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ABRSTRACT

A number of fields of study are brought together to provide a deeper under-
standing of the reproductive system in Cicadellids. The external genitalia of

Graphocephala fennahi (Young) are discussed, together with their postembryonic

development. Associated with this, the histology and development of the internal
organs of reproduction and the abdominal musculature are described in detail.

The gonopophyses and basal genital structures are for the first time in
Cicadellidae examined with the scanning electron microscope and this, combined
with behavioural Qbs;ervctions, permits a better functional understanding of the
ovipositor.! .By comparing the genital structure in fhreé species of British Cicadellids
in relation to their oviposition habits it is possible to démonsfrcte the adaptive nature
of osfénsib!e taxonomic. characters and to illustrate clearly that variation in ovipositor
structure principally of the gonapophyses can be associated with characteristics of tHe
oviposition site.

The development and histology of the ‘reproducfive system is followed from the
earliest nymph and .fhe origin of the efferent ducts described. A detailed account of
the adult re]:;réductive system and oégenesis is provided, including some electron-- .

microscopic observations. Oogenesis in the telotrophic ovariole and the probable

origin of certain nutritive substances is determined, using histological and cyto-

chemical techniques. The ovarioles of Graphocephala were found to be cqnfc'ineél
within an 0vclriole sheath and an electron microscopic study of its structure was made.
The sheath contains "‘ilumen cells" and their possible phcgocytic function is discussed.
To provide a clécrer L‘mﬁdeirstondin'g of the terminal abdominal segments the
genital musculature was examined and compared wifH the typical pregenital abdominal

musculature. Myology was followed from the basic nymphal arrangement and the



associated myogenesis examined and found to occur along four major routes involving
two different methods of free myoblast incorporation. A table is drawn up which
allows the direct comparison of nymphal and adult muscles and the status of the
nymphal muscles in the adult. |

Some functional aspects of the reproductive and genital systems are combined
in a discussion o‘F the sexual behaviour of G. fennahi, concerned with pre- and
post-mating behaviour and alsé with oviposiﬁon.‘ Data relating to the epigamic
communication between receptive pairs is presented and the importance of substrate-
borne vibrations in G. fennchi indicated.

Thei‘resulfs are discussed in relation to other work on the postembryonic develop-

ment of the reproductive system and on sexual behaviour.
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. INTRODUCTION

Graphocephala fennahi (Young) was first introduced into Britain from

the United Stafes in 1931 -2, at which time it was confused with Graphocephala

coccinea, and it was not named as a separate species until 1977. In America
‘G. fennahi has a more restricted range than G. coccinea and is more selective in
its host plants.  In Britain-it is only occasionally collected from plants other than

Rhododendron, and the eggs are found only in the overwintering buds of this genus.

The role of leaf-hoppers as vectors of certain plant virus diseases has led to
extensive research to define the vector-disease relationships. A major problem
! .
associated with such investigations concerns.the biology of the vector and this forms

the object of the present study. While G. fennahi is not associated, in any part of

- its range, with.economically important plant diseases, it is linked with the spread

of bud-bla;f' in Rhododendron caused by fhe.wouncl-parasife fungus Pycnostysanus
azaleae, o

Despite its relatively minor economic importance suifablé population of
G. fennahi was avoifuble and it was cor;:sidered fh'c'r much valuable information on
Cicadellid bislogy and morphology could be gaihed from an intensive study of a
'single species.

Extensive studies are re'porfecl in the literature which adequately describe
Hemipferan morphology, particularly that of the head, and many of these dealt
with the Auchenorryncha (e.g., Ali 1958; Butt 1943; Duporte 1946, 1957; Evans 1946,
1957; Ferris 1943; qumer ]’950; Muir ‘& Ker.shaw 1911, 1912; Parsons 1964; Ribaut
1952; Ross 1957; Snocjlgras; 1927, 1938; Spooner 1938). Much of this work has led to
controversies regarding the homologies and terminology of the various sclerites, ‘but

it is not intended that this aspect of Cicadellid morphology be pursued further in

this study.
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The present account is restricted to the genital region and associated
reproductive system of the female, and attempts to describe these regions o.n
a func_ﬁqnal and developmental basis. While the morphology of this region has
an extensive literature, it is mostly superficial and incomplete; 'rHe development
of the systems and their function in sexual behaviour are fields in which the
literature is extremely limited.

The first writer to describe the ovipositor of Auchenorrynchan Homoptera
was Arisfofle. [[lustrations and descriptions are provided by Malpighi (1687) and
illustrations by Reaumur (1740). All the early work was concerned with unidentified

i .
Ciéadidae; the small size ff most Cicadellids preQenﬁng their study until the nine-
teenth century. The first work of importance on the Auchenorryncha was that of
Dufour (1825), in which he studied fhe digestive and reproductive systems of a
cicada. 'Twc_ﬁ papers by Doyere (1837) discussed the structure and function of the
Cicadid ovipositor, and showed that the movement of the gonapophyses.is brought
about by the second gonocoxa and the associated musculature. The extensive
work on insect female génifclia by Lacaze-Duthiers (i852) included a s*udy of ‘the

~ Cicadellid Tettigella (= Cicadella). Verhoeff's (1894) comparative studies of female -

Heteroptera and Homoptera include a description of the Cicadellidae and

Cercopidae and places these two families separately from the Membracidae.
Much recent work has been concerned with the homologies of the genital

structures and the use of the genitalia as taxonomic characters. Several works

. that describe the morphology of the Cicadellid ovfposifor have produced some rather

confusing terminology. The study of Snodgrass (1933) on Amblydisca gigas is
important, because it provides a useful terminology and several recent studies follow

this ‘sysfem (Cunningham & Ross 1965; Helms 1968; Nielson 1965). Scudder (1957,
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1958, 1959, 1961a, 1961b, ]964). has questioned somt; of Snodgrass's conclusions
and developed his gonangulum theory for the ovipositor. This sclerite is present

in one form or another in ’rhé Thysanura, Grylloblat’rodeﬁ, Orthoptera, Dictyoptera,
Odonafd,’ Psocoptera, Thysanoptera, Hemiptera and Hymenoptera. Scudder (1961a)
considers if a very irﬁpoﬁant sclerite of the ovipositor because of its functional
relationship with both the first and second gonapophyses. Some aspects of the
gonangular theory have been quesﬁoﬁed by Stys (1959) and Dupuis (1963).

Balduf (1933) provides a detailed study of the ovipesitor in Draeculacephala’

mollipes and provides some useful ferminol;gy, though the present study, with the
aid of the i\elecfron' microscope, has demonstrated that some of his interpretations
are incorrect. In a defuildld paper, Balduf (.1934) describes the distal region of the
gonapophyses within the genus Empoasca and indicates several characters of possible
taxonomic im}porfunqe. Cunningham & Ross (1965) also indicated that the area at
the bqse of the ovipositor in Empoasca provided good diagnostic characters.

Similar comparative morphological studies have been made in other genera.
Wagner (1950, 1953) described the female genitalia and the distal region of the
second gonapophyses in the genus Macropsis. Ribaut (1952) also made a similar
study in this genus. The detailed comparative study and descriptive terminology
A prov'ided by Readio (1922) for fh;a second génapophyses of Cicadellids constitutes
one of the most thorough works on these structures. These studies are purely
faxonomic, but in the present work the extent to which these taxonomic differences
are adaptive is discussed further in Chépfer 5 and in the general discussion.

Considerable 1c:oni:usion has arisen concerning the ’rermino!ogy used for the
description of Cicadellidae and at least four systems of nomenclature can be

recognised in works concerned with the female genitalia. In the present study that

of Scudder has been adopted.



Few descriptions are available in the literoture vihich adequately describe
the develophenf of the external genitalia or reproductive systems of Cicadellids and a
comprehensive study of the adult female reproductive system is not available. The
e'arl;l developmental works of Christophers & Cragg (1921), Kershaw & Muir (1922),
Singh Pruthi'(1925) and George (1928) are very superficial and differ greatly in their .
conclusi‘ons. The monograph of Myers (1928) on Cicadidae provides liftle information
on the development of these systems. The work of Metcalfe (1932) agrees with the
findings of George (1928), but her descripfiops are over-simplified, and in all of these

early works little attention is paid to the development of the basal components of the
|

1

ovipositor.

The more recent work of Helms (1968) on Empoasca fabae, while useful,

does not provide adequate detail and the present author suggests that Helms incorrectly
aged some of his nymphal material, since he states that rudiments of the external
genitalia were present from the first instar. This has not been reported by other workers

and was not found to occur in Graphocephala. It is generally accepted that in the

Cicadellidae the female external genitalia is first apparent in the third instar.

The \;vlork of Ko'rhiri’rhdmby (]971)'is concerned largely with the morphology
of Cicadellid nymphs, though the descriptions of fhe.Female genitalia are not sufficiently
detailed, and no attempt is made fo describe the histology of the parts.

The d;failed histology of the female reproductive system has not previously
been described within the Auchenorryncha, though several studies are available for
the Heteropi'erg (Bonhqgi& Wick ]953; Masner 1966; Oppong-.Mensoh‘& Kumar 1974;
Pen&ergasf 1957; Ramamurty 19692, 1971; Wick & Bonhag 1955). The present study on

Graphocephala demonstrates differences between the Auchenorrynchous Homoptera and

the Heteroptera. - : .
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A study of the reproductive and genital systems is important, because
characters from this region are being used increasingly in taxonomy and the
development of an appropriate terminology for these structures requires a
knowledge of their developmental origins, especially if the terms are to be used
comparatively and to indicate homologies. In addition, the form and function of
the reproductive systems throw light on the behaviour since the systems may fail
to function under certain conditions. Such considerations are of obvious ecological
importance.

Though the development of the ovc;ries and germ cells are considered in some
detail, nolattempt is made to describe vitellogenesis fully, since little contribution
could be made to this rapitjly developing field without making it a major part of the
study and putting the investigation on a physiological or even biochemical footing.
The subiec; of vitellogenesis in insects has receﬁtly been reviewed' by Huebner et
al (1975); Moloo (1971); Telfer (1965) and Wightman (1973), though no information
is available within the Auchenorryncha.

In order to make a comprehensive sfudy‘of the Cicadellid genital region
the associated musculature is described and compared with that of a generalized
pregenital abdominal se'gmenf. Much of the work on myology and myogenesis of
insects has been restricted to the flight.and thoracic ;nusculaﬂ)re, both at the ultra-
structural (Auber 1967; Termier & Lauge 1976) and light r_nicréscope level (Hinton
1959; Pringle 1965; Tiegs 1955). The most comprehensive study of myogenesis in
the Cicadellidae is that of Tiegs ('1955]) in the flight musculature of Erythroneura.

|
The genital musculature has been described in the Heteropteran Oncopeltus fasciatus

(Bonhag & Wick 1953), but this does not allow a profitable comparison with
Cicadellids due to the different mechanisms of copulation and oviposition, and hence

differing sets of muscles to carry out these functions.



Within the Auchenorryncha; descriptions of the abdominal musculature
are provided by Maki (1938), Myers (1928) and Vasvary (1966) for Cicadoidea,

and by Kramer (1950) for the Membracid Ceresa bubalus, but these are all brief

and incomplete descriptions. An adequate description of abdominal musculature
in the adult Cicadellid is lacking in the literature. No account of myogenesis

of the abdominal muscles could be VF.()und for the Auchenorryncha. In the present
study a detailed description of the myology of the adult female of G. fennahi is
given, together with an account of myogenesis from the nymphal condition, as
"seen in the second instar nyrhph, up to the definitive adult condition, and provides
the most cor?fnp!ete extant account of Cicadellid musculature.

In addition to « defc‘iled description of -the reproductive and genital systems
and their development, together with the associated musculature, the present work
includes a sfuc:!ly of the repr.oducfive behaviour of G. fennahi concerned with pre-
mating, mating and oviposition activities, and with the conditions necessary for the

* successful completion of sexual behaviour. This is a field of considerable interest,
though one thcf has received little attention in recent years. Such morphological
studies of the genital region as have been made have not previously beenrcombined
with a functional approach, though for the ecology and bionomics of these insects
" to be understood, a-deeper knowledge of their reproductive behaviour is essential.
The literature on the reproductive biology of Cicadellidae is qugely con-
cerned with oviposition behaviour (Balduf 1933; Carlson 1967; Carlson & Hibbs
1962; Funkhouser 1917; McMillian 1960; Readio 1922), fhéugh the descriptions are
usually superficial . DiJri,ng the last decade, much interest has arisen in 'communi-
cation and the roles of acoustic, visual and chemical stimuli in intergc’rions between

insects. [n the Auchenorryncha, much of this'work has been directed towards acoustic

communication, but more recently substrate-borne vibrations and the associated sensory
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structures have aftracted aﬁenfion:. Ossiannilsson (1949) was fhe first to obtain
sound recordings from Cicadellids and ascribed ce;fain functions f.o the differeﬁf
call characteristics. Pringle (1954) providéd a detailed study of sound production
‘wifhin the Cicadidae.._SfrUbing (1958, 1959) recorded sounds from a number of
Delphacids and suggested that they may function in bringing sexually active males
and females togefher.’ More recerﬁly, Claridge & Howse (1968) and Howse &
Claridge .(1970) have examined sound production ir; three British species of Oncopsis
and suggested a possible receptor in Johnston's organ near the base of the antennal

flagellum. In the present study no sounds 'c'ould‘be detected from Graphocephala

during sexval encounters.

Recent work on corJ\municaﬁon by substrate-borne vibration has been carried
out in several insect groups (Dambach 197¢; IcHikawa 1976, 1977; Orchard 1975; .
Rupprecht 19|7£_1, 1975). Within-the Auchenorryncha, much of this work has been
conducted by the Japanese on Delphacids (Ichikawa 1977; Ishii & Ichikawa 1975;
Takeda 1974), though Claridge & Howse (1968) have also suggested the possibility
of subsfréte-borng vibrations as a means of communication within the Cicadellidae.
In the present study special equipment was constructed to monitor substrate-borne
vibrations praduced by G. fennahi during courtship and interesting results were
“obtained. |

In addition o this, oviposition behaviour was examined Using video~filming
techniq;;es, which allowed accurate observations of the functioning genitalia, which
“could then be correlated with structure .

The present wlark~ therefore represents a contribution from many viewpoints to
the structure; deveIOpmenf‘ and functional significance of the female reproductive

system in Ci(‘;adellids,. as illustrated by Graphocephala fennahi, allowing the genital

structures to be linked with the associated musculature and reproductive behaviour.,



!

As such, it bears on a number of less complete previous studies, and suggests

several subjects for further investigation.

16.
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CHAPTER 1

EXTERNAL GENITAL REGION OF THE ADULT FEMALE

1. lIntroduction

The true segmentation of the Hemipteran ébdomen has in the past been
misundérsfooﬂ, due to the modifications afforded to the first two segn;epfs
wh?ch form the articulation with the thorax. The first segment has been con-
siderably reduced and can be easily overlooked. The first abdominal notum
has Become partially fused with fhé second, qnd the venter of the first segmenf
is largely membranous and indistinct, being overlopped by the coxae of the

mefcthorri:cic legs. Evans (1945) mentioned that the first abdominal tergum of

i

Putoniessa nigra was conﬁecled by the scutum of the metathorax. This was not

found to be the case in Graphocephala fennahi. Kramer (1950), during his

description of the first two abdominal segments of Alauciza irrorata, claimed
that the fer'gum of the first segment was composed of two parts, an anterior
section connected to the meta posfnofum,and a posterior part connected laterally
to the anterior part. No such connecfior;s could be détermined in the present
study in agreement with the unpublished work of Ali (1958).

The true segmental‘ Iirﬁifafions can readily be determined by the internal
inter segmental ridges, upon which the dorsal ond' ventral longitudinal .muscles
are attached: In the female Cicadellid, the abdomen can be described in terms
of three zones : (i) Segments one and two are reduced. It is in this region that
the tymbal apparatus is present. Though this struéture was known to be present
in Typhlocybids, evidence for its occurrence in Cicadellids was not put forward
until the works of Ossidnnilssbn (1949). ARibauf (1936) had used the presence of

a tymbal cpparétus as one of five characters for disﬁnguishi»ngA Typhlocybids from

other Cicadellids. It is now known that the structure of the first and second



abdominal segments is affected by the development of this organ though in

Graphocephala, as was determined by the present study, it may be reduced and

perhaps non~-functional.

| (ii) Segments three to seven inclusive represent the typical segmental form, and
are usually considered to carry no distinctive féxor}omic chqrocfers of volue.in the
definition of higher categories.

(iii) Segments eight to eleven. Though ten and eleven are effectively red'uced,
segment seven and the dorsal portion of segment eight are slightly modified and form
a frqnsiﬁon zone into.the more highly mod}fied terminal parts. The tergum of segment
seven is similar to the feréo immediately preceding it, but the sternum is enlorged.
and the posterior edge can be moved down and forwdrd. to expose the basal parts of
the external genitalia normally concealed. This free posterior margin results from
the greatly extended intersegmental membrane, which forms a hood like cap over

the anterior parts of the basal genitalia. A membranous fold in this membrane

represents, ih‘Grophocepholo, the eighth sternum. This third zone, including the
appendages, ‘consﬁi'ufes the female genitalia and the abdominal segments that have
been modified by their relo'rionslhip‘with the ge.nifolio.

The prihcipal Pterygote groups o% insects which possess well developed ovi-
positors are the Orrhopfero; Odonata, Dictyoptera, Phasmida, Hemiptera and
Hymenopfero. In the ‘Thysonopfero it is always incomble’re. An ovipositor may be
found in members of other orders, either as a fully developed orgon,A or in é rudi-
mentary form. It is, however, poss'ibl;a to generalize by,.soying that an ovipositor,

\
formed from opﬁendiculor prqéess'es of the abdomen, is found only in those insects
in which the female genifol opeﬁiqg is on the eigh.th abdominal sternum or between

the eighth and ninth sterna. If the genital opening is fransposed to the ninth segment

as in the Lepidoptera, an ovipositor is usually suppressed. The converse of this is not



necessarily true.

The appearance of the abdomen is dominated by the enlarged tergum nine,
‘or pygofer. The two terminal abdominal segments appear, in cleared specimens, as
an isolated unit suspended by membrane from the posterodorsal margin of tergum nine.
Segment ten is cylindrical with lateroventral anteror projections; segment eleven is.
similﬁr, but smaller, and usually lying partially within the preceding segment.
Segment eleven bears a posterior ring which is drawn out anteriorly into a pair of
apodemes; posterior to this ring several émgll sclerites encircle the base of a small,
mediglly grooved, extension termed the anal style.

A gelnerclized Pterygote ovipositor is composéd of a shaft and basal mechanism
usually together with a pair of décessory processes. The shaft is usually composed of
two pairs of blade-like si'ruci'u'res, the first and second gonapophyses which‘ lieina
vertical plane. . In some Orthoptera, e.g. Tettigonids, the accessory processes or
gonoplacs are also included in the functional shaft. Here, the ovipositor blade is
" composed of three pairs of structures or either of the first and second gongpophyses
may be reduced. |

The bcs;c;l structures are composea of essentially two pairs of pques, the paired
first and second gonocoxae, which are associated with abdominal segments eighf and
nine respectively. In addition to these is the gonangulum, a sclerite that attaches
' v'enfrolly to the base of the first gonapophysis and dolrs,'a"y to the second gonocoxa
and tergite niﬁé. |

In the Hemipfer? the First gonocoxae are closely associated with the lower
margins of tergum eight, and by the gonangulum to tergum nine; in the Orthoptera
and Hymenoptera, they are displaced posteriorly and articulate with tergum nine or
the second gonocoxa. In all ;;cses, the second gondcoxa is always associated, ana-

tomically, with tergum nine. Regardless of the position of the first gonocoxa, its
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dorsal muséles always insert on tgl:gum eight and those of the second gonocoxa on
tergum nine, |

The mid~ventral part of segment nine is membranous and deeply concage,
forming a longitudinal groove, which encloses in the resting position the oQipositor
sheath or gonoplacs and the sh_a'ﬁ of the ovipositor formed by the Ffrsf and second
gonapophyses, which are united for most of their length b} an interlocking device,
permﬁﬁng only a sawing-action. Only the first gonapophyses are solidly connected
to tergum nine via fusion with the gonangu!um. The second gonapophyses, which
move within the first, are fu'st'ad .fo the second gonocoxa. The paired gonoplacs lie
on eithel.' s,ii;ie of the ovipositor and ensheath'the shaft in its normal rest.ing position.
Each gonoplac s membrortously connected to tergum nine along its dorsoproximal

edge, to the ventral end of the second gonocoxa and to its partner of the opposite
side, above the ovipositor. The. first gonocoxae are usually fused dorsally to produce
an anterior cone. This cbrﬁplex is highly variable in leaf~hoppers and has been put
forward by Cunningham & Ross (1965) as a possible taxonomic character. The second
gonocoxae are each fused to the proximal end of the second gonapophyses by a single
arcuate 'ramt‘Js', membranously joined to the anterior end of the gonoplq;s, and move~
able articulated with the gonangular anterior ridge.  Through this articulation and the
.acﬁon of antagonistic muscleé, the second gonocoxae initiate the sawing action of the
second gonapophyses that is of major importance during oviposition. -

Scudder (1959) concluded during his work on Heteroptera that the outer ramus
of the first gonapophyses (Snodgrass 1§35) was really a thickened sclerotization of

|

the venfral edge in the same region as the ven*ral ‘interlocking device. This structure

unites the v‘enf'rql' 'Flaps of the first ‘gonapophyses and was described by Balduf (1933),

it can often be very highly sclerotized. The anterior ridge (Snodgrass 1933) and
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ramal plate (Kramer 1950) were coﬁsidered to be parts of the gonangulum by Scudder
(1960), and it is Scudder's terminology that will be employed in the preseni'. study. In
his gonangulum theory he considers this to be the most important sclerite in the ovi- -
positor, an idea that is supported by this study and which will be discussed in greater
detail at a later point. |
The mechanism of the Hemipteran ovipositor is comparatively simple compared

to that of the Orthoptera, the musculature being relatively simple and compbsed only
" of those belonging to the first and secondrgpnocoxae.- Within the Hemiptera, there
is no essential difference in the ‘ovipdsifors of the Heteroptera and HomOpTero. “In
each group 'some forms possess a well develdped ovipositér, while in others it may
be only poorly developed oJ absent. |

" In the Cicadellidae, the ovipositor is well deveIIOped but due to the very small

size of most species, little work has been conducted on the genital region.

2. - Morphology of the adult female external genitalia

'The ovipositor and basal components of the genifalia of Graphocephala fennchi
will now be de§cribed; their development and origin will be discuss;ed in Chapter 2.
The genital region is shown in figs. 1.1 and 1.2.
(a) First 'Go’nocoxc

The position of the first gonocoxce, relative to the surrounding structures, differs
considerqblyr in different insects, according to the mechanism of the oyiposifor.' In some
insects they clearly belong, anatomically, to the eighfh segment, since they lie within
the pleural region of that segment. This is the situation found in the Cicadellidae,
where, though tergum nine has extended anteriorly, the first gonocoxae are situated
directly beneath fhé férgife of segment eight. In other insects, they may be dissociated

from the eighth segment and hinged directly to the second gonocoxce. A third possibility,
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though not known, is the arriculaf‘ion of the first gonocoxa with, or fheir'aﬁ'achmenf
on eifhér side to, the ninth tergum. If, therefore, the first gonocoxae appear to be
derived in their AevelOpmen’r. from the eighth sternum, the ontogenetic facts simply
mean that at an early stage the bcsés of the first gonopods were not distinguishable
from'the true sternal dreé of this segment. Alternatively, if the first gonocoxae
appear to be developed from tergu>m nine, it seems probable that their phylogenetic
history is not fully recapitulated during their ontogenetic development. However,
the invariable origin of the muscles serving the first gonocoxa on tergum eight is
consideredl reasonable evidence for the derivation of the fvirs’r. gonocoxae from segment
eighi;. As these sclerites jlways carry the first gonapophyses it is thought to be

additional evidence for their representing the bases of ‘the first gonopods.

In Graphocephala, the first gonocoxae are rounded, triangular plates, which

are attached posteriorly by a membrane to the posterior margin of tergum eight and
connected, by the gonangulum, to the lower anterior part of tergum nine. In the
Cimicomorph section of the Heteroptera, there is a marked tendency for the first

gonocoxae to fuse dorsally with the eighth tergite.

\

In the resting Graphocephala, the first gonoco>'<q lies largely concealed by
segment seveln. The intersegmental nwémbrcne between segments seven and eight
‘extends anteriorly from the lower aﬁargin of tergum eight along the dorsal margin of
the first gonocoxa to the rudimentary and membranous sternum eight, situatgd beneath
the anterior margin of the gonocoxa within the genital pouch (see fig. 1.3). The
first gonocéxae are united on each side, above the genital pouch, by a dense white
‘membrane that extends over the base of the gonapophyses and runs anteriorly almost
to the apodeme on the base of sternum seven.

The dorsal margin of the first gonocoxa is strengthened by a sclerotized bar,
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which arficulal‘é,s anteriorly with !the'proximal end of the outer ramus of the first
gonapophysis. At I'h‘e posterior dorsal end a head is formed by the expansion of
the bar upon which inserts the two maio.r'firsf gonoc'o-xal muscles which' run postero-
laterally to fheir_origi_n on tergum eight. Mesally the first gonocoxa is joined to
Ifhe goﬁangulum along the anterior gonangular ridge, thus restricting movement.
Contraction of the first gonocoxal muscles produces a posterodorsal movement within
the sclerite, which, because of the articulation bei,wéen the sclerctized rod and the
outer ramus of the first Qonapophysis, depresses the distal part of the ovipositor.
(b) First gonapophyses

Th'el‘ ovipositor proper is composed of two pqirs of broad, thin lanceolate
blades, the first and seépnd gonapophyses. The plane of theselblm'ies is vertical.
They were originally hollqw structures, which, in thei'r definitive adult form, have
become strongly sclerotized and laterally compressed. The outer wall is convex and
fhe' inner concave, thus .allowing the two pairs of blades making up the sH‘aff to fit
, g:ompac..fly' together. Several previous studies have been made of these blades in
Cicadellids, of which the most thorough was the works of Balduf (1933; 1934).
During the ﬁrésenf study, when it was possible to use scanning electron microscopy
in addition to light micu;oscopy it was found that some of his original interpretations
of surface structures were inaccurate, so.detqiled descriptions of the first and second
gonabéphyses will be given.

The first significant comparative ﬁorphological studies, where the gonapophyses
.of Cicadellidae havei been described is that of China (1926) on a single species of his
new genus Lasioscopus and four species from the genus Pogonoscopus. Cunningham &
Ross (1965), sfudy'ing Empoasca, described the ovipositor and basal parts and their
descriptions have shown that these structures. can provide excellent group characters

for most species complexes recognised within this genus. Wagner (1950; 1953)
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described the apical portions of the blades in ten European species of Macropsis.
Ribaut (1952), Young &.Beirne (1958) and Nielson (1965) have all given descripﬁohs
of gonapophyses and used them as taxonomic characters However, all these authors
followed Balduf's basic descriéfions, -and this is the first ;omprehensive study
incqrporqﬁng both light and scanning electron microscopy of the gross morphology.
A s;:ries of transverse sections through the ovipositor was produced (figs. 1.4 and
1.5), from which it can be seen that distally the first gonapophyses contain nur_ﬁerous
intra-gonapophyseal spaces within the spongy matrix, but throughout n;nosf of the
length fhlese hc;/e Fu;ed to produce two or occasionally three large cavities in the
‘ventral région of the blucﬁe, and immediately ventral to the infer—locking device.
These are probaBly strengthening devices.

Further along the first gonapophyses, a considerable change is seen in their
structure., bisfc”y'fhey appear relatively undifferentiated; they are slightly shorter
‘than the second gonapophyses with extremely heavily sclerotized walls, and contain

cavities as seen in.transverse section. Distally, the first gonapophyses taper to a
point. Proximally, the broad, thin form becomes evident and the dorsfol rasp is
formed on.the outer wall. A well developed, heavily sclerotized groove is present
‘one quarter ’of the way forward from the distal extreme and this continues to the base
of the blades. This structure will here be termed the rhachis. Immediately ventral

to this groove are a series of pits; which receive spines from the outer face of the
second gonapophyses and ol.;,o forms part of the interlocking me.chcnism. The proximal
two thirds of the ventral edge has become modified into a flexible, membranous flap
whichvcorries at its distal end the inter-locking device unifiné the first gonapophyses

of either side. The development of this flap can be traced along the blades. While

the outer wall retains its sclerotized structure, which is particularly well developed
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Transverse sections along the ovipositor. Figures
refer to distance in um from the distal end
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Fig 1.5
Transverse sections of the ovipositor, with distance
from the distal end of the 2nd gonapophysis
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in the dorsal half, the inner wall retains its original sclerotized character only at
the apex, the remainder having developed into scales, the anterior edge of which
have been extended into a fringe of fine finger-like projections pointing towards
‘the anterior end, or base, of the ovipositor (fig. 1.6). In transverse section this
gives the appearance of a corrugc'ﬂed texture, and the structures appear-to act as
a "buffer" against the second gonapophyses and to reduce movement between them.
The apex and dorsal half of the outer wall in the distal third is made up of
sclerotized blocks (fig. 1.7). As can be seen, the blocks in the dorsal and ventral
position are somewhat different. Those dorsally are elongate, sloping towards the
apex of thtla bldde and form discrete blocks in surface view of approximately 16/um
x 3.5 pm (fig. 1.8). These stand out ;:'bove the surface of the blade and are
separated by deep chdnnels. The blocks on the ventral edge‘ appear as rows of
overlapping scales of approximately 14/u m X 4.3/u m, again pointing fowurois the
apex (fig. 1.9). There is a transitional zone of rounded scales beiween these two
sets. Balduf (1933), Sn@grcss (1933) and 'Icfer workers have considered this to be -

the main rasping area and of major importance during oviposition. During work on

oviposition in Graphocephala(Chapter 6) and video filming, it was shown that this

region was not responsible. for making the incision prior to oviposition, a function
carried out largely by the second gonapophyses. Instead, this rasping area was
responsible for clearing plant debris from around the incision and has little to do with
actually cufﬁlng the hole.

In the middle'iregion of the blades the discrete blocks of sclerotin break
down to produce o more diffuse and smooth surface and then give way in the proximal
region to lightly sclerotized scales whose anterior edge is also drawn ouf into a fringe .
pointing towards the base of the ovipositor. Videq film revealed that the function of

these scales is to anchor the ovipositor blade into the incision during oviposition with-



Fig. 1.6

Fringed scales on the inner wall of the
1st gonapophyses approximately lmm from
the proximal end.
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Fig. 1.7

Distal end of the lst gonapophyses to
show the sclerotized blocks.

x 500 10 KV Gamma 1



Fig. 1.8

Sclerotin blocks from the dorsal region
of the distal 1st gonapophyses,

x 2,200 10 KV Gamma 1
Fig. 1.9

Sclerotin blocks from the ventral
region of the distal 1lst gonapophyses.

x 2,200 10 KV Gamma 1
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out providing such a system fljiai'. would prevent the retraction of the ovipositor
afterwards. This cvgrees witH the work of Micholeit (1974) working on
Neuropteron (Raphidoptera).

~ Snodgrass (1933) describéd the fypi'cai first gonapophysis as possessingA two

proximal rami, a ventral outer ramus, which in Graphocephala articulates proxi-

mally with the anterior angle of the first gonocoxa and continues distally as a heavily
sclerotized portion in the ventral region of the blade. . The second or dorsal inner

ramus continues distally as a rhachis in Graphocephala, represented by the heavily

sclerotized groove; fhis-extends beyond the gonapophysis proper and exparids into a
1 :

head which is fused to the ventral edge of the gonangu!um, which in turn is fused.to
fhé lower anterior angle of the ninth tergum. |

The inter locking devices of the first and second gonapophyses will be
described in detfail under a separate section. |
(c) Second Gonocoxa

The second gonocoxae are always associated with éegment nine and are mesad
to, and when the insect is at rest, mosﬂy concealed in lateral view by the first gono-

coxae. In Graphocephala they are very strongly sclerotized, elongate plates that lie

in a vertical [‘alane;' the sécond gonapophysis being solidly attached to the antero-
dorsal margin. The base of the gonoplac is membranously.clonnected to the postero-
ventral margin. The second gonochb also qr*iculates with the ventral end of the
posterior arm of the gonangulum, about the'mid point of its posterior edge (fig. 1.11).
This important articulation forms the fulcrum upon which the second gonocoxa is rocked
by two groups of antagonistic muscles which insert on the anterior and posterior corners
and originate on tergu;Jm nine. The point of articulation is not part of tergum nine. |t

is through this articulation that movement of the ovipositor blade is initiated. ‘
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" At the base of this arficulaﬁon the gonocoxal wall is thickened and drawn
out into a strong ridge surrounding a depression (fig. 1.11c). The enclosed area is
oval in shape and the sclerotization considerably reduced, a cellular surface pattern
being readily discernable. Within this region a major group of basiconic sensilla or

| smc;ll trichoid sensilla are located, forming c; distinct ring at the base of the.
articulation and numbering approximately fifteen. The Structur_e and function of the
sensilla will be discussed in a later section.

A second, more discréfe group is p;ésent in fhe posteroventral corner of the
second gonocoxa, immediately beneath the insertions of the ventral second gono-

|

coxal muscles. This group consists of two or three basiconic sensilla and two

campaniform sensilla, Though not present in Graphocephqla, a third group -of

sensilla is. found in Ulopa reticulata, consisting of large campaniform sensilla

distributed on the fhic.kéned ventral edge of‘tl;\e second gonocoxa. These will be
discussed in Chapter 5. |

The outer surface of the gonocoxa is covered by numerous small spines which
can be seen m fig.1.11c, the apices of which are directed ventrally.

\

The powerful musculature and rich supply of sensilla present on the second

gonocoxa of Craphocephala fennahi suggest it to be of considerable importance in
the inifiati§n and control of movement in the oviﬁosifor shaft,
The sensory structures in this region have not»previously been considered,
: Kc;thirifhamby (1971) briefly mentioned the main group in the region of the gonangular
articulation but no description was given.
(d) Second gonapophyses:
In general structure this pair of blades closely resembles the first gonapophysés

to which they are applied. In the definitive adult condition the second gonapophyses
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(inner valvulae of Snodgrass 1933).|ie within, and partially above the first (fig. 1.5).
The wall;s, particularly in the distal region, are hea\'/ily sclerotized, though more
proximally, sclerotization is reduced. Considerably more inh‘"a-gonapopﬁ)}seal
spaces occur in this pair of blades thqn‘the firsf. Distally they comprise a series of
small spaces fhrc;ughouf the depth of the blade (fig. 1.4), proximally, in the region
of the egg passage and well formed linking mechanism, the spaces fuse to produce
three or four large spaces concentrated around the rhachis and the ventral portion

of the blade. There is a tendency for the spaces to be symmefrical in each blade.

In its proximal two=thirds the medi;l wall has been modified into a corrugated,
cushion-'lilite buffer which lines the surfaces over which the egg passes during ovi-
position. Video recording|of oviposition indicates that the egg is expelled from the
ovipositor ventrally, approximately one thirci from the distal edge. This agrees with
the distribution of the buffer zone, the distal region of the blade being heavily |
sclerotized on both the inner and outer wall. An examination of the buffer zone
with the scanning electron microscope revealed that it is composed of elongated
scales, the pr;)ximql edge of which is drawn out.into a fringe 2.2 Mm long (fig. 1.12).
A backwardly‘difecfing fringe' would provide a better hold and control<olf the egg, and
alternating movements of the blades.would act as a ratchet to move the egg a'long t'he
- ovipositor. The zone between the highly sclerotized dorsal margin and the buffer was
flexible and of a rather soft texture. The curvature of the mesal wall is such that when
the two second gonapophyses are opposed, in transverse section, the gonapophysgal
space confained Eefween them is divided into a dorsal and ventral portion. It is the
ventral portion that alcfs as the egg passage.

Each second gonapophysis has a single, basal ramus which extends bésal to

the gonapophysis proper and is solidly‘.aﬂ'ached to the second gonocoxa. In the

curved portion (as shown in fig. 1.11a), the walls of the ramus are made up of over-
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Scales from the medial wall of the 2nd
gonapophyses in the region of the egg
passage.
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lapping scales (fig. 1.13), the free edges of which are also pulled out into a fringe
about 1 Mm long (fig. 1.14). The function of the scales and‘ fringe in this region is
not known. The ventral rhachis forms the linkage mechanism with the inner rhachis
of the first gonapophysis. - This is the T-shaped process of Balduf (1933) and its
structure was confirmed in this study. When the ridge ist viewed with the scanning
electron microscope, the impression of its structure is somewhat different. Thoggh
light microscopy clearly depicts slight lateral flanges, the elgcfron microscope shows
that it is made up of units 17 pam long (fig. 1.15), which ex*end the length of the
second gor;apophysis. "It is thought that Balduf's inferpret‘atiovns of the linking
:mgchanism are somewhat diﬁgrammaﬁc and it is simpler than he suggested. It is
agreed that the f'irsf and second gonapophyses slide on this track-like connection,
but movement is éonsiderably restricted by the change in orientation of the tongue
and groove. }The transverse sections (1.4 and 1.5) clearly show that the tongue is
directed dorsally in the distal part of the blade and ventrally in the proximal parts.
'l;his change in direction through approximately 45° must reduce movement considerably,

This feature was not mentioned‘b_y Balduf (1933; 1934) in his studies of Draeculacephala

or Empoasca and the linking mechanism has not been studied in detail since those early -
works.

The second gonapophyses are united in their proximal 500/gnj by a thin
membranous fold which can be seen clearly under a dissecting microscope. For the
remainder of their length théy aré free, though closely applied. This basal connection
remains flexible and ;;"‘ermifs a considerable amount of independent movement, by the
two b'lades between the first gonapophyses.

~ The dorsal margfn of each second gonapophysis bears a series of coarse,

asymmetrical teeth, the edges of which are serrated. These angular teeth occur on



Fig. 1.13

Extreme base of the 2nd gonapophyses as it
flexes up towards the 2nd gonocoxa.
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To illustrate the linking mechanism
(basal rami) on the outer wall of the
2nd gonapophyses.
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Linking mechanism as above indicating
its spiralling construction.
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the distal three quarters of the blade and have short, acute anterior edges, the
posterior edge being longer and more gradual (fig. 1.16). The form of these teeth
suggests that the most powerful cuts are mucie during posterior thrusts. In the bascﬂ
ﬁuarfer, the teeth are of lower elevation and more rounded and probably do not
function in cutting of the plant tissue. “The distal tip is rounded and bears single-
p.ointed, posfer.iorly directed teeth on the sub-apical face (fig. 1.17a). A ventral
view of the teeth, (fig. ];"l 7b), indicai'.es; that they would provide a very efficient
rasping area to supplement the dorsal teeth, Additional dentition (fig. 1.18) is also
-present alclnng the short ventral cutting edge in the form of strongly sclerotized scales
‘ pro]ecﬁng] beyond Ifhe edg&T of the blade. |

It can be seen from this description that the cutting surfaces of the second
gonapophyses are highly developed and quite diverse in form. Previous authors
have only co‘nsidered the dorsal teeth (the caudal cutting surface of Balduf 1933) f‘é
be of prime importance during oviposition. In contrast to previous descriptions (Ali
1958; Kothirifhomby‘197i; Young 1977) which failed to recognize the three major

_cutting areasv, the present author suggests that it is the.second gonapophyses that ‘
makes the incision during oviposition, the first gonapophyses anchoring the ovipositor
Aqnd- providin|g a rigid shaft within which the second gonapophyses can function.

In addition to the cutting areas, the second gonapophyses also possess important
sensory areas concentrated beneath the dorsal teeth and in the tip (fig. 1.19). ;I'hesé
will be discussed later. Glandular, multi-cellular glands (fig. 1.16) also open on the

" inner surface of the blade, ventral to the dorsal teeth. In light microscopic preparations
these are clearly seen as  dermal glands, the glandular portion of which, except in
the extreme- apical position, lies immediately dorsal to the ventral rhachis and contains

four to five large, strongly basiphilic nuclei. The gland opens to the surface via a
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Fig. 1.17a

Distal end of 2nd gonapophyses to illustrate
the dentition of the sub-apical face viewed
from the inner surface.
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Fig. 1.17b

Ventral view of the sub-apical face
illustrating the cutting area.
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Fig. 1.18

Heavily sclerotized projecting scales on
the ventral cutting edge of the 2nd
gonapophyses,
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Fig. 1.19

Distal tip of the 2nd gonapophyses
showing several campaniform mechano-
receptors and a single sensillum
coelonconica.
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.long duct which oc‘casionally bfqn;::hes near its distal end. ‘The functions of the
secretions hds not been determined, but they may act as a fungicidal substance to
protect the eggs or as a lubricant.
(e) 'Linkage of the gonapophyses

This is an important mechanism if the blades composing the ovipositor are to

function in a co-ordinated manner. The only comprehensive description is by

Balduf (1933) for Draeculacephala. Other authors, when describing the ovipositors

of Cicadellids, only record that a tongue and groove system is present. Two linkage

.

systems exist within the ovipositor of Graphocephala : (a) That which connects the

first and sécond éona;.:ophyses of eachside. (b) A ventral connection .bei'ween the
first gpnapophyses of each side. |

The first and second gonapophysis of each side are linked by a relatively
simple sliding tongue and groove mechanism. This system appears to be general
in the Cicadellids and was briefiy described by Snodgrass (1933) in Amblydisca

gigas. It is common in all other orders which possess a well developed ovipositor.

- Though the mechanism is constant, the condition seen in some Orthopteroids, e.g.

Acheta, differs in that it is the go'noPlacs that are ventrally ridged and interlock

in the groove on the dorsal surface of the first gonopophyses.

In Graphocephala, the tongue is carried on the outer wall of the second

“gonapophyses and has been described in an earlier section. The groove is present

on the mesal surface of the first gonapophysis and represents the heavily sclerotized
first rhachis. Thg posvions of the‘inter‘-‘locking devices are such that the dorsal edge
of the second projects considerably above that of the first (fig.;.. 1.4 and 1.5), so
exposing fhe'dorsal teeth of i;he second gonapophyses. Proximally this system is
supplemented by spine-like projections from the outer wall of the second gonapophyses

which insert into corresponding grooves in the first gonapophyses.
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~ A transitional sequence in this mechanism can be followed along the length
of the ovipositor. In the distal quarter of the shaft the groove of the first gona=-
pophysis is incompletely formed so that the mechanism is not functional (fig. 1.4)
and in this region the two blades are not joined. Proximally the mechanism is
complete-and the two blades are held insepurc‘bly together. It should be noted
that in the newly emerged adult sclerotization of the ovipositor is incomplete, so
that the ovipositor is not functional. Sclerotization continues until the definitive
thickness is aftained yvithin twelve days of adult emergence. Sclerotization pro-
Qresses most rapidly in the outer walls of both blades, the medial walls remaining
cellular with prominent nuclei until a relatively lo}e stage. During these early
stages the ;'egion surroundirIg the inter-locking mechanism remains spongy with
numerous intra-gonQPOphyseul spaces. Sclerotization continues until the rﬁaiorify
of the spongy matrix has been displaced by the heavily sclerotized walls, and the
spaces have éome to lie above ::nd below the mechanism, parallel to it and thus
lightening and strengfﬁening the blades.

