region of the ovipositor. 

Further relationships which may exist between differences 

in the distribution and type of sensilla, between 

species, related to the nature of the oviposition 

substrate of a particular species will be discussed 

in Section 5. 
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Section  4. The Mechanism of Oviposition in M. roeselii 

4.1 Introduction 

Snodgrass (1935)  has described the functioning of the 

ovipositor in Scudderia in respect of its morphology 
but not in relation to the musculature. 	On the other 

hand Ford (1923) described the action of individual 

muscles of C. fasciatus but did not relate this to the 

mechanics of oviposition. 	Some authors (e.g. Scudder 
1961 a and b, and Smith 1969) have stressed the functional 

significance of certain parts of the ovipositor without 
describing the complete mechanism. 

In the present account the morphology, musculature and 

surface sculpturing of the ovipositor are related to 

the method of oviposition. 	This is later related tc 

oviposition behaviour and the variation in structure of 

the five types of ovipositor. 
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4.2 Materials and Methods  

Most of the following description was based upon the 

functions of the individual sclerites and muscles 

described in sections 1 and 2. 	The muscles are referred 

to by their numbers with an indication of the abdominal 

segments involved where relevant,e.g. Muscle 72_7  refers 
to muscle 7 in segments 2 - 7 inclusive. 	Both oviposition 
and mating behaviour of the five species was observed 

in the constant temperature room in all three seasons. 

Behaviour was also recorded on video tape using a Sony 

Video recorder CV2100ACE with Sony Video tape 2" V32 
The camera was a Shibaden with an F1.8 lens and x 2 
extension tube. Microlights were used to provide 

additional illumination during recording. 	Once a 

sequence of behaviour was initiated the sides and lid of 

the cage were removed to increase the resolution of the 

recording. No apparent differences in behaviour were 

observed between normal conditions and conditions 

occurring during recording. From the video recording it 

was possible to observe the action of certain sclerites, 

in particular, the gonangulum, first gonapophysis and 

gonoplac during oviposition and mating. 
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4.3 The Mechanism of Oviposition  

The morphology of the ovipositor is such that it may be 

orientated at different angles to the body and individual 
sclerites may be moved independently. 	This flexibility 
is required to allow the ovipositor to function efficiently 

during oviposition and to be manipulated during mating. 

The flexibility of the ovipositor arises by the method 

of its articulation with the abdomen and by its own 
construction. 	The ovipositor articulates with the 
abdomen by a series of flexible folded membranes and a 

single pivot between the antero-ventral corner of the 

gonangulum and tergum nine. The membranes of importance 

in this context are those which connect the second gonocoxa 
to tergum ten and the gonangulum to tergum nine. The 

membraneous basal region of the first gonapophysis is 
also flexible. When the ovipositor is directed ventrally 

the membranes of the second gonocoxa and gonangulum unfold 

and stretch, while the base of the first gonapophysis is 

compressed. When the ovipositor is directed dorsally, 

during mating, the dorsal membranes are folded further and 

the base of the first gonapophysis is stretched. Dorsal 

movements of the ovipositor from the "rest" position are 

slight compared to ventral movements. Normal lateral 

movement of the ovipositor is prevented by the articulation 

of the gonangulum with the ninth tergum. Any movement in 

this plane is achieved either by rotation of the abdomen 

as a whole or by the pivoting of the second gonocoxa on 

its articulation with the dorsal angle of the gonangulum. 

This is also possible because of the flexibility of the 

membranes around the ovipositor and the presence of a folded 

membrane between the posterior margin of the gonangulum 

and the anterior margin of the second gonocoxal lateral band. 

During oviposition the ovipositor must first be brought 

into contact with the substrate. 	The abdomen is curved 

to bring the ovipositor into position above the substrate. 

Ventral curvature of the abdomen is brought about by 

simultaneous contraction of abdominal muscles 7 and 11, 
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and relaxation of abdominal muscle 1 in segments 2 to 7 

(Stage 3 Fig. 4.1). 	Slight lateral adjustments of the 
abdomen are made by greater contraction of muscles 7 and 

11 on one side than on the other. To bring the valves 

into contact with the substrate the valves must be lowered 

in relation to the abdomen. 	The longitudinal tergal 

muscle of segment eight maintains the relative position 

of tergum nine during the following sequence. The 

second gonocoxa pivots about the dorso-posterior corner 

of the gonangulum. When the apodeme of the secoh.d gonocoxa 

is raised by contraction of muscle 13, the gonoplac is 

directed ventrally. The position of the pivot enables 

the base of the second gonocoxal lateral band to be raised 

and brought forward by virtue of its being part of the 

second gonocoxa, and by simultaneous contraction of muscle 

15. The movement of the second gonocoxal lateral band 

raises the anterior intervalvula, a process assisted by the 

contraction of muscle 16. 	This raises the ventral rami 

of the second gonapophysis, while the dorsal ramus is 

lowered with the posterior intervalvula (which is fused 

to the gonoplac behind the pivot). Hence the second 

gonapophysis is lowered with the gonoplac. The first 

gonapophysis is forced downwards by the gonoplac because 

of the olistheter and by contraction of muscle 12. However, 

the base of the dorsal margin of the first gonapophysis 

is fused with the ventral margin of the gonangulum. 

Thus, to allow movement of the first gonapophysis the 

gonangulum tilts ventro-posteriorly pivoting on its 

dorsal articulation with tergum nine. This in turn 

lowers the second gonocoxal articulation, pitching it 

posteriorly and supplements the ventral movement of the 

gonoplac (Stage 4 Fig. 4.1). 	Once the tip of the ovipositor 

is in contact with the substrate, penetration of the substrate 

is initiated. This is brought about by the insect gripping 

the substrate with its legs and exerting a downward pressure. 

Actual penetration is accomplished in two phases. 	The 

first phase is characterised by vigorous lateral movement 

and downwards thrusting of the abdomen, accompanied by a 

sawing action of the first gonapophysis and gonoplac. This 
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continues until the ovipositor is inserted to approximately 

one third of its normal length. The lateral movement 

of the abdomen is largely a result of rapid simultaneous 

contraction of muscles 7 and 11 in the pregenital segments 

of opposite sides of the abdomen, accompanied by some 

swaying of the whole body. The movement of the gonoplac 

and first gonapophysis is accomplished in a series of 

sub stages (Stage 5 Fig. 4.1). 
(i) Initially the gonoplac and first gonapophysis of 

both sides are parallel, with their tips together. 

(The pair of gonoplacs and gonapophyses work in unison). 

(ii) Muscle 17 contracts and pulls the posterior intervalvula 

forwards. Since the posterior intervalvula is fused 

to the gonoplac the latter also moves forwards, forcing 
the dorsal articulation of the gonoplac with the 

gonangulum forwards. The gonangulum pivots about its 

articulation with tergum nine, tergum nine moving 

backwards simultaneously because of the relaxation 

of muscle 18.  This in turn forces the ventral margin 

of the gonangulum backwards. Since the base of the 
first gonapophysis is fused to the ventral margin of 

the gonangulum, the first gonapophysis is also forced 

backwards (muscle 12 is relaxed) cutting into the 

substrate. 

(iii) Muscle 17 relaxes and muscles 18  and 12 contract 

simultaneously, this pulls the ninth tergum and first 

gonapophysis forwards, the gonangulum pivots backwards 

and the gonoplac is therefore forced backwards, and 

cuts through the substrate aided by the serrations 

along its dorsal margin. The second gonapophysis 

moves in unison with the gonoplac during the above 
sequence because of its connections to the gonoplac 

via the anterior and posterior intervalvula. 

Once the ovipositor has been inserted to one third of its 

length, the lateral movement of the abdomen ceases and 

the second phase of penetration commences-(Stage 5 Fig. 1.4). 
The penetration of the substrate occurs by relative 
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movements of the first gonapophysis and gonoplac. 

When the first gonapophysis is moved anteriorly by 

contraction of muscle 12 the gonangulum pivots on the 
second gonocoxa. 	The antero-ventral corner of the 

gonangulum thrusts against tergum nine which is, in turn, 

moved forwards by the action of muscle 18. While the 
first gonapophysis is retracted from the substrate 

ovipositor, the tip of the gonoplac is thrust into the 

substrate by the pushing of the abdomen. When muscles 
18  and 12 are relaxed the ninth tergum returns to its 

normal position in relation to the rest of the abdomen, 

this forces the gonangulum and therefore the first 

gonapophysis posteriorly. The first gonapophysis cuts 

through the substrate assisted by the serrations of the 

ventral margin of the valve. This process is repeated 

until the ovipositor is fully inserted. 

Once the ovipositor is fully inserted egg deposition 

begins. 	The egg is passed from the lateral oviduct 

into the common oviduct and then into the genital chamber. 
It is not clear when the egg enters the genital chamber 

in relation to the above sequence. 	It is possible that 

the egg may already be in the genital chamber at the 

beginning of the oviposition sequence. However, once 

the ovipositor is fully inserted the egg is expelled from 

the genital chamber by a reduction in the volume of the 

chamber, brought about by contraction of its muscular 

walls. 

The egg passes over the egg guides at the base of the 

first gonapophysis and into the anterior end of the 

ovipositor between the first and second gonapophyses. 

Muscles 117  and 108  contract and return the genital chamber 

to its original volume. The egg has a greater diameter 

than the internal dimensions of the ovipositor and is 

therefore compressed and gripped firmly by the internal 

faces of the first and second gonapophyses. 	The passage 

of the egg along the ovipositor is caused by the movement 

of the first and second gonapophyses relative to one 

another and to the gonoplac (Stages 7 and 8 Fig. 4.1). 
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Contraction of muscle 19 causes the second gonapophyses 

to be moved anteriorly compressing the rubber like blocks 
which connect the rami of the second gonapophyses with the 

anterior and posterior intervalvulae. Since the surface 

sculpturing on the internal face of the second gonapophysis 
is mainly posteriorly directed the second gonapophysis 

can slide forwards in relation to the egg without moving 

it anteriorly. The position of the egg is maintained 

by the posteriorly directed plates in the inner faces of 

the first gonapophyses which grip the chorion of the egg. 

When muscle 19 relaxes the rubber like pads return to 

their original shape and force the second gonapophysis 

back to its original position. During this posterior 

movement of the second gonapophysis the posteriorly directed 

plates on its internal face grip the chorion of the egg 

and push the egg posteriorly. This first method moves 

the egg very short distances along the ovipositor since 

the rubber like pads are very narrow and movement of the 

second gonapophysis is accordingly restricted. Probably 
more important is the anterior posterior movement of the 

first gonapophysis, identical in mechanism to the 
penetrative strokes of the first gonapohpysis, but not 

accompanied by downward thrusting of the abdomen. The 

posteriorly directed plates on the face of the first 

gonapophysis slide over the egg as the first gonapophysis 

moves forwards and then grips and carries the egg 

backwards with the gonapophysis. As the egg nears the tip 

of the ovipositor the action of the second gonapophysis 

becomes less important since it becomes very narrow, only 

touching a small area of the egg. In this region the 

gonoplac also has posteriorly directed plates which 

fulfil the function performed by the plates on the anterior 

section of the second gonapophysis. 	The position of the 

egg inside the ovipositor is monitored by the Basiconic 

and Styloconic sensilla on the internal faces of the first 

gonapophyses and gonoplacs. 	Once the egg has reached the 

tip the ovipositor is partially withdrawn and the egg drops 

into the hole left by the ovipositor. 	The egg may be 

pushed into the hole by short repeated downward thrusts of 

the ovipositor. Finally the abdomen is raised and the 



- 228 - 

ovipositor withdrawn from the hole. 	Repeated sawing 
actions of the first gonapophysis in relation to the 

gonoplac;occurs, when the ovipositor is withdrawn, 

similar to those of phase two in the penetrative sequence 

but without the downward thrusting of the abdomen. This 

apparently assists in the withdrawl of the ovipositor 
(Stages 9 and 10 Fig. 4.1). 	Muscles 12, 13, 15 and 16 
relax and muscles 14a and b contract, lowering the second 

gonocoxal apodeme, pivoting the second gonocoxa about the 

gonangulum and raising the gonoplac. The other valves 

are raised because of their connection to the gonoplac 

via the olistheter. The abdomen is straightened by muscles 

7 and 11 relaxing and muscle 1 contracting. The female 
then leaves the oviposition site. 

During mating the ovipositor is manipulated, the valves 

being raised slightly from the normal position by the 

contraction of muscles 14a and b which lowers the second 

gonocoxal apodeme, causing the second gonocoxa to pivot 

on the gonangulum and the gonoplac to be raised. The 

membraneous connections between the gonangulum and second 

gonocoxa and the second gonocoxa and tergum nine are 
folded. 	The other valves are also raised because of their 

connection with the gonoplac via the olistheter and the 

membraneous basal region of the first gonapophysis is 

stretched. The dorsal movement of the valves partially 
exposes the genital opening. 	The subgenital plate is 

then forced ventro-anteriorly by the male who grasps it 
with his cerci. 	This completely exposes the genital 

opening and transfer of the spermatophore can then 
commence. 



I. Female selects and prepares site. 

2. Female grips substate, orientating abdomen over prepared site. 

3. Abdomen curved to bring ovipositor valves above prepared site, Muscles I2_7  relax, 

Muscles 72_7  and Muscles II2-7 contract.  

Fig. 4.I. The mechanism of oviposition. 



4. Ovipositor valves directed ventrally, 

(i). Apodemes t8, t9  braced by Muscles 17, I8  and 29. 

(ii). Muscles I2, I3, 15, 16, contract simultaneously, raise proximal sclerites, 

lower valves. 

s 

5. Penetration of substrate. 

Phase II 

(1). Abdomen thrust ventrally by legs. 

(ii). Muscles 18, I2 relax. Muscle 17 contracts. Gp1. pulled anteriorly, ga. 

pivots on t9, ventral margin ga. forced posteriorly, Igp forced posteriorly. 

(iii). Muscle 17 relaxes Muscles 18, I2 contract. t9, Igp. pulled anteriorly, 

ga. pivots on t9,gpl. forced posteriorly. 

Fig. 4.I. continued. 



Phase II. 

(i). Muscle I2 contracts. Igp. pulled anteriorly, ga. pivots on 2gcx. Muscle 

I8  contracts t9  moves anteriorly, ,ga. moves anteriorly. 

(ii). Gpl thrust into substrate by ventral thrust of legs. 

(iii). Muscles 18  I2 relax. Ga. pivots on 2gcx. Igp. moves posteriorly. 

A 

IN 

6. Penetration complete. Egg in gch. 

7. Egg forced into ovipositor by contractionLof muscular walls gch. 
_(i). vuscle 19 contracts, 2gp. pulled forwards. Egg gripped by surface sculpturing 

on face Igp. 

(ii). _Muscle 19 relaxes; 2gp. moves posteriorly. Egg forced posteriorly by surface 

sculpturing on 2gp. 

8. Igp. passes egg posteriorly in conjunction with 2gp. Igp. moves antero-posteriorly 

by mechanism in Phase II. Forces egg postiorly on its posterior stroke. 

Q. Ovipositor partially raised by legs, allows egg to pass into oviposition hole. 

I0. Egg leaves ovipositor at tip. Abdomen partially straightened and raised. Eggs 

often pushed into hole by short venrdhl thrusts of ovipositor. 

II. Ovipositor withdrawn by raising abdomen accompanied by sawing action of Igp. 

and gpl. Muscles I2, I3, 15, 16 relax. Muscles I4a, I4b contract, 2gcx.lowered, 

valves raised. 
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Section  5. Oviposition-Behaviour in the Tettigoniidae 

5.1 Introduction 

The five types of ovipositor described in Section 1 

exhibit variations in morphology, musculature and 
surface sculpturing. 	The question arises as to 

whether these variations are related to the 

functioning of the ovipositor and in particular to 

the form of the substrate. 	To investigate this 
problem a representative species for each type of 

ovipositor has been chosen (as described in Sections 

2 and 3), and a series of experiments conducted to 

determine the preferred oviposition substrate of the 
species. 

Only certain substrates are suitable for egg storage, 

since most species are univoltine and spend at least 

one winter in the egg stage, the substrate selected 

must be suitable for egg storage. 	In addition to 
protecting the egg from physical damage and desiccation 

the vermiform larva must be able to escape from the 
substrate. 

Vegetational surveys of a typical site for each species 

have been conducted and suitable substrates from each 

habitat have been provided in oviposition preference 

tests. 	In addition substrates known to be used 	as 

oviposition sites from previous literature have been 

included, together with certain artificial substrates 

where it was considered these might provide additional 

relevant information. Also included in this section 

are observations of oviposition behaviour where the 

movement of the ovipositor is involved. 

The literature provides considerable detail on 

oviposition sites for the five species, although it is 

not always clear when the information is based on 

a single record. M. roeselii is known to lay its 

eggs in grass stems and possibly in the stems of 

other plants (Ragge 1965). P. griseoaptera attempts 
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oviposition in a wide range of substrates from the 
stems of hollyhocks (Grove 1943) and other plants 
(Chopard 1938) to elm bark (Lucas 1920), rotten 
wood and elder pith (Ragge 1965). 	C. dorsalis, 
which often lives in the same habitat as M. roeselii, 
lays its eggs in the galls' of Lipara luc ens Mg., on 
Juncus spp, but more typically in the stems of rushes, 
sedges and reeds (Ragge 1965). 	L. punctatissima 
has frequently been observed ovipositing in oak bark 
(Duncan 1960 and Ragge 1965) and also oviposits in 

plant stems. Finally M. thalassinum lays its eggs 

in oak bark (Lucus 1920) or the lichen associated 
with the bark (Chopard 1938) and occasionally in oak 
galls (Ragge 1965). 	Other members of the Tettigoniidae 

are known to oviposit in soil, for example T. viridissima 
(Browning 1947, Ragge 1965), but unfortunately no 
known soil ovipositing species are studied in detail 
in the present account, although soil or litter is 
included as a test substrate. 
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5.2 Materials and Methods  

Vegetational surveys for habitats supporting M. roeselii, 

P. griseoaptera and C. dorsalis were conducted using a 

point quadrat. 	Fifty samples were taken at random 

in the habitat and the plant species recorded to provide 
a measure of species density. 	Surveys for L. punctatissima 

M. thalassinum were not conducted since all specimens 

were collected either from Quercus robur L. or 
Rhododendren ponticum L. 

Species of plants occurring in high densities in the 

habitat but obviously not suitable for oviposition 
were not included in the preference tests. 