The ventral part of the first gonapophyses, except in the extreme distal region, |
is very convoluted vond expands into a flexible membranous.flop which curves upwards
and towards the mid-line in the plane of the ovipositor (fig. 1.5). For the proximal
two thirds of their length the first gonapophyses are united inseparately by a linkage
mechanism that is located on the distal end of the flap (fig. 1.5). In dissections
the two blades can only be separated by sliding one lengthwise along the other.

The structure of this mechanism is relatively simple and constant throughout its
length, being a‘modiFied tongue and groove with no accessory inter-locking .devices.
The deéree of sclerotization surfounding the link decreases distally though the tongue

remains very' heavily sclerotized. The joint would resist lateral stresses while still

allowing longitudinal movement between the blades. The convoluted membranous
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flap would permit considerable extension during the passage of an egg.

Balduf (1933) described this joint in Draeculacephala as a ball and socket

joint and in the proximal region additional terminal and lateral processes that

'complemenf the main joint. Such structures were not present in Graphocephald.

The various linking mechanisms of the ovipositor are such that relatively
little independent movement is attainable in the individual components. It seems
likely that while a small amount of alternating movement is possible between the
“second gonapophysés,‘ which would.permif mc;ve\menf of fhe egg down fhe‘shaff, ,
the ovipolsifor functions more as <;| complete unit during incision. The distal portions
of the seéond gonc;pophysTs project beyond those of the first, allowing its cutting
areas to function, the dorsal teeth operating during posteriqr abdominal thrusts
_ ‘and contraction of the anfcgonisfic muscles 4,5,6 and 7 of the second gonocoxa.
' The lateral ‘r05ps of the first gonapophysis clear away debris and the lateral blodqs
fhemselves provide a shaft wifl;nin which the second gonapophyses can function.
(f) Gonangulum

This sclerite has caused much debate and is known by several synonyms :
Anterior plate (Snodgrass 1935), Triangular plafe'(Snodgrds_s 1925; 1956), Sclerites
m+n (Snodérass 1933) and in some orders .it has been termed a valvifer. Scudder
questioned some of Snodgrass's work in a-series of papers (Scudder 1957, 1958, 1959,
1961q, 1961!0 and 1?64), where he develops a new theory of the ovipositor, whic.:h
he calls the gonangulum theory. The gonangulum, found in bictyonera, |
| Grylloblattodea, Hemipterd, Hymenoptera, Odonata, Orfhopter‘a', Psocoptera,
Thysanoptera and Lepismatoid Thysanura (Scudder 1961b), is a sclerite attached

ventrally to the base of the first gonapophysis and articulates with the second

gonocoxa. Scudder (1961a) considers it the most important sclerite, because it
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affects the movement of both fhevfirst qnd second gonapophyses. The anterior
ridge (Snodgrass 1933) and the ramal plate (Kramer 1950) are both considered
a portion of the gonangulum (Scuddef 1960). Scudder (1957) suggestéd that its
widespread occurrence indicated a considerable selective value; even in the
most highly evolved forms, suc;h as Hymenoptera, it has been retained in a form
which is functionally and morphologic‘ally very similar to that seen in the primi-
tive Lepisha’ridce.

Snodgrass (1933) described the mecbonisrn of the oviposii‘or‘ in several orders
Acnci the rp!e of what was equivalent to the gonongulum i.s the control of these
movemenli's was shown to be of great importance. It is interesting to note fhaf
such groups as the Penfatlmldce and Coreidae (Heteroptera) which do not ovi-
posit in tissue and henge do not employ a sowing action of the ovipositor have a
reduced or weakly sclerotized gonongulum. They oviposit on the surface of tissue.
From the same sub-order the Miridae and Nabidae, which oviposit in plant material,
possess scl_eroﬁzed .gonongulum. Such indications of the oviposition site by the
state of development of the basal genitalia will be developed in greater detail iﬁ
Chapter 5. |

Scudder s (1961) work on Thermobia confirms that of Snodgrass (1935a), who

suggesfed that the triangular plate, whlch Scudder termed the gonongulum, develops

from the second gonocoxa. In Graphocephala, it was seen to develop in the early

third }insfor from the anterolateral portion of sternum nine..This is in general agree-
ment with Gther aufPors who studied development in the Exopterygotes. Snodgrass
(1935b) stated that during the early post-embryonic development of Acheta
domesticus, a pair of small lateral sclerites (x) is present on the ninth segment,

these persist through development, increase in size and adopt a more dorsal position,
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Qadri (1940) also states that on either side of the lateral valves (equivalent to
Scudder's Agonoplocs), part of the ninth sternum failed to be absorbed into the ovi-
positor valves and persisted until the final rﬁoulf, when it fused with the posterior
margin of fhé first pair of volvifers (gonoc.oxo). The first gonocoxa is connected to
the base of the first gonapophysis and posteriorly has a prolongation, which Snod-
grass kl935b) termed y, which inserts between the base of the gonoplac and
gor'nongulum. The latter gradually becomes closely ossociﬁted with tergum nine.
In the adult the gon.ongL:IUm (x) is fused with sclerite y of the first g_onocéxc and
posteriorly |cnrficulcfes with tergum. nine dorsally and the second gonoco*a ventrally.
Work by Gprc (1950) aﬁd Tfys (1959) also suggests the development of the gonongullum
from sternum nine or ventrally befween segments eigHt and nine. Scudder (]97]),
however, believes the gonangulum is derived from the second gonocoxa.

In the Hemiptera, the gonangulum is usually a triangular or inverted V-shaped

sclerite. In Grophocepholo (fig. 1.20) the anterior end of the outer ramus, belonging

to the firsf gonapophyses, is expanded into a small head which is fused to the ventral
edge of the a;mferior part of the gonangulum. The posterior dorsal edge of the
gonangulum is fused to tergum nine. The posteroventral edge orficulofes with the
second gonoco!xo at the mid-point of the latter, allowing antagonistic gonocoxal
muscles to rock the second gonocoxa abéut this fulcrum.
(g) The gonoPIlac,

This arises from. the posterior angle of the second gonocoxa and was termed
fHe third valvﬁlo by Shodgrass (1936). The gonoplac is narrow at its proximal half,
broad and spoon-like at its distal half ‘ond is membranously connected via the outer

edges of its anterior half to the ventral edge of the ninth sternum in the region of the

mid-ventral groove in segment nine, so that the two gonoplacs form a sheath, which,
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in the resting position, encloses the ovipositor. The inner edge of the anterior
half of each gonoplac is joined Aby a broad area of membrane to the correspénding
edge of its homologue from the other side. The free end of the gonoplac is
retained within the groove by ‘spines present in sternum nine which fit int'o
corresponding pifs on the opposed surfaces of the gonoplac. A fransverse section
thréugh the dis¥oﬂ part of a gonoplac (fig. 1.21) shows the heavily sclerotized
walls, of which the inner possesses bifid setae which may function in the retention
of the ovipositor. Also present on this inner wall are pllug‘ges pores (see fig. 1.21)

-

the function of which is not known. Large nuclei with deeply staining chromatin

! :
material are present within the cytoplasm.

" The above description outlines the definitive condition of the adult Cicadellid

ovipositor based on Graphocephala fennahi. When compcréd to that of other orders
the ovipositor may appear .relaﬁvely simple. It is nonetheless a highly efficient
organ and though the approach taken here hos not been that of a taxonomist, and
the purpose has not been to describe taxonomic characters, several have, in fact,
been suggested.

This completes the description of the ovipositor of Graphocephala fennahi;

its posfembryonic development is dealt with in Chapter 2. The sensilla present on
the ;urface of the gonapophyses and second gonocoxa are described in Chapter 6
under the control of oviposition. The genital n';usculature, controlling movement
within segments eigﬁf and nine, is described in Chapter 4.
3. Production of movement in the basal structures and its transmission tothe ovi-
positor shaft
Though the several components of the ovipositor retain a limited amount of’

independent movement, the action of the blade as a single, coordinated unit is

brought about largely by the presence of two structures : (a) The gonangulum which



Fig 1.21
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- links the second gonocoxa and fhg base of the first gonapophyses allowing movement
in one to be transmitted to the other. (b) The quarter spiral twist by the tongue and
groove of the first and second gonapophyses which limits movement between the two
blccies. |

Movemenf of the Cicadellid ovipositor is simple when compared to some other
orders, e.g. Orfhopt‘erc.. In Tettigoniids, the ovipositor is rotated through 90°

“during mating and/or oviposiﬁoh,'which requires a complex musculature. In -

Graphocephala movement of the ovipositor only occurs in the vertical direction in

-

the longitudinal plane of the body.

The whole of the genital region is depressed,v by contrccffon of the lateral
muscles in segmenfs‘ seven Jnd eight. The ventro-medial groove on segment nine is
opened by the confrcé:ﬁon of muscle 10,. a tergo-sternal muscle. This allows the
depression lOf the ovipositor out of its sheath by the contraction of the gonocoxal
muscle 4 (fig. 4.3). Musclés 1 and 2 of the first gonocoxa also function in the
depression of the blade. The initial incision is made by the gross backward thrusting
of the abdomen requiring no independent movement 4by the ovipositor.during which
time muscles 8 and 9 maintain the ovipositor in position. Further pénefrcﬁbn of the

~ plant tissue is brought about by the sawing t‘;lCﬁOl'l of the second gonapophyses. This
movement is initiated principally by the alternating contraction of the two sets 'of
antagonistic muscles of the second gonocoxa, muscle 4 on the one hand, and muscles
5, 6and 7 on. the other.

The massive muiscu] ature associated 'with the second gonocoxa suggests that this
silvite is of prime importance in the movements of the ovipositor. The pivoting of the
second gonocoxa by the gonangulum allows for a highly efficient system, and the
muscular arrangement suggests that it is a posterior thrust of the ovipositor which is

functional in the cufﬁnglof the plant tissue. The linkage mechanism ensures that .
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movement applied to one blade is also i'ronsm.iﬂ'ed to the other.
4. Discussion

Considerable debate has arisen concerning the terminol;)gy and homologies
of the basal structures of the ovipo;ifor, some of vv;hich can be resolved by develop-
menfgl studies and will be disqussed. further in the next chapter. Scudder, on a
higher family level, claims to have solved many of these difficulties, and his system
is generally céreed with in this study. The present work disagrees in part with that

of Ali (1958) and Kathirithamby (1971), who also worked on Graphocephala in sorﬁe

of their in’?erprefcfiohs of the basal parts, and hence their possible function. It is
ogreéd.wifh Scudder that the goﬁangulum is one of the most important sclerites in
the control and co-ordination of movement in thevovipositor, though i* is considered
that the interlocking devices of the blades are also of considerable importance, a
factor that cp!pecrs to have been neglécfed by severél previous authors, though Smith
(1969) has described them for the Hymenoptera.

Some characters of the gonopophysesv, determined in this study are somewhat
unusual : (a) the intgr-lécking meéhqnisms between the first and second gonapophyses:
Though present it is not functional in distal third of the blades and also the ch<;nge_

in direction of the mechanism along the ovipositor. (b) The relatively long period

necessary to attain full sclerotization of the blades after the final moult.
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CHAPTER 2

DEVELOPMENT OF THE FEMALE EXTERNAL GENITALIA

1. Previous work on the developmental morpholoéy of the female genitalia
in the Hemiptera *
Early works on f.he' sffuc_fure and development of fhe reproductive system -

and external genitalia in the Hemiptera include those by Christophers & Cragg (1921),
' ' Kershaw & Muir (1922), Singh Pruthi (1925) and George (1928), but they differed
considerably in their conclusions. Metcalfe (1932) agreed with the findings of Géorge‘
but in all studies the descriptions are over si‘r;'nplified with little attention being given
to the basal écomponenfs of the ovipositor. The more recent studies of Scudder (i959,
1961q, 1961b, 1964) gb somé way to describe the development of the oviposifor,
though he takes a ph);logenetic standpoint and is coﬁcerned with the higher taxonomic
groups. No ‘deltailed-accounf of the development of the external anatomy of a

Cicadellid could be found in the literature. The work of Helms (1968) made no

attempt to provide a detailed description of development in Empoasca fabae, referring
the reader to the older works of Kershaw & Muir (1922), who provided a general
description within the Auchenorryncha, the wbrk of Metcalfe (1933) on the Cercopid

Philaenus spumarius, and that of Dupuis (1949) on the Cicadellid Ledra aurita. How-

ever, none of these descriptions provided any real detail. Kathirithamby (1971)
provided a generalized description of the development of the external genitalia in
Cicadellids, based upon six species, but her work does not constitute an authoritative

study.
b ‘ . :
The more recent works concerned with the postembryonic development of
insects (Lawrence 1970; Kudryasheva 1972; Lawrence 1975; Sedlak & Gilbert 1975)

have avoided a descriptive approach and extended into the physiology and ultra-

structure of single cell types, though the fundamental descriptions are still lacking.
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Some orders have been better reviewed than others. Thé Orthoptera have been well
described recently (Cejchan 1960; Dobosh 1969; Saenger & Helfert 1976). The
structure and dévelopmenf of the external genitalia in the Psyllinae was extensively
described by Zucht (1972).

Frlom the above outline of the literature it can clearly be seen that a compre-
4hensi\‘/e study of the postembryonic development of the external female genitalia is
required for ’rhe_Cic;:dellids and it is intended that the present study will go some way
towards that. |

" 2. Method.

The sl)pec'imens used in the present study were hatched from eggs maintained in

a cons’roﬁ’r temperature room. Wi’rhvin twelve hours of hatching the nymphs were

individually sleeved on cut Rhododendron and kept at 21°C and a light regime of

16 hours light, 8 hours dark. A total of 100 .nymphs were cultured in this way, of
which, at the third instar, 61 proved fo. be female, and the remainder were dis-
. regarded. For each instar 10 nymphs were pfepored for scanning elecfron‘microscopy
as outlined below, the remoindér were observed using a Wild Mé stereoscope
~ dissecting mi;:;'oscope. The genital region of the fourth and fifth instar nymphs was
dissected to determine the development of the basal components of the ovipositor.
Material for electron micro§copy was either fixed in 50% acetone for 3 hours
at roc;m temperature of prefixed in' 2% isotonic osmium tetroxide for 2 hours at-4°C
followed by p&sf—ﬁxq’rion in 4% isotonic glutaraldehyde for 4 hours at 4°c. Al
solutions were buffereid at p.H. 7.3 - 7.4 with a cacodylate buffer. Material was
dehydrated overnight \;vi’rh acetone, undér vacuum, iq a desiccator prior o substitution
and critical point drying with liquid carbon dioxide. Various methods of dehydration
were employed, including air drying, freeze drying and condenso’rién under vacuum

in a rotary condenser, but critical point drying plrovided the best, reproducible results.
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Specimens were attached to a stub by double sided adhesive tope, gold coated
in-a Polaron E 5000 sputter coater and viewed in a Cambridge Stereoscan 'i'ype 96113
Mcrk 2A scanning élecfron microscope.

‘Some difffculties were experienced with natural wax on the sﬁecimen. Normal
methods of wax removal failed, including a methanol/ chl’qroforﬁ mixture, and the
best results were obtained if specimens were.washed in ultra-distilled water in a
~ Kerry sonicator for approximately two minutes prior to fixation.

3. Development of the ovipositor in Graphocephala fennchi

No previous study of this type has been undertaken within the Cicadellids.
The gross c;‘ypecrcnce of the abdomen undergoes considerable change from that of
the first instar nymph through to the. adult abdomen (fig. 2.1). During the early
insm;crs, abdominal segment nine isil,crge and bulbous when compore‘d to precediné
segments and possesses-a terminal group of setae. The ventral flexing, typical of
the nymphal abdomen, ‘is lost during the final |;nou|t, the adult abdomen being
.characterised by the greatly enlarged tergite nine on; pygofer, which is flexed
dorsalwards.

No exté}nclly visible genital buds are present on the veniral surfaces of
segments eight and nine during the first and second instars (Fig. 2.2). This disagrees
with the findings of Helms (1968) who stated that in E. fabee external genital
rudiments were visible from the first instar. This seems unlikely to the present
author, who sﬁggests that Helms mc;y have incorrectly deferm‘iqed the age of his
instars. :

(a) Dév‘elopmenf of the gonapophyses.

Transverse and parasaggital.sections through abdominal segments eight and

nine of G. fennahi revealed the presence of developing genital rudiments in the

venter of these segments. During the early part of the first instar the epidermis
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of the sterna in .the genital reguon appeared normal, composed of a single layer
of cuboidal cells approxumafely 4.0 pum fhlck with well defined, slightly
basiphilic, nuclei. During the late first and early second instar (approximately
6 days old), the epidermis in the posterior fwo-f.hirds of segment eight became
hypertrophied, differentiating into a median'proliferaﬁon some 15 - 25 pum
thick, with thinner lateral zones which lay heneath the longitudinal ventral
muscles. In the posterior zone of the median proliferation, a pair of postero-
laterally directed lips develop which represeht'the precursors of the first gona-
‘pophyses. ‘The anterior part of the prbli'Feulation and fhe. region between the
deveIOpiné lips indicates the site of origin of the spermétheca. A transverse
section fhrough the prolifeiaﬁon reveals a large number of strongly basiphilic
nuclei stacked sevel;al' layers thick and measuring 3.5 jam diameter; occasional ‘
mitotic figures were present.

At the same time the epidermis fn the anteroventral region of segment nine
was also undergoing proliferation to produce a layer approximately 15 um in
thickﬁess. Almost midway along the sternum, medially, lips similar to those
described in l‘s,égment eight, deve'lopéd by the infolding of the proliferation to
produce the r'ud?m.enfs of the second genital buds.

Multiplication of the epidermal tissue in the ventral region of ségménfs
- eight and nine continued through the second instar, the two pairs of genital buds
continuing to thicken and extend posteriorly. Transverse sections .through the buds
show that the distal 19 té 15 um are solid composed of strongly basiphilic, spherical
nuclei 2.5 um diameter; cell walls are not distinguishable and the granular
cytoplasm stains deeply with haematoxylin.. By the mid second instar the anterior

lips are 35 - 40 um long, and the posterior lips 23 - 27/.Am long. Except for the

solid distal cap the rudiments are hollow with a lining of epidermal tissue some



61.

!
|

8.0 uum thick.

- External genital buds were not visible u;'lfil the early third instar (approximately
16 days old), when one pair of primary genital rudiments was present medially on the
sterna of seg'n"neni's eight and nine. The anterior rudiments were bor;ne on the posterior
margin of sternum eight and the, posterior rudiments arose one third of fhe; distance from
the anterior margin of sternum nine. These findings disagree with those of Kathirithamby
(1971), whc; stated that the rudiments arose from the posterior margin of the eighth and
ninth sternites. A loferoli view during.'fhe third instar (fig. 2.3) shows that the anterior
rudimenf§ appear o; vertical structures ‘_whic'h emerge from the posterior morgiﬁ of the
depressed e;ighfh sternum. | |

Throughout the third ﬂjnsfor the rudiments continue development as two distinct
~ pairs of structures. In fransverse section 'they are seen to be closély applied to sternum
nine immediately lateral of the mid-line. Continued division of the epidermal tissue
".within both pairs of rudiments results in a decrease in the diameter of each rudiment
lumen fo‘ approximately 4.6/Am, each of them opening independently. info the haemo-
coel. The rate of extension is greater in the posterior rudiments during the third instar
and af the late third instar the anterior i'udiments"do not conceal the bases of the
posterior ones,

The phdfomicrogrophs show that the anterior rudiments are not closely applied to
each other.in the mid-line (fig. 2.4 and 2.5), but are directed posterolaterally. The
posterior rudim’énfs remain closely applied throughout their length and distally are
directed slightly ventrally. By the late third instar (Fig. 2.5 and 2.6) the posterior
rudiments have exfehd;d to the distal edge of sternum niné, which has already begun
to sink bef'w'een the lateral edges of tergﬁe niﬁe.

During the third instar considerable differentiation of the genital disk occurs,

and the unstructured appearance of the cell mass is lost, all the ectodermal tissue
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being incorporofed into the developing genitalia or efferent genital ducts. The
ectodermal tissue making up the external genitalia ref‘oins its strongly basiphilic
character, and the nuclear diameter has increased to 3.0 um.

Considerable growth of the anterior rudiments occurs aréund the third
nymphal moult, and by the early fourth instar (fig. 2.6 and 2.7) they conceal the
bases of the posterior rudiments. Their bases have broadened to cover the ventral
surface of segment nine, the entire sternum of which, except for the extreme anterior
portion, has become infolded to sink beneafh‘ the lateral edges of tergite Anine, forming
a median \%eﬁtrol groove in which, during the adult stage, the ovipositor lies. The

| ,

groove is brought about by ‘the proliferation of epidermal cells associated with the
lateral boundorfes of tergite nine and the ventral growth of this region around the
sternal region so effectively burying it. This process continues through the fourth
instar o prod!uce a well'dévelqped gl;oove, the dorsal and much of the lateral surface
of which is composed of sternum nine, and the extreme loferolvedges of tergum nine,
The‘ groove runs venirally chr the whole length of segment nine, except in the ex’rreme‘
anterior part.

The appearance of the posterior rudiments during the early fourth instar is similar
to that seen during the third instar, and they do not project beyond sternum nine. In
transverse section they are round or oval, each rudiment containing a nﬁrrow lumen
continuous anteriorly with the haemocoel in segment nine. The epidermis shows no
cellular boundaries under the Iighf microscope, and the nuclei, stacked three or four
deep, together with the cytoplasm, retain théir strongly bosiphilic character. -

D|,Jring the mid fourth instar, when the nymph is approximately 36 days old, o
groove appedred anteriorly on each posterior ovipositor rudiment and ran posteriorly,

longitudinally bisecting each rudiment into an inner and outer portion. The division

“was asymmefrical, the inner portion being lo:;ger than the outer, and forming the
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-rudiments of the second goncpoﬁhyses and Qonoplaés respectively. For ease of
description, these will be termed the posterior and lateral rudiments. Histolo~
gically the division starts as an infolding of the epidermal tissue, which drags
the cuﬁclevwi’rh' it to produce, ihiticlly, a sha”ow'groove. Within 36 hours of
its first appearance, the groove has deepened and extended posteriorly to bisect
the rudiment: Transverse sections through the late fourth instar nymph }eveals
the posterior and lateral rudiments as discrete structures and differential growth is
initiated before the end of fhis instar (fig. 28)

By the late fourth instar the anterior rudiments lie ventrdl to the posterior, |
so that onliy the distal end of the latter are visible. The lateral rudiments have
undergone elongation to the distal end of segment nine and.are flexed slightly
verﬁrclwards. For most of their length they are obscured by the lateroventral fold
of tergite nine, but their distal ends 'C;JrVé in towards the mid-line around the
poster_ior; rudiments and touch in the mid-line (fig. 2.9).. This is the condition at
the eﬁd of the fourth instar.

* Relatively little growth of the genital rudiments occurs during .fhe fourth
nymphal mou.l‘t. By the mid fifth instar (fig. 2.10) the lengths of the rudiments
are still similar to those seen in the previous instar. The posterior rudiment projects
cpproximcfely_215/um beyond that of the anterior pair, a conflifion also seen in the
adult, whe.re the second gonapophyses project approximately 320 HMm beyond the first.

The lateral rudiments continue elbngaﬂon, their distal "ends projecting posteroventrally
and curvin'g around H-I‘le distal exfreme; of the other genital rudiments.

Sections through fhe_ genifcl'region during the early fifth instar indicate that
sclerotization of the genifcl_rudirr;aenfs had begun, though, throughout this instar the

cuticle maintained a fushsinophilic reaction, indicating that sclerotization was not
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complete. By the end of the fifth instar (2.11) the rudiments had darkened, showing
increased sclerotization of the parts, barticulorly the distal reéi,ons of the rudiments.
In fronsvér;e secﬁc;n the rudiment lumina were clleorly seen, and in both anterior and .
posterior pairs remained continuous with the haemocoel. The lateral rudiments did
not conh;'xin a lumen. A dorsal view of the mid fifth instar nymph shows that the
genijal rudiments are just visible at the posterior end of the abdomen (fig. 2. 1.2),

and it is in this condition that the nymph enters the final moult.

Transverse sections through the genital region during the latter half of the fifth
instar allowed the pharate cqndiﬁon to be observed and sclerotization of the definitive
. ovipositor bjades. The pharate stage was first apparent in the genital region' at approxi=

mately the 59th day, and b* the end of the fifth instar (64 - 65 days) the pharate gona-
"pophyses could readily be separated and wifﬂdrown from the genital rudiments. At this
stage the blade-s were well formed, strongly laterally compressed, though shorter fhan
!
those of the odu]f (total length of the pharate second gonapophysis just prior to the
final moult was 2.43 i- 0.15 mm compared to the adult length of 2.66 20.09 mm) and
‘the dorsal teeth were already formed. Each pharate blade contained a single intra-
gonapophyseal space, which was blocked anteriorly and not continuous with the
haemocoel. .Sglelro’rizafion was well developed, and the blades showed dark b‘rown
pigmentation.. The Iinkogé‘mechanism was very poorly dgveloped, and similar. to that
seen in the distal part of the adult blade (fig. 1.4). Proximally the inner ramus of the
first gonapophyses conﬁnued,onferod'orsolly to expand ill'ti'o a small head termed plate m
by Snodgrass (1935). By the end of the fifth instar this had already fused with the
developing gonongulunin.
(b) Development of the basal components\ of the ovipositor
(i) DéveloPment of the gonocoxae

These arise anterodorsally to the bases of the anterior and posterior rudiments
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and are evident externally from the mid third instar. In transverse and parasagittal
secﬁoﬁ they were seen to differentiate from the lateral zone of the genital disks in
segments eighfland nine during the late second instar after the differentiation of the
anterior and posi‘eri_orﬁlips. The rudiment of the first gonocoxa arises mid-way along
segment eight in the ‘_dorsol region of the sternum as a local thickening of the genital -
disk. During the early second instar the epidermal tissue in this region forms a'single
layer of cells approximately 4.0/um thick, the nuclei being slightly bésiphilic, and |
the cell boundaries indistinct. During the mid second instar this lateral zone enters

a phase of proliferation, mitotic figures being present within the cytoplasm; it thus
'produces a lci:ferol thickening, approximately 20 x 16/um and 12 um thick on each
side of segment eight.’ The r‘uclei in this région were spherical, approximately 3:5/.1m
in diameter, strongly basiphilic and densely packed.

The ’rl:ldimenfs of fhé second gonocoxa arise in essénfially a similar manner
on the onterodérsol edge of si‘ernum. nine in front of the developing posterior 4rudim‘enfs
by a prolifelfofion of the anterolateral genital disk in segment nine.

By the late third instar, fhe developihg first and second gonocoxae can be
seen as discrete sclerites lying dorsolaterally to the bases of the anterior and posterior
rudiments, the second gonocoxa appearing to lie in the intersegmental fold between
segmenfs eight and nine. Both sclerites, af this stage, are triangular in form and
subsequent development c.a.n only be followed by sécfioning and dissection, since
the first gonocoxa become concealed by thg posterior deveiopment of sternum seven
and the second gonocoxa, dueto growth of the lateral margins of tergum nine, comes
to lie beneath the loferial fold of feréum nine. Little development occurs during the
fourth and early fifth instars. The rudiment of the first gonocoxa Ufldergoes_litfle.

growth and its nuclei retain their strongly basiphilic character. The rudiment of the .

second gonocoxa undergoes some elongation in the dorsoventral plane towards the
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condition seen in the adult and both pairs of gonocoxa show pr’_ogressive sclerotization
~ during nymphal development.

During the mid fifth instar the dorsal margin of ’rFe first gonocoxa uﬁdergoes
considérable sclerotization and its anterodorsal margin becomes closely applied to
the anterior edge of the anterior rudiment, fusioﬁ does .nof occur until the final moult.
Similarly, during the mid fifth instar the proximal end of the posterior rudiment extends
anterodorsally to fuse with the anterodorsal edge of the developing second gonocoxa to
form the definitive adult condition. At the same time,. the proximal end of the lateral
rudiment is connec’redA by membrane to the posteroventral edge of the second gonoﬁoxa.
Transverse s%zcﬁons through the developing second gonocoxa during the mid fifth instar
reveal that the sclerite, beihg laterally. compressed, is approximately 20 - 25 um in
thickness with a thin cuticle and no intra-gonocoxal séaces, the interior being filled
wi-th strongly b}as-iphilic nuclei of approximately 4.0 um diameter. In the adult
condition the sclerite undergoes considerable 'sclérofizafion, and by the twelfth day
of adult life there is no cellular component remaining.

(i) Developmem of the gonangulum

Much of the work into the development of this sclerite has been conducted in
the Orthoptera (Snodgrass 1935; Qadri 1940; Gupta 1950; Scudder 1957). Where,
thou-gh the terminology differs, there is general aéreemen’r that the gonangulum
- develops from sternum nine. It has been shown fhc;t primitively the gonangulum, in
tl;1e 'developmenf of Lepismodes, arises from the second gonocoxa. (Snodgrass 1935;
Scudder 1961). Stys (1959) in a general paper on the origin of the pterygote ovipositor,
stated that in He-mipferlld the gonangulum is derived from the intersegmental membrane
between segments eight and nine, which underwent secondary sclerotization.

In the present study of Graphocephala fennahi a small sclerite, later determined

to be the gonangulum, developed from the anterodorsal edge of sternum nine immediately
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posterior to the rudiment of the second gonocoxa. This developed in the late
second instar from the posterior portion of the lateral zone of the genital disk
that gave rise to the second gonocoxa. During the late third instar, it appeared

as an irregular four sided sclerite approximately 8 um x-10 um which underwent

progressive growth through to the fifth instar, when it came to lie dorsal to and

slightly posterior of the secc-)nd"gonocoxc. During the fifth instar it underwent
rapid growth to produce a five sided sclerifé, fused anteriorly with the ramal.
extension of the first gonocoxa, tergite nine posterodorsally and articulating with-
the second Qonocoxa ventrally.

4. ;Discussion

" The present section provides a detailed description of the development of
!

- the external genitalia in the Homopteran G. fennahi; it represents the first compre-

hensive Sfl‘Jd);‘ within the Auchenorryncha and in respect of some features it provides
information iccking in the earlier descriptions of development of insects generally.
While the general description agrees with those of Snodgrass (1935) and Scudder
(1959 ; 1961; 1971) the development of the posterior rudiment is clarified, and it
is shown to iqvolve qctucl division bf a single genital bud and ‘nof-the oufgrovﬂh of
sepcfcte proliferations on each side (Scudder 1964). The development of the basal
components is described and they are demons;trcted to be of sternal origin and are
separate, in their origin, froﬁ the gonchophyses. The present study disagrees with
the findings of Stys (1959), and it is shown that Fn G. fennahi the gonangulum is
also of sternal origin and its connections with the first and second gonocoxa and
tergum nine are formed only in the last nymphal instar.

The question of sternal or appendicular origin of the female genitalia remains

to some extent unclear, and it is unlikely that any major contribution can be made

“in this direction from studies of a single group, particularly a specialized group such
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as the Hemiptera. The question is}complicafed,‘ due to the pterygote abdominal
sternum very probably being composed of cells from three embryonic fields. This
Faé:f has been acknowledged sfnce Haase (1889), the fields being a median true
sternal part cmd two lateral zones ldevé|0ped from segmental appendage rudiments.

This may suggest that since, in Graphocephala, the gonapophyses are medial out-

growths, they may be of true sternal origin. The argument is complicated in the
Orthoptera, where in Gryllus the second gonapophyses and gonoplacs arise laterally,
supposedly in the appendage zone of the sternum.

-t vyould not be justified to make fa(r-re.aching morphological statements
without referring to the primitive condition as seen in the Thysanura, where the
boundary between the sfernl:l and coxal components, though clear in the pregenital
region, remains uncertain posteriorly and the relationship between the gonapophyses,
't’he coxae and .sternum is not cl.ear, so that the medial origin of the gonapophyses in
Cicadellids is not, in itself, proof of a sfernovl or appendicblor'origin.

Matsuda (1958) considers it unlikely that embryonic limb rudiments sEould be
suppréssed only fo,reaf)pear at a later stage as genital rudiments> and advocates a
sternal on"igin'.l It has, however; been argued by a number of authors (Cain 1955;
Scudder 1964) that completely novel organs rarely arise in evolution, most structures
forming by the modification of pre-existing structures (Michener 1942; Tuxen 1970).
New information may be gained by vital staining, micro-dissection or radio-active

labelling within the embryonic stage, but this represents a major problem in its own

right and not the object of the present study.
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CHAPTER 3

i
]

DEVELOPMENTAL ANATOMY OF THE FEMALE REPRODUCTIVE SYSTEM

1. Introduction

This investigation was conducted in order to provide a more complete
underéfonding of the structure and.funcfioning of the female reproaucfive system
in Herﬁipferc.‘ |

Much of the early anatomical work was performed on the Cicadidae, largely
due to practical reasons, the small size of rqc;sf Cicadellid species preventing their
study at this time. The first work of consequence to deal with the reproductive system,

I
within the Auchenorryncha, was that of Meckel (1808) on Tibicen plebeia. He was the

first to describe the single long, thick median accessory gland which opens near the
aperture of the vagina at the base of tHe gonapoéhyses. This is now a well known
character of Abchenorryncha anatomy. The work of Dufour (1825) provided a detailed
study of the anatomy of the Cicadid alimentary and reproductive systems. The two
papers by Doyere (1837) were princfpcnlly concerned with the external genitalia of
cicadas, but he also described the glandular components which open into the genif;nl

" chamber, Holrr;gren (1899), comparing the reproductive systems of Ciccdellidg, éerco-
pid‘s'und Fulgorvovi‘ds, agreed largely with the findings of Dpy‘ere and Dufour on cicadas,
though the latter, in addition to the unpaired median accessory gland, also possess

_ paired glands at the anterior junction of the median oviduct. Holmgre‘n was unable to

. detect such glands. Berlese (1909) fdiled to describe the median accessory gland in
Cicadidae, but otherwise followed the descriptions of Dufour closely. Gadd (1910),
studying seven species of cicadas, found that characters of the median accessory gland,
principally length, were species-specific. Meyer's(1928) detailed descriptions of

cicada anatomy only briefly mention that of the reproductive system.
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There was a movement, during the early decades of the present century,
to describe the develépmenfcl 'anatc'amy of the reproductive system, and several
Sl;lch studies were made within the Auchenorryncha, (Christophers & Cragg 1921;
Kershaw & Muir 1922; George 1928; Metcalfe 1932). These studies provide an
introduction to the subject, despite their obviously incomplete character. More
recent work info the developmental anatomy and histology within the Auchenorryncha
has been restricted to that of Helms (1968). In his study, Helms briefly describes the
development of the system. No attempt was made to describe oogenesis and vitello-
genesis, and the mature adult system is no’r‘ ;nenfiongdh The work of Kathirithamby
(1971) was restricted entirely to nymphal development of the external genitalia, and
-a description of the reprodulfive system is Iackiﬁg in he‘r account,

Considerable work has recently been carried out in the Heteroptera, particularly

" the Miridae (Davis 1955; Masner 1966 ; Ramamurty 1970 ; Davenport 1975). The work

of Bonhag & Wick (1953) and Bonhag (1955q; 1955b; 1958) on Oncopeltus fasciatus is

. well known, though the later papers are restricted to the mature ovary and only
concerned with oogenesis.

Within the Miridae, Reduviidae, Nabidae and Anthocoridae, considerable
differences are known to occur in the arrangement of the genital organs and ducts,
compared to other Hemiptera making comparisons between the Heteroptera and Hom-
optera difficult. For instance, so far as is known, the definitive spermafheca of
insecs arises posterior to the opening of the median ovic‘iucf. In the Miridae., however,
the sperm-feceiving or\gan is anterior fo  the opening of the median oviduct, and it' is
not known if this organ is homologous with the s;ierfnatheca of insects generally.

There has been a tendency in the last 10 - 15 years for the structure and

developmental anatomy of the gross reproductive system to be ignored in preference

to physiological studies of the ovaries and the role of endocrine factors associated



with oogenesis and vitellogenesis (Tel|fer 1965; Moloo 1971; Zinsmeister & Dcvenpdrf
1971 ; Huebner & Andersoﬁ 1972; Laverdure 1972). The fact that these studies have
been performed in Hemiptera is not necessarily due to interest in the teletrophic ovary,
but rather because some H_eferone'rc can easily be maintained in laboratory cultures.
The present study is not concerned with the hormonal control of the reproductive
system; instead the developmentol anatomy of the reproductive system from the earliest
first instar nymph was studied in some detail using conventional light microscopic
techniques. The histology of’ the adult system was then described, together with an

electron microscopic study of the ovary,

2. Methods

Graphocephala fenna}li was reared frdm eggs in a constant temperature room, as
desc_ribed in Chapter 2. In order that the chronological development of the reproductive
system could Belfollowed, slides were prepared at closely spaced intervals, during the
nymphal and adulit stages. Decapitated specimens were fixed in Bouin's fixative and
formol saline, the former providing the best results. Penetration and fixation in both
cases were aided by the use of a vacuum chamber at 55°C for 40'minutes. Material was
dehydrated in dl‘coh.ol' ér dioxan, cleared in xylene, in the case of the former, and
embedded unde.r‘ vacuum in pure paraffin wax (M. pt. 56°C). Blocks were prepared
for transverse, horizontal and parasagittal sections which were cut af 6 and 8 pim.

In the fifth instar and adult stages, the complete reproductive system was removed under
insect saline, by vivisection. This provided 'be’r’rer results compared with whole-abdomen
preparations due to the reduction in sclerotized material.

For generql histcl)logiccl observations the following stains were used; Mallory's

PhosPhofungs’nc Haematoxylin, Heidenhain's Iron qumofoxylm and Mcllory s Triple

Connective Tlssue stain. All were useful generql stains, the first two cllowmg detailed
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histological descripﬁons while the Triple Connective proved parﬁcu-larly valuable
during oogenesis. |
- A small amount of cytochemical work was under.fake_n, pri‘ﬁcipally for the .
identification of nuclei acids during oogenesis. The foHéwing techniques were
employed: (a) The Feulgen reacﬁon. for DNA by the release of aldehyde groups
from the deoxypentose sugar group's‘of the nucleic acid by mild acid hydrolysis.
The aldehydes were then caused to react with leucofuchsin which turns a reddish-
purple colour and the RNA gives a pale green colour reaction. The best results
were obtained after formol-saline fixation. (b) RNA was detected, using Trevan &
" Sharrock's s;ain as modified T)y Cullings (1963), using Pyronin Y and purified menyI
green, ’Th-e stain was diluted in an acetate buffer at pH 4.8. The results were RNA -
red, DNA - green,
" Specimen preparation for fransmission electron microscopy was as follows :
Fixative A - 2g Paraformaldehyde + 25 mg Calcium chloride + 20 mi distilled water.
Heat to 65°C and add 0.2 mi 1M sodium hydroxide.
Cool to room temperature and add 10 ml 25% glutaraldehyde.
Make u-;l) to 50 ml with 0.2 M cacodylate buffer at pH 7.4.
Fixative B -~ Equal volumes of 5% osmium tetroxide and 0.2 M cacodylate buffer
at pH 7.4. |
Material was Fixed‘ for‘one hour at 4°C in fixative A, then washed in 0.12 M cacodylate
buffer for half an hour (2 changes), and post-fixed in fixative B for oﬁe hour at 4°C.
Material was washed in 0.1 M sodium acetate prior to block staining in 0.25% aqueous
ura\nyl acetate for one hour. After washing in sodium acetate, the material was

dehydrated in acetone and blocked up in Araldite. At the 70% acetone stage the

material was block stained in 1% phosphotungstic acid and 1% urany! acetate. The
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material was section stained in Reyﬁo]ds stain '(leac‘i citrate) and viewed in a
Philips 301 transmission electron microscope.
3. Gross anatomy of the adult female reproductive sysfém
It is intended that a brief description.of fhe definitive adult system is gi\}en
before its development through the nymphal stages is déscribed.l |
" In the ma’ruré female a pair of ovaries occupy the greater part of the abdominal
cavity, extending om‘griorly from segment V to the metathorax. Each ovary is composed
of four telotrophic ovarioles which lie beneath the alimentary canal. Each fully mature
~ ovary measures.approximafely_2.4 mm in ler;gfh, but they-have undergone considerable
growth dur,iri:g the first twelve days of the adult stage (fig. 3.1) and in an 8-day old
virgin female each §variole h“ieasures only approximately 380/.A m in length. Each
ovariole can be divided into four parts. (a) The anterior terminal filament, a meso-
dermal sync.yﬁtz.um,'fhe four filqmenfs of each side uniting to form a suspensory ligament
which passes anteriorly into the thoracic region where it is attached to the pleural
epithelium in the metathorax, so effectively anchoring each ovary. (b) Apically the
ovariole forms a pyramia-like germarium compose'cl'omc trophocytes and oocytes. In all
but the senescent female this is é zone of considerable mitotic écﬁvify, meiosis having
been completed in the earlier stages. (c) The vitellarium lies immediately posterior to
the preceding zone and in the mature female represents the largest part of the ovariole,
usually confcirﬁng one fully developed oocyte aﬁd 2 t.o 3 oocyfes in various stages of vitello-
genesis and previtellogenesis. The walls are composed of prefollicular and follicular
tissue. This is the zone of éocyfe devel;)pment. (d) The final zone is the pedicel,

| A
which links the ovariole with the lateral-oviduct. In Graphocephala, eggs are not

stored in this region. The whole of the ovariole is covered by a muscular sheath. (p. 125).
The lateral oviducts are approximately 150 pum in length and pass to the anterior

edge of segment seven, where they join, near the mid line, with short branches of the



Fig 3.1

Reproductive system of a 10 day old adult
female
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median oviduct. -They are of mesodern'ml origin (p. 97) and possess a muscular
sheath. The median oviduct can be divided into a number of regions according

to the degree of muscular development and the secretary nature of its epithelial
cells. Though it is of ectodermal origin, it is not Iinea by an intima. lf passes
posteriorly into the enlarged, thin walled vagina, which opens posteriorly between
the gonapophyseal bases on the anterior part of segment eight. A single large
spermatheca enters the vagina dorsally by a short, narrow tube.. The glandular

~ portion forms a large, spherical, thin walled sac which lies, in the natural position,
on ’rEe right lhcncl side of the cbdomgn (fig. 3.2) partially obscured by the median |
- oviduct in seigmevnt six. In cP inseminated female a pink mass of ejaculatory material
is obvious within the spermathecal bulb.