Adult males and females were collected from the field 

using the techniques described in Part II. 	Oviposition 

preference tests were conducted in the summers of 1977 -

1979. Oviposition tests were carried out at a constant 

temperature of 200C, 50% relative humidity, 16 hrs/24 hrs 

light regime. Experimental procedures were modified 

slightly during the three years. The sample size for 

the preference tests was limited by the numbers of 

females available. In 1977 and 1978 the experiments 

were allowed to run until the females died. 	In 1979 the 

experiment was conducted for ten days and then terminated. 

Soil cores (diameter 9cm,depth 2.5 cm) were taken from 

the appropriate habitat and any surface vegetation left 

intact. 	The sides and base of the cores were covered 

in cling film to prevent the females having contact with 

an un-natural substrate. Samples were watered every 

2 days. All plant material was placed upright in the 

cages, stems were held upright in either; (a) 3 x 1 inch 

tubes, stem length 20 cm, or (b) in expanded polystyrene 

covered in aluminium foil (to prevent oviposition in 

the polystyrene), placed in petri dishes (diameter 9 cm), 

stem length 8 cm. 	Oak bark (Q. robur) was also placed 

in some cages (length 10 cm, height 10 cm, depth 2 cm). 

At the end of the experiment, the soil samples were 

dried and put through a fine mesh metal sieve to remove 
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any eggs. All plant material was dissected to 

ascertain the number of eggs laid. 	In the 1979 

experiment normal water bottles (page 17) were not 

provided, since in the previous experiments all species 

had exhibited a definite preference to oviposit in the 

cotton rolls, rather than the natural substrate. 

Consequently damp cotton rolls were wrapped in 

aluminium foil, with a small area at one end of the 

roll exposed. 	This permitted the insect access to 

water but restricted the surface area available for 

oviposition. 

(i) M. roeselii 

1977 

Six females were placed separately in Type 2 cages. 

Each female was provided with the following 
substrates:- 

(a) Juncus stems (Juncus effusus L.) 

(b) Grass stems (Phalaris arundinacea L.) 

(c) Soil 
All stems were placed in Type (a) containers. 

The diameter of the stems varied, the females 

having access to the entire length of each stem. 

1978  

No preference tests were conducted. 

1979  

Ten females were kept separately in Type 2 cages 

with a male in each cage. 	Once the females were 

mature they were transferred to special cages 

(Type 4) which provided more space for the provision 
of substrate samples than the other types of cages. 

Each cage consisted of a round perspex cake tin 

with a loose fitting lid providing adequate 
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ventilation (height 9 cm, diameter 23 cm). 	Each 
female was provided with the following substrates :- 

(a) Juncus stems ( J. effusus) - fresh 
and dry. 

(b) Phragmites stems (Phragmites communis 
Trin.) 

(c) Grass stems (P. arundinacea) 
(d) Bramble stems (R.fruticosus L.) 
(e) Soil 

All stems were placed in Type (b) containers. 	The 
J. effusus and R. fruticosus., stems were replaced 

every two days since these were frequently chewed 
and eaten. At the end of the experiment stem 
diameters were measured using vernier calipers. 
The percentage of eggs laid in each diameter was 
calculated and a histogram of this plotted. 	Stem 
diameter was not considered in detail in 1977 
although the results indicated a preference for 
stems of certain diameter. 

(ii) P. griseoaptera 

1977 

No preference tests were conducted. 

1978  

Six females were kept in Type 2  cages and provided 
with the following substrates:- 

(a) Rotting bark (length 10 cm, breadth 
4 cm, depth 4 cm) 

(b) Rotting wood (length 10 cm) 

(c) Fresh bramble stems (R. fruticosus)  

(length 20 cm, diameter 0.5 - 1.5 cm) 
(d) Soil 

(e) Fresh oak bark (Q. robur) 

0 
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1979 

Ten females were kept separately in Type 2 cages 
until mature. They were then transferred to 
Type 4 cages and provided with the following 
substrates, placed horizontally in the cage:-  

(a) As in 1978 

(b) Dead bramble stems (length 10 cm, 
diameter 1.5 - 2.5 cm) 

(c) As in 1978 
(d) As in 1978 

(e) As in 1978 

Rotting bark was replaced by dead bramble since 
this was found more frequently in P. griseoaptera 
habitats. 

(iii) C. dorsalis 

1977  

Five females were placed separately in Type 2 cages 
and provided with the following substrates:- 

(a) Juncus stems (J. effusus) fresh and dry. 
(b) Grass stems (P. arundinacea)fresh and 

dry. 

The stems were placed in Type (a) containers, 
the females having access to the whole stem. 	The 
Juncus stems varied in diameter. 

1978  

No preference tests were conducted. 

1979 

Ten females were placed separately in Type 2 
cages and provided with the following substrates:- 
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(a) Juncus stems J. effusus) fresh and dry. 
(b) Phragmites stems (P. communis)(diameter 

1.0 - 3.0 mm) 
(c) Grass stems 

(d) Bramble stems 
1.0 - 8.0 mm) 

(e) Soil 

All stems samples were placed in Type (a) containers, 
the females having free access to the whole length of 
stem. 	The diameter of the stems was measured at the 
end of the experiment using vernier calipers. 

(iv) L. punctatissima 

1977, 1978  

Seventeen females were tested over two years. 	They 

were placed separately in Type 2 cages and provided 
with the following substrates:- 

(a) Bark (Q. robur) 
(b) Twigs (Q. robur) (length 10 cm) 
(c) Leaves (Q. robur) 
(d) Rhododendron shoots (R. 

ponticum ) 
(f) Filter paper 

The oak leaves were held in Type (a) containers 
using cling film over the mouth of the tubes to 
prevent the females from ovipositing in the 
petioles. 

1979  

No preference tests were conducted. 

(v) M. thalassinum 

1977, 1978 

Twenty three females were tested over two years. 
They were placed separately in Type 2 cages and 

P. arundinacea) 
R. 

 
fruticosus)  (diameter 
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provided with the following substrates:- 
(a) Bark (Q. robur) 
(b) Ten oak galls (various causative species) 

placed in the bottom of the cage. 
(c) Twigs (Q. robur) 
(d) Leaves (Q. robur) 
(e) Rhododendron shoots (R. ponticum) 
(f) Soil 

The oak leaves were treated in a similar way to 

those for L. punctatissima. 
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5.3 Results  

(i) Vegetational Surveys (1977) 

(a) M. roeselii and C. dorsalis  

The habitat studied was an area of lush grassland 
at Flatford Mill in Suffolk, which supported 

large numbers of both species. The boundaries 

of the habitat were formed by a river on two 

sides, a ditch on the third and a hedge of willow 

on the fourth side. 	Stands of P. communis  

separated the area of grassland from the river. 

The banks of the ditch were bordered by clumps 

of Carex paniculata L. mixed with stands of 

Mentha aquatica L. Two areas were covered with 

R. fruticosus°on which was also found 

P. griseoaptera. 	The rest of the area was lush 

grassland dominated by P. arundinacea. Small 

areas of gravel covered soil were found in the 

P. arundinacea and these contained many plant 

species not found elsewhere in the habitat, 

including Rumex acetosa L., Sanchus oleraceus L., 

Plantago major L., Senecio squalidus L. and 

Epilobium hirsutum L. was found near the willow 

hedge and along the ditch. Dipsacus fullonum L. 

was found on the edge of the P. communis stand, 

but nowhere else. Nymphs of M. roeselii were 

usually found in the regions of mixed vegetation, 

but adults and C. dorsalis were found in the 

grass. For this reason an area of lush grassland 

bordering the P. communis stand was sampled which 

did not contain an area of mixed herbage, since it 

was the oviposition sites which were more 

important in this case. 

Summary of Survey 

Species Bare P.arundinacea P.communis U.dioica C.arvense J.effusus 

% Density 2 	98 	8 	1 	12 	14 
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The low densities of all species except 

P. arundinacea reflects their tendency to 

form small clumps within the P. arundinacea. 

(b) P. griseoaptera 

Farthingdown (Surrey) was a typical habitat 

for P. griseoaptera. 	The habitat was a 

c alc arc ous South facing slope of mixed grass 
and scrub, bordered by a mixed deciduous 

woodland with Crataegus monogyna Jacq., Q. robur, 

Taxus baccata L., and Malus sylvestris. Mill. 

Isolated specimens of C. monogyna were present 
with some areas of Cornus sanguinea L. and 
R. fruticosus, Four main species of grass were 
observed and a large number of flowering plants. 

Fallen trees and general detritus were also 

found in the habitat. Nymphs and adults 

were found scattered throughout the habitat 

although adults appeared to congregate on 
R. fruticosus  

Summary or Survey 

Species GA GB GC GD PA PB PC PD PE PF PG PH PI PJ 

Density78 2 64 24 1 14 6 14 4 2 14 32 2 8 
where: 

GA = Brachypodium pinnatum (L) 

GB = Dactylis glomerata L. 

GC = Festuca ovina L. 
GD = Holcus lanatus L. 

PA = C. monogyna 
PB = C. sanguinea 

PC = R. fruticosus  

PD = Hedra helix  L. 

PE = Poterium sanguisorba L. 

PF = Vicia'sepium L. 

PG = Rosa canina  
PH = Silen2 vulgaris (Hoench Garcke) 

PI = Scabiosa columbaria L. 

PJ = Leontodon hispidus L. 
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(ii) Oviposition Preference Tests  

The oviposition preference tests are summarised in 
Table 5.1 

(a) M. roeselii 

It is clear from the results (Table 5.1) that 
of the substrates offered M. roeselii prefers 

J. effusus stems. 	This agrees closely with 
previous field observations (Ragge 1965). 
However, M. roeselii exhibited a preference 

for dried J. effusus stems to fresh stems 

(472 and 12 eggs respectively). 	It also 
appears that the diameter of the stems is 

important, the majority of the eggs being laid 
in stems of 2.1 - 2.5 mm diameter, (Fig 5.1). 
However, it is not possible for the females to 

lay more than one egg, in stems under 1.7 mm 

diameter at any one site. As the diameter 

increases more than one egg per site may be 

laid and as many as seven eggs per site were 

found in stems over 2.3 mm in diameter. 	This 

would bias the results to some extent, especially 

since females showed a tendency for repeated 

oviposition once a suitable site had been found. 

(b) P. griseoaptera 

P. griseoaptera shows a strong preference for 

firm but decaying material, in particular for 

rotten bark (Table 5.1). 	The bark and wood were 

both easily broken in the hand and had most 

probably been on trees felled for several years. 

This type of material is easily penetrated by 

the ovipositor but would not rapidly decay to 

expose the eggs. 	In P. griseoaptera this is 

particularly important since the majority of 
eggs spend a second winter in this stage. The 

eggs were laid at depths between 1 mm and 2,1~mm 

into the substrate and were orientated parallel 

with the grain of the bark (Plate 52). 



25- 

20- 

0/0  15- 

eggs 	, 

10- 

5 

1.3 1.5 1.7 1.9 2.1 2.3 2.5 2.7 2.9 

stem diameter, mm. 

Fig.5.1. Stem diameter preference, M. 

roeselii. 
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(c) C. dorsalis 

It is clear that C. dorsalis, like M. roeselii, 
displays a preference for dead stems of J. effusus. 

A single female laid some eggs in dry grass stems 
and all females showed a preference for the 
cotton wool rolls provided as a source of water 
in 1977-78. 	As in M. roeselii it was possible 
to demonstrate a preferred diameter of J. effusus  
stems. Fig 5.2 shows that most eggs were laid in 

stems of 2.0 - 2.2mm. Some grouping of eggs in 
stems of diameter greater than 2.2 mm occurred. 
It is not surprising that species preferring the 
pith of J.effusus stems would attempt to oviposit 
in cotton wool rolls under experimental conditions. 

(d) L. punctatissima 

Z. punctatissima oviposits exclusively in oak 
bark from freshly felled trees. All eggs are 
laid in cracks parallel to the face of the tree 
(Plate 53). 	Filter paper was also offered as 

a substrate which could be folded to determine 
whether females actually sought out crevices 
in a substrate. The number of eggs laid between 
folds in the filter paper substantiates this 
suggestion. 	In addition those eggs laid it 
the cotton wool rolls of the drinking vessels 
in 1977 were all located between the folds of 
the cut end of the roll. 

(e) M. thalassinum 

The results for M. thalassinum were inconclusive. 
Only a single female laid eggs in oak galls, all 

others using the cotton wool rolls. This may 
either suggest that the preferred oviposition 

substrate was not among those offered, or that 
the exposed rolls provided more easily accessible 
sites. That many females died still containing 
many eggs suggests that the former is a more 

logical conclusion. 
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Fig.5.2. Stem diameter preference, 
+► 	C. dorsalis.  
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Table 5.1 Oviposition Preference Tests  

M. roeselii Juncus 
No. females Soil Phragmites Dry 	Fresh P. arundinacea Bramble (Cotton roll) 

1977: 	6 - Absent 148 - - Absent 44 
1979: 	10 - - 472 12 - - Absent 

P. griseoaptera 
Wood Bark New Bark Bramble Dead Bramble No. females Soil 

1978: 	3 

1979: 	10 
- 

- 
66 

Absent 

70 

294 
Absent 
- 

- 
- 

Absent 
8 

C. dorsalis 
Soil Dry 

Juncus 
Fresh 

P. arundinacea 
Phragmites 

, 
 (Cotton roll) No. 	females Dry Fresh 

1977: 	6 
1979: 	9 

Absent 
1 

224 
129 

- 
- 

16 
- 

- 
- 

Absent 
- 

291 
Absent 

L. 	)unctatissima 
Twigs Leaves Rhododendron Filter Paper (Cotton roll) No. 	females Bark 

1977: 	7 

1978: 10 
104 

80 
- 
- 

- 
- 

- 
- 

92 
Absent 

208 
Absent 



Table 5.L 	contd 

M. thalassinum 
Bark Twigs Leaves Galls Rhododendron (Cotton roll ) No. females Soil 

1978: 	6 

1979: 	17 
- 
- 

- 
- 

- 
- 

- 
- 

22 
- 

- 
- 

309 

- 
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(iii) Oviposition Behaviour (Fig. 5.4) 

The mechanism of oviposition has been described in 
detail in Section 4. 	However, certain observational 

records of the early stages of oviposition are 

relevant to the selection of a suitable substrate 

in those species studied in detail. 	Oviposition 
in M. roeselii normally proceeds as follows: 

1. The female arrives at a potential substrate by 

walking over the base of the cage or by passing 

from stem to stem. 

2. Once on the substrate the female moves up and 

down the stem, testing the surface of the substrate 

with the maxillary and labial palps. The female 

either rejects the substrate and moves to another 

stem or remains on the substrate, halting at one 

place and chewing the surface of the stem with the 

mandibles. Large areas of J. effusus are chewed 

in this way although no attempt at further 

oviposition occurs since very few eggs are laid in 

green stems. 	On dry J. effusus stems the 

chewing normally results in a small hole in the 

surface of the stem and is frequently followed by 

the next phase. 

3. The female walks over the tested site to a position 

where, once the abdomen is curved and the ovipositor 

tip is in contact with the substrate (Section 4.3), 

the tip of the ovipositor can be inserted into 

the hole. 	The female subsequently proceeds to 

insert the ovipositor, normally to one third 

of its length. At this stage the female either 

rejects the substrate or proceeds to the next 

phase. 

4. If acceptable, complete insertion of the ovipositor 

(Section 4.3) now occurs. 
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5. The female remains stationary for periods of up 

to 30 minutes with the ovipositor fully inserted. 

The only visible movements being regular pulsating 
of the abdomen. During this phase the egg is 

passed along the ovipositor and into the substrate, 
occasionally additional eggs are laid. 

6. The abdomen is lifted and straightened and the 

ovipositor rapidly withdrawn from the substrate. 

7. The female proceeds to a new site on the same stem 
or to a different stem. 

P. griseoaptera 

Oviposition in P. griseoaptera is slightly different 

from that in M. roeselii. 	The female tests the 

substrate in the same manner as M. roeselii except 

that the mandibular testing does not produce a hole 

in the surface of the substrate, but grazes the 

surface of the substrate producing a shallow notch 

instead. The female may also remove and re-insert 

the ovipositor repeatedly in a very small area 

before the stationary period commences, since 

substrate testing with the ovipositor appears to 

take place by the entire length of the ovipositor 

and not just the distal third. 

C. dorsalis  

Oviposition behaviour in C. dorsalis is similar 

to that in M. roeselii. 

L. punctatissima 

Oviposition behaviour follows the same general 

sequence as observed in M. roeselii. 	However, 

some slight differences have been observed. 	The 

surface of the substrate is not chewed or prepared 

by L. punctatissima prior to penetration. 	The 
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female normally holds the ventral margin of the 

first gonapophysis anterior to the tip, with her 

mouthparts, during initial penetration. The females 
grip on the ovipositor, moves anteriorly as the 

ovipositor penetrates the substrate. 	Since the 

ovipositor is highly curved the anterior ventral 

margin of the first gonapophysis is always the 

first region to penetrate the substrate. As the 

ovipositor becomes deeply inserted it may bend 
laterally, the egg being laid parallel to the surface 

of the substrate and not at right angles to it. 

The passage of the egg along the ovipositor is 

similar to M. roeselii as is the withdrawal of 
the ovipositor. 

M. thalassinum 

Oviposition behaviour appeared very similar to 

that described in M. roeselii. 



Ovipositor 
withdrawn 

T 
Egg placed in 
substrate 

Insect arrives on 
potential substrate 

REJECTION 

Testing: maxillary 
and labial paips 

Testing: mandibles, 
oviposition hole 
made 

Ovipositor fully 	Testing: ovipositor 
inserted 	 partially inserted 

Fig. 5., 	Oviposition behaviour in M. roeselii 
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5.4 Discussion 

All the species studied except M. thalassinum exhibit 
a preference for one substrate. 	The relationship 
between the morphology of the ovipositor and the 

preferred oviposition substrate will be discussed in 
Section 5.5. 

(i) M. roeselii  

The females show an exclusive preference for 
J. effusus stems. 	M. roeselii females are also 

known to oviposit in sedges or occasionally grass 

stems (Ragge 1965). Many members of the Decticinae 
(e.g. D. verrucivorus) oviposit in the soil. 

M. roeselii may oviposit in the stems of plants 

in preference to the soil as a response to the habitat 

in which it lives, since in the winter and spring 

of most seasons the soil in marshland areas is 

saturated with water. It has been observed in 

the laboratory that the vermiform larvae of most 

species of Tettigoniidae are unable to escape from 

water films and drown before moulting into the first 

instar. Larvae which hatch when the ground is 
saturated may therefore be unable to escape from the 

soil and a high mortality rate amongst vermiform 
larvae would ensue. 	The dried stems of rushes 

and certain grasses normally remain upright for 

long periods and seldom collapse to lie on the soil. 