The unpaired median accessory gland opens dorsally at the extreme end of the
vagina, |t run; posteriorlyAin'ro 'segmen'r nine, between the muscles of the second
gonocoxa, before turning anteriorly to pass dorsal to the median oviduct. Behind
segment six it t.opers to a very fine tube, which passes befwéen the ovaries and becomes
closely associated with the terminal F.ilomen’rs of the left hand ovary. It ends freely in
the haemocoel of the metathorax. |

4. Postembryonic de\)elopmenf of the reproductive system

(o) The ovary

Each {?ycryﬁ rudiment in the early first.instar (2 days) is composed of four
spherical ovarioles. Each ovariole in nymphs one hour cif’rer eclosion from the egg
possesses a fine anterior and posterior stand ‘which are non-nucleated cytoplasmic
processes, and lies venfroAlcfercxl‘ly in segment two beneath the alimentary canal. By

six hours the ovariole is surrounded by a primary epithelial sheath of mesodermal

origin that will surround the germinal tissue during later postembryonic development,



Fig 3.2

Mature female reproductive system,
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'At‘thirfy six hours, each ovariole ru'di'ment, excluding the anterior and posterior
s:fronds, measures ]4 -16 pm in length and 10- l]2 pm in maximum width. During
the early first insfor, brimory oogonia are distinguishable by their large spherical
nuclei containing scaHeréd basiphilic chromatin and intensely granular basiphilic
cytoplasm (Fig. 3.3), cell walls were not apparent in light microscopic sections.
The nuclei undergé divfsion during the late first instar-(5- 6 days old) to produce
secondary oogonia, which are retained through to the fifth instar. The absence of
cell boundaries at the light microscopic level has caused confusion in the literature as
to the syncytial condition and examination with the eleciron microscope is necessary
~ to confirm ﬂ;ﬁs stoté'.

During the firsf insto}' the anterior strands end freely in the posterior part of
thevFirsf abdominal segment, not unitilng to form a suspensory ligament, a characteristic
‘feature of loter instars. The histology of the anterior and posterior strands are similar
and they form  0 mesodermal syncytium with small spherical nuclei irregularly distri-
buted cﬂong their leng*h. This contrasts with the findings of Helms (1968) in Emeoascd
fabae who descfibecl a cellular. strucfuré. Where the anterior strand is continuous with
the body of the ovariole, the base is expanded and confains two ldarge ovoidal nuclei
separating the strand from the trophic c;nd germinal tissue. In the late first instar, these
basal nuclei undergb repeated mitotic division, the products of which migrate along the
strands to form a regular single row of nuclei. This process is of interest because the "
bos'ol nuclei are acting as a functional histoblast, from which the anterior and posterior
strand nuclei are developed. Within this region the development can be followed from
the non-nucleated stattlla 'c;f the very young anterior and posterior strands, the mitotic
division of the basal nuclei and the migration of the products into the strands to produce

in the anterior strand, a condition similar to that found in the adult. A complete

developmental sequence within this small area.



Fig 3.3
Ovariole rudiments in a 5-day old nymph

strand




The primary epithelial sheafh is represgnted by a single layer of cells which
extend on to the anterior and posferio'r strands. * Cell walls are clearly visible in. this
~layer, eacP; cell contains a sinéle lal;ge spherical nucleus with a promine‘niL nucleolus
and d'ispersed basiphilic chromatin. Tbis single-layered ovariole sheath persists

throughout post-embryonic development and does not undergo further division. In

fHe Heteropterans Oncopelfus fosciatus and Cydanus indicus (Wick & Bonhag 1955;
Ramamurty & Medhi 1970) the primary sheath differentiates into an outer and inner
epithelial sheath. The cells composing the f{heafh of G. fennchi are cuboidal or
slightly Fluf’tenéd and dur"ing the first instar mitosis was not observed.
Durilng the second instar, the ovariole shows an increase in size, becoming
122-25 pmin length and 12- 14 HMm in maximum width by the ‘middle of the vinsfcr.
The anteriorlstrands possess a similar organisation to that seen dﬁring the late first
instar, The cytoplasm remains translucent while the prominent nuclei are strongly
basiphilic. The nuclear confent of the individual strands has increased, and mitotic
figures could be seen along their length. Growth of the ovariole and elongation of |
the anterior strand has brought the latter into segment one by this time, though there
is no fendency’ i:or fhé individual strands to fuse. Their posiﬁonqure maintained by
large deposits of adipose tissue, which are connected by cytoplasmic strands to the
body wall epidermis.v
By the mid second instar the posterior strand is §iﬁilar|y organised, though
ill-defined celi boundaries are present between the single row of ovoid nuclei,
(approximately 2.0 /an diameter). Early in the second instar the posi;e'rior extremes
of these strands fuse on each side tq forﬁ the primordial calyx and lateral oviduct,
-which is also therefore of mesodermal origin. The germinal region of the ovariole

increases in volume by mitotic division; in appearance it is essentially similar to



90.

A!
that of the first instar nympAh, exce'p"r‘for an increase in the number of secondary oocytes
(fig. 3.4). No division into germarium and vitellarium was apparent,

Little change of form occurs in the third insfor nymph, but grﬁw’rh continues, so
fhat by fhe middle of the stage the rudiment measures 32-38 um in length, and 17- 18
M mwide. Mitotic division within the ovariole sheath has kept pace with this increase
in volQmE, the epithelial layer still being composed of cuboidal cells with clearly
defined cell walls. The anterior strands, now termed the terminal filaments, fuse
anteriorly on each side to form fwo suspensory ligaments which end freely in the lateral
part of segment one.  The posterior part of the terminal filament is separated from the

| :
germinal zone by a thin transverse septum which arose as a constriction of the lateral
wcnl_ls' and the basal part of the terminal filament becomes bulbous.

The posterior strand differentiates in the early third instar to form the ﬁgdicel
and prefollicular tissue (fig. 3.5). fhe latter Forrﬁs a compact mass of c';el'ls derived
fr;bm the anterior part of the strand and which, during the third instar, forms a solid
mass of clearly delineated spherical cells containing large basiphilic nuclei and obvious
nucleoli. Thel.pedi'cel_ is solid and composed of regularly arranged cells approximately
three wide, Th]e nuclei are smaller and less dense than those of the prefollicular
primordia. Du;'ing the third instar, considérable mitotic activity is apparent in both
of these regions. A , A’

Ovariole Ier'19th reAaches 55-60 pum and 23-25 um in width by the mid-fourth
“instar. The terminal filament takes on a rﬁore adult appearance and can be divided
into a solid basal bulb; composed of a large number of small, spherical nuclei (2.5 um
diameter) which are densely basiphilic. No mitotic figures were seen in this region,
though a c;ons,ider_dble number of sections were examined. The cytoplasm qppearé

highly granular and stains lightly with haematoxylin. This region is separated posteriorly

from the germinal zone by a non cellular transverse septum, continuous with the basement



Fig 3.4

Ovariole rudiment in the late second instar
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Oblique section through the ovariole of an
early fourth instar nymph
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membrane of the ovariole sheath. 'Fhe anterior part of the filament is composed of a
single row of spherical nuclei some 2.0 pm in diameter. Like the terminal filament,
the suspensory ligament as far as can be determined by the light microscope is a true
. mesodermal syncytium. | |

The pedicel, derived from the posterior portion of the posterior strand, is well
developed by the fourth instar, forming a hollow tube lined by a single layer of cells
intermediate in appearance between the columnar and cuboidal condition (fig. 3.6).
These cells contain small spherical nuclei (2~ 3 um diameter) with strongly basiphilic
dispersed chromatin and no obvious nucleoli. The cytoplasm is slightly basiphil, and
contains numerous spherical granules. The qp;cal cell wall (that towards the lumen) is
strongly convex. Posteriorly the lumen is continuous with that of the developing lateral
.oviducfs while qnferiofly it is separated From- the prefollicular mass by a transverse septum
continuous with the basement membrane of the ovariole sheath. During the late fourth
instar, the cells composing the pedicel walls are in an active growth phase, numerous
mitotic figures being present. .

Thej nuclei 'of the outer sheath are arranged in a single layer, though these may
occasionally be tw§ deep. Frequent mitotic divisions occur to allow for an increase in
area in keeping with that of the ovariole. The cell boundaries become indistinct.

During ﬂ';e latter half of the fourth iﬁsfqr the nuclei of the pr;efollicular tissue be-
come flattened (fig. 3.6a), approximately six times as long as wide and in transverse
section it can be seen that these nuclei are distributed in the peripheral part of this zone.
In the centre the arrangement is similar to-that seen in the previous instar, the nuclei
being spherical, some 3.0 pm in diameter, and e\'/enly distributed in a mass. Cell
* boundaries are ‘indistinct. |
Little change occurs in the germarium during the fourth instar; there is an increase

in volume due to mitotic division and the number of oo'gonia continues to increase through-

out the instar.



Fig 3.6

Transverse section through the pedicel of
a 4th instar nymph
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Fig 3.6a

Electron micrograph of follicle cell nuclei
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The ovarioles undergo rapid dzevelopmen{r during the fifth instar to a condition
similar to that seen in the young immature adult. By the middle of the instar, each
ovariole measures approximately 200 um in length, and 30 um wide. The ovarioles
lie between ségments two and three, Iéferovehfrail_ly beneath the large sac-like gut
(Fig. 3.7). The pedicel, approximately 150 um long, extends posteriorly to segment
four.

Histologicqlly little .change occurs in the terminal filament except for an increase
in size, brought about by mitosis, both within the bulbous basal region and the bfine
syncytial thread. Thé attachment of each suspensory ligament on either side of the meta-
thorax is act\ieved by the mid fifth instar. The pedicel similarly renjains unchanged,
compared h; that of the fourTh instar, except for elongation brought about my mitotic
activity <;nd growth. The transverse septum, separating the pedicel from the prefollicular
tissue remains intact during the fifth instar, unlike the condition seen in Oncopeltus
fasciatus (Wicl; & Bonhag 1955). -

During the Fifth instar the volume of prefollicular tissue is increased by mitotic
division and the region containing fhe oégonia, the éermarium, has become differ-
entiated subequlclly into three distinct zones. Slightly more than the apical half is

‘composed of large cells with very large nuclei of approximately 8.0 pym x 6.0 pm, each
lconfcining c‘nu‘cleolus and very basiphilic chromatin material. Mitotic figures are
common within this region. It is <-:omposed of undifferentiated cell types from which the
several trophic tissues present in the definitive adult germarium arise. It is equivalent
to zone | of Oncopeltus (Wicl; & Bonhag 1955). Immediately posterior to this is a small
.zone -gpproximately 1810 um by 12 um, chara;:ferised by a densely staining cytoplasm
- and regularly placed nuclei. Np cell boundaries are épparent, fhog.igh the existence of
~cell bound&ries may Be inferred from the regular spacing of the nuclei. In the adult fhis.
zone represents the trophic core. The posterior part of the germarium, anterior of the

prefollicular tissue, is occupied by numerous cocytes, spherical in form with obvious

cell boundaries. Their nuclei are centrally placed and contain a dense chromatin material.
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This is the appearance of the ovarioles immediately prior to the final moult, little
further differentiation occurring until the se.cond or third day of adult life when the
zonation becomes more obvious. |

(b) Lateral oviduct

Rudiments of thé lateral oviducts do not arise until early in the second instar (8~

9 days), when fusion of the individual posterior strands of the ovarioles produces the
calyx (fig. 3.5), the most antérior part of the lateral ovidt;ucf‘. During the second instar
this cmferior: region forms a solid mass of cells, each with a clear cell boundary and a
small irregular nucleus, which, together with the cytoplasm, is sligHHy basiphilic.
During the third instar this pair of solid structures is the site of considerable mitotic
activity and posterior elongatjon of fhé rudiment also occurs. By the late third instar
each lateral oviduct extends posteriorly in a lateral position to a point mid-way through
segment six. Here they bend medially and extend to the anterior end of segment seven,
- .
where they end '|005ely attached to the sternal epidermis by cytoplasmic threads. Through-
out their course fat body cellsvare closely applied and also hold them in position‘. Trans-
verse sections through the anterior lateral oviduct‘ during the late third instar indicates
_that the developing calyx has, as a result of mitotic activity, becc;me a hollow mass with
a small eccentrically placed lumen qpprox'imafely 3.0 pum in diameter. The nuclei seem
noi'. to be confoiﬁed wifhin distinct cell walls and are scattered throughout the tissue, and
contain densely staining chromatin material distributed around the nuclear membrane. The
cytoplasm is only slightly stainéble, but contains numerous basiphilic granules. During
this time the posterior strand of the ovarioles remains solid, some 6.0 Hm in diameter,

During the fouth %nsfcr, con-taci'. is established. MMeen the anterior part of the

median oviduct and the posterior extremes of the lateral oviducts. During the early to -

mid fourth instar, the lumen of the lateral oviducts is continuous from the calyx and ends
blindly in a solid bulb, approximately 8 - 10 um in diameter on either side of the mid~line

in segment seven, immediafely'lareral of the longitudinal ventral muscle. By the late

fourth instar (38 - 40 days), anterior extension of the median oviduct has allowed its
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short, lateral branches to unite with the posterior bulbs of the lateral oviducts.

This is the condition af the ‘end of the fourth instar.

Early in the fifth instar the wall dividing the two ducts breaks down, allowing
the lumen of the lateral ducts to become confluent with that of the median oviduct.

‘This contrasts somewhat with the findings of Helms (1968) on Empoasca fabae in which

the loferol and median oviducts become confluent. in the early fourth instar. From -
this description, it is clear that what appears to be the posterior extreme of the lateral
oviduct is derived from the median oviduct and 50 of ectodermal origin, while the
remainder of the lateral oviducts, derived from the posterior strand of the ovcrioleAs',

e

is mesodermal in origin.

Immediately before the final moult the lateral oviducts are composed of tubes
10.0- ]2.0).4m in dicmeferl expanding at the calyx to 15- 18 um diameter. The ovi-
duct wall is composed of columnar epifheliurﬁ sﬁrrounding a small lumen of 3-4 um
diameter. iThis increases considerably during the adult stage. The lumen is continuous
with that of the pedicel .cnfe.riorly and the median oviduct posteriorly.

(c) Median oviduct

As described in the previous chapter, the sternal epidermis of segments eight
" and nine becomes hypertrophic during the first and second nymphal instars to Form |
the developing genital disks. Posferiorly, in each genital segment the disk forms a
pair of lips which grow back and will ultimately form the external genital rudiments.
This proliferofi;m of the sternal epidermis begins du.ringv the middle of the first instar
and at the same time, by intense mitotic activity of the ectodermal tissue in the |
anterior part of the developing genifol‘ disk in segment eight, asmall solid ampulla-
like structure is forme‘d. This lies in the mid-line and is the precursor of the median
oviduct. Mitotic division continues within the ampulla throughout the first instar to

produce a hollow mass of undifferentiated ectodermal tissue cpprok_imately 15 um long,

12 ym wide and 10 um deep, partially buried within the genital disk (fig. 3.8a). In



Post-embryonic development of the median oviduct

(a) Transverse section through the posterior part of segment
seven of a mid third instar nymph. The rudiment of the

[ median oviduct is partially buried within the genital disk.’

(b) Transverse section through the posterior part of segment
seven, slightly anterior to (a), of a-late third instar nymph.
!
|

(c) Transverse secfic%n through segment six of a late fourth instar

nympH to show the distal branching of the duct.

(d) Transverse section through the anterior part of segment eight
of a fifth instar nymph to show the cellular appearance of the

oviduct epithelium,



Fig 3.8

| /adipose tissue

median oviduct
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transverse and parasaggital section it appears as a syncytial mass surrounding a small
lumen. The nuclei are small, approximately 2.5-3.0pm~in’diumet.er, strongly

~ basiphilic with no visible nucleoli; they are closely packed within a cytoplasm that
stains faintly with haematoxylin. Several mﬁofic divisions wel;e visible.

D.ur'llng the second, third and fourth instars, growth of the oviduct rudiment
continues in both anterior and posterior directions. With the developing external
genitalia the ampullae extends posteriorly and becomes dissociated from the anterior
~ part of sternum eight (fi'g. 3.8b) and by the mid fourth instar it opens between the
bases of the f::lrecdy well developed first gor;apOphyses as a slightly dorsoventrally
compressed fbbe. Anterior growth continues, so that by the end of the third instar
it ends blindly in ’rhe'mid—linle above the anterior part of segment seven, A transverse
section thrc;ugh the median oviduct reveals a tube ]2-—']5}.1m in diameter with a single
lumen 3—4).:;11 diumefef. (Helms, 1968, described a double lumen in E. fuboe)._ No
cell boundaries were discernible and the spherical nuclei are stacked 3 -4 deep.
Associated with thé outer wall of the duct are small discontinuous strands of striated
muscle. In the early fourth instar the ampulla has separated from the sternal epithelium
and the duct lumen is continuous to its blind exit between the gonapophyseal bases.
During the mid to late fourth instar considerable development occurred at the anterior
end of the duct, marked by mitotic activity and growth. The anterior exiremity divides
to produce solid lateral buds which extend ont'erolcferc”y over segment sevenl(fig. 3.8¢)
and establish contact with the posterior extremities of the lateral oviducts at the junction
between segments six ur{.d séven. Fusioﬁ éf the two ducts occurred during the late fourth
instar and clecvcge:of the cytoplasm within the lateral branches of the median oviduct
during the early fifth instar provided continuity between the lumina of the lateral and

median oviducts.

Sections taken during the late fifth instar indicate that little change has occurred
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though the definitive adult celluloir appearance has developed. The epidermis of
the duct is now a single cell thick, columnar and with the nucleus, situated near
the basement membrane, possessing a diffuse chromatin. A well developed muscular
sheotH surrounds the duct in most of its length, being pc;rticulcrly well developed in
the middle region, ‘where it is differentiated into an inner layer of longitudinal
muscle and an outer layer of circular muscle. Thé posterior part, near the vagina,
remains undifferentiated (fig. 3.8d).

This description differs from that givgn for E. fabae By Helms (1968), who
described a median longitudinal septum which divided the median oviduct info two
: | :

lumina during the first four instars. This broke down during the fifth to produce a

single duct similar to that of the adult. In Graphocephala, the duct is never sub-

divided. The present author agrees with Helms in the absence of a cuticular intima
which is typically present on most écfoclermul ducts (Snodgrass 1935). It is sugéesfed
that this may be due to the médiun oviduct 'urising Frorﬁ ampullar tissue and not as an
invoginéﬁon of the nymphal body wall. |

(d) Spermatheca

The sper‘mothecol rudiménf arises during the eérly second instar from the hyper-
trophied tissue between the developing lips of the genital buds in segment eight. It is
posterior to the median oviduct and appears as an invagination of the epidermis of
sternum eight, the lumen being continuous wvifh the space between the anterior genital
rudiments. ‘lts devglopmenf during the second instar progresses by mitotic division which
produces a bulbous'proiiecfion between the rapidly elongating rudiments. In parasagittal
section it appears as a cylindrical outgrowth, 'slighfly displaced to the left of the odeminol

cavity, with a narrow. lumen 1.5-2.5 um wide and a thick solid cap. As with the median

oviduct, the walls contain closely packed nuclei which are spherical, intensely basiphilic
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and approximately 2.5 um in diameter. They are surrounded by very little cytoplasm
(fig. 3.9a). Extension continues anteriorly during the third instar (fig. 3.9blcnd c),
and by the late third instar the rudiment is differentiated into a stem and a globular
apical region Which is directed anteriorly. Growth of the two components continues
b)) mitotic division during the fourth instar, when the stem measures cpproximéfely
50 um in length and 8-9 um in diameter, and the end bulb is some 80 um in diameter.
The spermatheca lies between the median oviduct and the gut. Development in the
final instar is largely restricted to the end vbul!:.;. Its diameter increases to 110 um,
but few mit?ﬂc figures were apparent during fhis stage, so causing a considerable
thinning of ;he wall and incTecse in lumen volume to produce a thin walled, much
convoluted sac. Cell boundaries are not apparent. The lumen remains continuous,

" through the stalk, with the posterior aorscl wall of the vaging, which~hcs extended
posteriorly, cn!d hence with the exterior. 'By the end of the fifth instar the stem wall
corﬁcins a single row of nuclei containing promineﬁt nucleoli. Cell boundaries,
though present, are rather i‘ndi-sfincf.

The spermatheca of G. fennahi is used for storage of sperm unlike that of E,

fabae (Helms 1968) and 'spe'rmctoz'ocl pounches as described by Gadd (1910), Cogan

(1916) and Evans (1931) in various cicadas and Cicadellids are not present in

‘Grcphocephclc-. The work carried out in the Heteroptera has revealed that the -
structural peculiarities of the spermatheca of the vvcrious gfoups provide a useful
taxonomic character (Pendergrast 1957; Carayon 1964; Ramamurty & Medhi 1970)..
Sir;nilcr detailed work Has not yet been carried out in the Homoptera though similar
peculiarities may be present within this group.

The mature adult spermatheca shows considerable complexity Qver' that of the

fifth instar nymph, principally in the convolutions of the inner wall of the end bulb.



(a)

(b)

(c)

(@)

i
Post-embryonic development of the spermatheca
Transverse sections through the anterior and posterior part
of segment eight of a second instar nymph to demonstrate

the thickening and invagination of the genital disk.

Transverse section through segment seven of a late third instar
nymph to show the spermatheca and opening of the median ovi-

duct which extends posteriorly into segment eight.

Transverse secfio[\ through the anterior part of segment eight of

"a mid fourth instar nymph to show the spermatheca and the

posterior extension of the median oviduct.

Scale : T represents 20 um,

Transverse section through the anterior part of segment nine of a

fourth instar nymph to show the gonapophyseal rudiments.

Scale : — { represents 50 um.
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These developments arise >during the: final moult and first two or three days of adult
life (Fig. 3.2laq).

(e) Accessory gland

The accessory gland takes its origin on the anterior margin of the genital
disk in segment nine, occupying a medial position between the péster:’or rudiments
of the external genitalia. Initially it appears as a small invagination of the genital
disk, but at a later stage its lumen becomes continuous with that of ‘the vagina into
which it opens posferodorsully. During the third and fourth instars it extends aneriorly,
.lying above the media‘n oviduct and to the left of the spermathecal rudiment, for
opproximcfeily' 60 pum to a point near the posterior edge of sternum seven. Growth
occurs by mitotic division, srriu! transverse sections indicate that fhevlumen is con-
tinuous fhrouéhquf the length of the duct, the duct itself being oval insection, and
13 - 15 um diameter,

Duringithe mid fourth instar the cells enter a phase of proliferation which
results in the rapid ﬁn’rerior extension of -the duct.‘ By the late fourth instar it has
extended anteriorly between the lateral oviducts, and the anterior fifth has become
considerably more slender than tEe rest of fhe.ducf; the lumen does not extend into
this diétcl region. During the fifth i’nsfar.gr'c-:w’rh'confinues and the accessory gland
can be divided‘ clearly into two regions, a proximal half, approximately 180 um in
length.and 20 pm in diameter, and a distal region of very small diameter, 8.0 um.

A lumen is présenf only in the proximal half, the fine distal strand being solid. The
transition betweeni the two regions is dErupf. During the fifth instar the accessory gland "
is displaced more strongly towards theleft side of the abdominal cavity and .fhe fine
dis_tal region becomes closely associated with the terminal filaments and suspensory

ligament of the left ovary, ending freely within the first abdominal segment. Immedi-

ately before the final moult the definitive opening is achieved into the genital chamber
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and dorsal to ’rvhe external geni’rcl opening.

A large median accessory gland has been reported many times in the Auchen-
orryncha, Dufour (1834), Doyere (1837)-gnd Myers.(1928) described a similar structure
in the Cicadoidea, Evans (1931), Gil-Fernandez & Black (1965) and Helms (1968) have
also described such a gland in the Cicadellids. - Kershaw (1910) described an unpaired
median gland in the Fulgoroids. In addition to this, Cogan (1916) in Eis morphological
study of the Cicadellids described the presence .of large paired glands. This has not
been confirmed, though the presence of small paired accessory glands which open.into
the genital fract near the median gland is well known in many Auchenorryncha. Such

i .
glands do not occur in Graphocephala.

5, His’rology. of the adulf-reproducfive system

(a) ngries |

The ovaries of the young, newly emerged Ferﬁale are similar to those seen in the
late fifth instar nymph. They are small, 240 um in Ieﬁg’rh, opaquely white in appearance,
and situated laterally in segments three and four, each surrounded by a large mass of
adipose tissue. They undergo rapid growth during the first fwelvg dcys of the adult sfage,
after which the r‘ncy:’rure condition is achieved. In the eight day old female the’ovcries
are situated in s,égmenf three and are approximately 585 pm in length, the individual
ovarioles entering the lateral oviduct one behind the other and having a mean length of
380 um and maximum width of 96.5 pm. The pedicels, approximately 290 um in length,
extend posteriorl); through to segment four;.

By the twelfth day of .cdult Iifé, the ovarioles oécupy most of the abdomen
posteriorly to segment six, each containing a mature cocyte, deep yellow in colour,

and usually three other oocytes at various stages of previtellogenesis. The size of the

oldest cocyte is 0.81-1.17 mm in length and mean maximum width of 0.41 mm. Dense
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~adipose ﬁ;sue ;::ontcining yellow lipid droplets surrounds the ovaries and is attached
to the body wall by fine cytoplasmic threads. They are not attached to the internal
organs ) |

During the first five to six days the epithelial sheath can be readily seen
‘as a silvery covering over the enﬁré ovariole. lts associated musculature is develop-
ing, and it is richly supplied with trachea. !n the immature ovary it is wrinkled and
forms a loose covering, but as cogenesis proceeds it becomes stretched over the
enlarging ovariole. |

i. The terminal filament

Tihe terminal filament is a long, tcpered.syncytium containing distally a
single row. §F numerous, irregularly arranged, slightly compressed nuclei, which are
strongly bcsiphiiic (Fig. 3.10). - Thlehe syncytium is enclosed laterally by a continuation
of the epithelial sheath and posteriorly is separated from the germarium b'y a transverse
s;ep'i'um, continuous with the tunica proprid and arising ’in nymphal dgvelo;;menf as a
" constriction of the apical germarium. The bulbous base of the terminal filament contains
spherical bcsiAphilic nuclei approximately 2.5 um in diameter anddervisely distril:;ufed in

the cytoplasm. In Graphocephala there is no' lumen as described in Heteroptera |

(Bonhag & Wick 1953; 1.955). Mitotic division was not,observed iﬁ the fully differentiated
terminal filament. |
ii. The germarium
The éermcrium can be divided into four zones on the basis of its histology
(fig. 3.10) and thereFO(el differs from the Heteropteran germarium, in which only three
zones have been recognised (Wick & Bonhag 1955; Ramamurty 1970; Wrightman-1973).
Zone 1. This occupies the apical qucrtér of the germarium and is

characterised by considerable mitotic activity. The cells are small, isodiametric, -

approximately 10 um diameter (fig. 3.11). The chromatin stains deeply and the



Fig 3.10

Diagrammatic section of the -adult
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Fig. 3.11

An electron micrograph of zone 1 in the germarium of
an adult female. The cells are isodiametric. G fennahi.

X 1300
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cytoplasm only lightly so. Nucleoli are present and stain orange with Mallory's
connective tissue stain. Cell boundaries ;'xre always present.

Zone Il. This represents a narrow band of cells immediately posterior
to Zone |. The nuclear dimensions inc’réase posterigrly through this zone, initially
being similar to that of zone 1. Cell boundaries are still obvious, which contrasts
with the findings of Shrader & Leuchtenberger (1952) working on Coreids. The zone
is characterised by the distribution of the basiphilic chromatin material around the
inner edge of the nuclear enveilop‘e(, the nucleolus also being lafera‘lly displaced,
leaving the nuclear cenfre devoid of all inclusions and stainable matter. Nuclear
diameter in irrhe posterior region of this zone is approximately 8.0 um, double that
in the anterior part of the zc}ne. Mitosis. was not observed in zone Il.

Zone lll. Cell boundaries are no longer present and the nuclei move
together, Férmfng small clumps of 3-5 nuclei. The nuclei are in close apposition
and there is a marked tendency for nuclear size to inérease through the zone. This
is accompanied by a similar increase in the size of the nucleoli, which have adopfed'
a more central p;:sifion within the nucleus. This represent.s the fransitioﬁ' zone of I
' trophocyte differentiation.

Zone IV. This posterior zone occﬁpies almost half of the germarium and
contains the fully differentiated trophic tissue. Nuclear clusters, as described in
zone Il remain, but the numbelf of nuclei fn éach group is reduced to l'wo’or three,
and the nuclear size is increased. The major feature of this zone is the aggregation
of the nuclei argbnd'a large central column of homogeneous cytoplasm, devoid of
cellular structure, anaifermed the trophic core. The cytoplasm of the trophic core
is continuous with that which surrounds the nuclear clusters.

The nuclei in the posterior region of zone IV extrude their DNA, which

forms Feulgen. pdsiﬁve globules in the cytoplasm (fig. 3.10). RNA is often present
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within these globules, as demonstrated by Trevan & Sharrock's stain, and is suggested
to be of nucleolar Aorigin, since these nuclear inclusions can no longer be seen in this
region. The élobulés show a tendency to merge more posteriorly and the nuclear
envelopes, associated with the peripheral_région of the globules, are now devoid of
contents and are occasionally seen to disintegrate. As the trophocytes around the
periphery -oF zone IV are used up they are replaced by cells from the preceding zones,
the mitotic activity of zone | maintaining fhe nuclear population in all except
senescent females when mitotic activity ceases it"l zone |,

The posterior part of the trophic cor; is c‘livided into a number of p?oiecfions
which are aHached to dex)eloPing oocytes within the extreme posterior part of the
germarium (fig. 3.12). Simhar prbiections extend into the vitellarium and are
attached to the older oocytes. Clearly, these projections or trophic cords provide
cytoplasmic continuity between the' trophic layer and the oocytes. Sections stained
with Mallory's phosphotungstic haemotoxylin clgarly demonstrate lines streaming from
. the peripheral nuclear cluﬁers of zone IV into the trophic core and posteriorly towards
the trophic cords, thus suggesting the flow of material towards the dev'eIOping oocytes.
The whole of the trophic core is highly basiphilic in the mature adult, but showed only
slight basiphilia in the late fifth instar nymph.

In an attempt to provide more evidence for the movement of material from the
trophic layer to the oocytes, cytochemical tests for nucieic acids were used, The
Feulgen reaction and Trevan & Sharrock's sjain demonstrated th.af basiphilia were
associated with accumulations of DNA ;nd RNA and that thé flow lines were, cﬁ* least

: |
in part, riéh in RNA derived from the trophic tissue, whfqh underwent breakdown in
zone lV

Immediately posterior to the trophic tissue and, in principle, part of the germarium -

are the oogonia, which ultimately give rise to the oocytes that lie embedded in the pre-



Fig 3.12

Section through the distal end of
the germarium
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prefollicular tissue



114,

follicular and follicular tissue. The attachment of a trophic cord to an cocyte
apparently induces its further development, marked by its sinking into the pre-
follicular tissue. The oocytes then pass into the vitellarium, where they become

surrounded by follicular epithelium to form a follicle. Graphocephala usually

has three or four follicles per ovariole. The young oocytes can be distinguished
by their lightly sfoihing cyt0plosﬁ1 and large germinal vesicle. The prefollicular
ceII; are small and undergo rapid mito’rvic division.

iii. The follicular epithelium

The importance of the follicle cells in vitellogenesis has been known for a
considerable fime. It is now1_.gene'rolly accepted that they have three major functions:
(a) Their primﬁry role is to mediate the transfer of substances from the haemolymph
into the oocyte. (b) They secrete the chorion. (c) They are able to resorb yolk
_proteins in abortive cocytes (Bonhag, 1959).

In recent years, se\)erol new approaches have been involved in the problemsv
of insect vitellogenesis. Immunological techniques have demonstrated ’rhc'xt blood
proteins enter the oocyte via the intercellular spaces betweeﬁ' the follicle cells and
are incorporated by p'lAnocyfo-sis, (Telfer 1961). 'Numerous autoradiographic $tudies
have demonstrated tho’r.tri’rioted amino acids are incorporated from the haemolymph
‘and appear in the peripheral yolk spheres (Bier, 1962; Ramamurty 1964; Zinsmeister
&‘ Davenport 1971; Uliman 1973; Davenport 1975). In addition to these studies, |
electron microscopy has been able to add considerably to our understanding of the -
pinocytotic inc-:orporoti;‘on of haemolymph proteins (Telfer 1961; Anderson 1964; Bier
& Romc;murfy 1964; Huebner & Anderson 1972; Davenport 1974).

Despite this volume of research, there still remains much to be learnt of

vitellogenesis, and in view of the importance of the follicle cells in yolk deposition
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_the present study describes the growth and structural differentiation of these cells

" in Graphocephala fennahi.
Prefollicular tissue, undifferentiated cells which display considerable
" mitotic activity, forms the anterior extreme of the vitellarium, and is present in

the adult and later nymphal instars. In Graphocephala, this tissue possesses well-

defined cell boundaries, unlike that recorded in some Heteroptera (Bonhag & Wick
1953; Masner 1968). Once stimulated b;' the growing ooc;ytes that lie pcrﬁalvly
buried in prefollicular tissue, it undergoes dramatic changes which are presumably
concerned vyith vitellogenesi.s. These chanées will now be described.

The ‘cell size of prefollicular tissue is small, approximately 8~-10 um
diameter, and with a centrally placed nucleus containing dispersed chromatin
and an obvious nucleolus.

As the oocyte enlarges it is g‘raduclly encompassed by a follicular epifheliurﬁ,
initially several cells thick. The trophic cord has established contact with the oocyte,
ending freely on its dorsal surface and p,ene.trating‘the follicular epithelium in this
region. There is some indication from the work of King (1970) that contact is made
much earlier,. vthis will be considered further in the di'scussion.' The follicular cells
are columnar and form a layer approximately 35 pm thick. Numerous mitotic
divisions were evident within the prefollicular zone, but once fo"icular tissue is
established around the oocyte mitosis is rare, and it was never obseryed after the
start of yolk déposiﬁon. In the youngest recognisable follicle the epithelium is a
single layer of colurﬁnqr cells surroundi;'xg the ooéyfe, the cells displaying .an increase

|
in gross size and nuclear size compared to the follicular epithelium in its earliest,
many-layered form. (Changes in the follicular céllg with posterior movement of the

oocyte through the ovariole is shown in fig. 3.13). Trevan & Sharrock's stain indicates

‘a concentration of RNA in the apical region of the follicle cells, though no evidence



Developmental changes in the follicular epithelium posteriorly through the

vitellarium,

(a) Prefollicular epithelium. Note the spherical, centrally positioned

nucleus with a distinct nucleolus and the pre;ehce of mitotic activity.

" (b) Singled layered columnar epithelium surrounding the young oocyte.
Scale : " et represents 10 um.
(c) Follicular epithelium during late previtellogenesis characterized by the

binucleate appearance of th% cells.

(d) During vitellogenesis spaces develop between the follicle cells which
may be associated with the transmission of haemolymph proteins. The

nuclear envelope of the follicle cell becomes much convoluted.
Scale : s represents 10 pm.
(e) The end of vitellogenesis is marked by the transition of the follicle cells

to a'squanous form, the binucleate condition being retained and the

nuclear envelope is smooth in outline.

- Scale : s represents 10 um.



Fig 3.13
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for its transport into the cocyte was obtained. The ;alectron photomicrograph (fig.
3. 14q) clearly demonstrates the abundance of rough endoplasmic reticulum in the
follicle cell at this stage, suggesting considerable protein synthesis within the cell
fhopgh no evidence for exocytosis or other means of transporting the ‘protein out of
the cell was detected. |

The end of previtellogenesis-is marked by the binucleate appearance of the
follicle cells. Il is suggested that this is bro;.vght about by the amitotic division of
the nucleus, a conclusion arrived at due to ‘fhe almost total absence of mitotic
activity in.the follicular tissue of this cge,’.cnd‘fhcf although a large number of
sections were examined no indication of cell fusion could be found. Tyéically,
immediately before the dpchrance of the binucleate condition, which usually
Q_ccurred gradually over approximately 48 hours, the nucleolus split into two equal
fractions which was ’rEen followed by nuclear division; the daughter nuclei then -
migrated to the two lateral walls of the cell. Amitosis has previously been reported

in insect follicular epithelium (Masner 1966; Ramamurty 1972) and suggested by

Bonhag & Wick (1953) to occur in'OncopeItus fasciatus. In the late pre'vifellogenesi{

stage, intercellular spaces were irregulcrly present between the follicle cells,
approximately 1-3 um wide. Birefringence was apparent between the follicle cells
and oocyte, which may indicate brushjbordér, though this was not i.nvesfigcfed
with the electron microscope. |

As vitellogenesis proceeds, morphological differences develop between the
lateral and apical follicle cells. WifH the rapid increase in oocyte size tvhe lateral
cells become short, c;)proximcfelyb 18- 20 um thick and broader and with occasional
large spaces of 6 -8 um appearing between the cells their development could be

_traced as the follicle cells matured, indicating that they are real spaces and not

. artifacts. Rarely a single follicle cell may undergo break-down, leaving a considerable



Fig. 3.1.4

Follicular epithelmium during oogenesis in G. fennahi

Numerous endophasmic reticulum in the columnar type
follicle cells suggesting considerable protein
synthesis x 2000

During vitellogenesis the nuclear membrane of the
follicle cells becomes considerably convoluted x 1800
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gap in the follicular wall. The nui:leqr membrane of the lateral cells becomes
considerably convoluted (fig. 3.14b) and the cytoplasm remains strongly basi-
philic and stains positively Fo.r‘RNA. The cells in the apical region, around the
trophic cord, retain their columnc;' appearance and are closely opposed to each
.ofher, as seen in the pre;zitellogenic follicular tissue, and also in close contact -
with the oqlemmc.

During rapid yolk deposition (fig. 3.15) and growth of the'oo-cyte, the
follicular cells become cuboidal, approximately 15 um across, and the end of
: vitellogenelsis is mc.rked by the transition 01" the cells to a gqucmous form as they
become stretched to cover the enlarging oocﬁe. At this time the interfollicular
spaces and follicular, oocy’rJ 'distance which were chgracterisﬁc of yolk deposition
are reduced (Fivg. 3.16).

The follicle cells revn'min binucleate, the nuclear envelope becomes less
irregular and the chromatin is distributed peripherally around' the nuclear membrane.
This is the condition of the oocyte prior to insemination. Chorion synthe‘sis and
- deposition by the follicle qe"s does not occur until a successful insemination. In
old virgin females yolk resorption is initio'ted from thé oldest cocyte.

The chorion is an acellular layer deposited between the follicle cellls ;lnd‘

oolemma and in Graphocephala is not sculpured. During chorion formation, basiphilic

particles were present in the follicular cytoplasm and released by exocytosis.
The interfollicular tissue between successive follicles arises from prefo”iculcr
 tissue that becomes trapped duriné follilcle formation. It retains.the characters of pre-
| .
follicular tissue, the cells being small and capable of mitotic activity. As the oocytes

grow, the interfollicular plugs become compressed, causing their cells and nuclei to

flatten., The tissue that seals the posterior end of the vitellarium is commonly referred



Rapid yolk der;osifion -

Transverse section through a growing oocyte during the rapid

accumulation of yolk droplets.,

x |20,000.
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Transverse section through an oocyte fowards the end of vitello~

genesis. Note the germinal vescicle and the squamous appearance
. , !

of the follicular epith#lium.

x 20,000.
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to as the epithelial plug and pl’eSSllJl’e from the oldest oocyte causes its breakdown
~at ovulation. Collapse of the follicle after egg extrusion results in the formation
of a corpus luteum formed by the disintegrating follicular.epithelium'at the base of
the ovariole. - The old folllicle undergoes histolysis, the cells walls are no_longér-
visible and the nuclei form intense basiphilic granules. This mass is extruded into
the bedicel by the posterior movement of the next follicle where it appears to be |
 resorbed. |
| One dcy after ovulation the corpus _|ufeum has contracted to produce a highly
vacuolated cytoplasm in lwh,icll"n the reéular arrangement ;F the nuclei is no longer
| : : 4
present. Nucleic material is represented by scattered bosiph'ilic‘ granules often
associated with the sides of the vacuoles. Within two days of ovulation this mass

has become further reduced and vacuolization has increased. Pigmentation of the

corpus luteum was not evident in Graphocephala, though it has been recorded in

Locusta (Singh 1954).

Little work has been undertaken on the Hempiteran corpus luteum, the most

notable studies being those of Wigglesworth (1936)in Rhodnius prolixus, and Bonhag

L

and Wick (1953) in Oncopeltus fosc.ic’rus, but neither are detailed. Si'ngh (1954)
broadly descrlibed corpus luteum formation in insects to describe cjifferences' inits
structure in the three types of ovaries.

iv. Ovariole 'sheath.

Comparatively few studies have been made of the insect ovariole sheath, the

most fhorough being that of Bonhag & Arnold (1961) on Periplaneta-americana, in
which they described three components: (a) the sheath tissue proper, (b) tracheal
tissue, and (c) an intercellular matrix forming the tunica propria. The presence of

" muscle fibres has been reported in a number of insects by King (1960), Roth & Porter.
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(1964), King & Aggarwal (1965) and- Cruikshank (1973).

In Graphocephala, the sheath is continuous over each ovariole from the

anterior extremity of the germarium posteriorly .to the pedicel; it is a composite
structure, composed of an outer layer of striated longitudinal muscle and a small
inner layér of circular muscle, internal to which may be more, irregularly arranged,
Iongitudinﬁl muscle fibres. Striations are well defined with a mean sarcomere length
of 4.44 um (fig. 3 ]70), which is corﬁparable to that found by Cruikshank (]973)' in
the flour n;oth. No H band was discernible, probably due to the filaments not being
superimposgd. Mitochondria were frequently present, usually concentrated withinl
the small |<!:yer of circular muscle, though also present around the périphery of the
Ioﬁgifudindl muscle fibres. ' The sheath was richly supplied with tracheae, tracheoles
penefrating‘ the outer longitudinal muscle iayer, though they were not observed to
penetrate the'whole sheath.

In the anterior half of the g'e|'~marium the sheath possesses an outer layex" of
osmiophilic material 250 nm in thickness (fig. 3.17b), which gives way in the pos-
terior part of the germarium to a less dense,v more diffuse layer, which is continuous
over the outelfilayer éf angitudinallmuscle_.

The description of the ovariole given for Graphocephala differs from those

provided for other groups in ’rhd_f it possesses a loose network of fibres inside of the outer
longitudinal layer and in which the circular muscle is embedded. The outer layer is a
we_ll‘ defined region of Iongituainal muscle with an obvious sarcolemma. Insi;Je this

are small bundles of ciircu>|ar muscles interSpersved in a loose network of longitudinal
muscle fibres (fig. 3.17¢), which do not form a discrete layer. The tunica propria
séparofes the muscular component from the underlying trophic and follicular tissue.