In this situation vermiform larvae are less likely 
to become trapped in water films upon hatching. 

J. effusus stems appear to provide an ideal substrate 

for oviposition. The dead stems are available in 

large numbers during August and September and do not 

decay during the following winter. M. roeselii eggs 

always hatch the following spring, so the protection 
offered to the egg over one winter is sufficient. 

The surface of the stem is smooth and resistant to 

penetration by the ovipositor. However, the female 

normally punctures the stem with her mandibles which • 
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makes initial penetration by the ovipositor simple. 

The ovipositor can then cut through the surface of 
the stem enlarging the hole. 	J. effusus contain 

soft sponge-like pith which is composed of an 
elastic matrix filled with small air spaces. 

This provides an insultated environment where the 

temperature and relative humidity around the egg 
would be stable. 	Also the spongy elastic properties 

of the pith ensure that once the egg is in position 

it is held firmly. When the ovipositor is 

withdrawn the pith expands closing the channel left 

by the ovipositor, thus providing an unbroken field 
of insulation. 

M. roeselii also exhibits a preference for stems 

of certain diameter. 	The minimum diameter is 

related to the depth of the ovipositor and is 

modified because of the curvature ōf the ovipositor, 

the minimum diameter being the depth of the arc 

formed by the ovipositor. Generally eggs were not 
laid in stems of large diameter, this may be 

correlated with the fact that the pith in such stems 

was frequently found to be irregular, often broken, 

and the elasticity of the pith appeared to be less 
than in narrower stems. 	These factors would decrease 

the insulation and holding functions of the stems, 

and so provide less protection for the eggs. 

(ii) C. dorsalis  

C. dorsalis showed a similar preference for J. effusus  

stems, although some eggs were laid in grass stems. 

Similar conditions are found in habitats of both 

M. roeselii and C. dorsalis and this may be responsible 

for the similarity between the two species in respect 

of oviposition. 

(iii) P. griseoaptera 

All the females oviposited in some kind of firm 
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detritus, although the surface of each substrate 

crumbled when light pressure was applied to it. 

Underneath the narrow (1 - 4 mm) friable layer, 

all the samples were firm, and were only penetrated 

with some slight difficulty, certain areas being 

softer than others. 	The original grain of the bark 

and wood was still readily distinguishable and the 

eggs were normally laid along the lines of the grain. 

In the bramble stems beneath the relatively hard 

external layer the centre was filled with a sponge-

like pith, similar to, but much denser, than that 

found in J, effusus stems. The eggs were always 

laid within the pith. 

Initial penetration of the substrate occurs when 

the female grips the surface, the ovipositor tip 

is inserted into the shallow notch. 	The ovipositor 

is then thrust vigorously into the substrate. The 

selectivity of the female is considerable at this 

stage, possibly because the ovipositor can only be 

successfully inserted into cracks along the grain. 

Hence the first third of the ovipositor is inserted 

to pass through the friable surface into the bulk 

of the substrate when it can locate cracks or 

weaknesses. Females frequently attempt penetration 

in the same area several times before successful 

penetration is achieved. 	Once a crack has been 
found the female will move along the line of the 

crack, inserting the ovipositor and placing an egg. 
This behaviour is reflected in the long lines of 

eggs visible in dissection of bark or wood specimens 

(Plate 52). 	In other instances where the matrix 

is softer eggs are laid in batches without respect 

of the grain. 	It is possible that this clumping 

of eggs results from the restricted supply of suitable 

substrate under laboratory conditions. 

P. griseoaptera is commonly found on bramble bushes 

particularly where these are of many years standing 



Plate 52. P. griseoaptera. eggs in situ in rotting bark 

Plate 53. L. punctatissima eggs iI ōak bark 
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and have large numbers of old decaying branches. 

P. griseoaptera is also frequently associated with 

stands of nettles where rotting wood and stems are 

frequently to be found. It seems likely that the 

type of substrate preferred in the laboratory is also 

that chosen in the field. Advantages of oviposition 

in such substrates are that they would remain fairly 

stable over the two year period prior to hatching, 

with relatively little decay, secondly that the egg 

is held firmly in position and thirdly temperature 

and relative humidity remain relatively constant. 

P. griseoaptera is another member of the Decticinae 

which does not appear to oviposit in soil, this may 

be due to the presence of deep layers of leaf litter 
over the soil in many of its habitats. The ovipositor 

would be unable to reach the compacted soil through 

this leaf litter, which in itself is normally too 

loosely packed to provide sufficient mechanical 

protection, or to withstand dessication. 

(iv) L. punctatissima 

Of the natural substrates provided L. punctatissima  

oviposited exclusively in bark. Many Phaneropterinae 

oviposit in soil or in between the lamina of leaves 

(Chopard 1920). 	Since L. punctatissima is found 

almost exclusively in trees it would seem unlikely 

that females move to ground level to oviposit in the 

soil. 	Oviposition in leaves of deciduous trees would 

mean that the eggs would spend the winter on the 

surface of the soil and would be poorly protected. 

In addition some L. punctatissima eggs pass through 

two winters and the leaves would have decayed to the 
extent where they would provide no protection. The 

results of the preference tests are supported by the 

observations of Cappe de Baillon (1920) and Duncan 

(1960), that L. punctatissima oviposits in the bark 

of Q. robur and other tree species (Betula pend  ula 

Roth, Duncan(1960)). 	The eggs are laid in longitudinal 

crevices. 	The ovipositor is inserted into a vertical 
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crack in the bark and is then twisted so that the 

eggs are forced into the crevices. 	The eggs are 

firmly gripped by the substrate and insulated from 

environmental extremes. Eggs are laid in a similar 

way to those of P. griseoaptera. 	The eggs are 

cemented together and to the substrate by a 

transparent glue secreted by the accessory gland. 

The function of this is not known. 

(v) M. thalassinum 

M. thalassinum showed little response to any of the 

oviposition substrates provided. M. thalassinum 

is known to oviposit both in oak galls (Ragge 1965) 

and lichen (Chopard 1920) and readily oviposited in 

cotton dental rolls when these were provided. There 

are several possible explanations for the results. 

The first is that none of the substrates provided 

were appropriate, this seems unlikely since all 

parts of oak trees were included in the tests and 

soil was also provided, since M. thalassinum is 

commonly-found on the leaf litter beneath trees. 

However, it is possible that the conditions of 

the substrate provided were not correct. No oak 

bark was obtainable which was lichen or moss covered. 

The bark was not deeply fissured being taken from 

young trees approximately 10 -15 years old, although 

large numbers of M. thalassinum have been found on 

trees of this age so it would seem that this factor 

is not important. The galls provided were of 

various types and ages, it was noticeable that the 

one female which oviposited in galls did so in old 

soft galls not in galls from the present season. 

Since most of the galls obtainable were fresh, still 

containing causative organisms and inquilines it 

is possible that they were not suitable for oviposition. 

The sections of oak twig provided were of mixed ages, 

being from the first or second growth phases of that 
season and sections of several seasons standing were 
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provided. These had ample numbers of buds for 

oviposition and the twigs of the second phase were 

pliable and easily penetrated. Fresh leaves were 

also provided but these were also rejected by the 

females. 	Secondly, general dietary requirements 

may not have been fulfilled, producing an adverse 

effect on oviposition behaviour. M. thalassinum 

is known to be largely carnivorous and it was not 

always possible to provide the females with other 
insects during the course of the experiments. The 

importance of this factor is not easily assessed 

without further investigation. 
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5.5 Differences in Ovipositor Morphology and Surface 

Structures Related to Oviposition Substrate Type. 

(i) Morphological Variations  

There are five main morphological types of ovipositor' 

to be found in the British Tettigoniidae (Section 1). 

Of these five types, types I, II and III (represented by 

M. roeselli, P. griseoaptera and C. dorsalis  

respectively) are similar, particularly in respect 

to the basal articulations. 	The only differences 

are in the articulations of tergum nine with the 

gonangulum and the presence or absence of the first 
gonocoxa. 	The ovipositor may be either straight 

or curved in each of these types and is always oval 

or slightly flattened in cross section. The amount 

of curvature of the ovipositor appears to have little 

functional significance within the species studied. 

In the type I ovipositor although the first gonocoxa 

is absent the whole of the base, of the external face, 

of the first gonapophysis is heavily sclerotised so 

that functionally there is no significant difference 

between this type and types II and III in this 

respect. The variable position of the articulation 

of the gonangulum with tergum nine does not appear 
to affect the function of the ovipositor. 	The 

preferred substrates of the representative species 

of these three types are; hollow plant stems (types 

I and III) and decaying wood or bark (type II). 
Although there appears to be large differences 

between these substrates it is significant that all 

three representative species at least partially 

prepare the substrate with the mouthparts before 

penetration and that the substrates are therefore 

readily penetrable. 	In fact P. griseoaptera 

will exhibit preferences for the softer more readily 

compressed areas on a single piece of bark. 	The 

major requirements for rapid and successful penetration 

of such substrates are; accurate initial positioning 
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of the tip of the ovipositor into the hole or 

depression made by substrate preparation; sufficient 

rigidity of the ovipositor valves and basal sclerites 
to prevent buckling and/or, collapse of the ovipositor 

during penetration and finally, the ability to 

pass the egg along the ovipositor once penetration 

is complete. 	The morphological characters described 
for types I, II and III ovipositors cater for these 

requirements and it is proposed that these types of 

ovipositor represent slight variations on a non-

specialised tettigoniid ovipositor structure. 

The type IV ovipositor represented by L. punctatissima 

is considerably different from the previous three 
types. 	The ovipositor valves are highly compressed, 

broadened and very strongly curved. The gonangulum 

is square and heavily sclerotised. 	The dorsal 

margins of the second gonapophyses do not fuse basally 

but continue forwards separately as two convergent 
rami. 	This type of ovipositor is closely correlated 

with the preferred oviposition substrate of 

L. punctatissima, in the compressed cracks of oak 

bark. The highly flattened ovipositor accommodates 

the shape of the egg, which is broad but flattened 

to allow it to enter the cracks. 	The basal 

articulations of the valves are, as in types I - III, 

very firm and rigid to avoid buckling of the valves, 

since many of the cracks require accurate placement 

of the valves and considerable pressure exerted on 

the ovipositor to enter them. 	Some support is also 

provided for the valves by the insect grasping, 

with its mouthparts, the ventral margin of the ovipositor, 
in front of the region inserted in the substrate, 

this behaviour is not exhibited by species 
representative of types I, II, III and V. 	The 

difference in articulation of the base of the second 

gonapophysis between type IV and the other types 

reflects the requirement for a strong basal fusion 
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whilst still permitting the passage of the egg from 

the genital chamber to the ovipositor. 	The single 
dorsal ramus found in the other types of ovipositor 

restricts the size of egg which may pass from the 

genital chamber into the ovipositor. 	In the type 

IV ovipositor the egg can pass between the lateral 

rami and so no such restrictions on the size of egg 

occurs. 	The flattened •structure of the ovipositor 

is related to the form of substrate not its 'hardness' 

since other members of the Phaneropterinae with 

similar ovipositors, oviposit between the epidermis 

of leaves or in cracks in the soil (Chopard 1920, 

Cappe de Baillon 1920). 	The type IV ovipositor 
therefore represents a specialised form. of the 

tettigoniid ovipositor. 

The type V ovipositor, exhibited by M. thalassinum  

is superficially similar to types I and III. 

However, the ovipositor is relatively weakly 

sclerotised and the basal articulations are 

greatly reduced in size and degree of sclerotisation. 

Functionally the ovipositor would not provide the 

rigidity required to penetrate plant stems, bark 

etc. M. thalassinum is known to oviposit in lichen, 

moss, galls and occasionally in bark (Chopard 1920, 

Ragge 196:5). 	Oviposition in galls normally occurs 

through the emergence hole of the original occupant 

of the gall. 	Thus in the majority of cases the 

ovipositor is inserted into soft tissue or used 

merely as a guide to position the egg: and is not 

required to penetrate a resistant substrate. The 

type V ovipositor is therefore a specialised form 

of the basic tettigoniid type. 

(ii) Musculature  

There are no significant differences in the 
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musculature between the five types of ovipositor. 

Some differences in size and exact location occurs, 

related to variation in morphology, but these do 

not appear to have any substantial effect on the 

functioning of the ovipositor. 

(iii) Surface sculpturing and sensilla 

The surface sculpturing on the ovipositor valves 

varies according to species but appears to be more 

closely related to the function of the face of the 

valve than to the type of substrate to be penetrated. 

The external faces of the first gonapophysis and 

gonoplac are concerned with substrate penetration 
and it is here that major differences between forms of 

surface sculpturing, between the five representative 
species, are found. 	The face of the first 

gonapophysis of species representing types I, III 

and V are essentially smooth reflecting the fact 

that the substrates are prepared or readily penetrated. 

The ventral margin of types I and III are serrated 

since it is necessary for the harder external sheath 
of the stem to be cut to enlarge the initial hole. 

In the type V ovipositor this is not the case and 

the ventral margin is smooth. In types II and IV 

the face of the first gonapophysis is at least 

partially sculptured and, since the substrate is of 

uniform hardness, rasping and cutting surfaces are 

required over the face of the ovipositor as well as 

along the margins. It is interesting to note 
that the margins of the ovipositor of P. griseoaptera 

are smooth whilst those of L. punctatissima are 

serrated. 

The external face of the gonoplac in types I and V 

ovipositors are smooth but those of type III are 

sculptured. 	The reasons for the differences between 

the surface sculpturing of the ovipositor of 

M. roeselii and C. dorsalis which oviposit in the 



- 263 - 

same substrate, may be traced back to family 
differences. 	The investigation of surface 

sculpturing and preferred oviposition substrates 

of additional representatives of these two families 

may reveal further relationships. In relation 
to this it is interesting to note the large 

differences in surface sculpturing exhibited by 

P. griseoaptera and M. roeselii both members of 

the same family. The surface sculpturing of the 

gonoplacs in types II and IV ovipositors is complex, 

again assisting in substrate penetration. 	The 

surface sculpturing of the rachis, aulax and the 

external face of the second gonapophysis varies 
from type to type, the variations being without 

apparent functional significance. The sculpturing 

of the internal faces of the first and second 

gonapophyses is essentially the same for all types 

and related to their function of assisting the 

passage of the egg along the ovipositor. 	The 
internal face of the gonoplac varies from type to 

type related to the role of the gonoplac in the 

passage of the egg along the ovipositor. In types 

I, II and V the gonoplac prevents the egg from 

moving dorsally in the ovipositor and may assist 

in the ejection of the egg from the ovipositor tip. 

Hence the surface sculpturing of these three types 

is essentially similar. 	In the type III ovipositor 

the surface sculpturing is less complex than in 

the other types and prevents the perpendicular 

migration of the egg but does not assist in the 

passage of the egg along the ovipositor. In the 

type IV ovipositor the internal face of the gonoplac 

is very important in the passage of the egg along 

the ovipositor, because of the flat broad egg which 

occupies the entire volume of the ovipositor and 

not just the ventral region of the ovipositor, 

as in the other types, hence the surface sculpturing 

is very complex. 



-264- 

The types and distribution of sensilla is again 

largely related to the function of a given region 

of the ovipositor, as has already been described 
(Section 3). 	However, there are significant 
differences in the sensory apparatus between 
ovipositor types. 	Ovipositor types I, II, III 
and V have Campaniform sensilla on the external 

face of either the first gonapophysis or gonoplac 
or both. 	The highest density of Campaniform sensilla 

being near the base, since all species need to 

monitor the lateral stresses placed on the base 

of the ovipositor during oviposition. There are 

no Campaniform sensilla present on the type IV 

ovipositor although this type of ovipositor would 

appear to have the greatest requirement for sensilla 

measuring internal stress within the ovipositor. 

Such proprioreceptors may be found beneath the 

cuticle, similar to those described for Orgilus  

lepidus Muesebeck by Hawke, Farley and Greany (1973), 

or alternatively the dome-shaped sensilla unique 

to the type IV ovipositor may be proprioreceptors 

as well as chemoreceptors and provide an alternative 

to Campaniform sensilla. Slight variations in the 

distribution of the Campaniform sensilla are found 

between the other types, the reasons for these 

variations are not apparent. The distribution 

of the other sensilla, found in all types, is 

similar and is related to the function of the 

particular sensilla and not to the form of the 

substrate. Two types of ovipositor have a single 

type of sensilla unique to them. The type IV, 

Dome-shaped sensilla have already been described. 

The type III ovipositor has Campaniform type 2 

sensilla which are believed to be chemoreceptors. 

Both Dome-shaped and Campaniform type 2 sensilla 

may supplement, and to some extent, replace the 

Basiconic sensilla. 	The Basiconic sensilla project 

above the surface of the ovipositor and may be 

subjected to mechanical damage particularly in type IV 
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ovipositor, and so the insect would require an 

alternative source of information. However, the 

reason for the presence of additional chemoreceptors 

in the type III ovipositor but not the type I 

ovipositor, although the representative species 

oviposit in the same substrate, is not clear and may 

be related to family differences, further information 
on this is needed. 

The complex relationship which exists between 

ovipositor structure and substrate type has been 

indicated. A further study of this relationship, 

involving several representatives of the same family 
with similar and dissimilar substrate preferences, 

is required to determine to what degree the substrate 

form dictates the structural modifications of the 

ovipositor from the basic form of ovipositor at 

family and generic level. 

• 
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Section 6. Nymphal Development and Nymphal Keys 

6.1. Introduction 

The nymphal development of several European species of 

Tettigoniidae has been studied in detail by a number 

of authors including Cejchan (1960), Sanger and Helfert 

(1976) and Kochlich (1976). 	Ragge (1965) has given keys 
to the adults of the British species but no keys exist 

either to the species of nymphs or to the individual 

instars within a species. The present investigation 

has provided such keys for all British species with 

the exception of D. verruciv,orus and the numbers of 

instars for each species has been confirmed where this 
was uncertain. 	To facilitate the key construction the 

nymphal development of M. roeselii has been described 
in detail in respect of the keys. Measurements of head 

width, pronotum length, femur length and gonoplac length 

have been provided for each instar as a supplement to 

the information provided in the keys. 

In order to obtain sufficient numbers of first and 

second instar nymphs eggs were incubated. The 

temperature regimes at which they were incubated and the 

percentage hatch is described. The number of instars 

for British species has been compared with that for the 

same species in Europe (Sanger and Helfert, 1976) and 

the difference discussed in relation to climate variations. 