It is composed of two layers, between which is a diffuse, lightly staining, granular



Fig. 3.17

The ovaricle wall

Striations on the longitudinal muscle of the ovariole
sheath x 18,000

In the anterior
germarium the sheath
bossesses an outer
layer of osmiophilic
material,

Electron micrograph to show the composition of the ovariole
sheath, outer longitudinal muscle and inner circular muscle

embedded in a loose network of longitudinal fibres. X 4300
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material. Spaces were often presénf, either within the tunica propria, or between
it and the muscular layers. In the vitellarium, the tunica propria is alv;/ays closely
applied to the follicle cells and remained as a discrete layer between the inter-
cellglar spaces of the follicle cells, so providing a diffusion barrier to haemolymph
proteins, This differs from fhe‘ condition described by Cruikshank - (1972), wherev »

the tunica propria was discontinuous over the intercellular spaces of the follicle
cells.

Cells were present withiﬁ the matrix of the ovariole sheath, irregularly
arranged throughout the sheath, either wif‘l;in'fhe spaces of the; tunica propria
(fig. 3.184), or more commonly within the 'lqose network (3. 1.7'c) of contractile
| fibres. Such cells were alJo described by King & Aggarwaly (1965) in Hyalophora
cecropia, and termed lumen cells, which appears to have been adopted in the

liferarﬁre, lth‘ough the term appéars‘s,omewhat misleading as the cells are not
associated w'ifh the lumen, buf;befween the tunica propria and the sheath. It
would appear more acéeptﬁble to term them haemocytes, especially if they can
‘be demonstrated to be phagocytic, sin;e Salt (i967), while discussing defense

mechanisms, concluded that phagocytosis in insects is carried out exclusively by

blood cells. 'These cells in Graphocephala commonly contain a large nucleus with

an irregular outline aﬁd large quAanHties' of rough endoplasmic reticulum. Mito-
chondria are also present., If is thought that these cells have a phagocytic function,
since bacteria-like bodies in various stag;s of digestion and other, unidentified
ir;clusions were preseptlwithin the celi,. In addition to this, the cells secrete a

fiﬁe granular materia; into the sheath matrix. The electron photomicrc;graph’ (3.18b)
shows a portion of one such cell, with dark asmiophilic granules present in the cyto-

plasm and considerable excytosis of material into the surrounding lumen. The

composition or function of the secretion is not known, though in appearance it is



FPig 3.18

Lumen cell within the tunica propria x 4300

Lumen cell showing excytosis of material into the
surrounding cavity. The function is not known
though may be involved in tunica propria formation x 9800
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similar to the homogeneous material ‘within the tunica propria.

During ovulation, contraction of the sheath cells in the regfbn of the
| vitellarium occurs and aids the rupture of Ythe epit.heli,al plug, so ;:llowing extrusion
of the oocyte, and also pulls the penultimate follicle down into the final position.
In agréemenf with Cruik;honk ’.(]97_3) vivisection reveals that the oocytes can be
moved within the ovariole sheath,- probably through differential contraction of the
sheath ifsélf. Movement is greatest in the oldes;i"fo“icle in which the trophic cord
has been severed. " This observation-prompted Cruikshank to suggest that haemolymph
proteins may be pumped mechanically throuéh the follicle layer to the oolemma, through
special poreé in the sheath, by this action. However, in Graphocephala, the sheath, as

|

viewed by the transmission electron microscope appeared to be continuous over the whole

- vitellarium, so it seems unlikely that Cruikshank's suggestion is possible in this species.

Gross staining of the ovariole demonstrates that the sheath cells contain RNA,

which agrees with the work of Bonhag.& Arnold (1961) for Periplqnétq americana, and

that of Cruikshan (1973) onbAnagcsto ki.ihniella. Rough endoplasmic reticulum is not
present in the sheath cells (only the lumen cells), so it is unlikely that any protein
synthesised is réleased by the she'cl'h cells or used in the formation of the tunica propria.
The role and origin of this Iayel: remains unclear, though it is continuous over the inter-
follicular cell spaces, suggesi'ing it may act as a mechanical barrier, which would pre~
vent back diffusion when extra ovarian proteins have entered.

The presence of lumen cells has been recorded previously. Brunold (1957)
described haemocytes in the space betwéen the sheath and tunica pl:OpriG, while

| :

King & Aggarwal (1965) described ameoboid ce‘lls occupying a similar position in

Hyalophora cecropia. Cruikshank (1973) described phagocytes in this region. The

cells described in the present study,' measuring approximately 12- 14 um in their long

axis, appear to serve phagocytic.and secretary functions in Graphocephala, and may
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_be involved in formation of the tunica propria.
During the present study, symbionts were not detected wi’fhin the body of
.the ovariole, though in other Cicadellid species they are known to be commonly
present, and make a necessary contribution to the insect's mefqbol ism. Hamon
(1971) recorded the presence of Rickettsia-like organisms in the apical trophic tissue

and the trophic cords of the telotrophic ovarioles of Ulopa reticulata, though few such

organisms were detected in the oocytes.
The importance of the symbionts to certain Cicadellid species was recently

| demonsfrateﬁi by Schwémmler (1973) in his work with Euscelis plebejus. He was able

to show that symEipnfs are fr!ansmiffed from generation to generation by intraovarian
infection, and that partial elimination of the symbionts from nymphs and adults results
in the slowing down of their vital functions while their complefevel_i'm.inaﬁon caused
death. | |

v. . Pedicel.

This forms the outlet duct of the ovariole, which leads directly into the calyx,
the anterior exflremif)". of the Iaferal oviduct. In the proximal region, that nearest to
the epithelial plug, the ovariole sheath is continuous over the pedicel, though at 'ifs
junction with the calyx the sheath tissue is disrupted and gives way to a thin rﬁuscular
layer, similar in arrangement to that of fhe lateral oviduct, that i;, a ver)‘/ thin outer
layer of circular muscle and an inner layer of Iongifudfnai muscle. The total muscle
layer does not exceed 15 um in thickness.

Each pedicel is;‘ approximately 290 um in length and of mesodermal -origin.

The ep'itheli‘um is composed of columnar cells which possesg well defined cell

boundaries, unlike the condition described in Adelphocoris by Masner (1966). The

nuclei, approximately 4 um in diameter, are situated towards the basal end of the



132.

cell, away from the luman, and corﬁain a single well defined nucleolus (fig. 3.194q).
The cytoplasm is granular and faintly basiphiiic.' Masner indicated that, in

AdelEhocoris,' the epithelium in the proximal reg'ion was m;adified in connection with
~ the resorption of the histolysed follicle «;Jfrer ovulation. No such moedifications could

be seen in Graphocephala, its appearance being similar in the young immature female

before ovulation and i.n. the mature female.

(b) Lateral oviducts

The lateral oviducts are bulbous antiavriorlly, forming the calyx on either side
and it is ﬂ’ii; region that the pedicels enter. Posteriorly, each pedicel fuses during
deveIOpmenlf wifh‘ a short branch of the median oviduct. Histologically the lateral
oviducts are similar to the 'pédiéel. The ep'ifheliAum is columnar to cuboidal wiﬂx
.centrally placed spherical nuclei. The duct lumen is approximately 35}1m wide, and
contains a faintly basiphilic secretion. Eggs are not gfored in ahy part of this lateral
oviduct, a condition that contrasts with the Heferoneran spe;:ies studied (Bonhag &
Wick ].953;Davis 1961; -Masner ]966).A The muscular sheath is better developed than
that of the pedicel (fig. 3.19b).and composed-of a stout inner layer of longitudinal
muscles approki‘mafely three times thicker than the outer circular muscle: layer.  The
muscles possess’ obvious striations witH a sarcomere length of 10~ 12 um, very different
from that of the ovarian sheath, suggesting a functional difference between the two
regions. The muscle nuclei are periphérally positioned and strongly basiphilic. |

(e)- Meélicm oviduct and vaginaf

Several clearly defined histological regions exist within this part of the
reproductive tract. Though ectodermal in origin (ampullae) only the posterior part

of the vagina possesses a chitinous intima.

The anterior fifth of the median oviduct is similar in all respects to the lateral



Fig 3.19a
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oviduct, the transition between the two regions being histologically difficult to
define. Thelsucceeding 300 pm ' is characterised externally as a thick, highly
muscular, much convoluted tube, capable of considerable extension (fig. 3.. 20q).
In transverse secﬁoﬁ'the epithelium is composéd of a single row of cuboidal cells
which contain a highly granular, basiphilic cyfc;plcsm and a very large densely
basiphilic nucleus. The cells are involved in secretary activity, the products
being released into the lumen via the irregular apical cell surface. fhe celAls
stained strongly for RNA, suggesting considerable protein s}nthesis. The epithelial
cells rest upon a very fine bcsemeﬁf membrane into which the longitudinal muscles
insert. The :ﬁusculcr sheath is comp'letéd by an outer layer of circular muscle, the
total sheath being some 25 um in 'thicknes;. At the anterior and posterior ends of
this region the circular muscle is somewhat reduced.

This muscular pouch passes into a third region, approximately 75 um in length
and 45.- 50 pm wide. This region lccks‘ the extensive muscular shecth of the previous
parts, and the Iu'nrllen is less folded though considerably wider than that of the pouch.

The epithelial cells are characteristically columnar in form with spherical nuclei 3.0~
3.5 Mm dicmete;r. situated af the basal end of the cell and containing a nucleolus. The
cytoplasm stains only slightly for extra-nuclear RNA, so that these cells are probably

not sécrAetcry in function (fig. 3’,20b)' This short duct passes into a fourth zone, the

. vagina, which forms a greatly dfsfended, slightly muscular pouch, approximately 150 pm
in leng'i;h and 100 pm indiameter. It is thin walled, and the epithelial cells are cuboidal
to squamous in Form-, wi?h irregular flattened nuclei. The muscular sheath is considerably
reduced, the longitudinal muscle forming the major component, outside which were
occasional bundles of circular muscle FibresL. The spermatheca enters this region dorsally

by. a narrow duct. This sac opens by a short, thin-walled duct between the gonapophyseal



Fig 3.20a
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bases, longifudincl. musclé fibres being absent from this extreme posterior region.
The oviduct ccn’H{ereFo're be divided into four regions, of which one is
probably secretary. The outer muscular sheath, though it varies considerably in
the thickness of its constituent layers, always possesses an inner- layer of longiftjdincl
fibres and outer circular fibres.
(d) Spermatheca

In Graphocephala the spermatheca retains its original function of sperm

stordge unlike that in some Heferopte;rc, e.g. Adelphocoris, Miridae as de5cribe'd
by Masner (1966). The spermatheca is divided into two parts, the duct and-the
spermatheccll gland, a large spherical organ, which is not only glandular, but also
forms a sperm reservoir and which, lin the natural position, lies partially hidden
beneath the median oviduct, and is approximately 300 um in diameter in the mature
female. From this Icrge‘b-ulb a short duc':lf runs into the dorsal surface of the vagina.
In the inseminated female a solid pink ;phere, approximately 70}1m diameter, can
be seen through the spermathecal wall and répresenfs spermatozoa and other ejacu~
latory mcfericl. ‘As described in the section on dev'elopmenf (p. 102)the spermatheca
is ec’rod_ermdl m! oriéin and both the duct and the gland possess a cuticular intima.
The wall of the spermatheca is produced info a complex array of f<.)|ds and is
composed of ’rwé cell fyﬁes, the whole being covered by a thick intima (fig. 3.21a).
No muscle fibres are associated with the spermqthecc, the epifhelicl cells rest upon
a tough, Fibrou§ basement membrane and fHe whole gland is invested by an irregular
deposit of qdipose ﬁssug‘a. The mvcin body of fvhe gland is made up of small .épifheliql
cells 10- 12 um in their greatest dimension and of irregular outline, though
chcracterisﬁcqlly with their long axis at right angles to fhe wall. They contain-large
spherical nuclei 6 =7 um in diameter with diffuse chromatin, the nuclei being ce‘ntrdlly

placed within the cell. They produce a layer two or rarely three cells thick. Inter-
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spersed among this tissue and porﬁcﬁ:lczrly associated with the troughs of the folded
epithelium are lorge secretory cells 15~ lSkm in their longest axis and ovoid in
form. They are irregularly grouped ;Jver the wall, never more than three per group
and with a minimum distance of 25 um between the groués. The large, densely
basiphilic nuclevi, approx.imofely 10-11.5 um diameter, are spherical or lobate in
appearance, containing scattered chromatin and a nucleolus that was invariably
associated with the nuclear el;lvelope. The cytoplasm contains a fine granular |
’ material and sfciﬁed heavily for RNA, suggesting a secretory function. Distributed
throughout the cyfﬁplasm are small vacuoles’.confaining a basiphil material, which
is apparenfl} secreted into the gland lumen. No intracellular ductules weré found,
as reported by Bonhag & Wiék (]953)‘ in Oncopeltus. |

. The intima, 'secreted by the small epithelial cell;, is continuous over the
whole of fhe‘ g!and, interrupted Ionly in the region of the secretory‘ce.lls, where it
was perforated by fine ducts, which pfesumably convey the secretory products into
the gland lumen to nourish the stored sperm. | The intima has a lamellar appeoroncé,
and is thickest on the ridges of ’rhé folds (7~ 8 um) dnd thinnest in the troughs (4-5
pm) which is the region in'which most of the secretory cells are concentrated. It is
lightly pigmented and produces a slight fushinop-hi{ reaction.

The.duct leading from the gland to the vagina is of simple construction, the
epithelial wall is composed of a single’layer of cuboidal cells, which rest on a
basement membrane. The inner surface is lined by a thin intima, which is not folded
or sculptured, and which encloses a ;;mall lumen of 8- 10 um diameter. Qutside the
basement membrane is c|1 narrow zone of circular muscle fibres.

(e) Accessory gland

A single median accessory gland is present in Graphocephala fennahi, and - -

can be divided into a proximal and distal region, according fo its external appearance
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and histology. The proximal half forms a wide duct with a lumen about 40 pm in
diameter, and its single-layered epithelium is composed of columnar ’cells. The
nuclei are large, 10-12 um diameter, with a dense, _basiphilié dispersed chromatin
and situated. basally -in the cell. A nucleolus was not seen. The cytoplasm is highly
granular, strongly basiphilic and with acidophilic vacuoles containing a-homogeneous
secretion (fig. 3.21b). The lumen is filled with a fine|')./ granular acidophil secretion
which is absent in older females. Infrequently distributed between the apical region
of‘ the epithelial cells were small, angular ce”s, approximately 5-7 um in their

-

greatest dimension, each containing a large lobate nucleus with a thin coat of cyto-
plasm. In the large number of specimens sectioned, such cells were always present,
numbering fifteen to twenty l:e”s, and restricted fo the thickened proximval region.
The cells were not present in any of the nymphal stages, but were found in immature,
ma}ure and scepescent adult females. Their function is not known. Similar cells

* containing nuclei, triangular in section, were described in E. fabae by Helms (1968)
and also along the lumina of several thoracic ectodermal glands in the Hemiptera
described by Henrici (1940).

The dis"r& region of this gland is extremely. slender with a small lumen
approximately 2-3 um.in diameter, and continuous with that of the proximal half.
The single-layered epithelium is composed of small, flattened cells, opproxfmctely
8-9 um in their long axis parallel to the lumen. 'I:he flattened nuclei are centrally
situated and strongly basiphilic {fig. 3’.21'0). The cells a're rich in extra nuclear
RNA and contain acidc%philic particles, similar to those present in the proximal
epithelial cells. The llJmen‘ wasl densely filled with a granular substance that
possessed similar staining properties.

A very fine intima was present only in the proximal third of the accessory

gland, and no evidence for a muscular sheath could be found.
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6. Discussion

The above study describes the development and differentiation of the female

réproducﬁve system in Grcphocephold fennahi, and while several similar studies

have been undertaken in the Heteroptera, principally by Gross (1901), Bonhag &
Wick (1953), Wick & Bonhag (1955)', Bonhag (1955), Ramamurty (1970) and Huebne;'
&.Anderson (1972), this is the First study of its kind in the Auchenorryncho. The work

of Helms (1968) described the development in Empoasa fabae, and has been shown to

differ in several aspects from that of the present species; he did not describe the
histology of the adult reproductive system.

J .
The origin of the prefollicular tissue is a controversial subject, though in

Graphocephala it has been sLown to arise from mesodermal tissue, and not the

germinal tissue, as suggested by Ramamurty (1970). The present sfu‘dy agrees with
" the suggestion of Seidel (1924), Leutenshlager (1932) and Wick & Bonhag (1955),
that only the trophocytes cr;d oocytes arise from the germ=-line, the prefollicular
tissue being derived from the onferi’or region of the posferior strand, hoving'o similar
origin to the pedicel, which later becomes associated witH the germ cells in the
germarium. 1

Considerable variation occurs within the Hemiptera regarding the initial form
of the prefollicular tissue. Gross (1903), Boang (1955) and Masner (1968) reported
a syncytial arrangement, though this conditlion is not convincing until examined with
the electron miéroscopé, while in the present study and that of Huebner & Anderson
(1972) on Rhodnius the \prefolliculor -ﬁsslue was cellular. During previtellogenesis,
mitosis occurred in the prefollicular zone and in the multi-layered follicular epithelium

surrounding young oocytes. Cytoplasmic connections between the follicle cells or

follicle cells and cocytes were not present and the previtellogenic phase of follicle

cell differentiation is presumably due to activation by the oocyte and trophic tissue,
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as suggested by Masner (1968), which may initially be the mechanical effect of growth.
As reported by Wick & Bonhag (1955) for Oncopeltus and Masner (1966, 1968)

for Adephocoris and Pyrrhocoris, the follicular. epithelium differentiates throughout

~adult life. In the adult, prefolliculorlﬁssue differentiates into the follicular
épithelium in which a sequential development can be followed. However, the function
of these cells remains requiQely less clear than that of the trophocytes, though a wide
VQrie'ty of functions has been suggested (Raven 1961; Davidson 1968; Quattropani &
Anderson 1969; Rclmcnmurty'1970). While previous authors suggest the follicle cells
function in the transport of RNA to the oocyf;, there is little experimental evidence‘
to support this. The present study showed the accumulation éf RNA in the follicle
cells, but its ﬁqnsporf out of |i‘he cell could not be demonstrated. Some workers
suggest that exogenously produced proteins are transmitted through or into the follicle
cells prior to ]fheir_ appearance in the ooplasm (de Loof & Lagasse 1970). In Grapho-
cephala, it seems more likely that s‘t;ch proteins reach the oocyte via interce‘l.lulqr
spaces between ‘the follicle cells, as has been shown to occur in Periplaneta

(Anderson 1964 and 1969), Aedes (Roth & Porter 1964) and Tenebrio (Aggarwal 1968)

In Graphocephala the lateral follicular epithelium undergoes changes to produce infer-

cellular spaces during vitellogenesis. [f proteins enter the oocyte by this route they
stivll have to traverse the ovariole sheath and tunica proprid. .Though an endogenous
protein is produced in the follicle cells of Hyalophora (Anderson & Telfer 1970j which
is incorporated into the yolk, no histological or ultrastructural peculiarities which
could be infer;;refed as indicating proteiﬁ tra.nspo'rf from the follicle cell was found

| .
in Graphocephala, ‘and the histological evidence of increase in RNA and rough endo-

plasmic reticulum may be a preparation for the subsequent secretion of - the chorion.
The apical epithelium tissue undergoes a less marked differentiation. Though

derived from the same prefollicular tissue as the lateral epithelium, the apical follicle
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follicle cells show Iess‘morphogenétic change, retaining a columnar form. Infef-
'Féllicular spaces were not observed in this region and the cells remain closely
opposed to the underlying colemma. The ooplasm beneath the apical cap is also
distinct in the presence of only a small number of yolk droplets. This is similar
to the condition repprfed in Hyalophora (Bier & Ramamurty 1964; Stay 1965).

The mechanism of DNA extrusion from the trophic tissue agrees broadly with
the earlier work of Schrader &lLeuchfenbergear (1952) for Coreid bugs and Bonhag’
(1955) for Oncopeltus, though giant and migratory nuclei were not pres'enf; DNA

release was observed only in zones 11l and IV of the germarium of Graphocephala,

and resulted both from seepage of peripherally arranged material through the nuclear
membrane and by the breal{dan oi;"the-nucleus, which resulted in the release of
droplets inté the surrounding cy’rop.las'm. This latter process occurred only in the
posterior zone of the germarium. From these observations it seems likely that DNA

'+ contributed by the fréphic tissue is transported to the developing oocytes. By the
examination of a great number of sections the release of Feulgen-positive droplets
from zone IV and their accumulation at the posterior end of the trophic region was.
s'hown to be eyclic. ‘TH>é Feu,lgen;fposifive droplets became Feulgen-negative, .
presumably by the conversion of DNA into a derivative form, and within a short

time new nuclei in zone IV, derived from the mitotic activity of the cells in zone |,
broke down to release a new generation of Feulgen-posffive droplets. Af ;rhe posterior
end of the germarium the trophic core is'extended into a nurr;ber of froph‘ic cords, each
leading to a single ooéyte. A Feulgen-positive reaction could not be obtained within
these cords, and it is I\suggesfed thl:f- DNA derivatives are passed down the cords to the
oécyte;. In this way DNA in some form or other is supplied to the oocytes by the
trophic fisslué.

The'pres'enf‘ study demonstrated by the aid of Trevan & Sharrock's stain that
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considerable amounts of RNA is contributed to the oocytes of Graphocephala by the

trophic tissue. The cytoplasmic basiphilia crou‘nd the posterior nuclear aggregates
and that of the trophic core, posterior germarium and frophic cords is all due to
accumulations of RNA. - The streaming effect seen in hcemctoxylin?sfoined material
was also shown to be associated with RNA. It can therefore be (A:o'nclude'd that fHere'
is a continuity of RNA from the trophic nuclei of zone IV, through the trophic core
and frophic cords, to the cocytes. RNA is contributed to the ooeyte in this way
until the trophic cord is severle'd at chorion formation. A gradation in basiphilia
was evident, being most intense in the youngest prévifellogenic oocyteﬁ, and it is
suggested fhat this effect ij due to the diluting of RNA by the deposition of yolk
during vitellogenesis, and is not a reduction in RNA content. |

Appreciable concentration of both DNA and RNA were present in the lateral
follicle célls’but no evidence.con be offered to suggest that it is fransported to the

“oocyte; it may be used within the follicle cells during chorion-formation. A small
zone of bosiphilia' due fo RNA was noted cround.the nuclei of the young cocyte,
perhaps providing some evidence for RNA contribution by the oocyte itself.

The work of Zinsmeister & Davenport (1971) also suggests that RNA is derived
from the frophic‘ﬁssue and the oocyte nucleus but they were unable to demonstrate
that DNA entered the cocyte from external sources.

The present study does not extend to consider the yolk protein synthesis that is
found in the oocyte or detailed vitellogenesis. Considerable biochemical work has
been directed tfo this 'field'in the last decade. .Evide‘nce suggests that the protein
content of insect egg yolk includes material from an ovarian source su’cB as the
follicle cells and trophic tissue (Anderson & Telfer 1969; Bell 1970; Wighfmcn 1973),

though the bulk of yolk i.o‘rofein is extra-ovarian in origin (Telfer 1941; Kessel &

Beams 1963; Anderson 1964; Ramamurty 1964; King & Richards 1969; Wightman 1974;



Huebner et al 1975).
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CHAPTER 4

ABDOMINAL MUSCULATURE

In common with other Cicédellids, Graphocephala possesses five nymphal
instars, duriﬁg which, as described in Chapter 2, tl;re external genitalia develop
to a form in the final juvenile instar very similar to .thof found in fhe adult. - It
would be expected that a development of the genital .mu‘sculofu're , and indeed that
of the whole abdomen, would accompany these changes in the sclerotized p‘or.fs.

In the present study, the adult condition is described, and then.myogenesis
of the obdolminol musculature from the basic CQndition, as seen in the early second
instar, throLJgh to that of 'rhr adult is discussed, with particular attention being
giV‘en to the muscles associated with the external genifc}lia ondv the processes involved
in myogenesis. In the last decade the mechanisms of myogenesis have become of
inc;reasing intclarest to the histologist, particularly with the. refined techniques of
electron microscopy now available. Much of this work has been restricted to flight
and general th;)rocic musculature both ul't'ru-structur_e (Auber 1967; Termier & Lauge
1976), and fh?e\ earlier light microscopy, (Tiegs 1§55; Hinton 1959; BoeHiger. 1960;
Pringle 1965). - The déveiopment of obdominol musculature and that of the

Auchenorryncha has been much neglected by previous authors. Vasvary (1966)

“gave a description of the generalized abdominal musculature of the Cicada Tibicen

chloromera, though from a histological viewpoint it is inadequate and no attempt was
made to describe its dévelopment. The few descripﬁons‘ of myogenesis in the
Cicadellids have invariably been concerned with the flight muscles. Tiégs- (1955)
has made the most notable study, describing myology and rﬁyOgenesis .in the leaf-

hoppers Erythroneura, Stenocotis and Thymbris, but only the thoracic sysféms were

considered. His observations of myogenesis were detailed, and while he notes that
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it proceeds, in flight muscles, differently from that in other muscles, the differences
were not described.

It is the aim, in the present chapfer,‘fo describe_the adult musculature
associated with the genitalia and of a generalized abdominal segment, together \-N“‘h
a detailed account of myogenesis through the nymphal stages of a representaﬁ\}e
Cicadellid.

1. . Abdominal musculature of the adylt female

Maki'(l938) described the pregenital segments of the adult Huechys sanguinea.

Unfortunately, it is an incomplete study, and the muscle attachments were not des-

|
cribed though they were illustrated. Kramer (1950) gave a detailed description of

the abdominal musculature of the Membracid.Ceresa bubalus, including the female
genital region, which, though useful, does not permit a direct comparison with that

of Graphocephala and it is felt by the present author that certain of the finer muscles

were overlooked. Myers (1928), in his detailed description of the morphology of
Cicadoidea, only briefly mentioned musculature and gave no descriptions of the
abdominal muscles. Vasvary's (1966) description of the musculature in the fourth

abdominal segment of Tibicen chloromera is also very brief and cannot'be accepted

as an exhaustive description.
A comprehensive study of abdominal musculature in the adult Cicadellid was

not found in the literature, and it is hoped that the present study of Graphocephala

will go some way to providing such an account,
(@) Musculature assoclliafed with the geﬁifcl region.of the adult female
Due to the éegmenfal arrangement, the musculature of the firsf gonocoxa
and gonapophysis is Vconf.ained in segment eight, and that associated wirh_ the second
gonocoxa and gona‘pOphysis in segment nine (see figs. 4.1 and 4,1a). Numbering of

the genital muscles (1 to 14) is consistent throughout the chapter. Muscle 1 in the






Fig 4I a
Musculature of the partially dissected

genital region of G.fennahi. Ist gonocoxa
displaced dorsally.

Ist gonocoxa
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present section is equivalent to that in the nymph. The first gonocoxa has three
muscles associated with it. Muscles 1 and 2 insert on the distal margin of the
dorsal sclerotized rod of the first gonocoxa and run posteriorly to originate on the
posterolateral region of tergite eight. Each mﬁscle is composed of a single, very
stout, fibre with numerous peripheral nuclei of 10 /ulﬁ diameter, the muscle being
. obviously striated (fig. 4.2). The gonocoxa is made up of a flap, the inner part
being small and lcrgel} membranous and running from the inner face of the sclero-
tized portion to the membranous part is a single, very slender muscle, designated
n;auscle 3. I?The sclerpfizéa rod, which forins the ins..eri;ion for muscles 1 and 2, is
fused at ifs” proximal end to the outer ramus of the first gonapophysis, so that
contraction of these two muscles causes é_depression and slight anterior movement
of the blade. These muécle;, thc;ver, are not the main instigators of hwvémenf
within the ov%posii;or. |

Two other muscles are associated with seémenf eight; both insert on the inner
face of fvhe_ first lgonoco#c . Muscle 8 originates on the. poslférior part of the head at
the proximal end of the first gonapophysis, (fig. 4.2) and runs posterior and trans-

versely to insert on the first gonocoxa ventral to muscles 1 and 2. Contraction of

this muscle w;uld hold the first gonapophysis in position. It is composed c;F a single

fibre which .contains numerous d'ispersed nuclei which are not restricted to the

- peripheral zone. The average nuclear dimension was 8 um in their long axis.
Muscle 9 is located anterior to 8 and. originates on the anterior gonangular

ridge runﬁing posi;erodorsal to insert in the mid g'egic;n of the first gonocoxa. It isa

single stout fibre whose confraction would result in an anterolateral movement of the

first gonocoxa, transmitted to the first gonapophysis as an anterior movement.

Synchronous contraction of this pair of muscles, together with muscles 1 and 2, would



Fig 4.2
Musculature of the gonangulum and

Ist gonocoxa

gonangulum
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produce a significant movement in}the first gonapophyses.

The muscles of segment nine are those most extensively modified by their
relationship w{fh the ovipositc;r. The principal muscles are all associated with the
second gonocoxa, which is the main instigator of movement in the ovipositor blades.
Movement imparted to the 'second gonapophyses is transmitted to the first by coupling
mechanis;ms,_ the mosf_imporfant-being the ball and socket joint described by Balduf
(1933). The'gonangulum is also a very important sclerite in this context, but these
factors have been discussed in Chapter 1, pages 45 - 49.

The musculaﬂ#re .of the second gonocoxa comprises four pairs of muscles (fig.
4.3), eachI composed: of a single fibre. Muscle 4 inserts on the dorsal edge of the
second gonoéoxa just yenfral to ﬂﬂ;a dorsal extension of fhe heavily sclerotized ramus -
of the second gonapophysi.s. This muscle runs posterolaterally to originate high on the
anterior part of tergite nine. Contraction results in the rocking of the second gono-
coxa on its fulcrum with the -gonangulum and a strong anterior movement of the second
gonapophysis.

AMuscIe 4 has three powerful antagonistic pairs, 5, 6 and 7, which all insert
on the venfra‘l ‘posterior edge of the second gonocoxa. These muscles run postero-
dorsally to ori'ginate in sequence along the dorsci wall of tergite nine, muscle 7
having the most posterior origin, and fills the entire lateral region of segment nine,
Contraction of this complex causes a powerful posterior movement of the second
gonapophysis, ‘cnd hence the thrusting ‘acfion of considerable importance during ovi-
position. i |
THe histology of these muscles is similar to that described for those of the

first gonocoxa; they have large nuclei with deeply staining, though diffuse chromatin

and obvious transverse striations in the fibres,
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The genital musculature of segment nine is completed by muscle 10, a
short but stout transverse muscle, that originates on tergite nine, approximately
one quarter of the distance from the posterior edge and inserts on the reduced
sternum nine which forms the lateral and ﬁedian surface of the mid ventral groove.
Contraction of this muscle opens the groove, allowing the ovipositor to be released
and lowered. |

No generalized arrangement of muscles remains in segment nine, and that of
segment eight is considerably s‘implified§When cémpared to that of preceding
cbglominal isegmen’rs. Some of the general abdominal muscles of segment eight
were modi%ied during n'ympral development in associaﬁt;'m with the ovipositor; what
remains is comp‘licafed by fhe great reduction of sternum eight and its incorporation
into the genital pouch. The d;rsal -mUSC|eS are composed of four fibres on each side,
which run for‘ o‘nly half the distance of the segment (fig. 4.4). Their insertions have
been displaced slightly ventrally, so facilitating the rais;ing of the segrﬁent. The
laterals.are composed of five, very stout- fibres which arise from a strong posterior
apodeme and run in an almost dorsoventral plane. - A single fibre crosses the main
group of laterals, inserting on a small apodeme on the lateral edge of tergite eight.
and originatirllg on the large poste'rior’ apodeme..
(b) Musculature of the pregenital segments in the adult female

(i) Segment seven will first be descfibed, since it shows some modificcnrions.
associated with the genital region. .

The ventrals have been considerably disrupted by the free posterior edge of
the seventh sternum and by the large apodeme in the mid-line immediately posterior

\
to the intersegmental fold (see fig. 4.1). Four pairs of specialized muscles are

present in this region, all, indirectly, having a genital function.



Fig 4.4

Musculature, other than genital, of segments
Vil and VII

tergo—pleural fold

median dorsal

tergites folded out

i 0-2mm )
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11 and 12. Two pairs of depres;sor muscles that insert on the outer lip of st‘ernum
seven (fig. 4.1). MusAé.le 11 consists of a single, I;:irge fibre on each side that
insert on the lateral c_lﬁfer_ior head of the sternum, anterior to the pivot with the
preceding sfernum,. and runs laterally and sl‘ightly dorsally to originate low on
.fergi’re seven. Muscle 12, also a single fibre, inserts on the mosf.onterior edge
of the sternum, immediately lateral of the mid-ifne, and runs strongfy dorsally
and posfefiorly to 6riginéf¢ high on tergite seven. |

13. This muscle ‘is an antagonist to the preceding two, inserting on the sternal
apodeme c:nd running cnferilorly to cross m;Jscle 12 and originate on tergite seven.
Thié musclé roi;es the sférr1um.

14. Runs longitudinally between the apodeme and the anterior base of the sternum
to act as a holding muscle. It is composed of a single, slender fibre on each side,
and lies just i|c|terc|| to the mid-line.

This system s unusual in that it involves direct antagonistic sets of muscles,
such systems beiﬁg unusual in insect abdomens where muscles commonly rely upon
the natural e‘lostic’ify of the cuticle or resilin pads to return to or maintain the
resting position.

15. The median dorsals consist of se'ven fibres, of which the median-most three are
exiremely fine, the remaining four being stout and idenﬁc.cl in appearance to fhc;se
of precediné ;egments.

21. Thé laterals. These can be ;ubdivided :

21.1 The posterior lateral muscle complex is reciuced in segment seven, and
the points of muscle insertion are comparatively more dorsal than in preceding segments,
so aiding the depression of the posterior part of the abdomen during :oviposition. It is

composed of six fibres, four of which are stout with very pronounced striations, the
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remaining two are of smaller diameter (fig. 4.4). They originate on a slight
thickening of the p‘.osterior inter segmenfcl fold. |

21.2 The dorsal posterior laterals are composea of three fibres; two Qery
stout, originating on the posterior inter segmental fold immediately dorsal of the
rﬁoin laterals, and a third slender fibre, which originates slightly more dorsally
and runs sharply dorsal and lateral to pass under the most lateral of the dorsal
fibres to insert between this and the adjacent fibre.

The overall picture of the musculature inthe seventh segment (fig. 4.4) is
one of redt%zcﬁon, though several m-uscle bloci(s, principally fhé l'aferalls, have
increased in size, co.upled Ikwifh the need in the female for increased mobiiity of
the posterior abdomen.

(i1) ]A' typical pregenital segment. Segment three was selected and the
musculature determined by dissection and sections (fig. 4.5).

The musculature conforms Wifh Sr:nodgrcss's conventions and can be divided
into dorsals, ventrals and laterals as follows.. |
15. Median dorsals. This pair of muscles is composed of six fibres on each side,
each being moderately stout and with their attachments on the anterior and posterior
inter segmental fold. Nuclei are few, and when present ventrally displaced. These
muscles are the abdomina! retractors, allowing the segments to telescdpé within each
other.

'1'8.i Ventrals. These consist of seven'fibres; no sub-division into lateral and median
groups‘ can be made. .i The fibres are more slefnde.r than the dorsals, but run the entire
length of the segment between the inter segmental folds. Nuclei are more numerous

than in the dorsals and average 6.3 um with diffuse chromatin. The nuclei were

peripheral, each coated with a thin layer of sarcoplasm. The internuclear distance



Fig 4.5
General adult abdominal musculature. Segment 3
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was approximately 40 pm.
Laterals |

21.1 i’osferior laterals. These form.a Iarge.group of five fibres on each
side which originate upon an apodeme, arising from fhé posterior inter segmental
fold approximately one quortér of the distance from its vientral end. These fibres
fan out in an anterior direction (fig. 4.5). The three ventral most fibres of this
group are very stout and insert just posterior to the first anterior lateral. The
remaining two fibres run parallel fo these but are considerably more slender.

21.2 Dorsal posterior lofe;'als. Ti;ése c‘onsisf of six short, slender fibres
on each side, originating on the dorsal half of the posterior intersegmental fold
and running dorsally for a Jhorf-distonce to insert beneath and lateral to the median
dorsals.

21.3 Anterior laterals. ‘They originate ventrally on an apodeme which
extends from the intersegmental fold running dorso-laterally to insert on the tergite
ventral of the median dorsals. They cor‘n'pl.'_ise two muscles, each of a single fibre. .
The most anterior is the stouter of the two and inserts immediately Beneath the
median dorsals. The remoinfng muscle is very slender and rug;s more posferior]y to
insert between the fibres of the posterior laterals.

Two other qbdom_incl musc.les, are presgnt. Both originate on the sterno-
pleural sulcus.

21.4 An oblique muscle originating on the sterno-pleural sulcus, this runs
dorsolaterally in an anterior direction to insert between the anterior laterals. It is

. {
composed of a single }Iarge fibre.
21.5 A tergo-pleural muscle originating on the posterior margin of the

sterno~pleural sulcus running dorsolaterally to insert on the posterior apodeme.

This completes the abdominal musculature of the adult female Graphocephala
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fennahi, and represents one of the most comprehensive studies of adult abdominal

musculature’in the Auchenorryncha. In his description of Ceresa bubalus, ‘Kramer

(1950) distinguished between median and lateral dorsals, but this was not possible
in the above description. From his study, the laterals of the Membracids are

apparently considerably simplified compared to that of Graphocephala. Kramer's

description of the genital muscles is very superficial, though the major muscles are

similar to those of Graphocephala.  More detailed studies have been made of the

abdominal muscles of the Heteroptera (Bonhag & Wick 1953 of Oncopeltus) but it
varies con.éiderably from that of Cicadellids, due to the different mechanisms of

mating and oviposition.

2. Postembryonic development of the abdominal musculature

(@) Method

The n;ethods used in this secﬁon;were similar to those employed in the
following section on myogenesis; the general method will be described.

It was ‘necessux.'y to examine a very large ﬁur’nber of sections employing

normal hisfolqgical techniques, due to the small size of the insects. (Second instar

Graphocephala feanahi measure some 1.5-2.0 mm in length). From these,

reconstructions were made using serial sections. Only in the fifth instar, when the
insects were approximately 4,0 mm long could sectioning be supplemented by
accurate dissection.

Material for sectioning was fixed, .after decapitation to facilitate rapid
penetration, either in norrhal. Bouins or formal saline prior to alcoholic dehydration
and embedding in paraffin wax (M. pt. 56°C). The yellow coloration resulting from
Bouin fixation aided accurate orientation of the specimen. Block; were then cut af

6 or 8 pm in the transverse, parasagittal or horizontal plane, and stained with

Heidenhain's Iron Haematoxylin or Mallory's Phosphotungstic Haematoxylin.
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Only females were examined, these being readily identified from the mid
third instar. Individuals maintained under constant temperéiure and light regimes
(20°C/16 hours light) .were consisténf_ in the length of their r;ymphul instars. This
permitted a number of stages .fo be used in ,fhé observafion of myogenesis and fhe
insects characterised according to their age in days. - In all 15 stages were examined
ana fhi; allowed a detailed examination of abdominal myogenesis. They were as
Fo"ows :

1. 8days. Early second instar approximate length 1.7 mm.

2.: 11 days. Mid secc'md\insfur. Genital disk well formed.

3. | 14 days. Late recond instar.

4. 17 days. Early third instar. First appearance of the exferna.l‘ge'nifulia.

5. 122 days. Mid third instar.

6. 27 days. Late third instar.

7. 30 days. Early fourth instar.

8. 35 days. Mid fourth instar.

9.' ,391days. Mid fourth instar.

10. 44 days. Late fourth instar.

11. 47I days. Early fifth instar.

12. 50 days. Early fifth instar.

13. 54 days. Mid fifth instar.

14, 59 days. Late fifth instar.

15. 64 days. iNyn'-lphctl/lmago moult.

Reconstructions drawn from serial sections are presented for the middle 'of each

instar to allow a rapid comparison of the developing abdominal musculature in the

second through to the fifth instar (Figs. 4.6 to 4.9). Representative transverse
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sections are also presented.

~(b) Abdominal musculature of the second instar nymph

This is a comparatively simple system, the basic nymphal arrangement, showing -

considerable differences when compared to the adult muscuquure. The abdominal
muscles of larval Cicadellids have not previously been described. In the following
description the numbering of the muscles will correspond to .tht of the adult. In
segments || through to VII the following symmetrically paired muscles oceur.
15. Median dorsals (Fig. 4.6). Each muscle is made up of six moderately stout

fibres on each side. Nuclei are few in number, but when present are located on
! , ,

the ventrcl; peripheral part, of the fibre and contain diffuse chromatin. The fibres
run the whole length of the lsegmenf, originating and inserting on ﬂme abdominal terga.
This pair of muscles corresponds to the internal median dorsals of Snodgrass (1935).
16. Lateral d‘orsdls.' Each muscle contcin:s a single fibre, lateral to the median
dorsals but median to the intersegmental lateral. It runs parallel to the median dorsals.
17. Intersegmeﬁfol lateral. Each segment contains one pair, each muscle made up of
a single fibre. [t origirnctes‘ on ‘rhe lateral limit of the sternum near its junction with -
the preceding sternum and runs dorsally and laterally to insert on the dorsal region of
the preceding lpleuron and intersegmental fold.
18. Ventrals. Ina typical abdominal segment these are represented solely by lateral
ventrals, which run the entire length of the segment between the intersegmental folds.
They are composed of six or occcs‘ionql.ly seven fibres. In segments VIt and IX fBey '
ére supplemer;fed by o median ventral on each side, which lies dorsal and internal
to the lateral ventrals {Muscle 19 in fig. 4.6).

The intrasegmental laterals are represented by two pairs of muscles.

20. Tergo-sternal muscles. Present in the anterior part of each abdominal segment



Fig 4.6

Mid 2nd instar larva

Transverse section through the distal region of
segment 8.

Abdominal musculature of the right side viewed
from the sagittal plane, Reconstructed from serial
sections. 6, 8 sixth and eighth abdominal segments
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except VIil and IX. They originate lateral to the dorsals and run ventrally fo.vinserf
lateral to the ventrals. Each muscle is composed of two or three stout fibres, each
containing a large number of eveﬁly distributed nucléi around the F;eriphery of the
fibre.

21. An extremely slender mus;cle composed of a single fibre which originates on the
lower posterior tergite and runsv ventroposteriorly for approximately 50 4+ m to insert
on the intersegmental fold.

This completes the abdominal muscplafure of the second instar nymph. The
‘m:usc’les are: metameric though the genital region differs due to the bresence of median
ventral fibres, the absence |of anterior intra-segmentals and, in segment nine, the
absence of inter-segmentals, due, in Cicadellids, to the reduction of segments X
and XI. Lateral and medial proliferations of the sternal epidermis in segments VIII B

: .
and IX represent the developing genital disk in the late second instar, though.there
are no indl'caﬁonsb of muscles or muscle rudiments associated with it. This contrasts
with the considerable specialization seen in segments eight and nine of the adult
female associated with the ovipositor. |

(c) lAbdominal musculafure’of_ the third instar nymph‘

The pregenital segm.ents remain essentially as described for the second instar
nymph. The genital musculature has undergone some modification and .rec'lucﬁon as
follows. :

15. The dorsal muscles have u.ndergone reduction in segment VIIl. The median
dorsals (fig. 4.7) are tnow composed of five fibres on each side, the origins and
insértions of which have remained constant.

16. The lateral dorsal, which in the second: instar nymph was represented by a
single fibre, has been lost as will be described under myogenesis.

17. The intersegmental muscle, This has undergone a-shift dorsally and anteriorly



Fig 4.7

Mid 3rd instar larva

40pum

Transverse section through the distal region of
segment 7,

Serial reconstruction of abdominal musculature on
the right side, viewed from the sagittal plane.
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to a point in front of the intersegmental fold dorsal of the genital rudiment to become
an infra-segmental muscle of segment seven.

18. Ventrals. The median ventral has been lost, the lateral ventrals each consist

of four fibres.

21, The posterior dorsal intra-segmentals have been lost. -

The basic musculufpre has been further reduced in segment IX. The median
dorsals have beén reduced to two fibres and a reduction in fibre length results in a
shift of the inserfién so that :the fibres no longer run the whole length of the segménf.
Vgntrqls c:fe not represented -in segment IX,

| Associated with the ?eve lopment of the external genitalia five new muscles
have arisen in the genital region.
1 and 2. Rudiments of the definitive first gonocoxal muscles which, during the third
iﬁstc:r, are sf‘ill undergoing myogenesis. They are derived from the ventral muscles
of segment eight as will be described und;-:‘r myogenesis. By mid third instar, these
muscles insert on the anterior lc‘:ferul.edge of sternum eight and run dorsoposteriorly
to originate low on tergite eight.

Three new pairs 'of'musc_les have arisen in segment nine.

4. Rudiment of the dorsal muscle of the second gonocoxd developed‘ in the late
second instar from Freé myoblasts. By the mid third instar, the muscle inserts on
the anterior tergo-pleural fold and originates posteriorly on fergif’é nine,

7. Rudiment of the ventral mu'sc|e4 of the second gonocoxa. This inserts antero~-
laterally on sternum rinine and originates posteriorly on tergite nine.

10. Rudiment of the definitive fefgo-‘-sternc:l muscle of segment nine. During fhé

mid third instar it is composed of two fibres.
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(d) Abdominal musculature of the fourth instar nymph

The changes that occur between the third and fourth nymphal instars in
abdominal segments |l through to VIl are slighf, involying the fprmcfion of no
new muscles. - The insertions.of the extreme: lateral FiBrgs of the dorsal muscles
are shifted posteriorly, so that the fibre runs for approximately three quarters of
the segment. This 'is ;: further trend towards the adult condition. In the genital
region, segments eight and nine, there is further reduction of both the dorsal and
ventral muscles. '

By the mid fourth instar the muscul‘cfure of the genital region already closely
resembles Ithcf of the adult (Fig. 4.8). That of segment Vili is as follows :‘
1 and 2. Rudiments of these first gonocoxal muscles were already well formed by
the mid third instar, though myoblast incorporation continued until the late third/
early fourth instar. They are the major definitive muscles of the first gonocoxa
and by the mid fourth instar they are both moderately well developed fibres inserting
on the anterior end of the genital disk in the latero anterior corner of sternum VIII,
and originating on the tergo-pleural region in the posterior region of‘thf segment ..
By the mid foL:rfh instar, no undifferentiated myoblasts are associated with rhe fibres
~ which bear obvious cross-striations. Nut_:lei' are evenly distributed along the fibre
and measure approgim'cn‘ely 6.0 p m in their longest axis. The nuclei are coated
with a very thin layer of sq;'coplcsm and form bulges along the fibre, the nuclei not
having sunk i‘rito the fibre. |
23. This muscle ,inse‘rts on the proximal end of the rudimentary first goapophysis and
runs laterally to originate on the pleuro-sternal region. It is an extremely short, fine
fibre.

24. This muscle inserts anterior to muscle 23, near the mid-line, and runs laterally



Fig 4.8

Mid 4th instar larva

. Serial reconstruction of abdomimal musculature of
the right side, viewed from the sagittal plane.
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to originate above the ventrals. It is also a very short, fine muscle, com}:osed of
a single fibre.

25. A lateral muscle, formed early in the fourth instar, which, by the mid fourth,
.is composed of approximately fhx'-ee‘very closely applied fibres. This muscle is the
rudiment of the complex of lateral muscles which is characteristically present in all
adult abdominal segments, though a system poorly developed in thé nymphs perhaps
because of the natural elasticity afforded by their limited sclerotization.

The dorsals, ventrals and infersegménfol muséle undergo a gradual reduction
towards the definitive adult condition. The ventrals, composed of three fibres on
each side, fexfend from in‘fronf of muscle 24 to the cmre‘rior i.nrersegmenfol fold and:
undergo further degeherofionAunﬁl they are totally histolysed at the nymphal/adult
moult. A similar process occurs in the dorsals, when at the adult moult four very
slender fibres' remain, which ﬁoversé approximately half of the segment.

In segment nine, fhe second gonoco;ml muscles have undergone considerable
development and begin to approach the qdulf condition.

4 and 7. The dorsal and ventral second gonocoxal muscle respectively are now
represented byl very stout fibres that-insert above the rudiments of the second gona-
pophysis in fhé anterolateral corner of segment IX, originating upon the posterior
tergum. Th'ey'olrec':dy occupy a considerable volume of the segment.

5. The second ventral rﬁuscle of the second gonocoxa is produced early in the four}h
instar by a longitudinal cleavage of mgscle 7. l'The origins and insertions of this
.muscle are similar to tlhosé of 7.

10. A pair of sterno-tergal muscles, each muscle being com;;osed of f.ive fibres which

originate on the ventrolateral region, mid-way along tergite nine and insert on the

sternum over the lateral region of the developing gonoplac (fig. 4.8). At this stage
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of nymphal development, sternum nine has inverted to form a groove in which the
developing external genitalia can partially lie. This will, in the adult, form the
genital groove, which will partially fuse with the gonoplac. By this stage, muscle
10 is well formed, ec;ch fibre being Qery slénder, and is carried. over almost unchanged
_info the adult body.
22. Thisis a transv,erse‘ muscle, occupying a similar position to szcle 10, and runs
between the mid ventrolateral |:egi§n of férg_ite X and the dorsal surface §F the
rapidly developing genital disk. In the fourth instar it is a stout muscle, composed
of a éinglei fibre. Though only developed during the late third instar, it undergoes
|
phagocytosis during the late fourth instar and has been completely removed by the mid
fifth instar. The function of this 'muscle' is not known.
The only remaining rﬁusclé in segment 1X is the me;dion dorsal, which is under-

g;ﬁ'ng progressive histolysis.. At the mid third instar the Fibl;es aré of appr‘oximately

20 pm diameter; by -the mid fourth instar this ivs reduced to lS)u m and .fhe sarcolemma
appear fo be slightly blistered and puckered.

(e) Abdox;ninal musculature of the fifth instar nymph

(i)'_ Segment silx, a generaliéed pregenirﬁl segment (fig. 4.9).

i5. Median aorsals. Each muscle is composed of three delicate fibres, each of which
later undergoes longitudinal cleavage to producé the six definitive adult fibres. The
two median-most fibres run the entire length of the segment between the intersegmental
boundaries. The outermost fibre Has been shortened and runs anteriorly for two thirds
of the segment to insert on the tergal epidermis. The fibres are approximately 25 pm |
in diameter with peripheral, -darkly staining nuclei. The fibrillar sirucfure is rather

- indistinct.

17. Intersegmental lateral. A very stout and well defined muscle, composed of three



Fig 4.9

Mid 5th instar larva

Serial reconstruction of abdominal musculature of
the right side, viewed from the sagittal plane
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or occasionally four fibres that originate anteriorly in the segment immediately
lateral to the insertions of the median ventrals. It runs dorsolaterally to insert

over a wide region of the infersegn’;enfal field in the tergal region, where it forms
very sfro’ng attachments. The npclei are scattered and peripheral. This muscle,
though present in all nymphal instars, is not carried over into the adult and under-.
goes progressive h‘isrolysis in the late fifth instar; remnants remain in the early ;JdU“'
but the muscle is totally lost, due to the action of phagocyfes., within three days of
the adult moult.

’

18. Medign ventrals. A single muscle on each side composed of two to four fibres
which run l‘the whole length of the segment, inserting on the intersegmental fold at
the anl“erio.r and in front of the intrasegmental laterals. Hisfo!ogically they resemble
the median dorsals.

~20. Two slender mugcles, each composed of a single fibre, in the anterior part of
the segmenl'.’ They are parallel (fig. 4.9) and run from the tergite, lateral and
ventral, r§ the median d;arsals and insert on the sternum near the sterno-pleural fold
"lateral to the median ventrals.

21. A short, ‘slender intra-segmental muscle composed of one or two very fine fibres
that arise ‘pos‘feriorly on the intersegmental fold dorsal of the intersegmental muscle
.(]7). It runs dorsally and laterally a short distance to insert benea'fh the median
dorsals. This muscle shows little differentiation, the nuclei lying deeply in the
muscle cyfoplﬁs_m.

(ii) - The musculature of the genital regfon is somewhat more complex. The clear
boundary between ;egrﬁenfs eight and. nine is no-longer apparent, due to the reduction

and inversion of sternum eight and the anterior elongation of tergite nine.

1 and 2. The major dorsal muscles of the first gonocoxa insert upon the posterior
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extremity of the dorsal sclerotized rod of the first gonocoxa and originate posteriorly

on tergite eight. By the mid fifth instar they are well formed muscles, each composed
of a single, moderately stout fibre with.well developed fibrillae and peripheral nuclei.
The definitive position of these muscles is achieved during the final moult, and is
brought about by an in’crea;ed sclerotization of the dorsal rod and the reioﬁve
posterior movement of the first gonocoxa.
4, The dorsal muscle of the second gonocoxa in;érfs on the dorsal anterior edge of
that sclerite and runs dorsolaterally to originate half way along tergite nine. It is
" composed Ioi’ two to three wéll devéloped,’tighfly bound fibres.
5and 7. iThe ventral muscl'eS'of the second gonocoxa, both insert on the ventral
"posterior edge of the sclerite and originate higB on tergite nine, posterior to that -
of muscle 4 (fig. 4.9). Muscle 5 is a single slender fibre, while muscle 7, alsoa
single fibré, is considerably more stout. During the fipal m§§lf, muscle 7-undergoes
a further longitudinal cleavage to produce the definitive adult muscles é and 7.
In rhe‘ fifth instar nymph muscles 4, 5 and 7 occupy most of segment nine as
the second gonocoxal muscles do in the adult.
8and 9. T,rdhsverse. muscles of the first gonocoxa which run in a slight anteroventral
plane between the anterior lobes of the developing genitalia. In the adult they
insert on fhé inner face of the first gonocoxa, originating on the head of the first
gonapophysis and gon.o_ngulor ridge respectively.
10. This tergb—sfernal muscle originates hal'f-woy along tergum nine, running
transversely to insert on sternum nine along the mid-ventral groove. It is composed
, _
of three, short, stout fibres which permit the opening of the ventral groove in the
adult, and pass unchanged through the final moult.

Of the basic abdominal musculature remaining in the genital region that of

segment eight is "considerably reduced and simplified, while all the muscles of segment
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nine are associated with the developing external genitalia. -

Musculature, not associated with the genitalia, in segment eight.
15. The médian dorsals have been further reduced to two fibres on each side which
run from the posterior intersegmental fold anteriorly for approximately half the length
of the segment before inserting onto the tergal epidermis.
18. The median ventrals are reduced t.o a single fibre on each side extending from
the anterior-intersegmental fold posteriorly for some 300 M+ m terminating close to
the mid-line, between the bases of the gonapophysecl‘rudiménl‘s. This muscle is lost
during the final moult. i
24. A venf“rolctercl muscle composed of a singlg, very slender fibre. It remains
und%fferenriated with no dpfgcrént division into a fibrillar structure. It undergoes
rapid histolysis in the late fifth instar, due to the posterior development of the first -
gonocoxa.
25. Lateral intrasegmental. Due to-changes in tergite eight during the eariy fifth
‘instar this muscle became reduced in length as indicated by a decrease in cvércge
inter-nuclear distance. This mus'cl.e originates onv the lateral c:pbdgme formed by an
infélding of the eéidermis anterior to the posteriar intersegmental fold, and vruns
d'<’>rsc||y and laterally to insert between muscle 1 and the median dorsals. The nuclei
are peripheral.
27. As for muscle 24.

This completes fHe abdominal musculature of the fifth instar nymph. See
Table 4.1 for a comparison of the nymphal musculature and for a comparison of the

: .

total nymphal muscles with those of the adult.

3. Myogenesis of the abdominal muscles

None of the basic nymphal muscles are retained unchanged by the adult in

the form seen during the second instar. All muscles associated with the external
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Table 4.1

The total number of abdominal muscles (not.fibres) in each nymphal instar and the

adult together with the number of muscles péculiar to the nymph and adult stages.

Total Muscles
‘ Stage
Region® T Il v vV Adult
Abdominal segments 1 - 7 35 - 35 35 34 48
Abdominal segments 8 and 9 69 14 13 13

Tabulation loF data into three categories
A - Muscles present in both nymph and adult
. B = Muscles peculiar to the adult

C - Muscles peculiar to the nymph .

Category
Region : A ‘ A B C
Abdominal segments 1 - 7 27 o1 8

Abdominal segments 8 and 9 10 3 4
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genitalia are either totally new formations which arise during later nymphal instars

or highly modified nymphﬁl muscles. The major genital muscles have been laid down
by the mid third instar, though they may undergo later changes in the posiﬁon of their
origins and/or insertions. This observation is in agreement with other workers, who
have suggestedv that in Exopterygotes the adult muscles have characteristically been
laid down early in the nymbhcl development, though co'mplet'e differentiation may
not occur until a later instar. This contrasts with Enderopterygote development,
where adult muscles are often of a relatively late post-embryonic origin (Tiegs 1955;
Wittig ]9'.?5). ’

(a) Myogeinesis during the second and third instar

Dufing the second instar five new muscles develop in the genital region,
three by the gross reconstruction of pre-existing muscles, while the rem'cining two
are compl‘ete]y novel S.fl;UCfpreS.- The myogenesis of huscles 1, 2 and 7 by the
partial histolysis cnc_;l reconstruction of the ventral muscles in segments eight and.
nine will now be described. Myogenesis was similar in all fh'ree muscles, so only
c‘hanges recorded in muscle 7; the precursor of the ventral second gonocoxal muscle
of the cdult,'vWill be noted.

In the mid second instar the Icteral cn%d median ventral muscles are composed
of well differentiated fibres, which extend between the intersegmental folds . The
cpproximc;.lte diameter of the fibres isé pHm with basiphilic nucle i 3.0/4 m X 2..’:?/1m
in size distributed evenly along the fibres.

During the late second instar the nuclei surrounding the median and lateral

i
ventral muscles of seghent nine increase considerably in number, though mitoses
were not observed; they become strongly basiphilic and almost sphericcl,‘ measuring

approximately 3.2 um x 3.0 pm. By the early third instar the median ventrals and.

innermost four fibres of the lateral ‘ventrals have been reduced to fine threads, though
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fhfey still retain their original staining properties. The number of nuclei associated
with these his'ro.lysed muscle fibres are greatly reduced and by the mid third instar
the fibres have undergone total histolysis. Ti‘nough histolysis was rapid, it followed
an orderly process, relatively -unSp.ectoculor and without evidence of ac;componying
phagocytosis. |
In the outer 1‘w§ lateral ventral fibres histolysis progresses as outlined above,
but at the early third instar the n?mphol muscle nuclei accumulate in the vicinity of
_their origins. Free cells, present in the haemocoel, which will be termed myoblasts,
.aggregate ;to form a fine strcmd.v In transverse section it can be seen that the sfr;:nd
is hollow, | the myoblo;f»fs Iiring up in a spiral configuration ruﬁning out from _the
origin of the ventrals posterior laterally. The nymphal muscle nuclei then come to
lie evenly distributed along and within the myoblast strand, each nucleus being
enveloped in‘ a thin coat of cytoplasm. The new muscle contains nuclei derived
from both myoblasts and the original nymphal muscles. At this stage, the myoblast
and nymphal muscle nuclei can be distinguished by the very deeply basiphilic nu-clei
and highly granular appearance of the myoblasts, the myoblast nuclei also being
slightly Iorggr than those of the nymphal muscle. The muscle nuclei move towards’
the périphery of the rudiment and mitotic divisions of the myoblasts produce a
pronounced change in the appearance of ’rhé tissue with a rapid increase of nuclear
ma’r.erial. Initially, much of this is typical myoblast nuclear material, which forms
a sheath around the rudiment proper. . Gradually myoblast nuclei penetrate the
rudiment in increasingly large numbers and become indistinguishable from the muscle
nuclei. ‘Incorporation of myoblast nuclei and cytoplasm, and hence growth of the

rudiment, continues with the late third instar, when no undifferentiated myoblasts

are left surrounding the rudiment. The increase in muscle size to the definitive
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adult stage, which oécurs largely in the late fifth instar and nymphal/adult moulf,
is brought aboui‘vby an increase in the number of fibrils and sarcoplasm. There is no
appreciable cleavage into daughter fibres, so that the overall eFFé.cf is an increase
in the size of the muscle block.

Muscles 1 and 2 of the first gonocoxa develop in essentially the same manner
by the massive recons'rru'c‘f_ion of the ventrals in segment eight. The overall picture
is one of partial histolysis of the nymphal muscle into its constituent nuclei, each with
a thin coat of sarcoplasm, and the incorporation of free myoblasts, which provide a
' l"fempque"‘Flor the developing muscle cm& a sheath around fhf; rudir.nenf. The myo-
blasts undergb rapid division and become closely applied to the rudiment where tHey
grow by bipolar elongation. Their incorporation into the Fi.'bre provides additional
nuclei and fibrils, permifﬁné a gradual increase in the size of the rudimen"t," both in
length and diarﬁefert‘ Accompanying this is a migration of nuclei to the periphery of
the fibre so that during active m}ogenesis the surface appears very rich-in}nuclear
material. Each myoblast F;rovides-a single fibril, further growth of the muscle block
occﬁrring by the longitudinal division onthe Fibrils or cleavage of the fibre.

At the si'age demonstrated by the reconstruction of the third instar nymph (fig.-
4.7), muscles 1, 2 and 7 had not completed myogenesis, and myoblasts were still
presenf around the pernphery of the fibre, though the strongly basiphilic nuclei of
the myoblasts were out-numbered by the lighter and less granular muscle nuclel The
muscles were only weakly attached to the epidermis. |

Muscles 4 and ]Oi.oriéinate, not from pre-existing nymphal muscles, as above,
but from clusters of free myoblasts. Thedescripﬁon given hére is for muscle 4, that

of muscle 10 is fundamentally similar, though the myoblasts, present during the mid

second-instar and derived from cells in the ventral epithelium of the developing
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genital disk, are three in num‘ber. ‘

In the mid second instar, six to eight spindle-shaped cells are present in the
anterior dorsal region of the'haerﬁocoel in segment nine (fig. 4.10). The nuclei
are bésiphilic and measure approximately 6 pmx 3.2 P the cytoplasm is
densely granular. These myoblasts graAdually increase -in number by mif'osis; and
assume the dpproximate position of the deFinifivé muscle they ‘are to form, extending
From-the‘an’rerior pleural region of segment nine and spré’ading posterolaterally to end .
freely on rergife nine, two thirds of the ;NO)/. 'along the segment, The form of the

muscle is determined by the elongation of a small number of myoblasts along the
| ,

axis of the future muscle. These will be referred fo as the pioneer myoblasts and
form the basis of the definitive muscle. Pioneer myoblasts provide nuclei and sarco-
plasm; during elongation, the ;:yf_opldsmic granules are pulled out along the longi-
tudinal axis of the cell and finally coalesce to form a single fibril. This unit forms
the basic muscle rudiment and is surrounded by a mass of free myoblasts. A rewarding
extension to this study woul;i be the electron microscopic examination of fibril
formation to dfztermine ‘the mechanism of elongation and the coalescence of cytoplasmic |
granules.

The free myoblasts undérgo.ropid mitosis, so that the sheath around the rudiment
becomes increasingly thick. During this process it becomes obvious that the number
of fibrils and muscle nuclei,'within the rudiment, are increasing, though no evidéhce
of mitosis within the muscle could be found. With cor;nﬁnued myogenesis, it became
clear that myoblasts from the outer sheath were Eeing incorporated into the rudiment
and gradually, with' a reduction in the rate of myoblast division, the zone of free

myoblasts became reduced. By the late third instar no free myoblasts were present,

mitosis having ceased, and the incorporation of the products complete.
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Difficulty was experienced in observing myoblast incorporation, largely due to
the rapid mitosis and the crowding‘ effeqf of the mitotic producf; -around the muscle
rudiment. However, by combining transverse, parasagittal and horizontal sections,
coupled with considerable search'ing‘ under high power and oil immersion objectives,
it was possible to clarify some asp;ac_fs'of this process.

The pioneer myoblast undergoés bipolar elpngaﬁon fo produce a long spindle-
shaped cell, the nﬁcleus ,;emaining in the middle of that greatly lengthened céll.
This single cell is the basic muscle rudiment. Free myoblasts that are to become
incorporated into the rudiment k.>ecome very closely applied to its surface. At this
stage the .fr‘ee.myoblasfs, suirrounding the elongate pioneer myoblast, are still sEort
spindle-shaped cells of approximately 8.5/Am x 4.0 Hm with a deeply staining ovoid
nucleus 3.5 pm long, the cytoplasm is densely granular. The closely applied myo—.
blasts fhen-un‘dergo longitudinal elongation in the fashion of the pioneer along the
axis of fhé rudiment, becoming extremely long and filamentous in appearance. As
can be appreciated, it is extremely difficult to follow a single lce_ll in one section,
but by exqmini‘ngseriol sections it was 'determined that the cell elonéqfed, without
division, to a length of approxima'relyv75/u m. After elongation, the separating cell
walls break down, allowing the myoblast contents to mix with those of the rudiments
(Fig. 4.11).

Crossley (1972), in an electron-microscope study of myogenesis in Calliphora '

erythrocephala, was able to demonstrate in this species three modes of contact between

presumptive myoblastsi‘ and rudimentary muscle fibres. He suggested that this may
represent a temporal sequence during myoblast fusion. At the third stage, cytoplasmic
continuity between the cell systems produces fusion.. An important character that

Crossley detected at the time of fusion was the strict relative orientation of the micro-
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tubule array in each system, so f}wt the long axis of the myoblast was always parallel

to that of the fibre. The development of microfubuie orientation prior to or immediately
-ther the formation of the initial cytoplasmic bridges suggests that the microtubule array
in the rudiment develops in response to the pre-existing microtubule crrcnéemenf of the
myoblast. . The microtubules of the rudiment have no regular orientation until myoblast -
éusion occurs. Crossley (1972a) obtained no evidence that mitosis or amitosis occurred
either in the muscle nuclei or those of the myoblasts. In the .presenf study, occasional
‘mitoses were recorded in the myoblasts.

During light microscopic observations ,in the present study, it was oEvious that the
cross striations of the contractile element developed at a very early stage and faint
striations could be resolved even at the four to five fibril stage. The fate of the myo-

" blast plasma membrane and its vpossible ‘inclusion into the sarcolemma was not
determinedk,- so it is not known whether at fusion the plasma membrane breaks down
or becomes continuous with the sarcolemma.

(b) Myogenesis during the fourth and fifth instars

Five new muscle rudiments have forme.;d in the genital region by the mid fourth
instar, accorﬁ;‘)anied by a fﬁrfher reduction of both the dorsal and ventral muscles.
Three new pairs of muscles have arisen in segment eight, all derived from free myo-
blasts and not by the reconstruction of exis;ing'; nymphal muscles. Two new pairs-of
muscles have arisen in segment nine (fig. 4.8); A transverse muscle (22) derived
from myoblasts in the region of the genif'al_disk and a further ventral muscle of the

|

second gonocoxa by a longitudinal division of muscle 7.
i . ,
The reduction seen in the dorsal and ventral muscle fibres was brought about by
non-phagocytic histolysis and accompanied by a general reduction in muscle material

to produce finer muscle strands. The reduction of sarcoplasm was indicated by a

considerable reduction in the average nuclear spacing, producing the appearance of
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increased nqclear material. During the late third and early fourth instar, an
increase in the ;'lumber of vacuolated cells and free haemocytes were noted in

the vicinity of these muscles. It is possible that these cells were taking up
extruded muscle mofe:riol, though conclusive evidence, at the level ofAfhe light
_microscope, would be difficult to obtain. At no time were phogbcyfic haemocytes
séen to attack the nf;uscles.

Prior to the partial histolysis of the muscle in preparation for a change in the
position of the insertion, an increased vacuolization of the muscle fibre occurred,
accompanied by a reduction and then loss (of the cross striations. There was no
aggregation of haemocytes around the muscle insertion during this phase. The
‘muscleA then undérwenf parlial disruption with constituents being released into the

~haemocoel. éreokdown of the muscle nuclei in the region of the insertion occurred,
and a new inlserfion.was formed by the attachment of huséle cells to the epidermis,-
approximately 200 um from the anterior edge of the segment. In the region of the
new insertion the ﬁumber of nuclei increased, each possessing dense chromatin
material.

The musculature of the ‘genital region undergoes considerable modificaﬁonA between
the mid fourth and fifth instar. The developing external genitalia are sufficiently
advanced to permit the formation-of definitive origins and insertions, which in many
‘cases requires the partial histolysis of the muscles. This process continues through
the fifth instar into the final moult, so that the newly emerged adult ﬁossesses its

full complement of muscles, though not all are immediately functional.
A ‘
This process of histolysis and reconstruction will only be described in muscle 1.
The first visible indication of muscle degeneration is the formation of large vacuoles

in the peripheral safcoplasm, which gradually extend between the fibrils, causing

their partial separation. Within twelve hours of the vacuoles' appearance, large
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numbers of haemocytes aggreécfe around the muscle. These cells, almost spherical
in form, measure approximately 10 um diameter, the nuclei are small,_ 2.5 pm
diameter, and sfcin only moderately with haematoxylin and the cytoplasm contains
large numbers of darkly staining granules. Th.ese cells were seen fo invade the
muscle and c;id its disintegration by phagocytosis.

Considerable spEculcﬁ.on has been uppiied to the origin of haemocytes
and phagoc.;.y’res. Viallanes (1833) 'incorrecflybscribed a muscular origin to phoéo—
-cy’res, though it is now a yvell established fact that haemocytes arise in the embryo
from undifferentiated mesodermal tissue (Wheeler 1892),'wi1ich are capable of mitotic
division ’rhr!oughou’r the life of the insect; some of these cells may become phagocytic.
They are capable of ingesting foreign particles within the haemocoel (Hollande 1909)
or histolysing tissues (Wigglesworth 1933). , Considerable debate has arisen concerning
the state of the ’rissue.af the onset of .phagocyfosis. It is now thought that phagocytes

ingest only dead cells already in the process of autolysis, though such cells may show

few histological changes (Boehm 1961). Whitten (1964) described the phagocytic

haemocytes of Sarcophaga bullata and the process by which they engulfed fragments
of the disinfe;;;ofing muscle. In the pupa of Calliphora, haemocytes filled with
Qranules of dis;in'tegrcfing tissue, the Kornchenkugeln of Weismann, are abundant-in
the blsod (Pardi 1939).

One of the first comprehensive studies of endopterygote metamorphosis was

that of Perez (I1910), who described phagocytosis in Calliphora erythrocephala by
haemocytes possessihg;l psuedopodia. There ‘are various processes by which histolysis
of tissue can be bfoughf about within the insect body{ Boehm (1961) indicated that
chemical autolysis qﬁd phagocytosis can occur side by side. |

Wigglesworth (1972) réc_:ognised five types of haemocytes in insects, not

all of which are phagocytic. Walters (1970) working on Hyalophora, described two
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dominant types, plasmocytes, which were phagocytic, and granuloéyfes, which
were .nof.phagbcy.fic. The phagocytic forms involved in muscle break-down have
sometimes been termed Type F haemocytes, the cytoplasm of which is usually filled
with vacuoles, which give a ;frorlmgly.posifive acid phosphatase reaction, typical of
Alysosorﬁes (Essner & Novikoff 1961). Itis nc;f known whether all the hydrolytic
enzymes involved in muscle break-down originate within the haemocytes. It is
generally considered that, prior to haemocyte invasion, the muscle cytoplasm
contains few vacuoles of the lysosvome type which contrasts strongly with that of the
haemocytes. However', the changesl_descriﬁed qbovg' in muscle preceding haemocyte
invasion aémd the frequently different behaviour of adjacent muscles in the same
haemocyte environmeht suégests that the initial stimulﬁs for muscle degenération
must originate within the muscle itself.

1M‘usc|es 22, 23 and 17 of segment 8 a‘ll underwent active phagocytosis,
as described above. In these muscles degeneration was complete,.und they were not
carried through into the adult. In muscle 1, that underwent partial degeneration,
phcgdcytos;is \&as restricted fo.fl"\e origin and insertion. Vacuolation and sub-division
infé fibrillae was mo.re general within the muscle, the cross-striations disappeared
but at no time did the whole muscle fragment, and the muscle nuclei remained.

When the histolysis of the origin and insertion was complete numerous
myoblasts approximately 8.5 um in their long axis appeared in the haemocoel.
By the early fifth instar, these had aggregated around the disrupted muscle. They
were the typical spindle-shaped cells as previously described, and they come fo be
very closely applied ;o the muscle surface. Quite suddenly myoblast cell nuclei
appeared, deeply embedded within the scrcoplasrﬁ, intermingled wifh the nymphal

muscle nuclei. As previously described, the process of invasion continued until the

whole population of undifferentiated cells surrounding the muscle had been incorporated.
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T‘he‘fibrillcr nature of the muscle was rapidly reformed with the nuclei forming up
in chains along the fibres, The muscle ends establish contact with the epidermal
cells, and new origins and insertions are formed. |

By the late fifth instar, almésf all of the definitive muscles are present,

~ though they are considerably more slender than those of the adult. The increase
in fibre size continues for the first two days of adult life. During the mid to late
fifth instar, the major musculature of the first gonoc;:xa is completed, fhoﬁgh some
of the insertions cre.sﬁll ih '.fhe process of formation. Movement of the insertions,
and to a lesser extent origins, may also be affected by the developing basal geni-
talia. Th':s is particularly the case in the first gonocoxa, where the insertions of
mﬁscles 1 and 2 on the posLerior exiremity of the dorsal sclerotized rod are formed
by the early to mid fifth instar. The definitive, more posterior, location of these
insertions is then brought about by the posterior growth of the sclerotized rod as the
first gonocoxa undergoes further development. Muscle 3, a very slender structure,
is formed during the final moult and its position has been described under the adult
system.

TH"S shift in the position of the origins and insertions woula produce a

.chcnge in the me;:hcnical advantage of the mvuscles between the nymphal and adult
stage.

Considerable changes occur inthe prégenifcl segments between the fourth
and fifth instar so that the adult condition is effectively assumed prior to the final
moult. - No major alt_‘erc’rions oceur in fhe dorsal and ventral muscles, and tergo-
sternal muscle 20 (fig. 4.9), that arises from an anterior ventral apodeme formed
by an unfolding of the epidermis near the sterno-pleural ridge, merely undergoes

longitudinal cleavage to produce two daughter fibres as in the definitive condition.
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Most development occurs in segment seven, where further differentiation of the
segmental laterals occurs. These, in the adult, form a complex group of fibres.
By the mid fifth instar, three pairs éf fibres originate on the posterior inter-
segmental fold towards fhe'venfral'region of tergite seven. These run anteriorly
in a dorso-lateral direction to insert on the epidermis of tergite seven ventral and
lateral of the median dorsals.

Further differentiation of the pregenital musculature occurs during the final
moult. The segmental Ic.uferals develop further, the definitive condition being
assumed by;,fhe longitudinal cleavage of the fibres and the further incorporation of
free myoblc;sfs. During the late fifth instar all muscles undergo growth, and the
nuclei migrate fowardé the periphery of the fibres.

The. adult condition is finally achieved ofter further mu;cle growth, the
development of definitive striations on the fibres and of the deeply basiphilic nature
c-JF‘.fhe muscle nuclei. In the more massive muscles such as those of the second gono-
coxa, the attachments to the epide>rmis are strengthened by the shortening of the

"muscle fibre qnd the pulling out of the epidermal cells into short, powerful, tendon-
like apodemes. (fig. 4.12).
4. Discussion |

The preceding section indicates that muscle metamorphosis, to the definitive

condition, in Graphocephala fennahi proceeds via a number of different pathways :
(@) Thevmassive reconsfr;chion by partial autolytic histolysis witH the retention of
nyrﬁphal muscle nuclei and the incorporation of free myoblasts. (b) New formations:
that arise through the aggregation and differentiation of free myoblasts. (c) The
longitudinal cleavage of nymphal muscles, the products of which are carried over into.

the adult with little or no change. (d) The phagocytosis of muscles, principally at the
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origins, and insertions and reconstruction incorporating nymphal muscle nuclei and
free myoblasts. "In addition to these changes, the metdmorphosis of the muscles mc;y
require the histolysis of a few pecﬁliarly nymphal muscles brought about either by
autolysis or phagocyt osis.

It has been demonstrated in the present study that phagocytosis is alwa.ys
: pfecédecl by preliminary changes in the muscle fibre. There are tv;o sources of
evidence for this claim; the first being hisfqlogical, vacuolation and separaﬁ‘c::n
‘ of the fibrils occur in the reactive fibre prior to haemocyfe invasion. The second
is that diffclarenf muscvles, though often odioce'.nt, react\ in different ways, some under-
going histolysis, while closr neighbours are unaffected.

During the histolysis of certain muscles, the production of sarcolytes (muscle
fragments) is independent of hdemoéyte activity. This agrees with the findings of
de Bruyne (1898) on Calliphora, Hollande (1909) and Evans (1936) on Lucilia and
Robertson (1936) in DrosoBhiio. In.this process, haemécyfes only enter the muscles
~at a later stage after fragmentation and are only concerned with the ultimate digestion
of the musclel fraéments.

The extent of molecular disintegration that the myofilaments undex;go during
metamorphosis is unknow-n, though it would Qppear Iikgly that most protein molecules
are retained in an intact form. Lysosomes and Iysosémal acid hydrolases are only
sparsely distributed in normal muscle (Weinstock & lodice 1969)‘. Recent electron-
microscopic studies have not produced evidence ﬂwdf the myofilatﬁenfs are isolated
within a vacuolar apparatus during autolysis (Stegwee et al 1963; Lockshin & Williams
1964; Lockshin 1969b; Crossley 1972). Lockshin and Williams (1965) suggested the

release of lysosomal enzymes directly into the muscle cytoplasm by the rupture of

vacuole membranes. This is contrary to the normal arrangement seen in cells, where
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enclosure in a vacuole is a‘preludé to ccxf;xbolism (de Duve & Walliaux 1966),
though it is possible that enzymes specific for muscle pfofein hyd.rolysis could
be released directly into muscle cytoplasm. Such enzymes might not be
detected by standard lfechniques for lysosomal en?ymes, and so would account |
for the absence of Gomori-positive vacuoles in degenerating muscles.

Lockshin (196%q) demonstrated that protein synthésis was necessary for the '
initial breakdown of muscles in Saturniid moths, suggesting that ﬂnis protein then
activated lysosomal enzymes. However, as cytolysomes have not been reported
from normal insect muscle, the morpholog‘;/ of active lysosomes in insect muscle
~ has not yét been described. Randall (1970) reporteci acid-phosphatase posifive
granules in denervatea Gclllerio muscle, _Abuf it ir; not known'if they are present
in normal metamorphosing muscle. |

One; aspect of myogen'es.is 1"hc‘:t always presents a difficult pyoblerﬁ is the
origin of myoblasts. Two types of accumulation were recorded in the present
study : .(o) The aggregation of myoblasts-around preformed nymphal muscle rudi-
ments,. and (b) fhei.r accumulation in sife;s where no nymphal musclé‘was present,
and no previdus rudiment could be detected. Conclusive evide_ﬁce as to the origin.
of myoblasts was nof determfned in the present study, they may be.derived from
circulating haemocytes or undifferentiated mesodermal tissue, as is present in the
genital disk. This problem requires considerably more attention and fhe.; use of
spécific labelling techniques may go some way to providing ‘an aAnswer, though
finding suitable labelling material is 'in ifself a major problem. Arvy (1953)
recorded accumulatil)ns of,.'haemoc‘yfes in the seconci instar of Musca, and Crossley
(1964) was able to demonstrate that similAar groups formed important haemopoietic

centres. He concluded that the increase in the population of phagocytic (Type F)

haemocytes circulating in the body cavity at the time of puparium formation, in
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VCCI‘”iEhord, was traceable to a change in the differentiation pathway of stem
“cells within these centres. Cros._e.ley (1965), using crystalline crusfechson

( B ecdysone), was able to de'rnons_frote that these haemocyte alterations are
probably under humoral control.

Wigglesworfh (1959)-reviewed the early work on hqemopoietic organs.
Hoffman (1970) was able to demoﬁsfrafe the presence of a haemopoietic organ
along the dorsal vessel of Orthoptera, made up of reticular cells of mesodermal
origin with phagocytic oc’rivity. .

It was shown in this study that certain muscles (i.e. 22 and 23) are liable
tb phagoc;yfosis by Type F/haemocytes, phagocytosis frequenfly being heralded
by the appearance of abnormal elongated va'cuolles between the fibrils. These
changes that precedé haemocyte invasion are restricted to the sarcoplasm, the -
Fibrils are ncI)r disrupted, and, at this stage, there was no Iéss of striation. There
is also evidencé to suggest that the sarcolemma does not break down prior to
haemocyte invas;ion.

In Graphocephala, no known histoblasts or similar aggregations of cells,

such as are found in Calliphora, were found, and it is suggested that presumptive
myoblasts are derived from the irregularly distributed haemocytes. They-differ from
Type F haemocytes' both in size and éross histology, as described above, but are
thoughf to have arisen by the d:fferenhahon of residual mesoderm cells, which-
-move freely in the haemolymph and whlch in the eighth and ninth abdominal seg-
ments may be associated with the genital dlsk. Cerfcunly, undlfferenhafed
haemocytes cannot be distinguished using light microscopy, from the pioneer

myoblasts and clusters of myoblasts that form around the earliest muscle strands.

The myogenesis of Graphocephala differs from that described in otherspecies
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in the diversity of the mechanisms, Davies (1969) described three major types in

Limothrips cerealium; (a) Those muscles that pass into the adult from the nymph with

'relatively few Hisfologicql changes. (b) Those which are essentially new formations
6rising through the .aggregation and differentiation of free myoblasts. (c) Those that
involve the incorporation of myoblasts into pre~existing nymphal muscles, which then
underéo éxrensive differentiation into the adult condition. Phagocytosis was not
recorded.

In Calliphora, no nymphal abdominal muscles pass unchanged into.the adult
(Crossley 1}965); the degenérafed muscle u;mdergoes complete recoﬁsfrucribn with the
imaginal rr;uscle nuclei having their origin in histoblast tissue,

Two distinct forms cLF myoblast incorporation were detected in the present
s’rudy'. Firstly, when a muscle differentiates from free myoblasts with no remnant
of a riymph‘alimuscle present, the pre;:ursor cells initially appear‘ free in the haemo-
lymph as fyp.ical myoblasts, short, spindle-shaped cells with a dense granular cyto-
plasm. These cells increase in number .fo form a small cluster in the position of the
future muscle. A small number of myoblasts then undergo érowﬂ'n in the longitudinal
axis to produ.c’e» a long filamentous cel‘l,' here termed the pioneer myoblast, the first
fibril being formed by the coalescence of the cytoplasmic granules. Free myoblasts
then aggregate around the pres;.:mpfive rudiment, fnulfipl.y by mitotic division, and
gradually undergo bipolar elongation and incorporation into the muscle rudiment,
providing another nucleus and fibril, together with additional sarcoplasm.

The second type occurs when F;ee myoblasts are incc;rporcfed into nymphcl

!
muscle that is undergoing major reconstruction. Here, myoblast cells aggregate
around the nymphal fmuscle and become very closely applied to it. Quite suddenly

myoblast nuclei appear deep within the muscle, mixed with nymphal muscle nuclei,

and supposedly also incorporating additional cytoplasm. The two nuclear populations .
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!
are clearly distinguishable by differing staining properties, those of the myoblast
being more strongly basiphilic. In this second method, no bipolar elongation of

the myoblast occurred, and there appeared to be a general mixing of larval muscle

nuclei and sarcoplasm with that of the myoblasts. For Graphocephala, no evidence

was obtained to suggest the disintegration of nymphal muscle nuclei, as observed by
Crossley (1965) in Calliphorg; instead, nymphal muscle nuclei were carried over

into the adult.
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CHAPTER 5

STRUCTURE OF THE OVIPOSITOR RELATED TO OVIPOSITION SITE

1. Introduction

There are several works which adequately describe the morphology and |
terminology of the female genifclia- of the Cicadellidae, but no comparative
studies have been made to link structure wifh oviposition. behaviour and habitat.

Snodgrass (1933), in his study of Amblydiscc gigas, probably represents one of the most

important works on the morphology and much of the terminology used in recent
papers on females of Auchenorrhynchan Horriéptera fo.||0w this work (Cunningham &
Ross 1965; I\;lielson(l]965; Helms 1968). Scudder (1957; 1958; 1959; 1961¢q; 1961b;
1964) has questioned some a#pecfs of the work of Snodgrass in a series of papers and
developed a new theory of the ovipositor, ;rvhich he calls the "'gonangulum theory",
as he considersl this to be one of the most important sclerites of the ovipositor
(Scudder 1961a), because it affects the movement of both the first. and second gona-
pophyses. This is a point of view that will be developed further in the present
chapter.

Though it is known that the type of ovipositor is largely dependent upon the
oviposition site, few comparative studies of species have.been made to demonstrate
this character. Scudder (1959) in his clessification of the Heteroptera was able to
show that those families that oviposit in plants possess a laciniate type of ovipositor
with lanceolate gonapophyses and a heavily sclerotised anterior bar to the gonangulum.
Where oviposition is on the surface of the substrate, the ovipositor is plate-shaped with
flap-like gonapophyses:and‘fhe gonangulum is reduced or absent. Some work has also
been undertaken in the 'Sawflies cnci Thysanoptera, but this point will be raised |
ﬂ::rfher in the discussion. |

- Whether differences at lower taxonomic levels depend on the density of the
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oviposition substrate has not been considered in the literature and forms the object

of the present study. Three species of Cicadellidae were considered: Ulopa

‘reticulata (Fabricius), Mocr0ps:is scutellata (Boheman), and Graphocephala fennahi

(Young). The oviposition.sites range from woody stems in the first species to the
sub-epidermal tissues ofl over-winfering buds in the last species. The effect of this
on ovipositor s’rruActureAwos examined,

2. Method

The precise oviposition site of the three species had first fo be determined.
This was achieved by field observations of ovipositing females and dissection of the
plant moferiiol to expose the eggs.