In addition the duration of instars for C. dorsalis at 

20°C has been determined. 
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6.2 Materials and Methods 

Nymphs of all species to be measured were obtained from 

the field and their numbers supplemented by nymphs reared 

from eggs laid by field collected females in the previous 
season. 	Nymphs were reared in type 2 and 3 cages 

(pp 16-17 ) . 

Eggs were placed in butter dishes lined with Whatman 

seed test papers (grade 131) and covered with a filter 
paper. 	The paper was kept moist with distilled water. 

The eggs were subjected to a variety of temperature 

regimes in an attempt to break diapause. When the 
eggs were fully developed the filter paper was removed, 

since it was found that the vermiform larvae became 

trapped in the water film between the seed test paper 

and filter paper and were unable to moult. Mature 

embryos were identified by the swelling of the eggs. 

When the nymphs hatched they were immediately transferred 

to type 2 cages. 

Measurements of nymphs and adults were made using a 

Wild M5 binocular microscope with a calibrated eye 
piece graticule. Nymphs were killed using chloroform 

and stored in 1 x 5.2 cm tubes in a deep freeze after 
initial chilling for 20 minutes in a refrigerator. 

Where numbers for a particular species were low the 
nymphs were anaesthetised only and reared to later 

instars. 	CO2  was used as an anaesthetic, and the nymphs 

placed in a weighing boat where they could be readily 

manipulated to provide accurate measurements. 

The following four measurements were made on each 

individual: 

1. Width of head, between the ventral corners of the 

compound eyes (Fig. 6.1a) (H). 
2. Length of pronotum, in the midline (Fig. 6.1b) (P). 



a: Head width 

b: Pronotum length 

c: Femur length 

• 

Fig.6.1. Characters measured in the nymphal 
keys. (Adult shown for clarity.) 
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3. Length of left hind femur, from the proximal tip to 

the distal end along the dorsal margin (Fig. 6.10 (F). 

4. Length of gonoplac from the anterior margin, (first 
instar), or antero-dorsal angle, (in the following 

instars), to the distal tip, in a straight line 
(Fig. 6.1d) (Gpl). 

The mean values (X) and standard 

each instar in each species were 

the sample size for an instar of 

than or equal to five, the means 

calculated separately, but where 

or both sexes was less than five 
sexes was pooled. 

deviations (sd) for 

calculated. Where 

both sexes was greater 

for each sex were 

the sample size for one 

the data for the two 

Data matrixes of the various characters were 

constructed for each instar of each species and 

another to compare the different species. 	The following 

characters were examined for the species key. 

• 1. Shape and breadth of fastigium. 

2. Presence or absence of prosternal processes. 

3. Presence or absence of movable flaps on the 

)basitarsus of the hind leg. 

4. Shape of the ventral area of the meso and meta nota; 

and in later instars the development of the wing 

buds, 	and the form of the wing in the adult. 

5. Colouration of the body, in particular the colour 

associated with 

(a) Mid dorsal line of each nota. 

(b) Lateral areas of each tergite. 

(c) Legs. 

(d) Abdomen. 

The following characters were examined for the nymphal 

keys to the instars: 

1. As 4 above. 
2. Degree of development of the tympanum on the fore leg. 



Fig.6.1d: Character measured in the nymphal 
keys; gonoplac length. (Adult shown for clarity.) 

pronotum metanotum 

0.4mm. 

a: First instar:meso and metanota. 

Fig. 6.2. _ Development of the characters used 
in the nymphal keys, M. roeselii. 



- 271 - 

3. Femur length (as in 6.1c). 
4. Pronotum length ( as in 6.1b). 
5. Length of male subgenital plate in relation to 

paraprocts. 

6. Development of a tooth on the median edge of the 
male cercus. 

7. Position of the first gonapophysis lobe on sternum 
eight. 

8. Length of gonoplac ( as in 6.1d). 
9. Length of whole ovipositor in relation to paraprocts 

and cercus. 

Diagrams of these features were drawn on graph paper using 
a Wild M5 binocular microscope fitted with a squared eye 

piece graticule. 

The duration of each instar of C. dorsalis was 
determined under a constant temperature of 200C and 50% 
relative humidity. Nymphs were kept separately in 

modified type 2 cages (page 17 ) . A circular hole 

(diameter 2.5 cm) was made in the base of each cage and 

covered with gauze attached with 'UHU' glue. A strip 

of 'Sellotape' draught excluder was then placed around 

the rim of the cage, allowing several cages to be stacked 

on top of each other (without lids). 	This enabled 
separation of the insects but did not eliminate contact 

between them. This precaution was taken in case the 

nymphs required physical or chemical stimuli provided 

by one another to initiate moulting, as seen in the 

desert locust S. gregaria (Norris 1954). 
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6.3 General Description of the Post-embryonic development, 

M. roeselii  

The development of the morphological characters used in 

the keys is essentially the same for all the species 

studied. Variation between species in the development 

of a particular character occurs mainly because of the 
different number of instars. 	Since the variation is 

one of degree of development it is possible to give a 

description of the post-embryonic development of these 

characters for M. roeselii as an example of the 

development of any of the British species. 

First Instar (I) (Fig. £.2a and b) 

The ventral margin of the meso and meta nota are straight 

with no evidence of lateral lobes. The tympanum is not 

developed. 	In the female the ovipositor is represented 
by three pairs of small buds. 	The first gonapophyses 

rudiments are situated laterally on the posterior margin 

of sternum eight. The gonoplac rudiments are larger than 

and lateral to, those of the second gonapophysēs. 	The 
subgenital plate is not developed. 	The male subgenital 

plate is short, being only slightly longer than the 
preceding sternites. 	It is deeply indented, being divided 

into triangular lobes posteriorly, with a short styli in 
the tip Df each lobe. 	The lobes extend to the base of 

the paraprocts. 	The male cerci are straight and are 
unarmed. 

Second Instar (II) (Fig. 6.2c and d) 

Apart from an increase in size and the position of the 

first gonapophyses on sternum eight, the second instar 

is similar to the first. 	The separation of the first 

and second instars is therefore based on the measurements 

of the femur and pronotum length, (Table 6.1). 	The 

first gonapophyses rudiments are median buds on sternum 

eight which cover the base of the second gonapophyses 

rudiments. 



sgp. 

male 
	

female 

b: First instar: external genitalia, ventral view. 

rt 	 2gp• 

sgp 

male 
	

female 

c: Second instar:external genitalia, ventral view. 

0.4mm. 

Fig.6.2. Development of the characters used 

in the nymphal keys, M. roeselii. 
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Third Instar (III) (Fig. 6.2e) 

The meso and meta nota have short lateral lobes which 

extend ventrally as far as the spiracle on the second 

thoracic segment. The tympanum is distinguishable as a 

shallow oval depression on the external face of the fore 

tibia in the proximal region. In the female the first 

gonapophyses and gonoplacs are elongate and enclose the 

second gonapophyses. 	The ovipositor extends to the 
distal end of the paraprocts. 	The subgenital plate is 
present as a narrow deeply emarginate plate separated from 

the seventh sternum by a narrow fold of intersegmental 

membrane. The male subgenital plate is similar to that 

in the first and second instars. 	The male cerci are 
straight and unarmed. 

Fourth Instar (IV) (Fig. 6.2f, g and h) 

The lobes on the meso and meta nota are elongate and 

extend over the top of the second thoracic spiracle. 

The tympanum assumes the adult form being slit-like and 

positioned in the proximal end of the fore tibia. The 

ovipositor extends to the distal end of the cerci and is 

curved upwards. The subgenital plate is similar in 

length to the preceding sternites and is so deeply 

emarginate that it forms two triangular lobes at the 

base of the ovipositor. The male subgenital plate is 

much longer than the preceding sternites and extends to 
the tip of the paraprocts. The cerci; are elongate and bear a 

conical protuberance on the median edge, the tooth rudiment. 

Fifth Instar (V) (Fig. 6.2i, j and k) 

The lobes on the meso and meta nota are posteriorly 

directed and clearly distinguishable as wing buds. The 
buds on the meso nota do not extend as far back as those 

on the meta nota which reach the first abdominal tergite. 
The ovipositor is longer than the cerci and curved upwards. 

The subgential plate is further emarginate forming two 

lobes which lie on either side of the base of the first 

gonapophyses. The subgenital plate is marginally longer 



pronotum 
lobes 

d: Second instar :wing lobes 

e: Third instar:female external genitalia, lateral 

view 

1.0mm. 

Fig.6.2. Development of the characters used 

in the nymphal keys, M. roeselii.  



1.0mm. 

f: Fourth instar :wing lobes 

 

f 	 i 
1.0 mm. 

g: Fourth instar : female external genitalia 

 

1.0 mm. 

h: Fourth instar :male sub genital' plate 

Fig.6.2. Development of the characters used 

v 	 in the nymphal keys, M. roeselii.  



* 

‘  buds 
pronotum 

2.0 mm. 

h Fifth instar: wing buds 

2.0mm. 

j: Fifth instar : female external genitalia 

k: Fifth instar : male subgenital plate 

2.0 mm. 
Fig.6.2. Development of the characters used 

in the nymphal keys, M. roeselii.  

* 
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than the preceding sternites. 	The male subgenital plate 

is similar in shape and relative proportions to that of 
the fourth instar. 	The tooth rudiment on the male cercus 

is elongate and straight. 

Sixth Instar (VI) (Fig. 6.21, m and n) 
The wing buds exhibit slight sexual dimorphism. In the 

female both pairs of buds extend to the posterior margin 

of the second tergite and are triangular. In the male the 

meso notal bud is longer than that of the meta notum and 
is rounded. 	The ovipositor is much longer than the cerci 

and curved strongly dorsalwards. The subgenital plate 

in both sexes is similar in form to the preceding instar. 

The male cerci diverge slightly from one another distal 
to the origin of the tooth. 	The tooth is curved, the 

distal end is anteriorly directed. 

Adult (A) 

The adult is brachypterous. The fore wing is a short lobe, 

the tegmina, which covers the vestigial hind wings. 

The ovipositor is much longer than the cerci and the 
distal section of the dorsal and ventral margins are 

serrated. The subgenital plate and the male cerci 

closely resemble their form in the preceding instar. 

In those species with five instars the embryo hatches 

in a more advanced state: the females already possess the 

first gonapophyses rudiments in the mid region of the 

posterior margin of sternum eight. The stage in 

development when the tympanum appears varies between 

species, as does its shape in the adult. 	In some species 

the males have unarmed cerci and the subgenital plate 

is without styles. The development of the subgenital 

plate, -particularly in respect of developmental time 

varies between species. 



 

male 

female 

 

4 

I: Sixth instar : wing buds 

m: Sixth instar: male subgenital plate 

n: Sixth instar: female external genitalia 

2.0mm. 

2.0mm. 

2.0mm. 

Fig.6.2. Development of the characters used 
9 	 in the nymphal keys. M. roeselii. 
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6.4 Key to Species  

1. Basitarsus of hind leg without elongate, moveable 
flap (Fig. 6.3a) 	 2 

- Basitarsus of hind leg with elongate, moveable 
flap (Fig. 6.3b) 	 6 

2. Prosternal processes present (conical or sometimes 

lamelliform in instars I and II) (Fig. 6.3c) 	3 
- Prosternal process absent 	.5 

3. Fastigium rounded, much broader than scape 
(Fig.6.3d). Dorsal stripe black, if present, narrow 
	 Tettigonia viridissima 

- Fastigium peg-shaped, projects anteriorly, as broad 
as scape or less broad (Fig. 6.3e). Dorsal stripe 
black, always present 	Conocephalus spp. 4 

4. Instars I to IV indistinguishable. 
Instar V : wing buds extend to posterior margin 
fourth abdominal tergite 	C discolor 

— Wing buds extend to posterior margin second 
abdominal tergite 	C dorsalis 

5. Body slender, elongate, pale green, pales ventrally. 
Mid dorsal stripe cream. Body not speckled 	 
	 Meconema thalassinum 

— Body stout, short, mid green. Mid dorsal stripe 

green to reddish brown. Body speckled 	 
	Leptophyes punctatissima 

6. Pronotum without marginal pale band ventrally.. 

	Pholidoptera griseoaptera 
- Pronotum with marginal pale band ventrally....7 

7. Pale band or area confined to posterior margin of 
pronotum 	 8 

— Pale band extends to ventral and anterior margin 

of pronotum (Fig. 6.3f)....Metrioptera roeselii 
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8. Pale band on posterior margin with distinct inner 

edge (Fig. 6.3g). Mid dorsal stripe tan, not 
mottled. 	Lateral regions of tergites black or 
brown black 	Metrioptera brachyptera 

— Pale band on posterior margin with indistinct inner 

edge, elongate in early instars, confined to median 
area in older instars (Fig. 6.3h). 	Mid dorsal 
stripe grey, mottled. Lateral regions of tergite 
green to grey brown, mottled. Pronotum occasionally 
black 	Platycleis denticulata 



a: M. thalassinum, hind tarsus 

moveable flap 

1.0 mm. 
b: M. brachyptera  ,hind tarsus 

Fig.6.3. Characters used in the species key. 



prosternum 

process 

coxa 

c: T. viridissima prosternal process 

fastigium 

scape 

 

 

2.0 m m. 

d: T. viridissima head with rounded fastigium 

Fig.6. 3. Characters used in the species key. 



fastigium 

1.0 mm. 

e: C. dorsalis head with elongate fastigium 

cream band 

2.0 m m. 
f: M. roeselii pronotum 

Fig.6.3. Characters used in the species key. 



i 

cream band 

M. brachyptera pronotum 

cream band 

h: P. denticulata pronotum 

2.0mm. 

Fig.6.3. Characters used in the species 
* 	 key. 
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6.5 Keys to Instars  

Introduction 

The mean lengths and standard deviations of head width, 
pronotum length, femur length and gonoplac length are 
given in Table 6.1. 	The means for male and female are 
given separately where the sample size for both sexes 
was five or more, represented as ?and 9 respectively. 
Where it was less than five for one or both sexes the mean 
is given for the pooled data, represented as (* 9  . 	The 
individual measurements are given in Appendix 1. 

(i) Tettigonia viridissima 

1. Meso and meta nota ventral margins are straight. 
Femur length 4 3.9 mm  (x- 3.7 mm) 	Instar I 

- Meso and meta nota ventral margins forming lobes 
or wing buds. Femur length >3.9 mm 	2 

2. Meso and meta nota ventral margins forming 
ventrally directed lobes 	3 

- Meso and meta nota ventral margins forming 
posteriorly directed wing buds 	4 

3. Lobes cover half of pleuron. Femur length 
>3.9 mm(6 .9 mm (5-6.6 mm) Pronotum length 
>2.2mm C̀2 .4 mm (5-62.3 mm) 	Instar II 

- Lobes cover more than half of pleuron 	 Femur 
length> 7.8 mm< 8.6 mm (x- 8.3 mm) Pronotum 

length> 2.9 mm.<3.0 mm (5E3.0 mm) ....Instar III 

4. Wing buds short, extend to abdominal tergum two. 
Hind wing buds much longer than fore wing buds. 
Femur length >11.0 mm < 11.8 mm (5:11.3 mm).... 
	 Instar IV 

- Wing buds elongate, extend to abdominal tergum 

three. Fore wing buds as long as, or nearly as 
long as, hind wing buds. Femur length > 12.0 mm 

	 5 
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5. Male cerci with tooth rudiment. Female 
subgenital plate not as long as preceding 
sternites. Femur length >114.0 mm < 16.0 mm 
(F-14.7 mm) 	Instar V 

- Male cerci with hook shaped tooth. Female 
subgenital plate as long as preceding 
sternites. 	Femur length > 16.0 mm 	 6 

6. Femur length > 16.0 mm 419.0 mm (5E17.5 mm) 
Pronotum length > 6.2 mm <7 .0 mm (x 6.8 mm) 
	 Ins tar VI 

- Femur' length > 20.0 mm < 23.0 mm (5E21.4 mm) 
Pronotum length > 7.0 mm‘ 8.5 mm (5E7.9  mm ) 
	 Instar VII 
(Adult fully winged, tegmina longer than body. 
Femur length >24.0 mm < 3 0.0 mm (5:26.7 mm) ) 

(ii) Conocephalus discolor 

1. Meso and meta nota ventral margins are straight. 
Femur length dl)' 2.1 mm < 2.7 mm (75=2.4 mm) 

>2.2 mm < 2.7 mm (x` 2.4 mm) 	Instar I 
- Meso and meta nota ventral margins forming 

lobes or wing buds. Femur length ? 2.8 mm 
	 2 

2. Meso and meta nota ventral margins forming 

ventrally directed lobes 	3 
- Meso and meta nota ventral margins forming 

posteriorly directed wing buds 	4 

3. Lobes short, rounded, do not extend to top of 
second thoracic spiracle. Femur length 

>3.0 mm4C3.6 mm (5E3.3 mm) 	Instar II 

- Lobes elongate, pointed, extend to base 

second thoracic spiracle. Femur length > 4.6 mm 
<5.l mm (x 4.8 mm) 	 Instar III 
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4. Wing buds triangular, extend to abdominal 

tergum one. Fore wing buds much shorter 
than hind wing buds. Femur length (>6.O mm 
<6.6 mm (3L6.3 mm) 9>5.8  mm c 7.0 mm 

mm) 	 Instar IV 
- Wing buds rounded, extend to abdominal tergum. 

Fore wing buds as long as, or nearly as long as, 
hind wing buds. Femur length di›-8.0 mm 
<9.o mm (5E-8.5 mm) >8.0mm<9.6mm (X8.9 mm) 

	 Instar V 
(Adult, tegmina extend beyond cerci, fore wing 
covered by tegmina. Femur length >10.5 mm 
5;12.2 mm (X11.3 mm) ). 

(iii) Conocephalus dorsalis 

1. Meso and meta nota ventral margins are straight. 
Femur length > 2.3 mm < 2.9 mm (5i2.6  mm ) 	 

	 Instar I 
- Meso and meta nota ventral margins forming 

lobes or wing buds. Femur length > 3.0 mm 
	 2 

2. Meso and meta nota ventral margins forming 
ventrally directed lobes 	3 

- Meso and meta nota ventral margins forming 
posteriorly directed wing buds 	4 

3. Lobes short, rounded, do not extend to top of 
second thoracic spiracle (Fig. 6.4a). 	Femur 
length>3.0 mm<3.9 mm (5E3.4 mm) ....Instar II 

- Lobes elongate, pointed, extend to base second 

thoracic spiracle (Fig. 6.4b). 	Femur length 

>4.1 mm 4 5.1 mm (5:4.5 mm) 9>4.2  mm <5.0 mm 

(z 4.3 mm) 	 Instar III 



pronotum 

a: Second instar:wing lobes 

b: Third instar: wing lobes 

c: Fourth instar:wing buds 

0.4mm. 

buds 

1 	f 
1.0mm. 

Fig.6.4. Characters used in the nymphal 

key, Ç. dorsalis. 
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4. Wing buds rounded, extend to abdominal tergum 

two. Fore wing buds much shorter than hind 
wing buds (Fig. 6.4c). 	Femur length >5.4 mm 

6.4 mm (5=6.0  mm) 	Instar IV 
- Wing buds pointed extend to abdominal tergum 
three. Fore wing buds as long as, or nearly 
as long as, hind wing buds. Femur length 
ef>6.7 mm<8.0 mm (3L7.5 mm) 9 >6.7 mm<9.o mm 
(X 8.1 mm) 	 Instar V 
(Adult, tegmina extends to abdominal tergum 
five or six. Fore wings covered by tegmina. 
Femur length 67)8.6 mm 9.3  mm (5=-9.0 mm) 
9> 9.8 mm < 10.4 mm (5- 9.9 nm) ) . 

(iv) Meconema thalassinum 

1. Meso and meta nota ventral margins straight. 
Femur length > 2.7 mm < 3.0 mm (3E2.8 mm) 	 
	 Instar I 

-Mesa and meta nota ventral margins forming lobes 
or wing buds. Femur length > 3.1 mm 	2 

2. Meso and meta nota ventral margins forming 
ventrally directed lobes 	3 

-Meso and meta nota ventral margins forming 
posteriorly directed wing buds 	4 

3. Lobes rounded, do not extend to second thoracic 
spiracle. Femur length or>3.2 mm <3.8 mm 
(x 3.6 mm) 9 >3,4 mm <4.3 mm (5E3.7 mm) 	 
	 Instar II 

-Lobes pointed, extend to base of second thoracic 
spiracle. Femur length 64.3 4.3 mm < 5.6 mm 
(51.4.9 mm) 9 >4.8 mm<5.4 mm (5c5.o mm) 	 
	 Instar III 



forewing bud 

a: Fourth instar:wing bud 

1.0mm. 

forewing bud 

b: Fifth instar:wing bud 

2.0mm. 

Fig.6.5. Characters used in the nymphal 

a 	 keys, M. thalassinum. 
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4. Wing buds short, fore wing buds much shorter 

than hind wing buds. Hind wing buds extend 
to anterior margin abdominal tergum two. 
(Fig. 6.6a ) 	 Instar IV 
- Wing buds elongate, fore wing buds as long as 
hind wing buds. Fore wing buds extend to 
tergum four (Fig. 6..5b ) 	Instar V 
(Adult, wings fully developed tegmina as long 
or longer than body). 

(v) Leptophyes punctatissima 

1. Male subgenital plate does not extend to 
paraprocts. Female second gonapophyses rudiments 
exposed. Femur length S 4.0 mm 	2 

- Male subgenital plate extends to paraprocts or 
beyond. Female second gonapophyses covered 
by first gonapophyses. Femur length > 4.0 mm 

	 3 

2. Femur length 
9>2.2 mm<2 
c3'> 0.9 mm c 1 
(X 0.9 mm). 
(.x 0.4 mm) 9 

r>1.9 mmC2.8 mm (x2 
.5 mm (X 2.4 mm). Head 
.3 mm (3-.1.0  mm) 9> 0.9 
Pronotum length (r>0.3 
>0.3 mm'0.6 mm (0.4 

.5 mm) 
width 
mm S  1.0 mm 
mm ‘ 0.6 mm 
mm) 	 
	Instar I 

   

- Femur length 
9>3.2 mm<4 
dr?1. 0 mm sl 
(5-1.2 mm) . 

6>3.0mm<4.0mm (x3 

.0 mm (56-3.7 mm). Head 

.2 mm (zl.l mm) 71.1 
Pronotum length O>0.6  

.6 mm) 
width 
mm < 1.3 mm 
mm 4 0.8 mm 
mm) 	 
	Instar II 

(-0.7 mm) 9>0.7  mm < o . 8 mm (5-o.7 

3. Meso and meta nota ventral margins rounded. 
Tympanum not present on fore tibia 	4 

- Meso and meta nota with dorsal or posteriorly 
directed wing buds. Tympanum present on 

fore tibia 	 5 



• 

sgp. 

a: Third instar:male subgenital plate 

AI 

b: Third instar:female external genitalia, lateral 

view. 

Fig.6.6. Characters used in the nymphal 

r 	 keys, L. punctatissima. 

I 	I 
0.4mm. 



buds 

c: Fourth instar: wing buds 

sgp. 

d: Fourth instar:male subgenital plate 

1.0 mm. 

Fig.6.6. Characters used in the nymphal 

keys, L. punctatissima. 



buds 

e: Fifth instar: wing buds 

uds 

f: Sixth instar:male wing buds 

1.0mm. 

buds 

g: Sixth instar:female wing buds 

 

I 	I 
2.0 mm. 

Fig.6.6. Characters used in the nymphal 
keys, L. punctatissima. 
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4. Meso and meta nota without lobes in ventral 
region. Male subgenital plate extends to 
base paraprocts, posterior margin indented 
(Fig. 6.6a ). 	Female ovipositor extends to 
distal end of paraprocts (Fig. 6.6b ). 	Femur 
length &‘>4.4 mm55.1 mm (315.0 mm) 	mm 
X5.2 mm  (3L5.1  mm) 	Instar III 

- Meso and meta nota with distinct lobes in ventral 
region (Fig. 6.6c ). 	Male subgenital plate as 
long as paraprocts, posterior margin concave 
(Fig. 6.6d ). 	Female ovipositor extends to 
distal end of cerci. Femur length '> 5.9 mm 
46.8 mm (5E-6.5 mm) 9>6.7mm4.7.6mm (E7.0 mm) 
	 Instar IV 

5: Wing buds small, triangular, dorsally directed 
(Fig. 6.6e ) . 	Femur length Ōi8.1 mm48.9 mm 
(5=8.6 mm) p8.0 mm47 9.4 mm (5E8.7 mm) 	 
	 Instar V 

- Wing buds small, triangular, or rounded, posteriorly 
directed (Fig. 6.6 f and g ). 	Femur length 
(r>9.3 mm<10.9 mm (x-10.2 mm) 9>10.1 mm 
411.6 mm (5!'-10.7 mm) 	Instar VI 
(Adult, male tegmina rounded, covers hind wings. 
Femur length >12.8 mm <14-.6 mm (51-13.5 mm) : 
Female tegmina and hind wings small, rounded, 
lobes held close to abdominal tergum one. Femur 
length >13.1 mm4: 14.4- mm (x 14-.0 mm) ) . 

(vi) Pholidoptera griseoaptera 

1. Meso and meta nota ventral margins straight or 
slightly rounded. Femur length< 4•.5 mm 	2 

- Meso and meta nota ventral margin rounded 
forming lobes or wing buds. Femur length 
4.6 mm 	 3 
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2. Tympanum not developed, no distinct fore tibial 

spines. Male subgenital plate as long as preceding 
sternites. Female first gonapophyses are short, 
lateral buds on eighth sternum. Femur length 
dr>2.9 mm4, 3.1 mm (5-3.0 mm) 9?3.0 mmS3.2 mm 
(32_3.1 mm) 	 Instar I 

- Tympanum present as small oval depression in 
proximal half protibia. Protibia with distinct 
spines. Male subgenital plate longer than 
preceding sternites. Female first gonapophyses 
elongate median lobes on eighth sternum. Femur 
length>3.9 mm44.5 mm (5E4.2 mm) 	 Instar ii 

3. Meso and meta nota ventral margins forming 
ventrally directed lobes 	4 

- Meso and meta nota ventral margins forming 
dorsally or posteriorly directed wing buds, 	5 

4. Male subgenital plate extends to base of paraprocts. 
Female ovipositor extends to distal end of 
paraprocts. Femur length t>5.4 mm (5.9  mm 
(52-5.6 mm) >5.3 mm <6 . o mm (5E5.7 mm) 	 

	 Instar III 
- Male subgenital plate extends to tip of paraprocts. 

Female ovipositor as long as, or slightly longer 
than cerci. Femur length > 6.8 mm< 7.8 mm 
(3E7.4 mm) 	 Instar IV 

5. Wing buds small, triangular. 	Fore wing -.buds 

covered by pronotum (Fig. 6.7a ). 	Female 
subgenital plate, narrow plate at base of first 
gonapophyses. Femur length 0 > 8.8 mm < 9.5 mm 
(.. 9.5 mm) 9:>8.9 mm<9.7 mm (5E9.5 mm) 	 
	 Instar V 

- Wing buds: male hind wing buds vestigial, 

triangular. Fore wing buds rounded, overlap 
hind wing buds, extend to thoracic tergum two 

(Fig. 6.7b ) : female forewing buds vestigial, 
lies under pronotum, hind wing buds, triangular 

(Fig. 6.7c ). 	Female subgenital plate as long 



buds 

a: Fifth instar:wing buds 

b: Sixth instar:female hind wing bud 

bud 

c: Sixth instar:fnale fore wing bud 

Fig.6.7. Characters used in the nymphal 
2.0mm. 

keys, P. griseoaptera. 
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as preceding sternites, slightly emarginate. 

Femur length > 13.4 mm~ 15.8 mm (.5c-14.6 mm)... 

	 Instar VI 

(Adult: male, tegmina rounded, extends to 

abdominal tergum two, hind wings vestigial. 

Female, tegmina and hind wings small, rounded 

lobes, held close to tergites. 	Femur length 

(r>16 . o mm .< 18.0 mm ( x 16.6 mm) 9>16.0  mm 
X20.0 mm (5E-l8.2 mm) ). 

(vii) Metrioptera roeselii 

1. Meso and meta nota ventral margins straight 	 

Tympanum not developed on fore tibia 	2 

- Meso and meta nota ventral margins forming lobes 

or wing buds. Tympanum present as an oval 

depression or slit-like opening on fore tibia 

	3 

2. Male subgenital plate without styles. Female 

first gonapophyses rudiments lateral on sternum 

eight. 	Femur length > 2.4 mm <2.7 mm (x-2.5 mm) 

9■2.5 mm S2.7 mm (x- 2.6 mm) 	Instar I 

-Male subgenital plate with styles. Female 

first gonapophyses rudiments median, extend to 

base of second gonapophyses rudiments. Femur 

length > 3.1 mm <3.4 mm (5E3.3 mm)...Instar II 

3. Meso and meta nota ventral margins forming 

ventrally directed lobes 	4 
- Meso and meta nota ventral margins forming 
posteriorly directed wing buds 	5 

4. Ventral lobes short, do not extend to second 

thoracic spiracle. Male cerci without median 

tooth. 	Female ovipositor extends to distal 

end of paraprocts. Femur length > 5.6 mm 

4;6.4  mm (5=6.2 mm) 	Instar III  
-Ventral lobes elongate, extend over second 
thoracic spiracle. Male cerci with tooth. 



- 300 - 

Female ovipositor as long as cerci. Femur 
length > 7.6 mm < 8.3 mm (z 7.8 mm) ....Instar IV 

5. Wing buds triangular, fore wing buds not as 
long as hind wing buds. Femur length > 9.5 mm 
<10.3 mm (x-9.9 mm) 	Instar V 

- Wing buds triangular, fore wing buds at least as 
long as hind wing buds. Femur length > 11.7 mm 
<14.0 mm (5E12.4 mm) 	Instar VI 
(fidult: tegmina covers hind wing, extends to 
abdominal tergum 5. Femur length ''l4.0 mm 
.4c 16 .2  mm P=15.° mm) 9 >l6.0 mm4;17.8 mm 
(x-16.8 mm) ). 

(viii) Metrioptera brachyptera 

1. Meso and meta nota ventral margins are straight 
	 2 
Meso and meta nota ventral margins forming lobes 
or wing buds 	 3 

2. Male subgenital plate is shorter than preceding 
sternites, deeply incised, not extending to 
base paraprocts. Female first gonapophyses as 
lateral rudiments on sternum eight. Femur 
length <4.4 mm. Pronotum length < 1.4 mm 	 

	 Instar I 
- Male subgenital plate as long as preceding 

sternites, extends to mid region paraprocts. 
Female first gonapophyses as median rudiments on 

sternum eight. Femur length > 4.4 mm-4.9 mm 
(5E-4.6 mm). Pronotum length > 1.4 mm < 1.5 mm 

(5F-.1.5 mm) 	 Instar II 

3. Meso and meta nota ventral margins forming 
ventrally directed lobes 	4 

- Meso and meta nota ventral margins forming 
posteriorly directed wing buds 	5 
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4. Lobes short, do not extend to second thoracic 
spiracle. Male cerci without tooth. 	Female 
ovipositor extends to distal end paraprocts. 
Femur length e,› 5.8 mm < 6.4 mm (x 6.1 mm) 
> 6.2 mmC 6.3 mm ( 6.3 mm) 	Instar III  

- Lobes elongate, extend ventrally over second 
thoracic spiracle. Male cerci with median tooth. 
Female ovipositor longer than cerci. Femur 
length > 7.6 inm(8.3 mm (-7.9 mm) 	Instar IV 

5. Wing buds short, hind wing buds extend to first 

abdominal tergum. Fore wing not as long as 
hind wing. Femur length > 9.4 mm< 10.8 mm 
(:x10.1 mm) 	 Instar V 

- Wing buds elongate, both wing buds extend to 
second abdominal tergum. Femur length 
5>11.9 mm.<13.9 mm (5E12.7 mm) p11.5 mm 
<14.0 mm ( x.13.2 mm) 	Instar VI 
(Adult: tegmina extend to abdominal tergum 5. 
Femur length e>15.0 mm< 16.3 mm (5E15.5 mm) 
9>15.9  mm X18.0 mm (5:17.5 mm) ) . 

(ix) Platycleis denticulata 

1. Meso and meta nota ventral margins are straight 

2 
- Meso and meta nota ventral margins forming lobes 

or wing buds 	 3 

2. Male subgenital plate is shorter than preceding 
sternites, deeply incised, not extending to base 
paraprocts. Female first gonapophyses as 
lateral rudiments on sternum eight., Femur 
length<4.0 mm 	 Instar I 

- Male subgenital plate is as long as preceding 
sternites, extends to mid region paraprocts. 

Female first gonapophyses as median rudiments 
on sternum eight. Femur length > 5.3 mm  .<5.4  mm 
(3E5.4 mm) 	 Instar II 
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3. Meso and meta nota ventral margins forming 
ventrally directed lobes 	4 

- Meso and meta nota ventral margins forming 
posteriorly directed wing buds 	5 

4. Lobes short, do not extend to second thoracic 
spiracle. Male cerci without tooth. 	Female 
ovipositor extends to distal end paraprocts. 
Femur length> 6.6 mm<7.7 mm (5E.7.2 mm) 	 
	 Instar III 

- Lobes elongate, extend ventrally over second 
thoracic spiracle. Male cerci with median 
tooth. 	Female ovipositor longer than cerci. 
Femur length > 9.0 mm C 10.1 mm (z 9 . mm) 	 
	 Instar IV 

5. Wing buds short, hind wing buds extend tb first 
abdominal tergum. Fore wing buds not as long 
as hind wing buds. Femur length> 11.0 mm 
<12.0 mm (3E11.5 mm) 	Instar V 

- Wing buds elongate, both pairs wing buds extend 
beyond second abdominal tergum. Fore wing buds 
as long as hind wing buds. Femur length 
>12.5 mm<15. 0 mm (5E13.9  mm) 	Instar VI 
(Adult : wings fully developed. Tegmina extend 
beyond cerci. Femur length >17.0 mm 518.5 mm 
(17.6 mm) ) . 



Instar No. Sex F 

I 2 

II 4 

III 3 

Iv 10 

v 9 

VI 4 

VII 5 

A 7 

A 8 

d 	3.7 
9 6.6 

d .9 8.3 a 911.3 

a 9  14.7 
df 9 17.5 
0 9 21.4 

ō 25.0 

.926.7 

C. dorsalis 

I 10 

I 10 

II 8 

III 8 

III 10 

IV 15 

V 11 

V 16 

A 6 

A 5 

0$ 	2.6 

9 2.6 

a 9 3.4 

d 4.5 

9 4.3  
a9 6.0 

d` 	7.5 
,9 8.1 

a 9.0 

9 9.9 

Table 6.1 Mean Femur, Head, Pronotum and Gonoplac  

Measurements (mm) of the nymphs of nine species 

of Tettigoniidae  

T. viridissima 

sd 

H 

sd 

P 

sd 

Gpl 

sd 

0.1 1.5 0.1 1.2 0.1 0.3 - 
0.3 2.0 0.1 2.3 0.1 13. 0.1 

0.4 2.4 0.0 3.0 0.1 1.5 0.0 

0.3 3.1 0.2 4.4 0.4 3.4 0.6 

0.7 3.6 0.? 5.7 0.1 7.1 0.4 

1.3 4.2 0.2 6.8 0.4 17.0 2.8 

1.1 4.7 0.4 7.9 0.6 21.0 0.8 

0.8 4.9 0.4 7.4 0.5 - - 
1.4 5.5 0.2 8.3 0.4 22.4 1.8 

0.2 1.1 0.1 0.9 0.1 - - 
0.2 1.0 0.1 0.9 0.1 0.2 0.0 

0.3 1.3 0.1 1.2 0.1 0.6 0.1 

0.3 1.5 0.1 1.5 0.1 - - 
0.4 1.6 0.1 1.7 0.1 1.2 0.1 

0.3 1.9 0.1 2.3 0.1 3.2 0.4 

0.4 2.2 0.1 2.7 0.1 - - 
0.6 2.4 0.1 3.0 0.2 6.9 0.7 

0.3 2.3 0.2 2.9 0.1 - - 
0.3 2.7 0.2 3.3 0.2 7.5 0.7 



Table 6.1 contd 

C. discolor 

Sex F 

or 	2.4 

9 2.4 

a9 3.3 
ci' 	4.8 
a 6.3 

9 6.6 

e 8.5 
9 8 .9 

d 9 11.3 

Instar No. 