The external genitalia were exémined with the light micrc.;»scopic and the
scanning electron microscope. Specimen preporoﬁon- for the latter technique is
described in detail under Chapter 2. Specimens of Ulopa and Macropsis were
cleaned prior to dehydration, using u!fros;onic vibrations. The basal genitalia
and genital musculature were examined by dissection. From this the genitalia
and associated musculature could be described for the three species and the
variation in s’;rLJcture determined.

Where n‘ecevssqry specimens were sectioned for light microscopy and stained
with Mallory's Phosphofun‘gsfic Haematoxylin.

3. The external genitalia ona associated musculature of the three species

Gross differences could be seen in the form of the abdomen (fig. 5.1) and in

the size of the species, Graphocephala and Macropsis being the largest (8.5 - 9.4

mm and 5.2 - 5.5 mm respectively in total length of the female).. Ulopa was the
smallest of the three speciés, the females measuring 3.3 = 3.7 mm total length.

(a) Graphocephala fennahi

This was described fully in Chapter 1 and 4 and will not be repeated here.



Fig 5.1

The genital region

G. fennahi

M. scutellata

U. reticulata

0-8mm
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(b) Ulopa reticulata

Observations on oviposition behaviour showed that the species oviposits in
the woody stems of Erica and Calluna, and that the gonapophyses are used to make
an incision into this material. In the present study this was considered a very hard
substrate to penetrate, which may be indicated by the structure of the external
genitalia.

The structure of the first gonocoxa is essentially similar in form and rr;usculcfure
in the three species studied, so that the description of that for G. fennahi on p. 21
ar;d p. 146 .will suffice‘. _ ' |
i. First gohapophyses

This is similar in grossl form to that of Graphocephala (fig. 5.2) in that the

blades are lanceolate and lie in the vertical plane. They are strongly sclerotized

structures and, laterally compressed. Transverse section reveals the presence of

intra-gonapophyseal spaces whic»h are reduced, compared to those of Graphocephala,
permitting a greater thickness of sclerotization on the lateral and dorsal walls. The
spaces are restricted to immediately beneath the dorsal edge and around the medi.cm
inter—lockingl mechanism. The blades are considerably more sclerotised than those

of Empoasca, as shown by Balduf (1933). The reduction of intra-gonapophyseal |
spaces in Ulopa might be exbgcfed to result iﬁ a stronger though more brittle system.
The latter character may be partially alleviated by the increased ratio of gonapophyseal .
length: total body length (3.67 in U. reticulata, 2.96 in G. fennahi and 3.03 in M.

scutellata).

'

\

The first gonapophyses possess a dorsal curvature throughout their length (fig.
5.2) and taper distally to a fine point (fig. 5.3). More proximally the broad thin
form is apparent and bears a prominent dorsal and ventral rasp on the outer wall.

The dorsal rasp (fig. 5.4a) extends from within 50 um of the distal tip almost to the



Fig 5.2
Ist Gonapophysis U.reticulata

dorsal rhachis

basiconic sensilla

I

i
ventral ramus

dorsal rasp

7/
7

ventral grooves



Fig. 5.3

Distal lst. gonaporhysis of U. reticulata.

N. B. strongly pointed tip. x 550 KV 20

The distal rasp x 800 K.V. 20



Fig. 5.4

Sculpturing of the outer wall in the distal half
of the lst. gonapophysis of U, reticulata.

Dorsal portion of the wall. x 2400

Ventral portion of the wall. x 1200
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base of the first gonapophyses fhouéh it is best developed in the region 0.5mm -
0.9 mm from the proximal end. It extends ventrally as far as the rhach‘is, and can
be divided into two regions: (a) a narrow dorsal strip, approximately 15.0 um wide,
is composed of elongate, roynded blocks of sc;lerqtized cuticle and angled slightly
;fowards the blade apex. These blocks measure approximately 12.7 x 2.8 um, and

' are raised above the outer surface of the first gonapophyses and closely opposed,
the chaﬁnels between the blocks being formed by the angled edges of the blocks
themselves. (b) The femainder of the dorsgl rasp is approximately 40 um wide in
the well developed region and composéd of discrete circular plates of sclerotized
cuticle appéroximafely Q pm in dia.mefer and separated from each other by a channel
0.7 - 1.1 um wide. The dorsal rasp gives way vénfrcfly to a zone of poorly defined
overlapping sclerotized scales (fig.. 5.5).

A considerable 'difference.kus ‘nofed in the structure of the ventral rasp, which
was much more restricted in extent, extending from 400 um distally for 350 um, and
so ending some 200 pym proximal of fhé tip. This rasp is composed of an area of
slightly thicker sclerotized cuticle standing just proud of the surrounding region and
traversed by l"ﬁ‘Jmerous fine channels (fig. 5.4b), which are directed at an angle of
" about 60° towards the distal end of the blade. These rasping areas are considerably

more extensive than those of Graphocephala and their more complex form suggests

they may aid in the formation of the oviposition cavity. Proximally the dorsal rasp
gives way to lightly sclerotized scales, the anterior edges of which are drawn out
into a fine fringe, whfch is directed towards the ovipositor base. These scales are

similar to those present in Graphocephala, and are assumed to serve the same function,

that of anchoring the ovipositor blades in the incision during oviposition.

A well developed, heavily sclerotised groove is present on the inner surface



Figu 5'5

To show the transition from the dorsal rasp to a region
of ill-defined overlapping scales on the distal region of
the lst. gonapophysis of U. reticulata.

x 2400
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of the first gonapophyses and extends the whole length of the blade fo within 25 pm
of the tip. This forms part of the interlocking system between the first and second

gonapophyses. As in Graphocephala, the first gonapophyses. of each side are united

along their proximal Mo thirds by a. membranous extension of their ventral edges,
which are connected in the mid-line by a heavily sclerotised interlocking dev.ice.’
Thé inner wall of the proximal half is developed into scales some 10 x 7 um,
the anterior edges of which are drawn out into a fine fringe approximately 2.5 um
long, directed towards the oviposii'or basé ‘and similar to the condition seen in

Graphocephala.

Proximally two rami l:re, present on each side, wHich represent sclerotized
ed'ges of the blades, the region between them being strongly sclerotised. The
ventral ramus articulates with the ;:nterior exfremify" of the first gonocoxa, while
the dorsal ramus passes dorsally and is expanded into a small head that is fused with
‘the gonangulum.

Only sensillc;,x basiconica are présent on the first gonapophyses; They can be

divided into Type | and Type Il, as in Graphocephala. The former are distributed

along the whole length of the blade, immediately ventral of fhé rhachis, -except’
in the proximal 100 um and were not observed in the distal 150 Hm. The total
number per blade is 17 - 20 and in the disfol’ half they are placed singly and |
regularly spaced every 70 - 80 pm. In structure they -are essentially similar to

those of Graphocephala. The bdsal pit measures 2.2 um in diameter, and is sunk

; | : . :
approximately 1 um beneath the surface, the peg length is 1.8 - 2.0 um and diameter

. 1.1 um at the base, tapering to 0.36 pm at the tip. A single distal perfdratidn is present.
Type I sensilla basiconica are concentrated proximally, about 100 um from

the ovipdslifor base. They number 10 - 12 per blade, and are of the blunt, straight
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type with no visible perforations of fhe peg. This type was somewhat larger than
the previous oAne,. the pit diameter measures 2.5 um, and the peg length 3.3 -
3.8 um, with a basal diameter 1.3 um, tapering to 0.34 um at ;he distal end,

The distal perfc;rafion of the type | sensilla suggests a chemoreceptor function.
Sensilla basiconica have rarely been described from the ovipositors of other insects
usually being more associated with the labium (Norris & Chu 1974; Mustaparta
1975), where they have been ascribed a gustatory function. |

The musculature associated with the first gonapophyses and first- gonocoxa is

essentially simildr to that of Graphocephala, the muscle complement being the same,

- as are-the posifions'of this origin and insertions (see thaf for Graphocephala, fig.

4,2). Differences noted in}_Ulqp_o_ were that muscle 3, which runs between the two
faces of the first gonocoxa, is considerobly reduced to asingle, very fine fibre that
could very eolsily be overlooked. Muscle 9, originating on the anterior gonangular
r‘idge, is représenfed by a s'ingle fibre, but i; thicker in Ulopa. Of the major first
gonocoxal muscles, muscle 1, originating on tergite eight, shows sub=division into
two fibres, closely bound together and inserting on the dorsal sclerotized bar of the

first gonocoxa. The origins of these major first gonocoxal muscles, designated 1-and

2 in the description of Graphocephala, are displaced ventrally in _L}l_og_g' to the
pbsteroven’rrdl corner of tergite eight. This would allow increased efficiency in that
there would be greater displacement of the first gonocoxa in the anteroposterior
direction which would be transmitted to the first gondpéphyses.
ii. Second gonocoxae

| In gross form thg second gonocoxae are similar to those described for Grapho-
cephala, being heavily sclérof.ized, }elbngo»te plates lying in the vertical plane
beneath the anferior extremity of tergite nine. The second gonapophyses are Fused‘

to the anterodorsal margin of the second gonocoxa, and the gonoplacs are
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membranously connected to its posteroventral edge (fig. 5.6). . The second gonocoxa
also arﬁcplates with the ventral region of the gpnangulum over a broad area, about
its mid-point on the posterior édge, to provide the fulcrum which allows considerable
rocking motion of the second gonocoxa, whose movement is then transmitted to the
second gonapophyses. This is one of the most important articulations of the Cica-

dellid ovipositor and in Graphocephala it is responsible for controlling the movement

in the gonapophyses.

- The second gonocoxae of Ulopa are more elongate, in the dorsoventral plane,

-and more slender than those of Graphoceph;lla. Immediately anterior to the fulcrum,
enclosed ddfrsc”y'and ventrally bylridges of increased sclerotization (fig. 5.7), is an

. oval area of sclerotized cufkcle, richly supplied with basiconic or short trichoid
sensilla, which were grouped into a major cluster immediﬁtely anterior to the fulcrum.
This group comprised 12 - 18 sensillae . (Fig. 5.8a) which were similar to

those of Graphocephala in all respects. Their position implies a mechanoreceptor

function.
No sensilla are present at the posteroventral corner of the second gonocoxa, as

was recorded in Graphocephala. Largé companiform sensilla are present on the

fhickened. ventral edge of the second gonocoxa of Ulopa and Macropsis (fig. 5.8b).
These comprise circuwlar. pits, approximately 8 um in diameter, the aperh;re of which
is covered by a membrane leaving a central perforation 2 = 3 um diameter through
which a peg, 1.5 = 1.9 um inlength with two to three distal perforqfion§ ‘could be

seen.

: \ : : :
Whether these are mechanoreceptors, as suggested above, or an unusual type

of chemoreceptor, could not be resolved with scanning electron microscopy. Sections
through the bases of the sensilla to determine the number of associated neurons and
electrophysiological data would be necessary in order to make valid conclusions as

"to their function.



Fig. 5.6

2nd. gonocoxa of U. reticulata obscured at the top left
by the posterior extreme of the 1lst., genocoxa.
The gonoplacs join the 2nd. gonocoxa ventrally.
U. reticulata.

Tergite IX, dorsal to the genoplacs in the photomicrograpk
is damaged. x 240



Fig 5.7
Basal genitalia of Ulopa

Ist gonocoxa

: gonangulum
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Fig. 5.8

Sensory structures on the 2nd. gonocoxa of U. retuculata

Mechanoreceptors anterior of the fulcrum with the
gonangulum, x 900

Campaniform sensilla on the ventral edge, x 500
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The musculature is similar to that of Graphocephala and composed of a
single, large dorsal second gonocoxal fibre, that originates dorsally on the anterior
~ part of tergum nine. Three ventral second gonocoxal muscles are present which
originate over.a Iarg‘e area of tergum nine, each of the three origins covering the
median and lateral regions of this tergite, so effectively fil]ing segment nine
except for a very narrow median cavity 5epar6ﬁng the muscle blocks of each side.
The second gonocoxal muscle; in _L_J'_lgfg are relatively larger than those of Grapho-
cephala, though the fibre length is shorter,c‘:o'mpared to the thickness of the fibre,
prov'icling a reloﬂ\'rely more powerful unit.

: |
|

These are lanceolate blades, similar in structure to the first gonapophyses

‘iii. Second gonapophyses

against which they are applied, though the dorsal serr;:lted edge projects above
that of the first gonapophyses. Distally the inner Qcmd outer wall is heavily
sclerotized, as is the dorsal edge along the whole length of the blades (fig. 5.9).
The outer ventral wall is compoéed of lightly sclerotized scales with free, over-
lapping edges directed anteriorly. The inner ventral wall is similarly composed of

lightly sclerotized scales, some 4 um by 7 um, and the free anterior edge is drawn

out into a fine fringe, approximately 1.6 um in length. This is similar to the fringe

found in Graphocephala, where if formed a soft-textured buffer surface, over which
‘the eggs pass during oviposition.
The distal end of the second .gondpophysis is roughly pointed (fig. 5.10), though

not as angular as that, of Graphocephala, the distal region being narrow with no well

develob,ed veniral cutting edge. The main cutting regions of the second gonapophyses
are the dorsal asymmetrical teeth, which extend from the distal extremity to mid-way

along the blade, when they become much reduced and give way to a smoofhlly rounded
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Fig. 5.10

Distal end of the 2nd. gonapophysis of U. reticulata

The distal end.

x 1100

Highly elevated,
region. x 4700

serrated dorsal tooth in the distal
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dorsal surface. The teeth are considerably more complex than the asymmetrical

teeth .of Graphocephala. - In the distal 100 pym they are highly e~|evafed (fig.‘
5.10b) abové the dorsal edge of the gonapqphysis, the anterior edge of the tooth
forming a gentle slope, the apex is serrated and the posterior edge bears a single,
large serration. The whole tooth, as seen in frcnsve;’se section, is completely
sclerotized. For the remaining length of the dorsal saw, the teeth are less
“elevated and possess multiple crowns, similar in opbecrance to the memmalian
molar (fig. 5.11). These teeth are numerous, closely packed and the crowns
pointed, thus forming aﬁ efficient rasp that would function on both the anterior
x
and posterior strokes. The veniral edge of the second gonapophyses is in no way

modified for cutting, which contrasts with the specialized and diverse cutting areas

of the second génapophysis in Graphocephala. That of Ulopa, though of simpler

construction, provides a'much stronger, though less delicate, system.

Transverse sections indicate that the second gonolpophysesore less heavily
sclerotized than the first gonapophyses, and that intra-gonapophyseal spaces are
more widesp(ead in the second pair, though large cavities are associated dorsally
and ventrally \wifh the main ipferlocking mechanism. The sma”er.ccvifies,
particularly tlhose associated wifh'fhe dorsal edge, are not continuous throughout
the length of the blade, but form 5 network of small chambers with sclerotized
walls. These cavities probably aid the d.evellopmen'r of a lighter, though almost
equally strong, structure, and the more heavily sclerotized first gonapophyses
" form a shaft round the median pair, thus providing cddition.al support. |
Eqéh second gonapophysis possesses a ventral rhachis on its lateral surface,

approximately one third dorsal of the ventral edge. This forms the linkage mechanism

with the dorsal rhachis on the median wall of the first gonapophyses, and is the T-



Fig. 5.11

Dorsal teeth of the 2nd. gonapophysis of U. reticulata
Just proximal of the distal extreme.

Note their molariform appearance. x 2000
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shaped process described by Balduf (1933). The direction of the T-shaped process

is slightly dorsalwards throughout its length and there is no rotation in the direction

of the linkage mechanism, as observed in Graphocephala, so allowing considercbie
freedom of the first and second gonapophyses to slide upon each other.
The ventral rhachis extends anteriorly as a single basal ramus which curves
dorsally to fuse with the dorsoanterior edge of the second gonocoxa. This region
. was sclerotized in Ulopa and devoid of the overlapping fringed scales present in

Graphocephala.

The second gonapophyses of Ulopa are less well supplied with sensory receptors

! ,
than those of Graphocephala; only a single type is present and they are associated

~ with the base of the dorsal Leeth and restricted to the distal 100 pm, no sensilla
being associated with the multiple crowned teeth. The sensilla comprise a circular
pit 0.95 - 1.13 um diameter, conto’ihing:c tightly sclerotized plug 0.6 - 0.73 um
| diameter. There are ,approximétely 10 - 12 such structures per bl4cde and they are
thogght to be mechanoreceptors of the campaniform type (figs. 5.10a and b). They
are the only sensilla present on the second gonapophyses and may be concerned with
monitoring CL‘Jf‘i‘CUIQI‘ stresses as the oviposition incision i§ made.

|v Gor'mngu‘lum

This sclerite is well developed in _U_IQ:E, heavily sclerotized and pigmented

a deep brown to almost black. It is fused over a wide area to the expanded head
of the first got“nqpophysés (Fig. 5.7), and can readily be divided' into three regions .
defined by their pigm?nfqtion. Region 1 is fused to the first gonapophysis. Region
2 is fused with the anterior part of tergum nine and forms the fulcrum with the second
gonocoxa; region 3 is slender, elongate, and fused over a large area to the antero-

dorsal edge of tergite nine. These divisions do not correspond to those given by
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~Snodgrass (1935) for the second valvifer of Amblydisca gigas.

-The edges of tergum nine at the points of fusion were also moderately

sclerotized, a condition not seen in Graphocephala. The fulcrum is formed
by the broad, rounded ventral part of region 2 wifh'which a knob on the
posterior edge of the second gonocoxa articulates, allowing the antagonistic
action of the muscles of the second gonoc.oxc‘l to rock this structure about the
fulerum.
- v. Linkage mechanisms
Two linkage systems are present in g.'?fﬂ’ ioin-ing the first gonapophyses
of opposite sides, and the first cnd' second gonapophyses of each side. The two
. second gonapophyses are ncl;f linked proximally by a membrane, as was demonstrated

in Graphocephala, so cllowi.ng. limited independent movement between these two

blades.

~ The first-and second gonapophyses of ecchlside are linked by the usual tongue
and groove mechanism, which was first described in Cicadellids by ‘Balduf (1933)
and cpéecrs to be general in Cicadellids; it is the structure common in other insect
orders that possess an ovipositor. In Ulopa, the heavily sclerotized tongue is carried
on the outer wall of the second gonapophysis and is similar in consiruction to that of

Graphocephala, being composed of a sclerotized rod, made up of units 14.7-15.3um

- in length, the dorsal and ventral edges of which are flcnged'fo prévenf it being pulled
out of the groove by laterally directed stresses. Large intra-gonapophyseal spaces cré
present at the base of this structure which Iighfen.sfhe structure.

The groove Iies‘ on the medial wall of the first gonapophysis and represents the
sclerotized rhachis. Separation of the two blades is possible onl); by sliding one

along the other; they cannot be pulled apart laterally. When joined, the dorsal

cutting edge of the second gonapophysis projects above that of the first gonapophysis,
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so exposing the dorsal teeth. The toague and groove system is not supplemented,

as in Graphocephala, so permitting movement of the second with the first gona-

pophyses. Transverse sections through the ovipositor showed that the interlocking
mechanism was functional throughout the lengfh of the blades, except in the distal
50 - 70 pm, where the tongue and groove is insufficieﬁtly developed to hold the two
blades together. As previously st.cted, there is no ro’rétion of the tongue in Ulopa,
thus permitting the sliding of the two blades upon each other.

The first goncpéphyses are united for the proximal two fhfrds of their length
by a modified tongue and groove mechanism s.upplemented by interlocking spines.
In this region the ventral edge of the first gonapophysis is extended into a short,
lightly sclerotized flap, wH}ﬁch is flexed dorsc;lly to meet that of the oppésife side.
in the mid-line. The distal quarter of each flap is highly sglefofized, and that of
" the right Fi“rst} gonapophysis is modified into a tongue and that of the left into a
modified groove, so that the fw§ sides are inseparably joined on a short ventral flap.
The region surrounding the linking mechanism is heavily sclerotized and supplemented
by spines and sockets which surround the primary mechanism. In the disfcl‘ third of
the blades sclerotization is considerably reduced, the tongue and groove become
vdiscrﬁculcted, and the flap reduced. This structure is absent from the distal extreme
of the blade, which is very heavily sclerotized.

Such a mechanism would require the first goncpobhyses to move in unison,
while allowing the possibility of independent movement of the second gonapophyses
wfth respect to each other and to the first gonapophysis of their own side.

i
(c) Macropsis scutellata

Observations confirmed that this species oviposits deeply in the square stem of
Urtica dioica within the collenchyma buttresses and central parenchyma tissue. This

substrate was considered intermediate in hardness between the woody stems of Erica
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and the epidermal tissue of Rhododendron buds.

In gross appearance the ovipositor of Macropsis is similar to that of the other
two species studied, and the description of the first gonocoxa given for GraEh -
cephala will suffice for this species, except that the median membranous flap

present on the first gonocoxa of Graphocephala.is absent in Macropsis as is

muscle 3. The dorsal sclerotized rod is well developed along the dorsal margin

of the first gonocoxa and bears distally the insertions of muscles 1 and 2, the two

major muscles of this sclerite. Muscles 8 and 9rcre O.S described for Graphocephala.
1. First Igoncxpophyses_

These ore~lonceo|a’felvb|odes with considgrcbly less curvature than in Ulopa
(fig. 5. 12) and dis’finctlyI pointed distal parts (fig. 5.13). The first gonapophysis
is dark br&wn and strongly sclerotized. Transverse sections indicate large intra-
‘gonapophyseal spaces, which are discontinuous and divided into elongate chambers.
Distally, spaces of small diameter occur throughout the depth of the blade, except
in the dorsal edge and are noticably concentrated in the mid region ana associated
with the ventral edge. l_-Iavlf way aloné the blade the intragonapophyseal spaces
have undergone fusion to prodUc‘e large chambers ventral of the interlocking device
and associafved with the veniral edge, the dorsal edge being highly ;clérbﬁzed. In
the extreme proximal zone of the first goncpoPh))ses, the spaces are considerably
- reduced and sclerotization increased.

The gonapophyses broaden anfenio;ly from the fine aistcl tip to produce the
‘characteristic, laterally much c0mpressed'blade with a prominent dorsal rasp along
the whole of the dorsal surface of the outer wall except in the proximal quarter and

distal 70 - 80 um, and extending ventrally to the edge of the rhachis. It cannot be

divided info regions as in Ulopa, the whole rasp bearing strongly sclerotized semi-
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Fig. 5.13

The distal end of the first gonapophysis of M. scutellata,

To show the general rasping areas in the distal extreme

X 570

Highly pointed distal tip. x 1000
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circular plates of 8.5 ~ 8.8 um diameter. They .do not overlap, but are thickened
so that the semicircular edge projects slightly from the wall of the blade, fh.is face
ﬁeing directed towards the distal énd. Towards the distal edge‘, fHe plates become
elongate and oval with q?greatesf length .of up to 10.2 um (blc;des from 28 specimens
were measured), Th.is area of the rasp cann_o_f be considered a distinct zone since
thg transition to the elongate form is gradual and slight. -Ventrally in the dorsal
rasp the form of the scales is retained, but the elevation of the rounded edge
decreased until immediately dorsal of the rhachis the scales are flush with the

s

surFacé of the blade.

The tvenfrol rasp is composed, for its entire length, of overlépping scales,
the rounded edge directed distally and approximately 10.4 by 6.1 um in size. |
The éver[cppi_ng edge of these scales did not project considerably above the
surface of ’rhel. blade.

In the extreme distal region where discrete rasps are nof eviden'f the highly

sclerotized walls pb;sess small denticles, approximately 4.0 um in their greatest
dimension; set in conceniric lines with their rounded apices directed distally
(fig. 5.13 ioL)H‘om).
The inner wall of the proximal two thirds is produced into scales 7 by
5 pm insize, and the anterior edge is irreguﬁlorly drawn out into a short fringe
1.0 to 1.5 um long. -This is similar to the condition seen in the previous two
species and ‘cppeor;s to act as a soft textured buffer zone between the first and
second gonopophyse-is of each side.
A well developed sclerotized groove is present on the inner vﬁ:ll, extending

distally to within 70 to 90 um of the tip, and forming part of the interlocking

device with the second gonapophyses. This thickened region extends prpximally |
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on the dorsal ramus which is extended into the dorsal head of the first gonapophyses
by which it is fused to the gonangulum. The ventral ramus, as in other Cicadellids,

articulates with the anterior extreme of the first gonocoxa.

As in Graphocephala and Ulopa, only sensilla basiconica are present on the '
outer wall of the first gonapophys-is of Macropsis just ventral of the rhachis. No

sensilla were recorded from the inner wall. The sensilla are similar to those of

Graphocephala (fig. 5.14) and are divisible into Type | and Type Il. Type |
sensilla are most common, being distributed along the length of the blade to within

120 pm of the distal end. They differ from those of Graphocephala in that the basal

plate forms a shallow pit from which the peg protrudes. The diameter of the basal
pit is 2.0 - 2.1 pm and it is approximately 1.0 - 1.3 um deep. The pegis 1.6 -

1.9 um long and tapers to a.very fine point, which bears a single perforation on a

small papilla. Both the right and left flexed type are present, as in Graphocephala
(p- 277). | | |

Type |l sensilla are longer and concentrated within an area approximately
300 um in length and 150 - 200 pm from the proximal énd between the dorsdl and
ventral rhaclhll.h The basal plate is 2.3~ 2.6 um across and not developed info a
pit; the peg is 3.2 pum long, unsculptured and with no evidence of perforations.
ii. Second gonocoxaé

These are elongate, slender plates »whic':h lie beneath tergum eight‘ and are
concealted by‘ the first gonocoxa (fig. 5.15). They are sfrongly sclerotized, and
the anterodorsal marqin is fused-to the second gonapophyses while the posteroventral
corner is membranously connected to the gonoplac. The second gonocoxae are
articulated to the ventral angle of the gonangulum slightly ventral to fhe mid point

to form a fulerum about which the antagonistic muscles of the second gonocoxa can
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Sensilla basiconica from the Ist
gonapophysis of Macropsis
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Fig. 5.15

Basal genitalia of M. scutellata. The anterior part

of tergite IX being in the top left of the photomicrograph.
Note the sensory pits on the ventral edge of the 2nd.
gonocoxa.

X 2000
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function (Fig. 5.16).

Pores of 3-3.5 um diameter are present onthe ventral edge of .rhe second gono-
coxa (fig. 5.15), but, unlike those of Ulopa, no.internql structl;re' could be resolved
and their function is unknown.

Ventral to the fulcral region the outer wall of the second gonocc;xc is developed
into a very strong ridge,nwithin which are a group of 25 - 28 sensilla bas;iconica (fig.
5.16). They measure 20 - 24 pm in length, and taper to a fine point. Those of

' Graphocephalc were considerably shorter, 7.5 - 10.0 ym in length, with a more

rounded apex (fig. 5.17).

The gclanercl shape of the second gonocoxa is more slender fhcﬁ that of Grapho-
cephala, though between the species and Macropsis, which are more comparable in
" size, there is no real difference in distance between fulcrum.and muscle insertions of
either groups of antagonistic muscles, so there is little structural evidence of a
difference in the efficiency of the two s‘ys’rems.

The‘musculcture of the second gonocoxa of Macropsis is similar in all respects

to that of Graphocephala.

iif. Second gonapophysis

This lies medial to the first gonapophysis, and its dorsal serrated edge projects
beyond that of the first géncpophyses. The inner and outer walls in the distal region
are highly sclerotized and dcrkl)". pigmented, as is the dorsal edge (fig. 5.18).
Throughout fhe.resr of its length the outer wall is composed of slightly corrugotgd
scleroﬁzed'cuﬁcle, the ventral region being more c;:rrugcted than the dorsal, though
there was no evidence of scales, a; observed in Ulopa. The proximal two thirds of
the inner wall is devéloped, except in the dorsal 20 - 25 pym and the extreme ventral

edge, into a dense system of overlapping scales measuring gpproximately 9.0 x 5.0 um

and lightly sclerctized.  Their anterior border is drawn out into a fringe some 2 pm in
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Fig. 5.16

Mechanoreceptors on the 2nd. gonocoxa of M. scutellata

Lateral view of the sensilla x 1200

The sensilla are considerably longer than those of
Ulopa. x 1400



Fig. 5.17

Comparison between thc mechanoreceptors of the 2nd.
gonocoxa of Macropsis and Graphocephala.,

Single sensillum of M. scutellata. x 3300




Fig 5.18
2nd gonapophysis of Macropsis

dorsal teeth

rhachis
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extent. This was present in the other two species and:appears to line the egg passage
with the fringed border, per'mifﬁ.ng better control of the egg movement. The dorsal
edge, for three quarters the length of the blade from the distal end possesses regular
serrated teeth, which provide the main cutting area of the second gonapophyses. The

teeth are well developed throughout their range and similar to those of Graphocephala,

possessing a short anterior edge, which is n<')t serrated and a long posterior edge (5.18)
which is divided into two or three small teeth. This structure suggests that the effect-
ive stroke is on the posterior thrust. THe teeth are slender structures, differing
considerably from the crowned teeth of U_I;)E. At the proximal extremity of the
dorsal cutting zone, the teeth become more rounded and rapidl‘)‘/ give way to a
smooth, rounded dorsal edge. The dorsal teeth continue to the distal extremity

and a short ventral cutting area is also present in this species, though it is not as

elaborate és that seen in Graphocephala. In Macropsis, it consisted of short teeth,
similar to, though smaller than, fhe dorsal ones which extend along the ventral edge
for 30 - 40 um.

In transverse section, the intragonapophyseal spaces are more numerous than
in the first gohapophyses, though they are concentrated dorsal and ventral of the
interlocking device and in.the veniral region of the blade. They-consis’r of large
cavities which form a system that rU_ns throughout the length of the blade. Sclero-
tization is reduced in comparisori with the firs'f_ gonapophyses and those of Ulopa,
and is best developed in the »dorsal region, where it is associated with the teeth,
and on the outer lateral wall around -the interlocking mechanism.

On the outer szll approximately one third dorsal of the ventral edge, each
second gonapophysis pos'sesses a ventral rhachis, éqmposed of sol’id, sclerotized

cuticle and forming the T-shaped process of the interlocking system. It is essentially

similar in all aspects to that described for Graphocephala, except that there is no
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change in its angle with the main genapophyseal wall. >lt'proiecfs from the wall
ina slighﬂy dorsal direction, and this pe.rmifs freedom of movement of the first
and second gonopophyses of each side relative to each other.

This inferlockfng device extends the length of the blade, except in the
apical fifth, and is extended cmferi'orly as a sclerotized basal ramus, Which is
fused to the anterodorsal corner of the second gonocoxa.

A single type of sensory structure occurs on the outer wall of the second
gonapophyses and is associated along the length of the blades with the base of
the dorsal teeth. The sensilla are similar to the campaniform sensilla described

in Grophocephala, containjng a central plug communicated with the rim of the

pit via two sclerotized bars (fig. 5.19). The pit is 1.2 um in diameter with a
central plug of approximately 1.0 um across. These structures, of which there

" are 18 - 22 pér blade, are tEoughf to be * mechanoreceptors, which monitor
local cuticular stresses. Glands open at the base of the dorsal teeth on the inner
wall and in transverse section are essentially similc;r to those present in the second

gonapophyses of Graphocephala. They are multi-cellular dermal glands, each

composed of three to five cells, containing large, dehsely.bcsiphilic nuclei and a
granular cyfo;;lcsm. No discrete gland reservoir is present, the cells forming a

' compact group, which leads directly into the enlarged base of the duct which opens
at the base of the dorsal teeth. \The type of seéreﬁ.on‘ and its function is not known
though from the distribution of the glands it may serve as a lubricant to the ovipositor
p'arts or may coat the egg and prévide some sort of protection.

~iv. Gonangulum

This is.a highly developed and strongly sclerotized structure in‘MccroEsis; it

is fused over the entire posterior face of the head of the first gonapophysis and also



Fig. 5.19

Mechanoreceptors on the 2nd. gonapophysis of M. scutellate
associated with the bases of the dorsal teeth.

Note the two cuticular bars communicating with the central
disk.

x 10,000
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fused broadly with the qn’rerodorsa' edge of tergum nine. It possesses a prominent
~ anterior gonangular ridge, upon which muscle 9 originates, and a well developed
arficulation with the second gonocoxa. I is broader and more heavily sclerotized
_than in Ulopa (fig. 5.16), with region 2 highly developed.
v. Linkage mechanisms

- Two Iink.age systems are present in Macropsis, joining the first gonapophyses
of opposite sides and the first and second éonopophyses of each side. In addition
to this the second gonapophyses are united in their extreme proximal region by

membrane which limits their independent movement as in Graphocephala, though

not in %.

Tl';e interlocking devkce between the first and second gonapophyses of each side
is the typical ’roﬁgue and groove r'neéhanism previously des.cribed. It runs the length
of the two blades to within one fifth of the distance to the distal extremity of the
second gonapophysis. It is functional throughout its length and is' uniform in
structure, except at its extreme distal end. The heavily sclerotized tongue is
present on the outer wall of the second gonapophysis, one ‘third dorsal of the ventral
. edge, and cérhpo.;,ed of a sclerotized rod, made up of units 18.8 =~ 19.3 um in length,

essentially similar to that described for Graphocephala and Ulopa. The mechanism

is increased in mechanical efficiency. by basal infra-gonapophyseal spaces. The
corresponding groove is present on the inner wall of the first gonapophyses and the
arrangement of the interlocking device is such that the first and second gonapophyses
of each side can slide along each ofhe;r.

The two first go.napophyses are connected ventrally along their proximal two
thirds by a modified tongue-and-groove system similar to that described for Ulopa.

The tongue is carried on the veniral extension of the right first gonapophyses, and

the groove on the left first gonapophyses. The system is supplemented by spines and
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sockets ond‘ sclerotized to a similar 'degreg as in Grophocgphala, which is less than
the condition described in Ulopa.

4. Discussion |

In the three species examined the gross appearance of the ovipositor and basal
parts of the genitalia are similar. The ovipositor is a well developed, sclgroﬁzed
structure and the blades are Ianceéiate. Only differences in detqil are apparent in
the musculature of the three species, except for that of the first gonocoxa in Ulopqa,
and the major distinctions occurred in the extent and development of the cuf.fing and
rasping regions of the gonapophyses and the'size and degree of sclerotization .of the
gonanguluml, the sclerite maintained by Scudder (1957) to be of considerable
importance in the funcﬁonir‘g of'the ovipositor and an indicator to the type of ovi-
positor site,

Considerable differences befween the three species were present in the form

: .

and extent of ‘the rasping areas present on the first gonapophysis. These were
considered by ‘Balduf (1933), Ross & Moore (1957) and Cunningham & Ross (1965)
s’rudylng Emeoasca to be of importance in cutting the oviposition cavnfy, ’rhough
the present author was able to demonstrate (p. 284 ) wn'rh electron microscopic and

video recording techniques that in Graphocephala the so-called dorsal and ventral

ras;:)ing areas are regions of lightly sclerotized fringed scales which behavioural
' obsel"vaﬁons indicated -are primarily of importance in clearing plant debris from the
oviposﬁion site and anchoring the ovipositor during egg-laying. They play only a
minor role in opening up the 6vipésition chamber. On thé other hand observations
on the structure of the"dorsa_l and ventral rasps of the first gonapophyses of Macropsis
and Ulopa, in particular those of the latter, suggest that in species ovipositing within
hard substrates, ’rhesé rasps are.of cl:onsidel_'able impértance in the initial cutting of the

oviposition cavity. Their structure, combined with the type of linking mechanism

between the first and second gonapophyses, provides strong circumstantial evidence



232,

for this. Di‘rec’r behavidural proof'would be v.ery desirable.

The degree of sclerotization of the first gonapophysis in Ulopa exceeds that
of the other two species examined and also the species of Empoasca studied by
‘Balduf (1933; 1934) and Helms (1968). The specialization of the dorsal rasp into

two areas is not found in Graphocephala or Macropsis. The dorsal rasp is

considerably more extensive in Ulopa, extending the whole length of the blade
except for the extreme proximal region and the extreme, h-ighly sclerotized, distal
tip.

Similarly, the extensive dorsal rasp of Macropsis, composed of angled semi-
circular sq:ales projecting from the gonapophyseal surface, indicates a cutting
function as opposed to the knore passive role as proposed for the dorsal rasp in

Graphocephala.-

The sensory equipment of the gonapophyses in Ulopa and Macropsis is poorly

developed compared to the chemo- and mechanoreceptors of Graphocephala. Only

sensilla basiconica are present on the first gonapophyses of the former two species,

and these are sunk within pits with only the exireme distal end of the sensory peg

projecting. ‘The sensory structures on the ovipositor .of Graphocephala suggest a
more precise selection of site in which the ovipositor serves an important function. .
Considerable variation is displayed between the three species in the cutting

surfaces of the second gonapophyses. They are best developed, though most delicate,

in Graphocephala and strongest in Ulopa. Three major cutting areas are recognized

in the present study on the second gonapophysis of Graphocephala, the principal one

being the dorsal teeth, which are large, asymmetrical and serrated. This is supple-
mented by two ventral cutting areas on the broader distal face. In the other two
species the distal extremity is considerably more pointed and better developed for o

stabbing action, and a ventral cutting region is present only in Macropsis, where it
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is short and similar in structure to the dorsal region. -
The powerful dorsal teeth of Ulopa are divided into two types: (a) a distal
very heavily sclerotized type similar, though with deeper serrations, to those of

Graphocephala, and (b) more proximally the character of the teeth differs from

'fhose of the other two species studied, being molariform in appearance with multiple
sclerotic crowns, which represent formidable cutting tools.

Associated with the more powerful cutting areas of the oviposifor in _lg_léE is
the more strongly developed musculature of the first gonoéoxa which permits a greater
degreelof Endependent movement of the first gonapophysis and which, aided by the
simplified ‘i‘nterlocking methni'sm between the first and second gonapophyses, would
seem to allow alternate thrusts. of the two pairs of blades, both sets independently.
achieving an efficient cufh:ng stroke. The rotation-of the tongue and groove in the

ovipositor of Graphocephala effectively reduces a sliding action between the two

“blades, so that the ovipositor acts as a single unit, effective during the posterior
thrust. The ovipositor of Macropsis displays an intermediate condition, whereby
the tongue and groove mechanisms allow the free sliding of the first and second

b

- gonapophyses, of each side, over each other but the two first gonapophyses are

connected via a modified ’rongbe. and groove linkage. As in Graphocephala, the
two second gonapophyses are mémbranously connecteci in their iorOxImal region, so
restricting their independent movement. The fwo first gonapophyses therefore act
“as a single unit and the two second gonapophyses as a unit within the first pair.
The maximum freedom of movement of ;rhe parts, seen in Ulopa, suggests that in
this species the preparation of the oviposition site is brought a.bouf by the sawing

action of the gonapophyses while posterior thrusts of the whole abdomen, as seen

in Graphocephala, are of less importance. Satisfactory behavioural evidence is

needed in support of this.



234,
!

The present.work extends Scudders's (1959) suggestion that fiwe size on.d
degree of sclerotization of the gopongul_um can be used as an indicator of the
type of o;/iposifion subs'rra.te to lower taxonomic levels, In Cicade“idae,
however, the cutting areas of the second gonqpophyses and the characteristics
of the rasping areas of the first gonapophyses provide more information on the
oviposition behaviour of the species. The range of oviposition sites indicated by
the above three species sugglesfs considerable voridbilify.in ovipositor structure,
which rﬁoy be of taxonomic importance (Balduf 1934; Cunningham & Ross 1965)

and of use in future studies of reproductive habits in the field.
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SEXUAL BEHAVIOUR OF GRAPHOCEPHALA FENNAHI

The sexﬁcl behaviour of Cicadéllids is a field which has received little
" attention in recent years and morphological studies of the ovipositor and genital
region have not been combined with a more functional approach. New and
alferpdﬁve methods for the control of leaf-hoppers are now required, and ;/vhile
suppression of their reproduction may be a rewarding area for such research the
ba;ic knowledge of their sexual behaviour, a prerequisite for such work,v is lacking.
The development of alfernati\}e control methods to replccé or supplement conventional
inse’cficideé and pest management requires detailed, basic research in many ento-
mological disciplines, incldrding histology and insect behaviour.

Work in this field has |a‘rge|y been concerned with oviposition behaviour

though Carlson (1967) studied mating of Empoasca fabae, recording age at sexual

maturity and the frequency of mating. Selective oviposition has been observed by
direct egg counts in E. fabae (Carlson & Hibbs 1962). Descriptions of oviposition
have been givén for the Membracids (Funkhouser 1917), Typhlocybids (Readio 1922),

Draeculaéephqla (Balduf 1933), the bramble leaf-hoppers more recently by Raine

(1960) and for Circulifer tenellus (Maramorosch 1974). The accounts are, however,
scattered and often superficial, so that there is a need for a detailed study of sexual
behaviour to resolve what appears to be a complex sequence. Raine (1960) working
with E. Fabae,si.vgges’red' that behaviour at oviposiﬁe;n followed a well defined order.
If this is true, any disfurgance that disrupts the pattern may provide an insight info

host selectivity and the Facférs necessary to elicit .fhe initiation and release of ovi-
position. Reference was made to the occurrence of pre-copulatory behaviour in the

beet leaf - hopper by Severin (1919) and in the rice Delphacid Sogata orizicola by

McMillian (1960) but no detailed descriptions were given.
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The aim of the present study is to provide detailed descriptions of sexual

behaviour in Graphocephala fennahi and to investigate some physical factors that

may influence mating and oviposition. Thorough descriptions of this behaviour in
Cicadellids do not occur in the literature. It is felt by the present author that a

. knowledge of the physical and biological factors that affect sexual behaviour eould
be of use in control techniques and findings from this study may be applicable to

other, more economically important Cicadellid pests.

(a) Behaviour prior to ma;ring

1., The courtship dance |

Du!ring the two summer seasons Whelj this work was undertaken some three to
‘Four‘ hundred courtship displays were observed in the field. A further one hundred
observaﬁor?s, approximately, were made under laboratory conditions during which .
displays were‘ recorded on video equipment, the details of the display then being
determined by an examination of the tape. |

The ubove observations indicated that the courtship dance of G. fennahi
was a sfereoryped sequence, which always preceded cmd was-a prerequusute for
copulation. As described by Perkes (1970) in E. fabae, courtship is initiated by .

the male, the female making no attempt to orientate towards him. Courtship occurs

on the upper surface of the Rhododendron leaf, and, except for abdominal vibrations,

as described below, the female maintains her normal behaviour of remaining
stationary or s;ponfaneously moving a\;v_ay a short distance, until physical contact
is established by the t‘nale; During.courfship the stylets of both the male and female
are retracted from the plant. |

The first visual sign of pre-mating behaviour occurred when a sexually active

male landed on the same leaf as a female or Acpproached to within 8 cms, (the maximum
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distance, more usually an initial réqcﬁon occurs when the male approaches within
4-6 cms). The first response, by the male, ‘ofter orientating towards the femqle,

was a rapid fluttering of the fore-wings whilg remaining stationary. This occurred

in bursts of 1.7 £ 0.4 seconds separated by 2.8 % 0.8 seconds of inactivity. This
behaviour lasted 15 = 3.5 seconds, i.e. qpproximqfely-fhree- bursts of wing fluttering.

The duration of these activities was determined from 19 observations recorded on video

film. The male then exhibited rhythmic up and down movements of its entire abdomen
at a frequency of qppro;(imqtely 3 per second.  If the female was receptive she
responded by a slow dorsoventral movement of the abdomen, one complete pulse
every 2 secl:onds T 0.25 seconds, at the same time depressing sternite seven and
unsheathing the distal ends of the goncpophyses; The female still made no-attempt
to orienfcte towards the male. The next sequence in the male's display consisted of
rapid darting'runs to ‘wifhir‘l‘ 0.7 3 0.4 cms of the female, simultaneously fluttering
the fore-wings. The male then moved away for a distance of 3 - 5 cms, and at the
end of each dart the male displqyéd abdominal bobbing, as described above. No
physical contact was made between the individuals during this period, which, over
‘50-ﬁmed obsé;vqtions, both in the field and laboratory, cverﬁged 2.84 minutes with
a maximum of seven'minutes. Only if the female tolerated this part of the courtship
'.did the male display continue. (Table 6. 'l) |

Immediately prior to mating, the male placed one of his front tarsi on the
back of the fe'mqle, immediately posterior to the scutellum in the mid-line. It is
not clear whether ﬂﬁsi action l;qs a rolle‘ in sexual communication. Except for slow
qbdor.nindl movements, recepfive females play no visual part in active courtship. [f
courfship‘of an unreceptive female begins she responds, during the male darts, either

by leaving the leaf or by striking the male with her wings and/or legs.
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Table 6.1 To determine the length of a courtship dance in G. fennahi from

the on-set of male wing fluttering to coupling. Sample size 25 pairs.

Pair Number " Time taken (mins.)‘. Pair Number  Time taken (mins.)
1 | 4 mins 39 secs 14 3 mins 57 secs
2 : .7 mins 10 secs 15 5 mins 12 secs
3 'A 3 mins 57 secs 16 | 6 mins 23 secs
4 3 mins 40 secs | .17 ~ 5 mins 17 secs
5 o 5 mins 15 secs 18 3 mins 59 secs
6 | 6 minf 10 secs ' 19 '7 mins 11 secs

7 6 mins 23 secs 20 3 mins 14 secs -
8 ‘ 5 mins 50 secs , 21 6 mins 31 secs
9 ‘ 3 mins 05 secs ' | - 22 5 mins 49 secs
10 7 mins 15 secs 23 6 mins 17 secs
1 4 mins 37 secs - 24 4 mins 12 secs
12 4 mins ]'6 secs 25 4 mins 23 secs

13 5 mins 00 secs

Average length of the male courtship dance was 5 mins 01 secs.
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2. Sexual Communication

From the above it appears likely that there is some form of communication
‘between sex\udlly active males and females. Though the observer could detect no’
signals, the female presumably communicated her presence and perhaps sexual state
toa pr‘osPecﬁ\)e mate. It is possible that the mainfeno'nce of a stationary posture
itself may be regarded osv a response to the présence of-a courting male. However,
this is considered normal behaviour and the occasional apparently spontaneous
movements by the feﬁole suggests that it was not, in itself, a response.

-

M?ny workers have been interested in the field of insect communication,
some concentrating on the role of chemicals and their possible use il;a pest conirol,
Wright (1964) considered iLsecf sex pheromones as amongst the most biologically
active substances, minute quantities eliciting a behavioural response (Shorey 1964 ;
Guerra 1968; Tashiro & Chambers 1968; Oloumi-Sadeghi 1974; Ritter et al 1975).
Several reviews of insect sex pheromones.ore available in the literature, (Jacobson
1972 ; Leonard & Ehrman 1974; Wheeler 1976 ; Baker & Evans 1977). Little work
has been done in the Auchenorryncha, though the reactions in Aphids has been

studied, (Pettersson 1971; Tamaki et al 1970; Ishiwatari 1976; Brennan et al 1977).

It is known that in some female Homoptera, i.e. sexually mature virgin females of

Aonidiella aurantii the California red scale, ’rlha’r a sex pheromone is confinuolly-
present which may be releas_ed or wiI:hheId. The fémgle, however, becomes
unattractive within 24 hours ofter insemination (Tashiro & Moffitt 1968).

A detailed inves_.ﬁgcl’r'ion of ’rhé possible presence of a sex pheromone in

Graphocephala was not attempted. As a point of interest, however, during a

general scanning electron microscope examination of adults, sensilla coeloconica
of the corrugated fence type were located on tergum nine. It is the first time such

sensilla have been located on the genital region of Homoptera, and from work carried
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out in other groups where these sensilla were fouﬁd on the antennce, (Cullahan &
Lee 1974; Chq—Wang et al 1974; Mclver & Sien;lick 1975), they have b-een
associated with the detection of phemmonés. (This work was largely performed on
Lepidoptera and Diptera). Their presence in the Homoptera may warrant further
pheromone work within fhis group. Perkes (1970) conducted simple squash experi-
ment; and attempted, using various solvents, to extract sex pheromones from virgin
females of E. fabae, but he was unable to elicit sexual activity in males as a |
response to the extracts.

Similar, simple experiments were conducted using Graphocephala fennahi
i

Males did not orientate to,, or attempt to court filter paper discs onto which virgin
females had been squashed. Female extracts made up in alcohol, acetone, benzene,
chloroform, methonol and xylene applied to filter paper discs and allowed to dry
also failed to elicit. male sexual behaviour.

Several other forms of communication are possible.

(a) Vision. A preliminary experiment was devi;ed at the e.nd of the 1977
season to determine the possible role of vision in sexual encounters. Only three
virgin pairs were available, (age 14 t week old), of which one was used as @
control. Pre\;iqus observations fndicafed that in a sexually active pair the male
approached the female; in the present e>,<per'imen1L the eyes of the male were occluaed
using a black photographic paint, so effectively blinding the male. The paint was
allowed to dry for one hour prior to the introduction of the pdir.

Pairs were individually -housed in cylindrical cages at-22°C and observed
for 1.5 hours. In the control pair the eyes of the male were not p‘éin’red out, and

here courtship was initiated within 8 minutes of the introduction, and was terminated

by coupling. In the experimental pairs, both males showed an initial increase in
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leaping frequency compared to normal insects. Male A continued this behaviour
for 56 minutes and male B for 42 minutes. In both cases it was followed by a short
period: of inactivity of less than four minutes. Both males then began walking over

the Rhododendron leaf, nicle A reached the female after a further 2.74 minutes and

initiated éourfship, and male B after 3.5 minutes.

This experiment proved unsatisfactory, due to the small.sample size and
apparent distressed behaviour displayed by the males. A further experiment was
conducfed into the role of vision during May 1978, when 14 virgin pairs of 3 weeks &
4 day old Fnsecfs were assembled. - |

A female was penned, in a paper cell measuring 1.5 x 1.0 ems, and 0.7

cms deep, onto the boﬂom most leaf of a Rhododendron.branch 1 metre iy 5 cms
long. A male was then infrodpced to the upper most leaf and observed for one hour.
The linear Rdi‘sfance between the pair was 94 cms T 6 ems. This was repeated fo:; 13
pairs. Pair 14 was a control in which the female was placed freely on the lower most
leaf and not visually hidden. This_experiment was conducted at 22°C. Results are
giyen in Table 6.l2.

It is demonstrated that the male approaches the femclg without visual cues
and the time taken to reach the female in the control is the same as that in the
experimental pairs, suggesting that a stimulus other than vision is of importance in
bringing a sexuolAly active pair togefher.’ It was also observed in f'he field by the
author that males would éouri‘ other males or fifth instar nymphs which had seffléd

in the vicinity, thus reinforcing the suggestion of the male's inability to distinguish
i : ,

visually males or large nymphs from females of the same species.

General observations both in the field and laboratory indicated that it was

" unusual for male G. fennahi to walk such large distances displaying no inclination

to leap. During the control experiment above, the female was on- the upper surface
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Table 6.2

Time taken for a male G, fennahi to locate a visually hidden female from a

distance of 94 cms iy é cms on Rhododendron.

Pair no. Time taken (minutes)
1. . 25.4
2 1é.7
3 , . | 23.18
: 4 : 31.2
| 5 | 40.5
6 26.3
7 19.2
| 8 257
? 23.2
10 21.8
11 2.1 |
12 27.3
13 26.9
Control 23.3

Average of experimental pair 26,1
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of the leaf and remained sfci‘ionary‘ with no indication of feeding throughout the
experiment.

(b) Acoustic Stimuli. It is well documented that sounds can be .prod'uced by
some Auchenorryncha. Ossiannilsson (1949) gave preliminary results of sound
production in a wide range of adult leaf-hoppers and was able to divide them into
stress, sexual and social calls. He demonstrated the existence in all families studied

.of a tymbal mechanism similar to that responsible for sound production in the related
cicadas (Pringle 1954). The known songs of Cicadellids are all of a much lower
intensity than those of cicadas. Sfr‘u‘bing (1958 and 1959) established sound pro-
duction in belphacids and .in 1962 studied the songs of 14 species of DEIphccidS.
using tape recordings and oscillograms. 'Moore (1961) produced sound spectrograms
for a number of North American species. There wduid appear fo be little -doubt that |
most Auchenorrhyncha are capable of definite songs by means of the tymbal cppdrcfus
and most species sf;ldied opbecr to possess a repertoire of song patterns that may serve .
different functions. More recently, Claridge & Howse (1968) demonstrated vocalization
in three species of British Oncopsis and a potential receptor in the form of .Johnsfon's

organ at the base of the antennal flagellum of Oncapsis flavicollis (Howse & Claridge

1970). Most Cicadellid songs appear to be differentiated in two ways, by the pulse
repetition frequency and the carrier frequency. It is the first that is often a specific
character and is the paramefer to Which tympanal organs, subgenual organs and
antennal receptors appear to respond in insects (Haskell 1961 ; Howse 1967). Most
studies agree that the pulse- repetition frequency for Cicadellids lies between 30 -
1000 cycles per second.

- Preliminary sound experiments were c§nducfed using G. fennahi. Virgin

pairs were enclosed in standard 25 mm diameter boiling tubes containing a small
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amount of food material, the mouth was closed by the sensitive .end of a crystal
microphone. The output from the microphone was fed into a Revox 77A recorder
and Kay Elemetric's Corporation Sona-Graph 6061 B and moni.’ror’ed over a frequency
range of 20 - 1500 cycles/second for fhreelperiods, at various times of the day, each
of 4 hours duratic;n. No calls were detected except for very infrequent clicks, the
source of which was not convincingly demonstrated, and which were not thought to
be communicatory. In view of other studies, as outlined above, the frequency range
selected was thought to be satisfactory. -
A slconning' electron rhicroscopiq examination confirmed the presence of a |
-tymbal qp;;arafus on the firrf abdominal segment of both sexes, though much reduced
in the female. The l'ymbcll musculature, as revealed. in transverse sections, was com-
posed of very slender mulscl85. As no sound was detected between sexually active
pairs, it is SL;ggesfed that the tymbal apparatus is non-functional in G. fennahi.

(c) Substrate borne vibrations. Such a system would confer a number of
advantages over airborne sound waves in that :

(i) atlfenucxﬁon in a solid substrate i.e. leaf or woody §tem,' is less than in
air, so permitting communication over greater distances. Ossiannilsson (1949),
commenting upon air-borne sound waves produced by Auchenorryncho, suggested |
that if they were to be heard at distances of more than a few centimetres, a very
sensitive auditory system would be necessary. The transmission would obey.a modij-
fied inverse~square law, whereby the intensity from a point source is inversely
proportional to the ‘sq\uarc'a of the distance from that source corrected by the attenuation
factor for the substrate. .

An important difference between cicadas and leaf-hoppers is that there are

no well developed tymbal air sacs in the latter. Pringle (1954) was able to demonstrate
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that the air sacs of cicadas possess a resonant frequency approximating to the
carrier frequencies of the song (4 - 8 kilocycles/second). If a similar mechanism
was to operate in leaf-hoppers tymbal air sacs of appropriate dimensions would

have extremely high resonant frequencies. No tympanic membrane is present in

the cicha Tettigarcta tomentosa (Pringle 1957), where chordotonal organs are
present at the base of the abdomen. Other chordotonal organs have been found
at the tibio-tarsal joint, the wing base (Fudalewicz 1949) and in the antenna
(Johnston's organ, Roth 1948; Hov\'/se & Cl’qridge 1970). While the c{cada typanum
Jis tuned to the carrier frequency of the sbng by the involvement of resonant air sacs
that it sha:’es with the tymbal (Pringle 1954) it appears likely that the leaf-hopper
receptor is tuned to the modﬁlation frequency of the song, which may be detected
by chordofpnal organs, perhaps situated on the leg (Ichikawa 1977).

(ii) The second advantage of substrate fransmissioﬁ compared to air is its

1

relative speed. The speed of sound at room temperature in air is 331.3ms . No

comparable figures are available for Rhododendron leaves and stems, but the trans-

mission rate in Quak, along fhe fibre,is 3850 ms-] .
(iif) A‘subsfrafe such as a plant would serve to channel Sigl;lCl|S rather than
radiaté them ‘as‘ in air.
More workers are now becoming interested in substrate~borne vibratory
~ stimuli among insects (Busnel 1956 ; Rupprecht 1974 ; lchikawa et al 1975; Ichikawa
1976) and monl'e work is being conductgd to investigate vibration-sensitive organs
(Alexander 1967). Qrchard (1975) investigated the structure and properties of

abdominal chordotonal organs in Carausius morosus and Blaberus discoldalis, and

their role as vibratory receptors and provided a general review of abdominal

chordotonal organs of insects generally. Rupprecht (1975) indicated that Sialis
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possesses vibratory receptors on the llegs, while Dambach (1976) describes subgenual
organs on the legs of Gryllids. Wiéglesworfh (1972) reviews the older work.

The location and structure of any such organs were not included in this study
though experiments were performed to determine w.hether substrate-borne vibrations

may be used for communication by Graphocephala.

A system was devised whereby vibrations produced in a Rhododendron leaf by

G. fennahi could be monitored. This requires the construction of a very sensitive
system. The final design consisted of ‘a piezo-resistive strain gauge, a.cﬁng as a
pick-up system, and mounted on a perspex block clamped to the upper surface of the
leaf. The o]ufput was connected, via a small-gauge coaxial cable, to a Télequipment
storage oscilloscope DM 64. Careful and complete earthing of the apparatus into fhe
oscilloscope considerably reduced background signal noise. Due to the sensitivity of
the apparatus the expérimenfs were conducted on a solid marble balance slab, thus
eliminating background vibrations. The leaf clamped ati the pefiole, together with
the pick-up, were enclosed within a clear plastic (dexroid) c!cge to eliminate air
vibrations and the escape of the insects. This produced a control trace on the
oscilloscope of ‘very small ‘amplitude and permitted a noise to signal ratio of approxi-
mately 1 : 20.“’ Insects were introduced onto the ieaf via a window in the side of the
cage which was then closed.

The results are presented as oscilloscope traces (fig. 6.1 and 6.2). The.
equipment was monitored for possible vibra*ions during four conditions as follows :-
(a) Solitary virgin female (b) ‘Solifary virginv male (c) Virgin pair (d) a pair,
of which the female had already mated. Iﬁ all cases, insects were sexually mature.

In all cases the trials were repeated ten times with different individuals or pairs, and

each trial continued for one hour or until a signal was monitored.



Fig 6.1

Oscilloscope traces of substrate-borne vibrations
made by the female of G, fennahi when calling to

males prior to courtship.

Scale: 50mV/div. & 50Omsec/div.




Fig 6.2

Oscilloscope traces of substrate-borne vibrations

made by the female of'G, fennahi during courtship,

Scale: 50mV/div. & SOmsec/div,

Scale: 50mV/div. & 20msec/div.
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‘No vibrations were detected in (b), suggesting the male does not produce
subsfrafe—borng vibrations. This contrasts with the findings of Ichikawa (1977),
working on three species of Delphac;'ds, wHo detected fnale—produced signals. In
(a) a sol-itary'virgin Femalé, a vibratory patfern‘was detected (see fig. 6.1). During
monitoring, the female was on the upper surface of the leaf, over the main rib; her
stylets were not in contact with the leaf surface. The signal was éroduced in-
irregular bursts of 4 %' 1.6 seconds duration at intervals of 8.7 = 2.9 seconds at a
frequency of 30 cycles/second. Each pulse possessed a characteristic high peak
and rapid g’:ﬂenuation and a pattern of two rapid pbl‘ses followed by a single pulse
of smaller amplitude was es}foblished. The amplitudes given'in this study are of no
direct quantitative significance, as they are @ product of calibréﬂon. However,
they are comparative within the study. The rapid pulses had an amplifﬁde of 160mV

| ,
I 6.5 while the single pulse was of 150 mV : 5.0. | The characteristics of these
pulses are likely to aid franérﬁission and reduce attenuation.

The: pdtfern characteristics changed when a vifgin pair were in close proximity
(see fig. 6.2), 'The sequence then consisted of three individual peaks followed by a
wide signal band of 80 ~ 100 m. sec. duration. The peak characters differ from those
produced by a solifdry'female, pI:Odl;Cing an amplitude of 200 mV : 10 and gradual
attenuation. The wide signal band possessed an initial peak of 100 mV I5.0 ampli-
tude, which rose to the main péak of 150 mvV £ 7 amplitude. The frequency of this
sequenée was 20 cycles/second, and the characteristics suggest short distance trans-
mission. In G. Fenna:hi, vibrations were pro;iuced by drumming of one or other hind
tibia. No signals were detected from mated females.

Little direct evi&ence for substrate-borne vibrations in the Hemiptera has

previously been cited in the literature. Ichikawa (1977), working on three species
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of Delphacids was able to demonsfiate that in this suPérfqmily sqbsirate-borne
vibrations are gmitfed by the male and feinc:le produced by tymbal organs and
abdominal vibrations respectively. The possibility of substrate~borne vibrations
in the Cicadellids has previously been suggested by Claridge & Howse (1968),
Takeda (1974), Ishii & Ichikawa (1975), and Ichikawa (1976). The present study

clearly suggests the function of such a system in the communication of G. fennahi

with song characters when a female is calling to prospective mates, distinct from
that used during courtship. This work allowed females to be put into three groups,
(a) unreceptive virgin femqles, within a few days of emergence, which failed fé
display drt.imming' behovioulr, (b) receptive fgmale; which produced a signal in the
presence or absence of a selxual partner, (c) unreceptive mated females which did’
not show calling behaviour oni:l which avoided male attention by actively moving
vfrlom the area. Tije behaviourol changes associated with the cessation of calling

by mdted females appears to coincicie with insémination.‘ Females that were not
inseminated during mating resumed calling b_ehaviour within 24 hours (data based on
Fivé observations), the spermatheca being examined at the end oFlfhe experiment.

1

It is concluded that in Graphocephala vibrations produced by the female produce

a searching response and the initiation of courtship by the male. -Moini'enonce of
_courtship is probably brought about in the male by the female vibratory stimulus, and
in the female by the visual stimulus of a courting male.

The natural frequency of live Rhododendron leaves, over the whole size

range was then calculated to determine the resonant frequency, which, if it
coincided with the frequency produced by the insect, would facilitate transmission.
The natural frequency of a leaf depends upon its stiffness and mass distribution,

thus water content, though having no direct effect on sound transmission, would affect

the mass distribution.
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The equation to determine natural frequency is :

'F = 1 _Kg_
: 2T m
where f = frequency
m = 3,142
K = sfiffness of the leaf or the slope of

a load (Newtons)/deflection (metres)

curve
' ' g = acceleration due fo gravity (.81 m/secz)
m =  mass of the leaf (Kg)

Slope/deflection graphs for a large and small leaf are produced (fig. 6.3).

Substitution into the above formula gave the results :

Natural frequency. of a large leaf 25.6 cycles/second.

Natural frequency of a small leaf

48.7 cycles/second.

These results approximate to those experiménfqlly obtained for the insect vibrations,
suggesting. fr;:l;'nsmission would re;uh and that a potential communication system cpuld
be established.

Discussion on sexual communication

The emission o% sounds during courszip has been well documented in the

Auchenorrync.hq other than Cicadidae (Claridge & Reynold$ 1973; Ossiannilsson 1953;
Smith 1971 and SfrUb}ing 1962), fhough sound waves were not recorded from G. fen-
nCl_hi_ in the present study. Moore (1961) assumed auditory stimuli to be close-range
signalling devices, suggesting that olfaction or visual stimuli play a prime role in
intraspecific communication. The emission of a sex pheromone by males has been

reported in Nezara viridula (Mitchell & Mau 1971). Though the emission of sex
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pheromones has been reported in other Heteropferov (Scales 1968; Baldwin et al
1971) and Homopféra Sternorrhyncha (March 1975) it has not been proposed in
. Auchenorryncha. Visual and olfactory factors have been excluded from the
possible sign sfimu_li involved in the sexual behaviour of G. fennahi in the present
study, and s‘imilarly were dismissed by‘lchikawa (1977) in Delphacids. Claridge and
Réynolds (1973) observed males of Oncopsis courfi-ng other males, suggesting a limi-
. tation of visual ability in that genus. |

Ossiannilsson (1949) suggested very limited transmission distances for air-

borne sounds, and Ichikawa (1976) demonstrated that Callygypona lugubrina, C.

|
adela and Euidella speciosa never responded in mating behaviour when their songs

“were played as air-borne stimuli, even over 1 or 2 cms, but only when they were
produced as substrate-borne vibrations. It has been shown in the present study that
vibrations can be pérceived'by the male of G. fennahi at distances of at least 95 cms.
Species specific substrate vibrafi_ons are also known'in two species of Cydnidae
(Gogala et al 1974) and Gerridae (Wilcox 1972).

3. Physical factors affecting pré-maﬁng behaviour

() The effect of time of day

Preliminary experiments were conducted during June, July and August 1976,
on two captive grouAps, eacH of fwenty pairs.- The groups were each sub-divided info
four groups, each of five pairs, sub-groups being individually housed in a large
cylindrical cage. This allowed more ac;:urate.and quicker observations. Group |
were maintained in a constant temperature room on a Iighf/dark regime of 16 hrs/8 hrs
and temperature range 21 - 25°C. This regime had been maintained since early fourth
instar. Group Il were kept on the roof of' the Zoology department under natural
coﬁdiﬁons of light and temperature, (Minimum night temperature of 17°C ; day time

maximum of 29°C). Insects were observed over an 8-day period. . Records of the
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presence or absence of sexual behaviour, either courtship or mating, were made for
5 minutes each hour, on the hour (see Table 6.3). The results suggest sexual activity

in G. fennahi occupy a morning and evening perfod.

Table 6.3

Periodicity of sexual activity as determined by the presence of courtship dances in
G. fennahi. The experiment was conducted with two groups, each of 20 pairs of
insects. Group | in a constant temperature room, Group Il caged under natural

environmental conditions. x denotes the presence of activity.

Date ! | Time of day (hours)
l sunrise | : sun  set

. 03|04,05|060708/09 10 11112/ 13[14]15]16]17]18]19/120/2 |

August 10th (Group 1) 1o x| x]x x| ' X% [x [x|x|x
12¢h (Group 2 L] el x| x x |x |x | x |x |x
14th (Group 1) X | x{x|[x]|x X (X |x [x |x |x
]6fh(Group2)’ ' Cxx x| x| x|x ‘ x [x {x |x [x
18th(Group1). X {x |x |x |x X [x [x {x|x|x [x
.20th (Group 2) X {x |x |x [x [x x| x[x |x |x [x
22nd (Group 1) X [x |x |x XX |x X [x |x
24th (Group 2) .xxxxx xxkxxx-

This prompted a 3-day experiment, conducted at the end of August 1977, to
determine more precisely the limits and characters of the bimodal disfribuﬁon‘ of
sexual activity. 30 pL:irs of 14-day old virgins were assembled and housed in a
constant temperature room as above, 10 pairs were placed in each cage, 3 cages

in total. The total number of dances (forward darts) performed ina 5 minute period

were recorded every 20 minutes (see fig. 6.4).
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The graph demonstrates a strongly bimodal distribution of sexual behaviour
in the males of G. fennahi with peaks centred around sunrise and ;unsef; no activity
was recorded‘duriAng the middle part of the day or the hours of darkness. Mating
occurred throughout the active periods and was only observed once at other times
of the day. The eveni‘ng peak rose to a greater maximum than :that of the morning,
and morning activity rises rapidly to its peak and falls away gradually whfle the’
‘evening acfivn;fy gradually approaches its peak and falls rapidly away after sunset.
During a fotal of 40 days  field observations a similar distribution for sexual
activity WCI;IS not always found to be present, though when present sexuu[ activify
always occurred dﬁring the/periods démonstrufed above, suggesting that a minimum
temperature threshold fnay operate. The time of maximum activity suggests that the
effect may be related to light intensity. Normal activities of leaf-hoppers, such as
‘ :
feeding and resting, -occur on the underside of the leaf, and only comparatively
rarely does the insect appear on the upper surfuce,. where its red, black and yellow
markings would make it conspicuous. The dawn and dusk appearance of activities
on the upper surface of the leaf may be a mechanism to reduce predation. Tay (1972)

while studying the bionomics of Graphocephalu recorded its main predators to be the

spider Linyphia triangularis, the earwig Forficula auricularia, the harvestmen

Oligiophus agrestris, and Liobunum rotundum, the Mirid Dicyphus sp. together with

sparrows, Great tits and Blue tits.

(ii) The effect of "’remperu’rvu_-re,

As shown abmi/e, the occurrence of male courtship dances had a bimodal
distribution under normal laboratory conditions while in the Field,’ when the weather

was particulérly cold, this was not found to be the case (Table 6.4).



!

~ Table 6.4

257,

The effect of temperature on sexual activity and the suppression of its bimodal

distribution by subliminal temperatures in the field. No activity recorded between

10.00 and 15.00 hours. Sample of 20 pairs in each group. +denotes activity.

 Laboratory Field - Laboratory Field

Sex : Sex . Sex : © Sex
Time |Temp C Activity | Temp°C Activity |Time [Temp®C Activity |Temp°C Activity
04.00 | 21.0 - |10.0° -  |15.00 | 27.0 - | 245 -
04.30 | 23.0 + ° | 10.0 ~7 lisa0| 265 o+ | 240 -
05.00 | 23.0  + 10.5 - 16.00 | 26.5 + 240 o+ |
05.30 | 23.5  + 10.0 - 16.30 | 25.5 + |20 o+
06.00 | 23.5 + |10.5 - 17.00 | 25.5  + |22.0 o+
06.30 23.,5»_ + | 10.0 - 17.30 | 25.5 + |20 4 |
07.00 | 23.5 + |11.0 -  |18.00|24.5  + |20.0 +
07.30 | 23.5 o 11.0 - 18.30 424.'5 + 195+
08.00 | 24.0 + |11.0 - 19.00 | '24.5  + |18.0 +
08.30 | 24.5  + 11.5 - 19.30 | 24.5 + |70+
‘o?.oo 25.0  + 13.5 - 20.00 | 23.0 + 155+
0.30°| 245 + |140 - |2030|2.5 + |155 «
09.45 | 245 - 5.0 + 21.00 | 23.0 - 15.0 -
10.00 | 245 - |18.0 - |21.30|22.0 - |150 -

i

following experiment was conducted. Preliminary observations suggested a lower

threshold of approximately 15°C.

A wide range of temperatures was used, and tests performed in phials (5 cms

To investigate whether sexual activity occurred between certain thresholds the
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long by 2 e¢ms diameter), each containing one pair of insects. Only 10~day old
males and 15-day old vir-gin females were used, 10 pairs at each temperature,
Pairs were al‘lowed to dcclimaﬁzé for one hour before being introduced, and then
allowed 10 minutes to settle down. The number of forward darts by the male that
occufred in a 5 minute period were then recorded. One control was run at each
temperature where a female was not placed in the phial. Results are given in
Table 6.5 and indicate that courtship was not initiated belc_:w 14°C, cc;urfshiﬁ did
_ not go to completion, and mating did not occur below 16°C, indicating separaté
thresholds for courtship and mating. T'He lower threshold at which courtship occurs

|
in Endria inimica (15.6°C)} as determined by Coupe & Schulz (1968) was above tha

of Graphocephala and they did not distinguish separate lower thresholds for court-

ship and mating.

!

" Table 6.5 .

Dance activity, at various temperatures, of 10-day old virgin males to 15-day old

t

virgin females, during a 5 minute test period. Sample size 10 pairs per temperature.

No female present in the control.

TempOC . Female present - Control | Temp®C " Female present 'Coni;rol
Number of Total Total Number of Total  Total
males dancing dances dances males dancing dances dances

10 0 0 o | w7 30 0
2 o0 0 o 20 © 10 38 1
13 0 i 0 0 25 10 40 0
14 3 13 0 30 9 36 0
15 4 21 . 0 |.35 10 40 0
16 6 2 . 0 | 4 3 1 0
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iii) The effect of day length
It was shown. that day length can affect the periodicity of sexual behaviour.
During the course of this work, several hundred insects were reared from the early
fourth instar under a light/dark regime of 16 hrs/8 hrs, and they displayed, as
adults, the norn;nql rhythm of sexual activity as described above. Forty insects of
mixed sex were reared from the fourth Vinsfor in constant Iig‘hf, other factors also
‘remaining constant. As adults, these insects displayed no rhythmical behaviour
and remained sexually active 24 hours a day, though slight increases. fn the frequency
did correspond fo.peaks found in normal insects. This phenomenon has not been

reported in Homoptera prer/iously, ‘though Shorey et al (1965) described a similar

effect on the mating behaviour of Drosophila melch’ogasfet.' when reared in constant .
light. |
:
iv) Thé effect of wind
No quantitative study was made of this phernomenon, though it was noted at

times in the field that wind above a slight breeze inhibited courtship and hence-

mating. Carter (1930) said that Empoasa fabae usucl”y seeks protection from wind,

but when settled on a plant can tolerate considerable air movement. If disturbed
into flight they are easily carried along. Lawson (1951) studying migration of
Cicadellids, confirmed this and demonstrated in a wind tunnel that leaf-hoppers

could not make progress against a wind of more than 2 miles per hour.

(b) Mating Behaviour

There are no detailed descriptions of mating behaviour of Cicadellids in the
literature. Previous investigators have only described a limited part of the behaviour

(Claridge & Reynolds 1973; Ichikawa 1976; Coupe & Schulz 1968), rarely studying

the effect of other biological factors, e.g. age. One of the most complete studies
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available is that of Nielson & Toles (1968) on Acinopterus angulatus and

Aceratagallia curvata, Courtship is not described, and the study is restricted to
seven observations on A. angulatus and one on A. curvata. A brief description
of mating was given by Raine (]960) for the bramble leaf-hopper.

In the present invesﬁgaﬁon‘ a. detailed study w‘as mdde of the biological
factors which affect mating in G. %ennahi and a thorough investigation of its
mating behaviour. |
(i) The effect of duration and frequencx of-,mating.

In many insect species the female requires a single mating to produce fertile

| .

eggs fhroqéhouf her life anTi once mated is often unreceptive to further male advances.
This phenomenon has been described in.AucHenorryncha by Harries & Douglass (1948),
McMillian v(l963)_. Nielson & Toles (1968) were able to show fhationce mated females

. of Aceratagallia curvata live longer and produce more progeny than multi-mated

females of the same brood. An experiment was devised to determine whether females
of G. fennahi remain fertile for an extended period ofter a single mating, and whether
this affected their attractiveness to méles. .

Tests we're conducted in-standard 24 cms diameter cylindrical cages. Twelve
10-day old vilrgin females were presented to 14-day old virgin males repeatedly over

a 28-day period. The procedure was as follows : females were individually caged on

Rhododendron and a virgin male introduced to each female. By recording the duration

of copulation the coition time necessary for insemination could be determined by an

examination of the spermatheca. After copulation, males were removed and the

fecundity of the female determined after 7 days by dissecting the Rhododendron bud
and examining fHe eggs, the presence of red eye spots indicating fertile eggs. The

pre-oviposition period for G. fennahi, in this study, averaged 5.8 days. Direct
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evidence for sperm transfer by dissection of spermatheca was established. After
the seven days females were presented to another 14-day old virgin male, and if
courtship resulted the pair were separated prior to mating and penned on Rhododen-

dron for a further 7 days when the trial was repeated. Pairs in which the male was

not stimulated to dance were left together for 2 hours to determine if a second mating
would occur. The female was then replaced on Rhododendron for a further 7 days:

when the trial was repeated. The results are presented in Table 6.6.

Table 6.6

To determine the duration of mating and attractancy of mated females to males by the

repeated presentation of females to males at 7-day intervals. Sample size twelve

pairs. At the start of the test, all females were 10-day old virgins. 14-day old

males used throughout. Fecundity of the females determined at the end of each

7~day period.
'Sfcfe of female
Female Initial Coition 7 Days 14 Days 21 Days 28 Days
Number Time = A*. ¥ A* I* - A*
1 1 min 52 secs + -+ - + - + -
2 I min 37secs 4+ -+ - 4+ - 4+ -
3 2 min 20 secs  + -+ - + - + -
4 0 min 57 secs -+ - + -+ -+
5 4 min 39 secs .+ - + - + - -
6 7 min 09 secs + - - + - T+ - -
7 Olmin 21 secs - + - + - + - +
8. 6 min 03 secs | + - + - + - + -
9 3 min 15'secs + - + - + . - + -
10 1 min 53 secs + - + - + - + -
11 Qmin_ 36secs - + - + -+ - +
12 3 min 23 secs + - + - + - + -

I* = inseminated A* = attractive
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It is clearly indicated that femalés inseminated during the first maﬁﬁg failed
to elbicif courszip dances in males on future introductions, while mated females that
were not inseminated remained dtfractive throughout the 28 day test period. This
| ir-nplies the female's l;eproductive state is communicated to the male. As determined
in an earlier experiment, a sexﬁclly receptive female signals to the male via substrate-
borne vibrations, insemination appears to bring about a change in the female's
behaviour, resulting in their ceasing fo vibrate the substrate and carry out an active
response against male courtship. Females fhot failed to oviposit affér mating all had
coupling times of less than one minute and remaiﬁed sexually active, suggesting
insemincﬁclm is a necessary component for the loss of female attractiveness. The
3 females that remciﬁed attractive during this e‘xperiment were dissected at the
end of the 28 day period; their spermathecae were small insize, similar to that of
immature females, with no trace of sperm in them. It is probable that seminal fluid
or accessory gland secrevfions inf;dduced during insemination are responsible for this.
female change.
Recently, much:work has beenvconducfed upon the nature of reinsemination
barriers, o;nd‘ r'he Iifer.ature has been reviewed by Hinton (1974) and Leopold (1976).
Much of the work has been carried out on mosquitoes, where in many species the

female mates only once, (Abdel-Malek et al 1967; Craig 1967). The work of

Spielman et al (1969) suggested that in Aedes aegypti this was due to the semen

from subsequeﬁt matings being expellegl. More recent work, on.the same species,

by Gwadz (1972) indicated that the reinsemination barrier was due to a post~copulatory
change in the female's mating behaviour, which is also suggested by the present author
for G. fennahi, as indicated by the cessation of the female's vibratory stimuli once
inseminated, and her response against courting males. .ln Diptera and some Lepidoptera

it is known that mating plugs are the principal barrier to multiple matings. There is no
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evidence for this in Auchenorynncho.

Recent work has indicated that af leasf' in some species, male accessory
gland secretions inhibit remating by altering fhé female's mating behaviour. The
effect is initiated chemically through the central nervous system and may be
characterised by an active display of resistance by the female to subsequent
copuiatory attempts. Much of this work has been performed in Diptera (Bagmann
1974 ; Burnet et al 1973 ; Hiss 1972, and Terranova & Leopold 1971).

The role of neuro-humoral factors in the control and modification of mating
~ behaviour is a large and rapidly developing field. Truman & Riddiford (1974),

!

working on Diptera, were Tbl'e to link the release of juvenile hormone from- the
~corpora allata with the development.of receptivity though it would appear unlikely
that a termination of receptivity is simply due to the inactivation of the corpora
allata in mated females, since it has been demonstrated that the corpora allata, in
some mated fel.'nales, may be directly or indirectly involved in egg maturation
(Wiggleworth 1964 ; Engelmann 1970; de Wilde & de Loof 1973). The ;onclusion
that mating refusal involves a neuro-humoral factor is based largely on evidence
provided by Leopold (1971) and Degrugillier (1972) on Musca and Gwadz (1972) on |

It is not thought that the mode of action is the some‘irhm all groups. In Drosophila
the barrier to reinsemination is ﬁof an accessory gland secretion, but due to the
presence of sperm in the spermatheca (Burn»eiL et al 1973). It is generally agreed that
in species H"ldf avoid reinsemination it is a behavioural reaction and not a permanent
mechanical one,

(ii) The mating frequency of males

Preliminary fests suggested that males could mate with more than one female.
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This is the usual situation in insect species that exhibit sexual reproduction. Two
~ tests were performed. In the first, ten 14-day old virgin males were caged indi-
vidually in o constant temperature room at 25°C. A virgin female between 10 and

18 days old was caged with each male and left for'36 hours. At the end of this time

the female was removed and éoged individually on Rhododendron.  The bud was
dissec,fed'Z] days later, and any eggs examined as above ;o determine female
fecundity. A new female was placed with each male every 36 hours for 15 days
and its fertility monitored ‘as above. .

The following results were obtained :

|

' ‘ ‘ . Average No.
No. Males/Test No. FAmales/Tesf No. Females Fertilized  females fertilized/
: ' male

10 100 ' 81 : 8.1

This demonstrates that males are polygamous and capable of multiple fertilizations.
In the second test, one virgin 14-day old male was placed in a cylindrical cage
with fifteen 10- 20 day old virgin females for 36 hours. The females were then removed

and individually caged on Rhododendron, and their fertility determined as above. Eight

males were used in total, and the results are shown in Table 6.7.
Table 6.7
The total number of females inseminated by a single 14-day. old virgin male in a 36

hour period. Sample size 8 males.

Male . Number Females/cage Number of Inseminated

. Females

| - 15

: 15
15
15
15
15
15

15

Average number of females inseminated per male = 2.8

OoONOOBEWN —
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The results of these two experiments indicate that alth_ough males are
capable of multiple matings they are not capable of ferﬁlizing lorge numbers
of females in a short fime. This agreés'with the findings of Leopold (1970) on
Musca, where at successive matings the time spent in copula increased greatly.
He suggested that this was due to a réduced production of accessory gland
secretions in males that had recently mated, and demonstrated this by injecting
males with ‘cycloheximide, a protein synthesis inhibitor, when mating took 3 hours
~ compared to the normal 72 minutes. .

(iiil) The effect of temperature on fertilization

14-day old virgin males and fe’males were caged in pairs on Rhododendron
at various temperatures for a period of 36 hours. The insects had previéusly been
conditioned to the test temperature for 5 days. The tests were carried out in
constant ferhperoture rooms and incubators on a light regime-of 16 hours light/8 hours
‘dcuv'k, buf, due fo the range of temperdfures used, the experiment was conducted over
a period of 30 days. At the end of the test period, males were removed and the
females left at the same témperature for a further 21 days, after which the

Rhododendron buds were dissected and the eggs counted to provide an estimate of

fecundity. 10 pairs were uset;‘l at each temperature (see TaEle 6.8).
1t can be seén.fhaf the optimum range for mating is between 21 -35°C.
Succesgful copulation did not occur below 16°C.
(iv) The effect of age on mating
No quantitative description of the age of Ieaf-héppers at mating has been
given in the.literature. Stahl (1920) suggested that E. fabae mated within a few
days of the adult moult in the sun%rher generation, though the interval between

adult emergence and mating in the autumn generation is, he thought, considerable.
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Table 6.8

To determine the effect of temperature on mating. 14-day old virgin pairs were
caged together for 36 hours at various temperatures. The fecundity of the females
was then determined 'dffer a further 21 days. 10 pairs used at each temperature.

'3 females died during the 21 days at 44°C.

Temperature (°C) - Total number of females inseminated

10 0
o o

| 15 . o 0
6
18 . 3
21 8
24 Q
27 o 8
<IN - 10
o35 ) 9
38 | : 3
40 1

44 0
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Harries & Douglass (1948), working on the same species, suggested that mating

“occurred within the first 3 days after adult emergence. It is important from an
e conomic viewpoint to know at what age the adults attain sexual maturity, and
whether virgin females can be fertilized when quite old. _

It was noted during the rearing programme of G. fennahi that adult males
emerge some 2~-3 days prior to the females. This trait can be traced Back into
the nymphal instar, and is indicative of the greater development time required by
the females of this species. It also ensures-that sexually ~mai'ure'mc‘1|es will be
available ir;nmediofely,upon the maturity of the females.

In ’rh'e first experimenr, sexual activity was determined in relation to age,
the effect of rearing temperature also being investigated. Two groups §f leaf-
hoppers were uged, the individuals having been sexed in the late third iﬁsfor, males
and females béing kept separate. Ore group was reared from the third instar at 420°C
and the second at 28°C. When ready for the final moult, cyagesl weré checked at
09.00 hours and 17.00 hours, and all newly emerged adults removed and cqgea
according to age.

Sexual attractiveness was determined by the presence or absence of a prolonged
courfship.dqnce by the male, when pairs were caged together and observed ovér an
8 minute period. For each age combination 20 pairs‘were used. Males, however,
were repeatedly used and females re-used if they had not elicited courtship. THis '
action, though not Sc:fisfacfbry, was deemed to have no adverse effect on ‘the results,
and was necessary, due fo the difficulty in rearing large numbers of adults of known
age.

The results (see Table 6.“_?) show that no insect, irrespective of sex, less than

- 24 hours old was sexually attractive. As expected, due to developmental and



Age

males

3.0
17.0
10.0

1.5

1.5

1.5

Age

females

1
1.5
3.0

7.0

10.0

1.5

No.
Dances

0

0

To determine the age of sexual maturity in both.

Table 6.9

males and females reared ot 20°C and 28°C

during an 8 minute test period. Sample size

20%¢ ] 28°¢
No. —No. No.
{Matings | Dances | Matings
0 0 0
0 0 0
0 3 0
5 1 10
15 18 18
0 0 0
0 0 0
0 0 0
0 0 0
0 0 0
0 1 0

204‘pairs per combination. Age in days.

Age
Males

1.5
1.5
5
10
20
30
30
10
20

30

Age
Females

7

10

1.5

10
10
20

30

No.
Dances

11

15

14
18
17
19

20

20%

No.
Matings

10

15

13
18
: }5_.
19

19

‘No.
Dances

14
17
0
0
10
15
17
18
20

20

287 ¢
No.