I 6 
I 5 

II 7 
III 6 
IV 7 
IV 11 

V 5 
V 5 
A 8 

• M. thalassinum 

I 13 

II 15 
II 18 

III 21 

III 7 

IV 8 

Iv 16 

V 8 

A 8 

A 5 

a.9 2.8 
Cr3.6 

9 3.7 
d 4.9 

9 5.0 

d 6.2 

9 6.2 
d 9  7.8 
d 9.7 

9 10.1 

sd 

H 

sd 

P 

sd 

Gpl 

sd 

0.2 0.9 0.1 0.8 0.0 

0.2 0.9 0.1 0.8 0.1 0.2 0.0 

0.2 1.2 0.1 1.2 0.1 0.6 0.1 

0.2 1.5 0.2 1.8 0.1 1.4 0.1 

0.2 1.9 0.1 2.5 0.1 

0.3 1.9 0.1 2.5 0.1 3.8 0.2 

0.4 2.2 0.1 3.2 0.2 

0.6 2.4 0.0 3.2 0.3 9.1 0.7 

0.6 2.6 0.3 3.1 0.3 9.7 1.0 

0.2 1.0 0.1 0.8 0.1 0.1 0.1 

0.2 1.2 0.1 1.2 0.1 

0.4 1.3 0.1 1.2 0.1 0.5 0.1 

0.3 1.6 0.1 1.6 0.1 

0.2 1.6 0.2 1.6 0.2 1.3 0.3 

0.2 1.6 0.1 2.4 0.1 

0.2 1.8 0.1 2.4 0.1 3.2 0.1 

0.4 2.3 0.2 3.0 0.2 7.4 0.4 

0.4 2.1 0.1 2.6 0.3 

0.3 2.3 0.2 3.1 0.2 8.8 0.5 

4 



Instar No. 

I 19 

I 5 

II 23 

II 13 

III 17 

III 13 

IV 8 

V 10 

V 9 

vI 9 

VI 6 

A 19 

A 10 

P. griseoaptera 

I 5 
I 8 

II 9 

III 13 

III 17 

IV 14 

IV 13 

V 7 

V 6 

VI 6 

A 10 

A 5 

Table 6.1  contd. 

L. punctatissima 

Sex F 

2.5 
2.4 

3.6 

3.7 
5.0 

5.1 

6.5 

8.6 

8.7 

d 10.2 

9 10.7 

d 13.5 

9 14.0 

3.0 

9 3.1 

4.2 

5.6 

5.7 
d 	7.4 

9 7.4 

9.2 

9 9.2 
6 9 14.5 

16.6 
.9 18.2 

sd 

H 

sd 

P 

sd 

Gpl 

sd 

0.2 1.0 0.1 0.4 0.1 - - 
0.1 0.9 0.1 0.4 0.1 0.1 0.0 

0.2 1.1 0.1 0.7 0.0 - - 
0.2 1.2 0.1 0.7 0.1 0.3 0.1 

0.3 1.4 0.1 1.0 0.1 

0.2 1.5 0.1 1.0 0.1 0.7 0.1 

0.3 1.6 0.1 1.3 0.1 

0.3 2.0 0.1 1.7 0.1 - 
0.6 2.0 0.1 1.8 0.2 2.6 0.2 

0.6 2.2 0.2 2.1 0.2 - - 
0.7 2.6 0.3 2.3 0.2 5.6 0.4 

0.5 2.5 0.1 2.3 0.1 - - 
0.4 2.9 0.2 2.7 0.2 6.5 0.2 

0.1 1.3 0.1 1.1 0.1 - - 
0.1 1.4 0.2 1.1 0.1 0.1 0.0 

0.2 1.5 0.1 1.4 0.1 0.2 0.1 

0.2 1.9 0.1 1.9 0.1 - 
0.2 1.9 0.1 1.9 0.1 0.6 0.1 

0.3 2.3 0.1 2.5 0.2 - - 
0.2 2.2 0.1 2.5 0.1 1.1 0.1 

0.2 2.6 0.1 3.3 0.1 - 
0.3 3.0 0.3 3.1 0.1 2.0 0.1 

1.1 3.5 0.3 5.0 0.4 8.2 0.6 

0.8 3.7 0.1 5.1 0.3 - - 
1.8 4.4 0.3 5.6 0.5 9.3 0.6 



Instar No. 

I 10 

I 16 

II 9 

III 4 

IV 5 
V 7 

VI 9 

A 7 

A 9 

Table 6.1 contd 

M. roeselii 

Sex F 

a 2.5 
9 2.6 

~ 9 3.3 
a 9. 6.2 a 9 7.8 
31 9 9.9 
or 9 12.4 
d'9 15.0 

a9 16.8 

M. brachyptera 

I 

II 6 

III 7 

III 5 

IV 6 

V 13 
VI 5 

VI 5 
A 5 

A 9 

a.9 4.6 

a 	6.1 
9 6.3 

e9 7.9 

a 10.1 
a 12.7 

9 13.2 a 15.5 
9 17.5 

H 
	

P 
	

Gpl 

sd 
	

sd 
	

sd 
	

sd 

0.1 1.2 0.1 0.9 0.1 - - 
0.1 1.2 0.0 0.9 0.1 0.1 0.0 

0.1 1.4 0.1 1.1 0.1 0.2 0.1 

0.4 2.0 0.1 2.0 0.2 0.8 0.2 

0.3 2.4 0.1 2.7 0.2 1.7 0.2 

0.3 2.8 0.2 3.6 0.1 3.2 0.3 

0.7 3.4 0.3 4.4 0.2 5.8 0.2 

0.7 3.7 0.2 4.5 0.2 - 

0.6 4.2 0.2 4.7 0.3 6.4 0.3 

0.2 1.5 0.2 1.5 0.1 0.4 0.1 

0.2 1.8 0.1 1.9 0.1 - - 
0.1 1.8 0.1 1.9 0.1 0.8 0.1 

0.2 2.2 0.1 2.7 0.4 1.8 0.0 

0.5 2.6 0.1 3.3 0.2 3.5 0.3 

0.7 2.9 0.1 3.9 0.1 - 
1.0 3.1 0.2 4.2 0.2 8.3 0.4 

0.3 3.6 0.1 4.1 0.2 - 
0.7 3.6 0.2 4.3 0.3 9.o 0.4 



Table 6.1 contd 

10 

ai 

P. denticulata 

Instar No. 

I 1 
II 4 

III 6 

IV 6 

V 2 
VI 6 

A 4 

F 
sd 

H 
sd 

P 
sd 

Gpl 
sd 

4.o 0.0 1.6 0,0 1.4 0.0 - - 

 5.4 0.6 1.9 0.0 0.6 0.1 

7.2 0.4 2.3 1.1 0.1 
9.4 0.4 2.7 0.1 2.0 0.0 

12.0 0.7 3.0 0.0 3.6 0.1 
13.9 0.9 3.5 o.3 7.9 0.3 

17.6 0.8 4.2 0.0 8.0 0.3 

Sex 

at 
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6.6 Results and Discussion 

During the course of the construction of the nymphal keys 
three elements of nymphal development have been examined. 

The number of instars for each of the species has been 

confirmed, at least in the populations studied. 	It 
is of interest to note that differences in the number 

of instars for some species exist between Britain and 

Europe. 6ejchan (1960) described M. roeselii as having 

six nymphal instars in Eastern Europe. Sanger and 

Helfert (1976), on the other hand, found that both 

M. roeselii and P. griseoaptera, from Western Europe, 
had seven nymphal instars, while C. dorsalis had six. 

Kochlich (1976) also reported seven nymphal instars in 
P. griseoaptera. 	One possible reason for the difference 

between British and European specimens is the slightly 
longer period of favourable climatic cbnditions in some 

parts of Europe enabling the insects to proceed through 
their development more slowly than in Britain. 
T. viridissima in Britain is known to pass through a 
variable number of instars (from 6 to 9, Ragge 1965). 

The individuals in the present study passed through seven 

instars, no variation being found within the population 

studied. However, the sample size is small and so 

variation may exist within this population. Further 

detailed investigation of the number of instars within 

and between populations may indicate the reasons for 

this variation. 

The duration of each instar for C. dorsalis has been 

determined for large samples of males and females 

(Table 6.2) . 	There is no significant difference in 

instar duration between the sexes except in the last 

instar where the duration of the male instar is longer 
than that of the female. However, the overall duration 

of nymphal development in the sexes is not significantly 
different, although it is considerably longer than that 

found by Sanger and Helfert (1976). However, these 

results are not strictly comparable since their experimental 
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conditions were quite different. 

Eggs of various species were incubated to obtain first 
instar nymphs. Hartley (1964) has dēscribed 

incubation regimes for the British Tettigoniidae. 

However, it was not considered necessary to disrupt 

diapause and these regimes were not followed. Eggs 

of C. dorsalis, C.discolor and M. roeselii were incubated 
at 15°C for 57 to 69 days, followed by a period of 
chilling at 3°C from 118 to 147 days and then at 15°C 
until hatching. The variable duration at each 

temperature did not appear to affect the success of the 

incubation regimes, each period being longer than those 
specified by Hartley (1964). 	The percentage 
hatch for C. dorsalis and C. discolor was quite high, 

78.2% and 54.8% respectively, while the percentage for 

M. roeselii was somewhat lower, 27.5%. 	The main cause 
of egg mortality in all three species was the growth of 
various moulds on the eggs during incubation. This 

was mainly controlled by replacing the test papers and 

filter paper covers (p 267) at regular intervals. 	The 

success of the incubation schemes for the other species 
was low, between 0.8 % and 9.0% hatch. Many eggs were 

found to be fully developed on dissection and it was 

plausible that they required some further stimulus for 

hatching not provided by the regimes (e.g. changes in 

relative humidity). It was interesting to note that 

some eggs laid by L. punctatissima females in 1977 

hatched in the following season, others laid by the 

same females required two periods of chilling before 

hatching. This may provide some protection for the 

species when after a poor season, with few eggs being 

laid, large numbers of nymphs will still hatch the 

following season. 



Table 6.2 Duration. of Instars, C. dorsalis 

Instar 9 
sd sd 

I 10.12 1.59 9.99 16.0 

II 9.76 2.9 9.81 2.48 
III 11.6 3.25 11.77 2.89 
IV 13.46 2.52 12.28 3.09 
V 18.89 2.80 17.0 2.47 

Total 
duration 58.52 4.26 59.35 4.85 
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PROPOSALS FOR FUTURE RESEARCH 
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During the course of the present study it has become 

apparent that there are several areas where further 

detailed research would be appropriate. 

1. Five types of ovipositor have been described in the 
present work based upon variation in ovipositor 

morphology. However, this categorisation was based 

on a small number of species, within a narrow range 

of families. Examination of further species and 

genera from each of the families already investigated 

would provide greater insight into the relationship 

between morphology and oviposition substrate. The 

inclusion of other families would also serve to 

establish the occurrence of additional types of 
ovipositor. 

2. No sigr}ificant differences in the musculature between 

the five types has been found. Nevertheless, it is 

possible that variations in musculature might exist 

in other examples and this warrants attention. 

3. The morphology and distribution of surface structure 

on the ovipositor have been related to their role in 

oviposition. However, interesting anomalies have 

been shōwn to exist between the five ovipositor types 

which are not obviously related to the oviposition 

behaviour or substrate. 	Thus, combined investigations 

of the surface structures with the study of ovipositor 

morphology in additional species, may clarify certain of 

these anomalies. Related to this is the requirement 

for ultrastructural and electrophysiological 

examinations of the ovipositor sensilla to confirm or 
in some cases determine their function. 

4. An expansion of the investigation of preferred oviposition 

substrates is required to include further species, 
Associated with this is the requirement * for detailed 

observation of oviposition behaviour, both under laboratory 

and field conditions, to determine the range of 
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substrates accepted by various species and their 

preferences under field conditions. 
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Summary 

1. The gross structure of the ovipositor of the Tettigoniidae 
has been described, and the homologies of the various 

components discussed. 

2. A detailed description of the morphology of the 
ovipositor of M. roeselii is given. 	The ovipositor is 

composed of three pairs of distal valves which articulate 
with the body by a series of basal sclerites. 	The 

valves articulate with one another by means of a sliding 

tongue and groove joint, the olistheter. 

3. The presence of a rubber-like material between certain of 

the basal articulations of the ovipositor is described. 

4. The morphology of the ovipositor of eight other species 
has been examined in detail and compared with that of 

M. roeselii. Five basic types of ovipositor have been 

recognised. 

5. The musculature of one species representative of each of 

these types has been investigated, the musculature of 

M. roeselii being described in detail. No significant 
differences in the organisation of the musculature occur 

between the five types of ovipositor. 

6. The mechanism of oviposition has been related to the 

morphology and musculature of the ovipositor. 

7. The presence of complex surface sculpturing and various 

sensory structures on both external and internal faces 
of the ovipositor valves has been recorded. The types 

of surface sculpturing and sensilla have been classified 

according to their morphological characteristics and 

their distribution in species representative of the five 

ovipositor types described. 	The distribution and
,  function of the surface sculpturing   gild sensilla have 

been related to their role in oviposition. 
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8. The preferred oviposition substrate for the five 

representative species have been determined under 

laboratory conditions and related to known substrate 

in the field. 	Oviposition behaviour in M. roeselii 

has been described. 

9. The variation in morphology and surface structure 

between the types have been related to differences 

in the preferred substrate of the representative 

species. 

10. Field keys to the species nymphs and to the instars of 
individual species have been constructed. The number 
of instars for some British species have been confirmed, 
and compared to the number recorded in Europe. Some 

data on egg incubation and diapause disruptiōn.has been 

obtained and the duration of instars of C. dorsalis at 

20°C has been described. 
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List of Abbreviations used in Diagrams and Tables  

A 	- insertion muscle 12 
aiv - anterior intervalvula 
ant - anterior 
ep - epiproct 
F - femur 
ga - gonangulum 
gch - genital chamber 
2gcx - second gonocoxa 
lgp - first gonapophysis 
2gp - second gonapophysis 
gpl - gonoplac 
H - head 
lod - lateral oviduct 
1st - laterosternite 
M.r. - Metrioptera roeselii 
P - pronotum 
piv - posterior intervalvula 
pl - pleuron 
post - posterior 
pt 	paraproct 
sgp - subgenital plate 
sp - spiracle 
spd - spermathecal duct 
st - sternum x 	x  
tx  - tergumx 
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APPENDIX 



Species 

Instar 

: 	Tettigonia Viridissima L. 

P Gpl Sex F H 
1 0 3.6 1.4 1.1 - 
1 9 3.8 1.5 1.2 0.3 

2 0 6.6 2.1 2,2 

2 9 6.8 1.9 2.2 1.2 
2 9 6.2 1.9 2.3 1.2 
2 9 6.9 1.9 2.4 1.4 

3 9 8.5 2.4 3.0 1.5 
3 9 7.8 2.4 2.9 1.5 
3 9 8.6 2.4 3.0 1.5 

4 0 11.1 3.0 4.1 - 
4 0 11.3 3.0 4.4 Oa 

4 0 11.0 3.o 4.0 - 
4 0 11.8 3.4 5.3 - 
4 0 11.1 3.0 4.3 
4 0 11.1 3.0 4.o - 
4 0 11.8 3.7 4.3 MID 

4 9 11.1 3.0 4.4 2.8 
4 9 11.8 3.3 4.6 4.o 
4 9 11.1 3.o 4.1 3.4 

5 0 16.0 3.9 5.9 - 
5 0 15.o 3.4 5.6 
5 0 14.5 3.6 5.5 - 
5 0 15.o 3.6 5.8 - 
5 0 15.o 3.8 5.6 - 
5 0 15.o 3.6 5.8 - 
5 0 14.0 3.8 5.6 - 
5 9 14.0 3.5 5.6 6.9 
5 9 14.0 3.6 5.5 7.4 

6 0 17.0 4.5 7.o 
6 0 19.0 4.1 7.0 OM 

6 9 16.0 4.2 6.2 21.0 
6 9 18.0 4.0 7.0 17.0 



Species 

Instar 
7 
7 
7 
7 
7 

: T. virridissima continued 

H 	P 
4.5 	7.0 
5.0 	8.0 
4.3 	8.4 
- 	7.5 
5.0 	8.5 

Gpl 
-

22.0 
21.0 
21.0 
20.0 

Sex 
0 

9 
9 
9 
9 

F 
20.0 
22.0 
23.0 
21.0 
21.0 

A 0 26.0 5.0 7.0 

A 0 24.0 5.0 7.0 

A 0 24.5 5.0 8.0 -  

A 0 25.0 5.0 8.0 

A 0 25.0 4.0 7.0 OM 

A 0 26.0 5.1 7.7 - 

A 0 24.5 5.1 7.4 -  

A 9 29.0 5.4 8.5 24.0 

A 9 28.0 5.4 8.0 25.0 
A 9 26.5 5.5 8.8 20.0 

A 9 25.0 5.5 7.5 21.0 

A 9 25.0 5.5 8.0 22.0 

A 9 26.5 5.5 8.5 24.0 
A 9 27.0 6.0 8.5 22.0 

A 9 26.5 5.5 8.0 21.0 



Species : Conocephalus discolor  Thunberg  

Instar 	Sex 	F 	H 	P 	Gpl 

1 0 2.1 0.9 0.8 - 

1 0 2.4 0.8 0.8 - 

1 0 2.4 0.8 0.8 

1 0 2.7 0.9 0.9 - 

1 0 2.4 0.9 0.8 

1 0 2.2 1.0 0.8 410 

1 9 2.2 0.8 0.7 0.1 

1 9 2.4 1.0 0.9 0.2 

1 9 2.7 1.0 0.8 0.2 

1 9 2.3 1.0 0.7 0.2 

1 9 2.6 0.9 0.8 0.2 

2 0 3.0 1.2 1.0 - 

2 0 3.6 1.2 1.3 - 

2 0 3.6 1.3 1.3 - 

2 0 3.2 1.2 1.2 - 

2 9 3.5 1.3 1.2 0.6 

2 9 3.4 1.2 1.1 0.5 

2 9 3.1 1.3 1.2 0.6 

3 0 5.1 1.4 1.8 

3 0 4.7 1.6 1.7 WM 

3 0 4.6 1.5 1.7 - 
3 9 5.0 1.5 1.7 1.4 

3 9 4.7 1.6 1.8 1.4 

3 9 4.6 1.6 1.8 1.3 

4 0 6.2 1.8 2.4 OW 

4 0 6.2 1.8 2.5 OW 

4 0 6.4 1.9 2.4 

4 0 6.5 1.9 2.5 
4 0 6.5 1.8 2.6 

4 0 6.0 2.0 2.4 

4 0 6.6 1.9 2.4 

4 9 6.9 2.0 2.6 3.8 

4 9 6.5 1.9 2.5 3.6 



Species : C. discolor continued 

F H P Gpl 
6.7 1.9 2.5 3.9 
6.6 2.0 2.6 4.o 
6.2 1.8 2.5 3.8 
6.7 1.9 2.6 4.2 
5.8 2.0 2.3 3.8 
6.6 2.1 2.6 3.4 
7.0 1.9 2.6 3.8 
6.6 1.9 2.4 3.7 
6.9 1.9 2.4 3.5 

8.5 2.2 3.0 - 
9.o 2.2 3.4 - 
8.0 2.2 3.0 
8.2 2.4 3.2 ORO 

8.6 2.2 3.2 
8.0 2.4 2.8 8.o 
9.1 2.4 3.4 9.3 
9.3 2.4 3.2 9.5 
9.6 2.4 3.4 9.9 
8.6 2.4 3.o 8.8 

10.6 2.4 2.8 -  
10.9 2.4 2.9 -  
10.5 2.2 2.9 -  
11.6 2.4 2.9 8.6 
11.4 2.8 3.4 9.1 
12.2 2.9 3.5 10.0 
11.5 2.7 3.2 10.9 
12.0 2.8 3.3 9.6 

Instar 	Sex 

4 	9 
4 	9 
4 	9 
4 	9 
4 	9 
4 	9 
4 	9 
4 	9 
4 	9 

5 	0 
5 	0 
5 	0 
5 	0 
5 	0 
5 	9 
5 	9 
5 	9 
5 	9 
5 	9 

A 	0 
A 	0 
A 	0 
A 	9 
A 	9 
A 	9 
A 	9 
A 	9 



Species 

Instar 

: 	Conocephalus dorsalis (Latreille) 

P Gpl Sex F H 

1 0 2.5 1.1 0.9 

1 0 2.3 1.1 0.8 

1 0 2.5 1.1 0.9 

1 0 2.4 1.0 0.9 

1 0 2.7 1.0 1.0 
1 0 2.6 1.0 0.9 - 

1 0 2.8 1.1 0.9 AIM 

1 0 2.8 1.0 0.9 - 

1 0 2.5 1.0 0.9 - 

1 0 2.7 1.1 0.8 - 

1 9 2.5 1.o 0.8 0.1 
1 9 2.6 1.0 0.9 0.2 
1 9 2.7 1.1 0.9 0.1 
1 9 2.9 1.1 1.0 0.2 
1 9 2.7 1.0 0.9 0.2 
1 9 2.4 1.1 0.8 0.2 

1 9 2.8 1.0 1.0 0.2 

1 9 2.5 1.2 0.8 0.2 
1 9 2.8 0.9 1.0 0.2 
1 9 2.4 1.0 0.9 0.2 

2 0 3.1 1.2 1.1 

2 0 3.5 1.4 1.2 - 
2 0 3.9 1.4 1.3 .00 

2 0 3.2 1.2 1.1 

2 9 3.3 1.3 1.2 0.6 

2 9 3.1 1.3 1.o 0.5 
2 9 3.8 1.5 1.3 0.6 
2 9 3.4 1.4 1.2 0.6 

3 0 4.2 1.6 1.4 

3 0 4.7 1.6 1.5 

3 0 4.7 1.5 1.6 

3 0 5.1 1.5 1.6 
3 0 4.1 1.6 1.6 

3 0 4.2 1.5 1.6 
3 0 4.6 1.5 1.4 
3 0 4.5 1.5 1.5 



Instar 	Sex 

	

3 	9 

	

3 	9 

	

3 	9 

	

3 	9 

	

3 	9 

	

3 	9 

	

3 	9 

	

3 	9 

	

3 	9 

	

3 	9 

	

4 	0 

	

4 	0 

	

4 	0 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 

5 	0 
5 	0 
5 	0 
5 	0 
5 	0 
5 	0 
5 	0 
5 	0 
5 	0 
5 	0 
5 	0 

Species : C. dorsalis continued 

F 
4.3 

H 
1.5 

P 
1.7 

Gpl 
1.1 

4.7 1.5 1.6 1.2 
4.2 1.5 1.6 1.2 
4.4 1.5 1.6 1.2 
5.0 1.6 1.7 1.4 
4.5 1.6 1.7 1.2 
4.8 1.5 1.6 1.1 
5.7 1.7 2.0 1.1 
4.7 1.7 1.6 1.1 
4.9 1.7 1.7 1.3 

5.4 1.7 2.0 - 
5.7 1.8 2.2 - 
6.4 1.9 2.4 - 
6.2 1.9 2.5 3.2 
6.2 1.9 2.4 2.8 
5.8 1.7 2.1 2.8 
6.2 2.0 2.3 2.9 
5.9 1.9 2.2 3.2 
6.1 2.0 2.2 2.8 
5.9 2.0 2.2 3.2 
6.3 2.2 2.5 3.9 
6.4 2.0 2.2 3.9 
5.6 1.9 2.2 3.2 
6.2 1.9 2.4 3.4 
6.1 1.9 2.4 3.4 

7.0 2.1 2.5 - 
7.6 2.3 2.8 - 
7.5 2.2 2.7 - 
7.9 2.3 2.8 - 
7.6 2.2 2.8 - 
7.5 2.2 2.8 - 
7.5 2.2 2.8 - 
6.7 2.1 2.6 - 
7.9 2.2 2.8 
8.0 2.2 2.7 - 
7.2 2.3 2.7 - 



Species : C. dorsalis  continued 

Instar 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

A 	0 
A 	0 
A 	0 
A 	0 
A 	0 
A 	0 
A 	9 
A 	9 
A 	9 
A 	9 
A 	9 

8.3 2.5 3.1 7.5 
7.1 2.2 2.7 6.1 
8.3 2.5 3.1 6.5 
8.1 2.5 3.1 7.0 
8.3 2.5 3.1 7.1 
8.4 2.5 3.1 7.5 
8.0 2.3 3.0 6.6 
8.0 2.3 3.1 7.2 
8.4 2.3 3.1 7.6 
9.0 2.5 3.4 7.6 
6.7 2.1 2.7 5.6 
7.7 2.3 2.6 7.6 
8.5 2.3 2.7 6.6 
8.5 2.3 3.0 5.5 
7.7 2.3 2.7 7.6 
8.5 2.3 2.8 6.6 

8.8 2.2 3.0 -  
9.3 2.4 3.o - 
8.6 2.2 2.9 - 
9.4 2.2 2.9 -  
9.1 2.6 2.7 - 
8.8 2.4 3.0 -  
10.4 2.9 3.2 6.4 
9.9 2.9 3.5 7.4 
9.8 2.7 3.5 7.4 
9.8 2.6 3.2 7.8 
9.8 2.6 3.o 8.3 

Sex 	F 	H 	P 	Gpl 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 



Species : Meconema thalassinum  (Degeer) 

Instar Sex F H P Gpl 
1 0 2.9 1.0 0.8 
1 0 2.8 1.1 0.8 
1 0 2.9 0.9 0.7 - 
1 0 3.0 1.0 0.9 MID 

1 0 2.2 0.9 0.8 
1 0 2.9 1.0 0.9 - 
1 0 2.7 0.9 0.8 - 
1 0 2.8 1.0 0.8 
1 0 3.0 1.0 0.8 - 
1 9 2.9 1.0 0.8 0.2 
1 9 2.8 1.0 0.8 0.1 
1 9 3.0 1.1 0.7 0.1 
1 9 2.8 1.1 0.8 0.1 

2 0 3.2 1.2 1.0 
2 0 3.7 1.0 1.5 - 
2 0 3.7 1.3 1.1 - 
2 0 3.6 1.2 1.3 - 
2 0 3.8 1.1 1.1 - 
2 0 3.6 1.3 1.1 - 
2 0 3.8 1.2 1.1 - 

2 0 3.4 1.3 1.1 
2 0 3.4 1.1 1.3 
2 0 3.7 1.3 1.1 
2 0 3.6 1.3 1.2 - 
2 0 3.6 1.3 1.1 - 
2 0 3.4 1.,3 1.3 - 
2 0 3.5 1.2 1.1 

2  0 3.4 1.2 1.2 - 
2 9 3.6 1.3 1.3 0.6 
2 9 4.2 1.4 1.4 0.6 
2  9 3.6 1.4 1.1 0.4 

2 9 3.4 1.4 1.4 0.6 
2 9 3.6 1.3 1.1 0.5 
2 9 3.6 1.4 1.2 0.5 

2 9 3.8 1.4 1.2 0.6 
2  9 3.6 1.4 1.1 0.6 



Species : M. thalassinum  continued 

Instar 	Sex 	F 	H 	P 	Gpl 
2 	9 
2 	9 
2 	9 
2 	9 
2 	9 
2 	9 
2 	9 
2 	9 
2 	9 
2 

3 	0 

3 	0 

3 	0 

3 	0 

3 	0 

3 	0 

3 	0 

3 	0 

3 	0 

3 	0 

3 	0 

3 	0 

3 	0 

3 	0 

3 	0 

3 	0 

3 	0 

3 	0 

3 	0 

3 	0 

3 	0 

3 	9 
3 	9 
3 	9 
3 	9 
3 	9 
3 	9 

3.8 1.3 1.5 0.4 

3.6 1.4 1.1 0.4 

3.6 1.3 1.1 0.4 

3.7 1.5 1.3 0.5 
4.3 1.2 1.2 0.5 

3.6 1.3 1.1 0.5 

3.9 1.3 1.3 0.5 

3.8 1.2 1.3 0.5 

3.7 1.2 1.1 0.5 

3.7 1.3 1.2 0.5 

4.3 1.6 1.6 
5.o 1.7 1.5 - 
5.4 1.7 1.7 
4.9 1.5 1.6 - 
4.8 1.5 1.8 - 
4.8 1.6 1.6 - 
4.6 1.5 1.6 - 
4.7 1.5 1.5 - 
4.8 1.5 1.6 - 
4.9 1.7 1.8 - 
4.9 1.5 1.8 - 
4.8 1.5 1.6 
4.9 1.6 1.5 - 
4.7 1.5 1.6 - 
4.9 1.6 1.7 - 
4.8 1.5 1.5 - 
4.7 1.5 1.5 - 
4.9 1.6 1.6 
4.6 1.6 1.6 - 
5.2 1.7 1.8 

5.6 1.6 2.0 WOO 

5.4 1.9 1.2 0.8 

4.8 1.6 1.3 1.4 

4.9 1.6 1.6 1.1 
5.0 1.5 1.7 1.3 
5.0 1.6 1.8 1.5 

4.9 1.5 1.7 1.5 



0 
9 
9 
9 
9 
9 
9 
9 

Species : M.thalassinum continued 

Instar 	Sex 
3 
	

9 

	

4 	0 

	

4 	0 

	

4 	0 

	

4 	0 

	

4 	0 

	

4 	0 

	

4 	0 

	

4 	0 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 

	

4 	9 
4 	9 
4 	9 
4 	9 
4 	9 

5 
5 
5 
5 
5 
5 
5 
5 

F 	H 	P 	Gpl 
4.9 1.8 1.8 1.2 

6.4 1.6 2.4 
6.4 1.6 2.4 
5.8 1.6 2.2 OM 

6.2 1.6 2.2 
6.0 1.6 2.2 
6.4 1.6 2.2 IMO 

6.0 1.8 2.2 
6.o 1.6 2.2 
6.2 1.8 2.4 3.2 
6.2 1.8 2.4 3.2 
6.2 1.8 2.4 3.2 
6.4 1.8 2.4 3.2 
6.2 1.8 2.4 3.4 
6.4 2.0 2.4 3.2 
6.2 1.8 2.4 3.2 
6.0 1.8 2.2 3.2 
6.4 1.8 2.4 3.4 
6.2 1.6 2.4 3.2 
6.o 1.8 2.4 3.2 
6.2 1.6 2.4 3.2 
6.2 1.8 2.4 3.2 
5.6 1.6 2.2 3.o 
6.o 1.6 2.2 3.o 
6.3 1.9 2.3 3.3 

7.8 2.1 2.7 
8.6 2.6 3.0 7.7 
7.4 2.4 3.0 6.7 
7.7 2.4 2.9 7.4 
8.2 2.4 3.4 7.4 
8.0 2.4 3.2 7.5 
7.2 2.1 3.1 7.9 
7.6 1.9 2.9 7.0 



Species 

Instar 

: 	M. thalassinum continued 

H P Gpl Sex 	F 
A 0 10.2 2.1 2.7 
A 0 9.9 2.1 2.6 
A 0 9.4 2.0 2.4 
A 0 9.4 1.9 2.4 
A 0 9.9 2.1 2.9 
A 0 9.1 1.9 2.1 NNW 

A 0 9.6 2.1 2.5 
A 0 10.2 2.2 2.8 III 

A 9 10.4 2.4 3.3 9.o 
A 9 10.1 2.5 3.3 9.3 
A 9 10.1 2.1 2.9 8.1 
A 9 10.0 2.5 3.1 9.1 
A 9 9.7 2.0 3.1 8.6 



Species 

Instar 

: Leptophyes punctatissima (Bosc) 

P Gpl Sex F H 

1 0 2.3 0.9 0.4 

1 0 2.4 1.0 0.3 - 

1 0 2.5 1.0 0.4 

1 0 2.5 0.9 0.3 

1 0 2.0 1.0 0.3 

1 0 2.5 0.9 0.3 

1 0 1.9 1.0 0.3 IMO 

1 

1 

0 

0 

2.6 

2.7 

1.0 

1.1 

0.5 

0.5 ale 

1 0 2.6 1.3 0.5 - 

1 0 2.6 •0.9 0.6 - 

1 0 2.3 0.9 0.4 - 

1 0 2.6 1.0 0.4 

1 0 2.6 0.9 0.5 

1 0 2.8 1.o 0.4 

1 0 2.6 1.0 0.5 

1 0 2.4 1.0 0.4 

1 0 2.5 1.0 0.4 

1 0 2.4 1.0 0.3 - 

1 9 2.5 1.0 0.5 0.1 

1 9 2.4 1.0 0.3 0.1 

1 9 2.5 0.9 0.6 0.1 

1 9 2.4 0.9 0.4 0.1 

1 9 2.2 0.9 0.4 0.1 

2 0 3.5 1.1 0.7 IMO 

2 0 3.4 1.o 0.6 

2 0 3.4 1.1 0.6 

2 0 3.4 1.0 0.7 
2 0 3.7 1.1 0.7 

2 0 3.8 1.2 0.7 
2 0 3.5 1.1 0.7 
2 0 3.5 1.1 0.7 
2 0 3.6 1.2 0.7 IMP 

2 0 3.7 1.1 0.7 



Species : 

Instar 

L. punctatissima continued 

H P Gpl Sex F 
2 0 4.0 1,2 0.7 - 
2 0 3.5 1.2 0.7 
2 0 3.7 1.2 0.7 IBM 

2 0 3.6 1.1 0.7 
2 0 3.7 1.2 0.7 MOP 

2 0 3.9 1.2 0.8 
2 0 3.8 1.2 0.7 
2 0 3.7 1.2 0.7 .111 

2 0 3.7 1.2 0.7 - 
2 0 3.5 1.1 0.7 
2 0 3.6 1.2 0.7 - 
2 0 3.3 1.1 0.6 
2 0 3.6 1.2 0.7 - 
2 9 3.8 1.3 0.8 0.3 
2 9 3.2 1.1 0.7 0.3 
2  9 3.7 1.2 0.7 0.3 
2  9 3.7 1.1 0.7 0.4 
2 9 4.o 1.2 0.7 0.3 
2 9 3.9 1.2 0.7 0.3 
2 9 3.8 1.2 0.8 0.3 
2 9 3.6 1.1 0.7 0.3 
2 9 3.5 1.2 0.7 0.3 
2 9 3.8 1.2 0.7 0.3 
2  9 3.7 1.3 0.8 0.3 
2 9 3.8 1.2 0.8 0.3 
2  9 3.7 1.2 0.7 0.5 

3 0 4.8 1.2 1.0 
3 0 5.0 1.2 0.9 .110 

3 0  5.3 1.4 1.1 
3 0 5.4 1.4 1.o 
3 0 5.1 1.4 1.0 
3 0 4.6 1.3 0.9 
3 0 4.4 1.4 1.0 
3 0 5.o 1.4 1.o 
3 0 5.1 1.4 0.9 
3 0 5.0 1.3 0.9 



Species 

Instar 

: L. punctatissima continued 

H P Gpl Sex F 

3 0 5.1 1.4 0.9 00 

3 0 5.1 1.4 1.o - 
3 0 5.1 1.4 1.0 
3 0 4.9 1.4 0.9 

3 0 4.9 1.4 0.9 
3 0 5.o 1.5 1.0 
3 0 4.6 1.4 1.1 
3 9 5.2 1.4 1.0 0.7 

3 9 5.1 1.4 1.0 0.8 

3 9 5.0 1.4 0.9 0.8 

3 9 5.4 1.4 0.9 0.6 
3 9 4.8 1.4 1.0 0.7 

3 9 4.9 1.5 0.9 0.6 

3 9 5.2 1.5 1.1 0.6 

3 9 5.0 1.5 1.0 0.7 

3 9 5.4 1.5 1.0 0.7 

3 9 5.2 1.5 1.0 0.6 

3 9 5.1 1.5 1.0 0.6 

3 9 5.0 1.4 1.0 0.7 

3 9 4.7 1.4 1.0 0.6 

4 0 6.6 1.8 1.3 - 
4 0 6.6 1.7 1.3 
4 0 6.5 1.6 1.2 - 
4 0 6.6 1.7 1.4 
4 0 6.8 1.7 1.2 - 
4 0 6.5 1.5 1.2 - 
4 0 5.9 1.5 1.1 
4 0 6.5 1.5 1.3 
4 9 7.3 1.8 1.8 0.7 

4 9 6.9 1.8 1.4 1.2 
4 9 6.5 1.8 1.4 1.2 
4 9 6.6 1.6 1.3 1.4 

4 9 7.5 1.8 1.4 1.3 
4 9 7.6 1.5 1.5 1.4 

4 9 7.2 1.8 1.4 1.4 



Species : L. punctatissima  continued 

Instar 	Sex 	F 	H 	P 	Gpl 
4 	9 
4 	9 

7.1 	1.8 	1.4 	1.5 

6.7 	1.9 	1.4 	1.5 

8.5 	1.8 	1.7 

8.6 	2.1 	1.6 

8.1 	2.0 	1.9 IMO 

8.1 	2.0 	1.8 MO 

8.8 	2.1 	1.8 	- 
8.5 	2.o 	1.6 	- 

8.9 	1.9 	1.6 
8.6 	2.0 	1.6 ONO 

8.8 	1.9 	1.8 OM 

8.6 	2.1 	1.7 ON 

8.0 	1.9 	2.0 	2.5 

8.3 	1.8 	1.5 	2.4 

8.2 	2.0 	1.8 	2.7 

8.2 	1.8 	1.5 	2.5 
9.4 	2.1 	1.9 	2.5 
8.5 	2.1 	1.9 	2.5 

9.6 	2.1 	1.9 	2.9 
8.6 	2.1 	1.8 	2.8 
9.4 	2.1 	1.7 	2.9 

9.8 	2.4 	2.3 OM 

9.8 	2.0 	2.0 	- 

9.8 	2.4 	1.9 	- 

10.9 	2.4 	2.2 

	

10.9 	2.1 	2.2 

	

9.7 	2.2 	1.9 

MN 

deb 

9.3 	2.3 	1.8 	- 

10.8 	2.1 	2.1 

10.9 	2.1 	2.1 

11.5 	2.9 	2.6 	5.8 

 

6 

	

10'.9 	2.8 	2.3 	6.o 

	

11.6 	2.7 	2.0 	5.8 

10.1 	2.2 	2.2 	4.8 

5 	0 

5 	0 

5 	0 

5 	0 

5 	0 

5 	0 

5 	0 

5 	0 

5 	0 

5 	0 

5 	9 
5 	9 
5 	9 
5 	9 
5 	9 
5 	9 
5 	9 
5 	9 
5 	9 

6 	0 

6 	0 

6 	0 

6 	0 

6 	0 

6 	0 

6 	0 

6 	0 

6 	0 

6 	9 
6 	9 

9 
6 	9 



Instar 
	

Sex 

6 
	

9 
6 
	

9 

A 	0 
A 	0 
A 	0 
A 	0 
A 	0 
A 	0 
A 	0 
A 	0 
A 	0 
A 	0 
A 	0 
A 	0 
A 	0 
A 	0 
A 	0 
A 	0 
A 	0 
A 	0 
A 	0 
A 	9 
A 	9 
A 	9 
A 	9 
A 	9 
A 	9 
A 	9 
A 	9 
A 	9 
A 	9 

Species : L. punctatissima continued 

F 
10.2 
10.1 

14.4 
12.8 
13.0 
14.6 
13.4 
13.0 

13.3 
13.9 
13.8 

13.9 
13,0 
14.0 
13.0 
13.0 
13.0 
14.0 
13.4 

13.9 
13.6 
14.0 
14.0 
14.1 
14.0 
14.3 
13.9 
14.4 
13.1 
14.0 
14.4 

H 
2.4 
2.4 

2.5 
2.5 
2.5 
2.8 
2.5 
2.5 
2.4 
2.4 
2.3 

2.7 
2.5 
2.5 
2.1 
2.5 
2.5 
2.4 
2.4 

2.5 
2.4 
2.9 
2.9 
2.7 
3.4 
2.7 
2.8 
2.9 
3.0 
2.9 
3.0 

P 

2.2 
2.2 

2.3 
2.2 
2.4 
2.4 
2.4 
2.2 
2.4 
2.0 
2.3 

2.3 
2,2 
2.2 
2.3 

2.3 
2.0 
2.3 
2.2 

2.3 
2.4 
2.7 
2.5 
2.7 
2.9 
2.8 
2.5 
2.8 
2.5 
2.8 
2.8 

Gpl 
5.4 
5.6 

.101111 

IOW 

MO 

IOW 

MINI 

MO 

Oat 

all 

0/0 

MIN 

MO 

6.5 
6.5 
6.6 
6.6 
6.6 
6.7 
6.7 
6.6 
6.2 

6.2 



Species : Pholidoptera prise ōaptera  (Degeer) 

Instar Sex F H P Gpl 
1 0 3.1 1.3 1.1 ONO 

1 0 3.o 1.3 1.1 

1 0 3.0 1.4 1.0 

1 0 3.0 1.2 1.1 

1 0 2.9 1.1 1.0 

1 9 3.0 1.3 1.0 0.1 

1 9 3.1 1.7 1.1 0.1 

1 9 3.2 1.7 1.2 0.2 

1 9 3.0 1.2 0.9 0.2 

1 9 3.1 1.2 1.1 0.1 

1 9 3.0 1.3 1.1 0.1 

1 9 3.1 1.2 1.0 0.1 

1 9 3.1 1.3 1.1 0.1 

2 0 4.3 1.6 1.4 - 

2 0 4.5 1.6 1.4 WO 

2 0 4.0 1.5 1.3 
2 0 4.4 1.6 1.5 IMO 

2 0 4.0 1.3 1.3 - 
2 0 4.2 1.6 1.4 MOIL 

2 0 3.9 1.4 1.3 Mil 

2 9 4.3 1.6 1.5 0.1 

2 9 4.2 1.6 1.5 0.2 

3 0 5.6 1.9 2.0 

3 0 5.8 1.9 1.9 .11 

3 0 5.7 1.9 1.9 

3 0 5.6 2.0 1.8 

3 0 5.7 1.9 2.0 MII 

3 0 5.6 1.8 1.8 MID 

3 0 5.4 1.8 1.8 MO 

3 0 5.7 1.9 1.9 OW 

3 0 5.9 2.0 2.1 

3 0  5.7 1.9 2.0 

3 0 5.2 1.7 1.8 



Species : P. griseoaptera continued 

Instar Sex F H P Gpl 

3 0 5.7 1.8 2.0 
3 0 5.4 1.9 1.9 MEW 

3 9 5.6 1.8 1.9 0.4 

3 9 5.5 1.8 1.9 0.6 

3 9 5.8 1.9 1.9 0.6 

3 9 5.6 2.0 1.8 0.6 

3 9 5.6 1.9 1.9 0.6 

3 9 5.9 2.0 1.9 0.5 

3 9 5.8 1.8 1.9 0.6 

3 9 5.8 1.9 1.9 0.6 

3 9 5.6 1.9 2.0 0.6 
3 9 5.8 2.0 2.0 0.6 

3 9 5.9 1.9 2.0 0.6 

3 9 5.9 2.0 2.0 0.5 

3 9 6.0 2.0 2.0 0.6 

3 9 5.6 1.9 1.9 0.5 

3 9 5.3 1.8 1.8 0.5 

3 9 5.5 1.9 1.7 0.5 

3 9 5.5 1.9 2.0 0.5 

4 0 7.0 2.2 2.1 OW 

4 0 7.5 2.2 2.6 
4 0 7.5 2.3 2.5 
4 0 7.8 2.2 2.5 
4 0 7.6 2.3 2.6 IMP 

4 0 7.6 2.4 2.7 
4 0 7.8 2.4 2.7 
4 0 7.4 2.3 2.5 OW 

4 0 7.2 2.3 2.5 Oa 

4 0 7.5 2.3 2.6 
4 0 7.1 2.2 2.5 

4 0 6.8 2.5 2.4 
4 0 6.8 2.1 2.4 

4 0 7.4 2.1 2.5 MID 

4 9 7.3 2.1 2.5 1.0 

4 9 7.3 2.1 2.5 1.0 



Species : P. griseoaptera  continued 

F 
7.6 

H 
2.3 

P 
2.5 

Gpl 
1.1 

7.1 2.2 2.6 1.0 
7.3 2.3 2.6 1.0 
7.4 2.3 2.4 1.1 
7.3 2.2 2.5 1.1 
7.6 2.2 2.6 1.0 
7.3 2.2 2.5 1.1 
7.5 2.5 2.5 1.1 
7.5 2.2 2.6 1.2 
7.4 2.3 2.5 1.1 
7.1 2.2 2.5 1.1 

9.0 2.7 3.2 
9.4 2.6 3.4 NO 

9.2 2.6 3.2 MID 

9.2 2.5 3.2 
8.8 2.5 3.2 
9.4 2.6 3.4 4111111, 

9.1 2.6 3.3 
9.4 2.5 3.2 MO 

9.5 2.6 3.4 - 
9.0 2.5 3.0 1.9 
9.7 2.7 3.3 2.0 
9.4 3.2 3.2 2.1 

9.2 3.1 3.1 2.1 
8.9 3.0 3.0 2.1 
8.9 3.2 3.2 2.0 

14.0 3.1 4.6 
13.6 3.5 4.8 MINI 

15.7 3.8 5.4 7.5 
15.8 3.8 5.4 9.0 
13.4 3.5 5.3 8.2 
15.0 3.4 4.7 8.0 

Instar 	Sex 
4 	9 
4 	9 
4 	9 
4 	9 
4 	9 
4 	9 
4 	9 
4 	9 
4 	9 
4 	9 
4 	9 

5 	0 
5 	0 
5 	0 
5 	0 
5 	0 
5 	0 
5 	0 
5 	0 
5 	0 
5 	9 
5 	9 
5 	9 
5 	9 
5 	9 
5 	9 

6 	0 
6 	0 
6 	9 
6 	9 
6 	9 
6 	9 



Species 

Instar 

: P. griseoaptera continued 

H P Gpl Sex F 
A 0 16.0 3.7 4.6 

A 0 16.0 3.5 4.9 -  

A 0 16.0 3.6 4.8 

A 0 16.0 3.8 5.3 - 
A 0 16.0 3.6 5.1 

A 0 16.0 3.5 5.3 .11.111 

A 0 17.0 3.5 5.o 
A 0 18.0 3.9 5.3 
A 0 18.0 3.8 5.7 - 
A 0 17.0 3.6 5.1 IMO 

A 9 19.5 4.3 5.7 9.0 
A 9 16.5 4.o 4.9 8.5 
A 20.0 4.5 6.0 10.0 
A 9 16.0 4.5 5.5 9.5 
A 9 19.0 4.8 6.0 9.5 



Species : Metrioptera roeselii (Hagenbach) 

Instar 	Sex 	F 	H 	P 	Gpl 
1 0 2.5 1.1 0.9 - 
1 0 2.5 1.2 0.9 - 
1 0 2.5 1.2 0.7 411111 

1 0 2.6 0.8 0.9 
1 0 2.4 1.1 0.8 
1 0 2.7 1.3 0.9 Mat 

1 0 2.5 1.2 0.8 
1 0 2.5 1.2 0.8 
1 0 2.6 1.2 0.9 MID 

1 0 2.5 1.3 0.9 
1 9 2.5 1.2 0.9 0.1 
1 9 2.6 1.2 0.9 0.2 
1 9 2.6 1.2 0.9 0.1 
1 9 2.6 1.2 0.9 0.2 
1 9 2.6 1.2 0.8 0.2 
1 9 2.6 1.1 0.9 0.1 
1 9 2.5 1.1 0.9 0.1 

1 9 2.5 1.2 0.8 0.1 
1 9 2.5 1.2 0.8 0.1 
1 9 2.5 1.2 0.8 0.1 
1 9 2.5 1.2 0.9 0.1 
1 9 2.6 1.2 0.9 0.1 
1 9 2.7 1.2 0.9 0.2 
1 9 2.5 1.1 0.8 0.1 
1 9 2.7 1.2 0.9 0.1 
1 9 2.6 1.2 1.0 0.1 

2 0 3.3 1.4 1.2 
2 0 3.3 1.3 1.0 MO 

2 0 3.4 1.4 1.2 Ma 

2 0 3.3 1.3 1.o - 
2 9 3.1 1.3 1.1 0.2 
2 9 3.3 1.3 1.1 0.2 
2 9 3.3 1.4 1.2 0.3 
2 9 3.3 1.4 1.2 0.3 
2 9 3.1 1.4 1.1 0.2 



Species : M. roeselii  continued 

Instar 	Sex 	F 	H 	P 	Gpl 
3 
3 	9 
3 	9 
3 	9 

6.4 2.0 1.9 0.8 
6.4 2.2 2.1 0.9 
6.4 2.0 2.1 0.9 
5.6 1.9 1.7 0.5 

7.6 2.3 2.5 ONO 

7.8 2.4 2.7 - 
7.8 2:4 2.8 OEM 

7.6 2.5 2.7 1.5 
8.3 2.6 2.9 1.8 

9.6 2.8 3.5 - 
9.8 2.6 3.4 Ma 

9.5 2.8 3.5 411* 

10.1 2.7 3.7 0110 

9.9 2.9 3.7 3.1 
10.3 3.1 3.7 3.6 
10.3 3.o 3.5 3.o 

12.1 3.1 4.0 - 
12.2 3.1 4.3 - 

11.7 3.1 4.4 - 
11.7 3.2 4.7 - 
14.o 3.8 4.8 - 
13.1 3.6 4.5 5.5 
11.9 3.5 4.3 5.8 
13.0 3.5 4.4 6.o 
12.6 3.3 4.2 5.8 

15.6 3.9 4.4 010 

15.1 3.8 4.4 
14.5 3.7 4.3 MED 

15.0 3.8 4.8 
14.0 3.5 4.3 
14.7 3.9 4.5 
16.2 3.4 4.8 .11 

4 	0 
4 	0 

4 	0 

4 	9 
4 	9 

5 	0 

5 	0 

5 	0 

5 	0 

5 	9 
5 	9 
5 	9 

6 	0 

6 	0 
6 	0 
6 	0 
6 	0 
6 	9 
6 	9 
6 	9 
6 	9 

A 	 0 
A 	 0 

A 	 0 
A 	0 

A 	 0 

A 	0 

A 	0 



Species : M. roeselii  continued 

Instar 	Sex 
A 	 9 
A 	 9 
A 	 9 
A 	 9 
A 	 9 
A 	 9 
A 	 9 
A 	 9 
A 	 9 

F H P Gpl 
17.0 4.2 4.8 6.2 
17.3 4.4 5.0 6.8 
16.1 4.1 4.4 6.3 
17.0 4.3 4.9 6.5 
16.0 4.0 4.6 6.3 
16.7 4.1 4.3 6.4 
17.8 4.4 5.2 6.8 
16.3 4.1 4.5 6.3 
16.7 4.1 4.6 6.0 

, 



Species : Metrioptera brachyptera  (L) 

Instar Sex F H P Gpl 
2 0 4.5 1.5 1.5 
2 0 4.6 1.5 1.4 
2 9 4.9 1.6 1.5 0.4 
2 9 4.5 1.5 1.5 0.4 
2 9 4.4 1.1 1.5 0.3 
2 9 4.4 1.5 1.4 0.3 

3 0 6.0 1.8 2.0 

3 0 6.2 1.9 2.0 - 

3 0 5.8 1.7 1.6 

3 0 6.4 1.9 2.1 - 
3 0 6.2 1.9 1.9 - 

3 0 5.8 1.8 1.9 - 

3 0 6.2 1.9 2.0 - 

3 9 6.3 1.9 2.0 0.9 
3 9 6.3 1.8 2.0 0.8 
3 9 6.2 1.8 1.9 0.7 
3 9 6.3 1.8 1.8 0.7 
3 9 6.2 1.9 2.0 0.8 

4 0 7.6 2.1 2.5 
4 0 8.0 2.2 2.7 
4 0 7.9 2.2 3.4 410 

4 9 8.0 2.3 2.5 1.9 

4  9 7.7 2.2 2.5 1.6 
4 9 8.3 2.3 2.8 1.8 

5 0 9.7 2.6 3.o - 
5 0 10.1 2.5 3.3 - 
5 0 10.0 2.5 3.4 - 

5 9 10.1 2,8 3.4 3.6 
5 9 10.8 2.7 3.4 3.6 
5 9 10.1 2.6 3.3 3.5 
5 9 10.0 2.4 3.1 3.2 
5 9 11.0 2.6 3.5 4.o 



Species : M. brachyptera continued 

F 
10.5 

H 
2.5 

P 
3.4 

Gpl 

3.3 

10.6 2.4 3.1 3.6 

9.4 2.8 3.2 3.1 

9.5 2.6 3.4 3.4 

9.9 2.6 3.4 3.5 

12.6 3.o 4.o 

12.4 2.9 3.8 MN 

11.9 2.8 3.9 
12.5 2.9 3.9 

13.9 3.0  3.9 MP 

11.5 3.o 3.9 8.o 

14.0 3.3 4.1 8.6 

13.o 3.3 4.3 8.9 

13.6 3.1 4.4 8.0 
14.0 3.0 4.3 7.9 

16.0 3.4 3.9 
15.0 3.6 4.3 -  

15.o 3.3 3.9 - 
16.3 3.5 4.3 -  

15.3 3.4 4.o -  

17.3 3.4 4.3 9.0 
17.3 3.8 4.3 9.0 

17.6 3.8 4.6 9.9 

17.9 3.6 4.5 9.4 

17.5 3.6 4.4 9.0 

17.9 3.6 4.6 8.6 

18.0 3.6 4.6 8.6 

15.9 3.1 3.6 8.8 
18.0 3.5 4.1 9.0 

Instar 	Sex 
5 	9 
5 	9 
5 	9 
5 	9 
5 	9 

6 	0 

6 	0 
6 	0 
6 	0 
6 	0 
6 	9 
6 	9 
6 	9 
6 	9 
6 	9 

A 	 0 
A 	 0 
A 	0 
A 	o 

A 	0 
A 	9 
A 	 9 
A 	 9 
A 	 9 
A 	 9 
A 	 9 
A 	 9 
A 	 9 
A 	 9 



Species : Platycleis denticulata  (Panzer) 

Instar Sex F H P Gpl 
1 0 4.0 1.6 1.4 

2 0 5.4 1.9 1.9 411110 

2 0 5.3 1.9 1.8 - 
2 9 5.4 1.9 1.8 0.5 
2  9 5.3 1.9 2.0 0.6 

3 0 7.7 2.4 3.o 
3 0 7.o 2.4 2.5 - 
3 0 6.6 2.3 2.3 
3 9 7.1 2.2 2.5 1.2 
3 9 7.5 2.2 2.6 1.0 
3 9 7.1 2.3 2.5 1.0 

4 0 9.2 2.7 3.3 - 
4 9 9.4 2.7 3.4 1.9 
4 9 10.1 2.8 3.5 2.0 
4 9 9.0 2.6 3.2 2.0 
4  9 9.5 2.7 3.4 2.0 
4 9 9.0 2.6 3.3 2.0 

5 9 12.0 3.0 4.2 3.7 
5 9 11.0 3.o 3.9 3.5 

6 0 12.5 3.4 4.3 - 
6 9 13.4 3.8 5.0 8.0 
6 9 15.0 3.8 5.1 8.2 
6  9 13.9 3.7 5.o 8.0 
6 9 14.4 3.8 5.o 7.5 
6 9 14.2 3.5 4.8 7.7 

A 0 17.0 4.2 5.0 -  
A 0 17.0 4.2 4.8 -  
A 9 18.5 4.2 5.4 8.2 
A 9 18.0 4.2 5.4 7.8 