12

16

15
16
18
19

20

Matings|

892
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maturational dlifferences, there was a difference in the attainment of sexual maturity
between males and females. In G. fennahi, males became sexually active and |
capable of fertile matings ét bef\;veen 24-30 hours, females, Eowever, will not
accept a male until they are approximately 5 days old. As stated above, fhis,v linked
with differences in the emergence times, ensures that when females are receptive, all
males are sexually active. [f a male attempted to court an unreceptive female, he
was either pushed away or the female left the ledf. Thle results indicate that rearing
temperature has little effect on the rate of sﬁixucl mdfuraﬁon, though development |
was very slighfly faster at 28°C. In the above experiment, the age af sexval maturity
in GC. fenncihi is clearly demonstrated; quantitative éxperimenis of *his sort have nof.
previously been conducted on Cicadellids.

(v) Mating response in the older leaf-hopper

Because 'of mortality, particularly amongst the males, only seven virgin pairs
were available that were more than 60 days old. Prior to the test, the insects had
been maintained under natural conditions on the roof of the Zbology. Department,
-but the experiment was conducted gﬁ 22°C in a constant temperature room. Pairs
were caged fogéfher and observed for one hour, the females then placed on Rhodo-
“dendron and the buds dissected after 10 days; the ferﬁlify.of the eggs and hence
f_éc'undify of the females was then determined in the usual manner.

The results (see'Ta‘ble 6.10) indicate that all pairs were sexually active and
6 out of 7 ferﬁie matings occurred, suggeéfing that sexual respoﬁsiveness and potential
. does not decrease wifh,lage in a virgin, and that the insects are sexually responsive for
much of their life. ‘This experiment, combined with fHe results of light microscopic
examination of ovarioles from various females as described in Chapter 3 (p~.]07),
indicates that mating is a contributory factor in eliciting egg maturation. This is an

unusual effect, not previously described in the Auchenorryncha, though it has been
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Table 6.10

Sexual activity in leafhoppers of 60+ days. Insemination determined by the oviposition

of fertile eggs after 10 days. Sample size 7 pairs, which were observed for one hour.

Pair Number ' Presence of Courtship Dance Successful Insemination
1 | + +
2. 4 : : +
3 + 7 +
4, + +
) + -
6 + +
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demonstrated occasionally in other insects (Engelmann 1970; Labeyrie 1970), and
it has been shown in some Acridids that it is an accessory gland secretion that

stimulates egg production.

(¢) Description of the act of mating

"As already stated, mating is always preceded by a stereotyped courtship
dance, which ends with the male placiﬁg the front tarsi on the back of the female
so that he is positioned parallel to her, with heads pointing in the sc;me direction.
The behaviour of both courtship and mating was determined by the use of video
A tape recorc;ling, and, where necessary, playing back the tape frame by frame.
The male, Ewhen alongside‘fhe female, still with one tarsus on her back, flexed
the distal portion of his abdomen downwards and laterally, curvi.ng around the
ventral parf of the female's abdomen. At the same time, the female lowered
sternite VI but nét the gonapophyses. The cedeagﬁs entered the female by a
series of short thrusts, the final mating position being achieved when fhe male
rgleased the female with his front tarsus and turned through ]80_?, until the heads
of the two insects were pointing in Oppﬁsife directions. This position was mai‘n-
tained for a vc'1riable time, but a fertile mating was not observed with a coupling
time of less than one minute. The' maximum coupling time observed in the field
was 11.5 minutes, during which‘th.e larger Female'wclked around, dragging the
male behind. Disengagement was brought about rapidly without a return to the
side to side pcl’sition. Nielson & Tolesv (1968) reported a different mating position

in Aceratagallia curvata, where the final coition position is achieved with the male

parallel'to the female, with their heads pointing in the same direction. Copulation
in this species took approximately 17 minutes, but detailed observations of the

behaviour were not recorded.
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Alexander (1964) Iisf; 6 matfng positions in fh¢ Homoptera, but unfortunately
provides no details of species or if Sfernorrhyn;ha were included.
Discussion |

The present study describes in detail mating and pre-mating behaviour of
G. fennahi, and some of the factors that govern it. The observations and data
described help considerably to provide a more complete picture of Cicadellid
sexu;l behaviour. Much of fhe{ information described was not previously available
in the literature for any species.

-

The view of McMillian (1960) fh‘of Cicadellids have a generalized courf;ship
| : ‘
dance is confirmed, though fhev dance described here for G. fennahi differs

considerably in detail from that of the rice Delphacid. The visual close quarter

* courtship is always initiated by the male, and the female may be considered to

take a passive role. Here novel recordings from Rhododendron leaves revealed

that substrate-born¢ vibrations of a low frequeﬁcy produced by the female are of
considerable importance in attracting the male and _ma:infaining courfship. During
the courtsll'nip dance the vibrations produced by the female are of lower frequency,
and fhe flgeqL.:e.ncy pattern becomes more cc;mplex, thus indicating to the male that
the female is receptive. It was further demonstrated that mated females fail to pro-
duce these vibrations anci so do not aftract males. This cessation of communication,
i.e. a behavioural change in va1e female, ‘may’ be due to accessory gland secretions
from the maiel (Gwadz ]972;<Baumann‘ 1§74 in Diptera). The functional range of the
vibrations was not exc|:mfned in detail, though the effective dis‘tance of the female

signal was af least 97 cms on Rhododendron. There are few other comparative

experiments on the function of substrate-borne vibrations in Auchenorryncha, the

only other definitive experiments being those of Ichikawa (1977). Perkes (1970),
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using artificial substrates, established the presence of substrate-borne vibrations in

. Empoasca fabae, but did not develop the experiment.

Courtship and mating are governed by temperature thresholds, and in wild
populations the strongly bimodal distribution of sexual activity may be suppressed
by low ambient temperatures. Coition time in G. fennahi is short compared to

other Cicadellids for which there is data available, Nielson & Toles (1968) reported

that successful matings in Acinopterus angulatus had a mean duration of 75.2 minutes,

and that of Aceratagallia curvata.of 17 minutes. Successful matings in G, fennahi

were accomplished in a minimum of 1 minute, though as suggested by Leopold (1970)
r
the coupling time required for successful matings increased with an increase in the

number and frequency of females fertilized by a particular male. Sevin & Klostermeyer

(]950) in Colladonus geminatus, recorded a maximum coition time of 6 days.

Vision, ' olfaction and acoustic re.cepﬁon were shown to play very little part in
intraspecific coﬁﬁuniccfion and the initiation of courtship, substrate-borne vibrations,
as discussed above, being of érime impo‘n;fcmce. In other Cicadellids (Stribing 1958;
'1959; 1960; Claridge & Howse 1968; Claridge '& Reynolds 1973) acoustics stimuli,
perhaps in ass;c;cicfion with substrate-borne vibrations, have been put forward as the
main means of communication. The findings of this study and those of _lchikawa (1977)
suggest the need for further investigations into the use of subsrrcte-;borne vibrations.

Oviposition and Site Selection

(a) Characters used in site selection

- The eggs of Graphocephala are laid sub-epidermally in the overwintering flower

. buds of Rhododendron. - Prior to ovipbsirion the insect positions itself on the bud, head

pointing tqurds the apex. The bud is then examined, both by numerous short probings

~ with the stylets, and then by passing the distal end of the labium over the surface. A
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detailed examiﬁatiqn of this region was not made with electron microscopy, but
behavioural observations suggest the importance of sensory receptors present on
the mouthparts in the location of potential oviposition sites. The presence oF.
receptors on the labium of phytophagous insects and their role in gustation is well
documented (Boeckh et al 1965), and various worl{er;s»have suggested the importance
of contact chemoreceptors in the location of oviposition sités (Defhier’1963; Hawke
1973). Behavioural observatfions on G. fennahi suggest sensory receptors on the
mouthparts, particularly the labium, do have a function in oviposition. After egg-
laying, the area is again examined by the mouthparts; it is probable that sensory fields
on the labiulm and/or iﬁformafion gained by the stylets provide primary data on site
selection. |

Dur?ng the present study, scanning eleciron micrographs revealed cuticular
structures locafed on the ovipositor blades and basal region of the genitalia, which
may function in the control of oviposifion. In the life?afufe descriptions of Cicadellid
oviposition are extremely scarce and superficial. Raine (1960) gave a dgscripfion of
oviposition on the bramble -leaf-hopper. Studies of sensory structures have not been

made on Cicadellid genitalia, and only rarely on those of other groups. Hooper et

al (1972) described senséry structures on the ovipositor of the face fly, Musca autumnalis,

indicating that the ovipositor possesses both tactile and olfactory sense organs, including
campaniform receptors. Most of the work conducted .on the sensory structures of ovi-
positors has bee‘n in Hymenoptera. Behavioural studies indicating that the ovipositor
is used as a sense organ, in host selection (Greany & Oatman 1972, and Vinson 1972)

Hawke et al 1973 indicated that the Braconid Orgilus lepidus could distinguish, after

inserting the ovipositor into the host, whether the host was healthy or previously

parasiﬁzéd. They concluded that contact chemoreceptors on the medial and lateral



275.°

t

stylets were responsible. -In the Cynipid Charips victrix, a hyperparasite of aphids,

sensilla at the f%p of the ovipositor allowed discrimination between parasitic larvae
lying in the aphid haemocoel (Gutierrez 1970).

For most insects, oviposition is the culmination of a corﬁplex chain of behavioural
and physiological events, and largely because of this complexity in the sequence of
sehsofy events leading to oviposition, its study has been neglected in insects, except

for behavioural observations (Miller & Treece 1968; Carlson & Hibbs 1970). Wallis

(1962) demonstrated-in Phormia regina that, tactile receptors function in the final

selection of a suitable ovipositién site, Barfon Browne (1960) working on the same
| :
species had indicated that ?lfactoryv receptors on the ovipositor also function in ovi-

l
position in addition to those located on the antennae, palps and labellum.

Four types of sensilla were found on the gonapophyses of Graphocephala

fennahi. The sensilla on the gonopbphyses of Cicadellids have not previously been

studied. The first gonapophysis, oui'ermos;’r of the pair, 'possess only sensilla
basiconica which will be designated Type | and Type Il (fig. 6.5)‘.
Type | sensilla are the commonest, there being approximately 28 per blade.
They are located immediately ventral to the dorsal rhachis and extend the wholel
length of the ‘blode to wifh‘in 200 pum of the distal end. Type Il sensilla are
concentrated in the proximél 500 Hm of tht? blade between t‘he dorsal ‘and ventral
rhachi, there befng approximately 12 pef blade. Reports of sensillqbasiéonica on
the oviposifor. are rare (Hooper et al 1972 on Musca) but when present they have
usually been ascribedia chemo-receptive function. The morphology of the major |
types of sensilla have now been described for several groups, which may allow

certain sensilla to be linked with particular functions though one must always be

wary of assigning functions fo sensilla on structural evidence. A particular



Type 1 and Type II sensilla
basonica on the proximal outer
face of the 1st gonapophyses.

x 2,300 10 KV Gamma 1

Fig.

6.
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sensillum may subserve one function in one species and a different one in another.
Also, a single sens.illum may consist of more than one‘type of receptor, e.g. in
Phormia, the labellar hairs have two chemoreceptors and a mechanoreceptor
associated with them (Dethier 1955).

~Type | sen;illa basiconica range in length from 2.5 - 3.2 Mm with a mean of
2.7/um. The diameter ranges from 1.2/.Jm at the base and tapers to 0.3 Jam at the
tip, and they are of the blunt, curved type (curved both left and right). The basal
pit has a diameter of 25/um They_are all of the fbick walled type with no surface
scﬁlp’rurin'g or pitting evident. A single disf;| perforation of very small aperture was
nQ’réd. ' ’

Type 1l sensilla range- l},rom 3.7/Am -4.2 /Am in length with a mean of 4.0/.Am
| Cfnd a diameter of 1 .S/Jm at the base, tapering }o 0.3 pam at the tip. Basal pit
aiamefer is 2'. S jm. They are of the blunt straight type, and the tip displayed a
cap of slight darkening, possibly indicating fhickeniﬁg of the cuticle in this region.

Sensilla basiconica, rarely described from the ovipositor, are more commonly
found on insect mouthparts énd antenna where ulfra-si;rucfural examination, combined

‘ with electrophysiological and beimvﬁural fesfs;, suggest a gustatory Funcf'ion (e.g.

- AMusfapartcv: 1973 and 1975; Norris & Chu 1974; Payne et al 1973). The external
structure and distal perforation of the Type I sensilla suggest a chemoreceptive function.
Three types of sensilla are present on the second gonapophyses. The first is

- associated with the base of the dorsal teeth on the outer surface. Their structure is
interesting and unusual. They comprise a pit 0.83 um by 1.1 pm, elliptical in form
and containing adisk o:i' plug of 0.53/um X 0.9/um. This disk is in communication
with the pit edges nearest to the distal end of the gonapophysis by two slender cuticular
bridges. Sirhil?w structures ‘hcwe‘been described on the Hymenopteran ovipésifor by

Hawke (1973). It is thodghfifhaf these structures are mechanoreceptors of the campani-



278.

_form type and might monitor cuﬁcul‘or stresses as the ovipositor made an incision iﬁto
the host plant. Glands are also present in this reéion, but open onto the inner
surface (fig. 6.6).

The second type of sensillum is Founcrl on the distal ventral cutting edge of the
second gonapophysis, set back from the edge and of a sensillum'coelor}conium type

. with a short central peg 0.75/um long, set in a shallow depression. The diameter of

this external cavity is 1 .Z/um by 2.0 /,am. These sensilla are restricted to fhis region

of the blade, and number c:pproximote‘ly 7 per blade. The central peg has a khobEIy
sun;Face sct%lpfuring and a distal aperture 0. 15/4m diameter. The structure of this |
sensillum sui‘ggesfs a cherﬁo-receptive function, and they might respond to oviposition-
inducing stimuli or to oviposition deterrents, which may be alkaloids or other plant

constituents present in the bud (Dahlman & Hibbs 1967) (see fig. 6.7).

Scc:nninbg electron mfcrosc0py also revealed a third type of receptor, which is
associated with shc;llow'dep.ressions in the cuticle surface. The pits are 1 .2/um
diameter and approximately 0.2/um' in depth, and rgstricfed to the proximal third
of the second gonapophyses, they are thought to be a mechanoreceptor concerned
with cuﬁcular‘ stresses. |

In most brevious studies, the fine structure c:na function of the sensilla qssociafed
with various parts of the genital area have been limited to fHose on the cerci of cock-
roaches (Nicklaus et al ]967,; Roth &i Slffer 1973), crickets (Schmidt & Gnatzy 1972),
Acridids (Thor’ﬁos 1971), and on the ovéposil‘or of parasitic Hymenoptera (Hawke et al

1973). Rossignol & Mclver (1977) described the genital sensilla of Aedes aegypti and

their role in the sexual behaviour of the insect. They found, in agreement with Provost -
& Haeger (1967), also working on mosquitoes, that all the sensillo on the genital region

of both sexes were mechanoreceptors, and, as such, were probably only involved in the



Fig., 6.6

Mechanoreceptor, concentrated beneath
the dorsal teeth and distal region of

the 2nd gonapophyses. Note the two
cuticular bridges.

x 20,300 10 KV Gamma 1
Fig. 6.7

Chemoreceptor from the sub-apical
face of 2nd gonapophyses,

x 20,000 20 KV Gamma 2
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- act of copulation and not in prior courtship. Copulation therefore seems to be
mediated largely, if not entirely,” by mechanical stimulation. The present study

has indicated that the ovipositor of Graphocephala possesses an array of sense

organs which could perhaps provide information about the position, movement and
the chemical environment of the ovipositor and hence aid in the location of suitable
oviposition sites.

(b) Oviposition and the method of incision by Graphocephala

The. act of oviposition has been observed several times in the Auchenorryncha
(Readio 19%2; Balduf 1933; Raine 1960; Jay 1972 and Maramorosch 1974), buf. most
descriptions are brief and in}complefe. Carlson & Hibbs (1970), Fgllowing the work
of Raine (1960), attempted to analyse some of the plant characters necessary to elicit
oviposition in E. fabae by varying several plant stimuli and observing the behavioural

effect on the insect.

In Graphocephala, the behavioural sequence culminating in oviposition was

observed in the field and analysed in the laboratory, using a Sgny television camera
~and Sony videocorder CV - 2100 ACE. With the use of extension tubes and fibre
optic iighf source it wds possible to obtain a focal distance of 6 cms. The depth of
field was critical at this range, but careful focussing and high light intensity permit-
ted detailed,’ucc_urdte photography. During recording, the insects were noi; ericlosed

but placed loose on a Rhododendron bud. This allowed a complete analysis of ovi-

~ position until the female left the site ofter egg-laying. Observations were supple-

: rﬁenfed by light microécopy sections, where further information, particularly regarding
passage of the eggs along' the ovipositor, was reqL;irevd. Such a complete study has not .
previously been répbr’red in the literature. |

The first visible action associated with oviposition occurred when the female
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stopped feeding on the underside of the leaf, this befng the usual female activity, -
and became restless, walking over the plant until a bud was located. The. female
fhe;'l walked over the bud and finally settled near fhe bud base, where it was at
its greatest diameter with the head of the insect pointing foward§ the bud apex.
Probing of the bud with the stylets then began, with the female moving slo&ly
up and down the bud, flrequeni'lky inserting the stylets and passing the distal tip
of the labium overthe bud sc?:lés. When an apparently suitable site had been
located with the mouthparts, the insect m;ved towards the bud ape.x until the
genital reéion was over that sampled by the stylets. Only at .fhis time were
movements initiated in the igenital region. The length of time spent in searching
behaviour, i.e. from the cessation of feeding to the locdﬁon of an oviposition site
varied fron; 3\minufes to 18 minutes and averaged 7 minutes (65 observations, of
which 15 were in the laboratory). |

| The ovipositor blades were then moved in an anteroposterior . manner
in short fhrusfs;‘ while the distal ends remained wifhin the gonoplacs though the
basal region oflfhe'ovip'osifor was exposed. The first and second gonapophyses
worked in unisor; with a thru;t.fréquency of approximately two per‘second. These
moverﬁents were discontinuous, the leaf-hopper remqi.ning stationary between bouts
qnd.this sequeace lasted some 15 seconds. At this time the stylets were not inserted
into the plant tissue and the labium was not in contact with the plant surface.

The ovipositor blade was fhén unsheathed, partially by movem.e.nf of

its basal parts and in p(;rf by an opening of the gonoplac groove, brought about by
contraction of infrosegmenfal muscles.in tergffe IX. Sternite VII was depressed with

the insect standing well above the plant. The ovipositor was then lowered to form

an angle of approximately 40° with tergite IX. The distal part of the abdomen was
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also flexed downwards at the iuﬁqfion of tergites VII and VI forming an angle
of approximately 30° to its resting posiﬁén; The disf;ll part of tergite IX rested’
upon fhe bud scale in this position. The animal then lowered itself until the ovi-
positor tip made contact with the plant surface at an angie qf approximately 70°.
The overwintering bud of Rhododendron is made up of 'approximafely 9
whorls of scale leaves. Whorl 1 consists of those at the base of the bud and are
too small to allow oviposition and protection of the eggs. In succéssive whorls

the scales abut more distally and are larger. Oviposition by Graphocephala is

usually in'whorls 4 and 5 where the eggs are offorded’ greatest protection, (fig.
1 ‘ , ,
6.8). An incision is made when the ovipositor tip is placed against the bud
scale epidermi;. . The insect then walks backwards with the blade runninig along
the scale surface until it meets the edge: of the preceding scale. The angle of
the ovipositor to the scale surface is then increased to approximately 80° by
ft;rfher depression of the gonapophyses and the initial penetration of the plant
epidermis is made by several backward thrusts of the ovipositor and whole abdomen.
Further pengfrafion is brought about by abdominal fhrUS’rs and alternate antero--
posterior mO\‘femenfs- of the first and s;ecqnd gonapophyses in a sawing action. The
dorsal edge ;)f f‘he second ‘gonapo'pAhysis staﬁds proud above thaf of the first, and
this ac’rionvbrings into effect the rigid, heqvily’scl'erofised, f;nofhed dorsal edge
of the second. During this activity an anteroposterior rocking action was also
made By fhe gonoplacs Within the veqfral groove of segment IX.
Once the epidermis had been penetrated the blade angl_e was reduced and
the ovipositor made a shallow peneﬁaﬁon sub-epidermally for approximately 3 of

its length. This resulted in a single small point of entry and the plant epidermis

being separated from its cortex along a straight incision approximately 2 mm long.



Fig 6.8

Basal part of a rhododendron bud, superficial
scales removed, to show the egg position
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Eggs were passed along the ovipesitor into the incision and forced out under the
epidermis at an anglé to the original liné of incision, so enlarging the blister.
Four or five eggs are frequently laid ir; the same oviposition site, prod;.lcing a
bottle-shaped blister with the eggs radicf'ing out from the original point of pene-
tration. The cephalic end of the egg (evideﬁt by the prominent red eye spot that
is present early in c!eveIOpmgnt) is towards the aperture: (see fig. 6.8).
From behavié:ur;zl observations, with the use of video recordiné, and Frdm
the sfrucfu@ of the first gonapophyses, it is suggested that their principal role is
one of supglorﬁng and strengthening the second gonapophyses which operate between
them. Thel lateral rasps, re*)orfed by others (Balduf 1933) to be:of primary importance
in the penetration of the plant tissue, are here thought not to function in this manner.
Scanning electron microscopy indicates that they are only moderately sclerotized,
and the orienflation of the fringe, pointing in a proximal direcfion.suggesfs that they
“function in the retention of the blade within the plant tissue during egg expulsion
without render'ing the blade inexfriéable., Scales on the distal most part of the first
gonapophyses are not fringed oﬁd probably aid in the removal of plant fragments
from the incision. |
As described in aﬁ earlier chapter, a tonéue and groove system extends from
the proximal end of the ovipositor and serves to unite the fir.sf and second gonapophyses
of each side, while still allowing alternate anteroposterior. movements. This ;:Iso
provides for a strong shaft, which would be more eFficfénf in the penetration of plant
material. In the. proxir;'ﬁl reéion the first gonapophyses are united ventrally by a
ball and socket joint for approximately % of the diﬁfor}ce along the blades. Where

this ball and socket mechanism ends, approximately half way along the blade, the

ventral margins of the first gonapophyses are extended into membranous flaps (fig. 1.5).
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These are not fused ip the mid-line but serve to guide the egg along the blade until
it is expelled from the ;/e‘nfrol surface approximately § of fhe. distancé along the ovi-
positor. In 'fhe proximal 200-/4m'rhe. second gonapophyses are joined by a dorsal
membrane, thus keeping the two halves of the ovipositor together, and limiting

the. possible separation of the blades in the proximal region during the pa;sqge of
_an egg.

Proximally, the inner faces of both thé first and second gonapophyses are -
covered by scales, the .disfc;l edges of which(that nearest the tfp of the ovipositor)
are producéed into a fine frinée. This would aid passage of the egg along the ovi-
positor during the rapid opp,osing movements of the gonapophyses and allow.a better
control and positioning of the egg. During its passage along the blade, the egg is
exposed to considerable compression. Light microscopy revedled that this stress is
absorbed by dleep convolutions of the elastic chorion and as the egg progresses
posteriorly the two halves o;t the blade would be forced apart as the égg'cssumes its
normal turgid lovoidol form.

When multiple oviposition occurs within the same blister, the ovipositor is -
pérﬁolly retracted and then re-positioned within the blister. When oviposition is
complete the blade is retracted out of the ihcision, Tergite Vil and X then return
to their normal position. The oviﬁosifor remained fully exposed at an angle of
opproximafely.25° to the gonoﬁldce for 4- 6 seconds. During this time, béth gono~
plac and ovipositor were rocked anteroposteriorly with a Frequenéy of 2-3 strokes
per second, The ovipé:sitor was then re-sheathed in the gonoplacs but the rocking
motion continued for a further 2 seconds. The insect then moved backwards for a
few millimefr'es until the head was over the oviposition site and the region was again

tested with the labium for 3-5 seconds. The insect then moved off. -The sequence

of 6viposiri,6n (of a single egg) lasted approximately 50 seconds.
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‘Oviposition by Graphocephala differs from the preliminary description

for E. .foboe. g’iven by. Carlson & Hibbs (1970). In the latter oviposition required
10-40 minurels. A detailed description which linked behaviour with ovipositor
“structure had not previously been given for Cicadellids. It is not improbable that
plcn’r‘v subsfcnces‘wifh specific attractant or deterrant properties are detected by
the llobium and stylet probing, and that the contact chemoreceptors of the mouth-
parts plo} an importcnf role in initial site selection, the precise location then
being determined by sensory receptors on the ovipositor. Dahlman & Hibbs (1967)
were able to demonstrate the inhibitory effect of certain plant alkaloids l;lpon leaf-
|

hopper feéding and sugges’rrd that alkaloids may indirectly deflect oviposition away

from plant tissues containing such chemicals above a certain threshold.
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GENERAL DISCUSSION -

In the preceding account of the developmental and functional morphology of
the female reproductive system of G. fennahi a discussion has already been provided
for many topics, though several arose which require furfher discussion in the light of
other work.. Six subjects are of particular interest and will be discussed here. They
are: (a) The linkage mechanisms of the gonapophyses. (b) The absence of an intima
on the median ovidug;f. (c) The origin of the ovariole prefollicular tissue and its
relationship with the germ tissve. (d) Mechanisms involved in myogenesis and myo-
blast incorporation. (e) The extent to which taxonomic differences in the gonapophyses .
are adapfivel. (f) Sexual corﬁmunicaﬁon and the role of substrate-borne vibrations

within the Auchenorryncha.

*(a) Linkage mechanisms. Prior to ’rhls study the only comprehenswe descrlpnon of the

linkage mechanisms of the ovipositor valves in the Auchenorryncha was that.of Balduf

(1933) for Draeculacephala. Smith (1968) developed a new terminology for the linking
apparatus based upon the Hymenoptera but his system is not followed in the present study.
The linkage mechanism shows little variation within the Cicadellidae except in minor

detail. In the present study a scanning electron microscope study of the tongue and

groove joint connecting the first and second gonapophyses in Graphocépholo revealed
fhat in this species |f is somewhaf simpler than that described by Balduf. The tongue is
a solid cyllnder made up of units 17pm in length which slots into the heavily sclerorlzed
groove sifuofed on the inner wall of the first 'gonapophyses.

Prevfous descripfi\ons of gonapophyses that have been given in taxonomic works
have not included the linkage mechanisms. Three species, from separate genera that
were examined in thé present study qll possessed the same basic mechanism. A tongue

and groove between the first and second gonapophyses of either side and a modified
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tongue and groove linking the two first gonapophyses. The differences that were-

opparent in the degree of freedom of the four gonapophyses relative to each other

are associated with variable sclerotization of the parts and, in Graphocephala,
' .with rotation of the tongue and groove along the léngfh of the ovipositor (figs. '1 4
énd 1.5). These characters have not previously been discussed in the literature.
In the three species studied, ‘reduction in the %reedom of movement of fhebgo‘nopophyses
- is brought about in a nurﬁber of ways ; (i) A membranous connection between thé two
second gonapophyses in their proximal_parfs. (if) The degree of sclerotization and
hence rigidity of the connection between th; two first gonqpophyse;. (iii) The
rotation of the .fongue and groove linking the first and second gonapophyses of each
sidel, so severely limiting mdlvement between the gonapophyses of each side. How
widespread this phenomenon is in the Cicadellidae is not known; it is réported here

for the first time in Graphocephala. (iv) The primary linkage mechanisms may be

supplemented by accessory spines as reported by Balduf (1933).

It was demonstrated, for the three species studied, that the greatest freedom
of movement.befween the gonapophyses is found in Ulopa, which oviposits in o very
hard substrate. ' It is suggested that this is associated with the need for individual
sawing actions of the first and second gonapophyses as well as movie_bment‘ between
each pair of gonapophyses. TEis suggestion is reinforced by the structure and extent

of the possible rasping areas. In Graphocephala, which oviposits into soft material,

there is only limited movement between the first and second gonapophyses of each side -
and the proximal regions of the second gonapophyses are membranously connected.
Observofions of ovipos‘iﬁqn beAhdv'iour, aided by video record?ng, indicated that the
oviposition incision was opened by posi'erior; thrusts of the whole abdomen which would

require the ovipositor to function as a si~ng|e, rigid unit. The weak structure of the

"rasps" in Graphocephala also suggests they are of little importance in making the -
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incision,

The linkage m‘echdnis.ms present in the Cicudell'ids differ frorﬁ those reported
in the Cicadidae (Kl;amer 1950; Snodgrass 1935), where the second gonapophyses
are fused along their length in the mid-line and hence function as a single urjit
within the lateral first gonapophyses. This may be an adaptation for oQiposifion
into s;il. This difference between the Cicadidae and Cicadellidae has not previously
béen discussed in the Iiteratufe. Similar information on the gonapophyseal linkage
mechanisms in the Cercopidae and Membracidae is not available in the literature.

“Such data is clearly of interest and may provide useful taxonomic information.

I
(b) The absence of an intima on the common oviduct. Little reference is made in

the av;:ilable literature, .much of which is very old, to the presence or absence of a -
sclerotized intima on the‘c'ommon oviduct of insects, though it is generally assumed
that the structure, being derived from an ectodermal invagination, possesses an intima
(Snodgrass 1935). Much of the work on the histology and development of the efferent
reproducﬁvé ducts in the major insect orders, was carried out at the beginning of the.
century, and though often superficial and incomplete, has not been repeated.

Hisforicc;lly there has been much debate on the origin of the common oviduct,
Herold (1815) and Balbiani (1870) both stated that if was formed by the fusion of the
lateral ‘oyiduci's and hence of mesodermal origin. Verson & Bisson (1896), working
on Lepidoptera, suggest that the comAm’on oviduct is derived from paired ectodermal
vesicles which fuse later in postembryonic development to form a median duct. This’
is in general agreemen't with Nussbaum (1882). More r;acenf opinion (George 1928;
Nel 1929; Singh Pruthi 1924) is that the common oviduct is unpaired in origin and
ectodermal. This Opin-ion is not disagreed with in the present study.

Several accounts of the development of the efferent system in the major orders
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are available., The works‘ of AbuI;Ncsr (]950_), Bodénsfein.(1946), Dean (1943)

and Metcalfe (1933) are all concerned with development in the Diptera. It is
generally agreed that here the lateral oviducts are partly of mesodermal and partly |
of ecfodel;mal origin, as has also been demonstrated in the Coleoptera (Singh Pruthi
1924 ; Metcalfe 1932) and Hemiptera (Helms 1968; Metcalfe 1932 and the present |
sfudy‘),: while the rest of the efferent system is ectodermal. This has been shown in
the Diptera by Christophers & Barraud (1926), Koch (1929) and Lowne (1890) and
confirmed in other orders by many workers. A po;sible exception to this occurs in
- the work of George (1928) who suggested that the anterior part of the common oviduct
in ég_ri_c?iisideri‘ved by the fusion of the mesoderhal lateral Qviducts. Howeve;', des-
pite considerable debate regarding the po;iﬁon of the opening of the efferent system

it is now generally agreed that the.common oviduct arises as an invagination of the
e‘cfoderl*ncul wall and as such would be expected to possess an intima. Metcalfe (1933),
during her studies of the Diptera, did not record the presence of an intima while in the
Coleoptera (Metcalfe 1932) she states that the intima is not secreted until the mature
pupal stage (i.e. presumably the pharate adult).

Nel ( 1930) brings together a large amount of the earlier data and concludes
that except for the doubtful case of the Odonata the commoﬁ oviduct has a solely
ectodermal origin in a number of insect orders, e.g. Mallophaga (Strindberg 1916),
Homoptera (George 1928), Lepidoptera (Jackson 1890; Verson & Bisson 1896),
Diptera (Chrisfbphers 1923; Christophers & Barraud 1926), HyménOpfera (Seurat 1899)
and Coleoptera (Singh iPrufhi 1924) .

| It would appear cll general rule that the common oviduct is of ectodermal origin.
Though Helms (1968) asserts that the absence of an intima in Empoasca is due to the

ampullar origin of the common oviduct, embryologically the.ampullar was presumably
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derived by ectodermal in(rcgindﬁon, so that the ampuliar origin does not in itself
preclude the presence of an intima. The intima of Cicadellids may be too thin.for
resolution with the ‘lighf microscope or classical staining techniques and further
work with the electron microscope may permit a more safisfacfory explanation to
this probiem.

(c) The origin of the ovariole prefollicular tissue. In Graphocephala the posterior

strand of the ovariole rudi_menf differentiates during the éarly third instar to form the
-pedicel and prefollicular tissue. The origin of the insect ovarian tissues has been a
point of co'n,tro.versyl for many years, the early insect histologists being divided as to
- which figsutals were of germ cell origin and which were of mesodermal origin. There
were two points of view, one suggested that fhe.germ cell line p;oduced only the
oocytes and ‘frophocyfes, while thé _mo:;e widely held view was that the germ cells
produced occytes, trophocytes and follicular epithelium. Gross (1903) reviews the
literature to that date, More recent work supports the view that the germ cells
produce only the cocytes and trophocytes (Huebner & Anderson 1972; Lautenschlager
1932; Nelsen 1934; Ramamurty 1970; Wick & Bonhag 1955). Aboim (1945) was
among the firs.f"ro provide clear experimental evidence that the prefollicular tissue
was of mesodermal or'igin using ultrqvi;)lef light irradiation to damage germ cell tissve
while prefollicular tissue remained healthy.
Few detailed cieveIOpme'nfal studies have bet;.n made within the Auchenorryncha
which have all'owed the development of the follicular tfssue to be followed. | Detailed
: investigaﬁons have bee\zn made in the Heteroptera by Bonhag & Wick (1953), who also
concluded that the prefollicular tissue was mesodermal in origin. Some reports suggest

that prefollicular tissue is syncytial and cell membranes only form during the early

stages of oogenesis to produce a layer of follicle cells surrounding the developing
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oocytes (Bonhag 1955a; Masner ]966', 1968). Though these studies are not conclusive
they suggest an interesting case of cellular induction within the Heteroptera, which
would require further investigation. It is, however, more likely that electron micros-
copy would reveal cell boundaries previously unresolved by the light microscope.
| The early ovariole rudiment can therefore be divided info f'hree fypes of tissue,
the germ cells which give rise .fo the oocytes and trophocytes, the anterior strand which
Vforms the terminal filament, and the posterior strand which gives rise to the prefollicular
tissue and pedicel. The prefollicular tissue is usually thought to represent the posterior
pqr’r of the germariom (Snodgrass 1935; Wigg‘l’esworth 1950) De Wilde (1964) suggested
"rhcxi' the vitellarium was représeni"ed s'olely'by Afhe.seci'ion containing oocytes surrounded
by follicular tissue. Since fhle transition of prefolli;:ular tissue to follicular epithelium
is gradual, no clear boundary can be discerned betweén i’rhe germarium and vitellarium.
The prefolli;:ulc‘xr tissue has been considered the boundary Between the two zones
(thlot’rman & Bonhag 1956). Deyelépmentally the germariuh, cdmposed of trophocytes
and unfounded oocytes, is of ge.rm cell origin, while the vi"rellarium, corﬁposed of
follicular tissue ‘into which oocytes have migrated, is of mesoderm origin.  In the telo-
trophic ovariole; as found in Hemipferd, an alternative suggestion can be made ; the
germarium is apical and represents the zone of trophocyte developméni' containing
posteriorly a narrow zone of cocytes prior fo any‘ development. If the vitellarium is
the zone of cocyte development it is; delimited anteriorly by the prefollicular tissue
since this is where oocyte development begins and hence in the telotrophic ovariole
the prefollicular tissue can be considered as being part of the vitellarium. This is in
agreemén’r with Masner ‘(1966).
Once development of tHe_ éo‘éyi‘e begins prefollicular tissue undergoes consider-
able morphogeﬁetic changes accompanied.by cocyte growth. During the vitellogenic
stage the follicle cells appear to have an important role in regulating the flow of

metabolites and yolk precursors and in some species the production of pré’rein for the
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oocyte (Andersc;n & Telfer 1969), fh|ough this latter function has not been recorded in
the Auchenorryncha. The follicle cells are also responsible for secreting the chorion
prior to ovulation vcmc'l for resorbing the yolk of aborted follicles. Associated w‘ifh |
f.hese varied functions is.fhe differentiation of the follicle cell as described in some
Heteroptera (Huebner & Anderson 1972; Masner 1966 ; Ramamurty 1970) and in the
Auchenorryncha as reported in the present s’tudy.. However the functions of these
cells are still not clear (Davidson 1968; Raven 1963 ; Telfer 1944) énd throughout

the insect orders a wide range of functions have béen suggested for them (Quattropani

& Anderson 1969 ; Ramamurty 1970). ‘In Grc;EhocePhola exogenously produced proteins

may reach the oolemna via the extracellular spaces as reported in Periplaneta (Anderson
1964, 1969), Aedes (Roth & Porter 1964), Hyalophora (King & Aggarwal 1965; Stay
1965; Telfer & Anderson 1968) and Tenebrio (Aggarwal 1968). There is some suggestion

that exogenously produced proteins pass through the follicle cells before being taken up

by the oocytes (de Loof & Lagasse 1970). In Graphocephala intercellular spaces develop
between the follicle cells du.ring vitellogenesis. The absence of evidence for the release
of protein from the follicle cells suggests-fha_f the mechanism of yolk incor.poraiion is via
these intercellular spaces and noi.by the mechanism proposed by de Loof & Lagasse (1970)
for Leptinotarsa. However, the mechanism involved in traversing the tunica propria and
the process by which yolk precurs;)rs pass between the follicle cells has not been
ascerf;ined. A selective con'centrc;ﬁon of yolk protein within the inter;ellular spaces

of the follicle was demonstrated by Anderson & Telfer (1970), who suggested the
production of e>‘<cellu>lAar binding agents by the follicle cells, though this has not been

\
" confirmed,

(d) Mechanisms of myogenesis and myoblast incorporation
The present study indicates that the adult muscles of G. fennahi include three

major types : (i) Those that pass from the nymph into the adult with little, if any,
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hist,ol(ogiccl change. (ii) Those odt.;lt muscles which develop by incorporation of
‘myoblasts into pre-existing nymphal muscles, the nymphal muscle being the template
which undergoes extensive differentiation to produce the adult structure. (iii) New
muscles which arise late in the nymphal instars by the activity of free myoblasts.

There is Qpporeﬁtly a clear distinction between the myogenesis of Endopterygotes
and 'Ex;)pferygofes, since in the former adult muscles are often of fairly late postembry-

-onic origin, while in.the latter the qdulf muscles are recognisable from an early stage,
‘though they may be poérly developed, and differentiation may not be complete until
the final instar (Mqloeuf 1935; Tiegsrl955;-Wiftig 1955). There is also some evidence
to suggest fhlqt in some more primitive ‘Endopteryéofes few completely novel mwscles are
fprmed at metomorphésis;'mo}sf adult muscles arising from the redifferentiation of pre-
existing Iorvﬁl muscles (Korn 1943). Davies (1969) found the same in the holometa-
b§|§us Exopterygotes (Thysanoptera), but in specialized Endopterygotes adult muscles
are largely formed at meétamorphosis. | “

Despite recent ultrastructural studies, the histological processes involved in
myogenesis and their physiologicdl backgrdund still (emo;'ns unclear. The work of -
Crossley (1965I)|and>Hoffmcn'(l970) on the distribution and functioning-éf haemo-
poietic centres has provided some information on the origin of haemocytes and phago-
cyf.es, though these centres appear not to be general throughout the iﬁsecf orders, and
so the origin of these célls and myo'blcsts remains unclear. Crossley (1964) demonstrated
that an increase in phagocytic (Type F) haemocytes, often associated with muscle
h‘isfolysis, cf. the time ‘\;)f puporium form?c'rion in Calliphora was traceable to changes in
the differentiation pc.:fhwc:y of the stem cells of the haemopoietic centres. No such

accumulations of haemocytes have been found in the Auchenorryncha or could be

detected in.the present study.



295,

ot

In most cases the presumptive myoblasts accumulate in sites where no brevious
muscle rudiment could be deieciedl, and in these cases it.is tempting to suggest that
fhgy provide an example of the differentiation of haemocytes, which are acting as
residual mesoderqu cells, into a specialized muscular tissue. This would agree with
thé suggestion of Berlese (1901), that of Shatoury & Waddington (1957) w'orkving on
Drosophila, and Wigglesworth (1959). In any event; the abdominal haemocoel of

Graphocephala contains irregularly distributed haemocytes which, with the light -

microscope, cannot be distinguished from the myoblasts which aggregate around the
earliest musgle strands. ]

In the!present study two major types of myoblast incorporation are described
(p- 190)which differ somewhclf from descripfio'ns in other insect groups. Incorporation
by bipolar elongation is ossocicﬂfed with the creation of a new muscle, while the second
method occu}s during the reconstruction of nymphal muscles. In the latter case the
nymphal muscle nuclei are qdrrieél over into the adult muscle. This differs from the
situation in Calliphera, as described by Crossley (1965), in which the larval muscle

nuclei clearly undergo histolysis.

(e) * The extent to which taxonomic differences in the gonapophyses are adaptive

Several studies have been made of the female genitalia oF_leof—hoppers, of
which the more vimportonf are the following: Kershaw & Muir (1922) and Briﬁoip
(1923) tried to determine the homologies of the genital structures between the male
and female Auchenorryncha. In a detailed inyesﬁgofion of the 'geniiol structures in
female .Ieaf—hoppers,_ Reodio (1922) examined 48 genera olnd concluded that characters
of the second gon‘opoph\yses' were drﬁong the most constant and useful for specific
,diaénosis. Balduf (1934) examined the distal region of the first and second gonapophyses

in thirteen species of.EmBoqsco'cnd used the dorsal teeth of the second gonapophysis as

one of his major characters. He described three types of dentition, the first as in E.
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maligna, where the teeth are coarse and arranged in widely separated groups. The

other extreme is shown by E. bifurcata-and E. abrupta, where the teeth are similar
in form and are usually small, though §ccasi§na| large teeth become more numerous
towards the distal end. The third type is commoner and intermediate. The dorsal
edée of the second gonapophyses béars a continuoﬁs series of coarse teeth, the teeth

themselves being serrated as found in Graphocephala. Unfortunately there are few

behavioural studies that link structure with oviposition habits.

Wagner (1950, 1953) i)roduced a similar study where he described the distal
region of the gonapophyses in teri European species of Macropsis. Ribaut (1952),
Young &.Bel'ir,ne (1958) and Nielson (1965) have all used gonapophyseal structures
as taxonomic characters. Le Quesne. (1965) used characters of the sécond gonapophyses
to separate some species of Macropsis, -though, as in most of these studies, the
descriptions are brief and the diagrams only outline. Cheng (1964) also pl;'oduced a
study of the gonapoﬁhyses._ Cunningham & Ross (1965) described several characters
at the bases of the first gonapophyses and in parficul‘ar‘fhey found that the rami was
constant in shape for a pCll_’ﬁCUlCll" species of Empoasca.

The ext;a;'nal female genitalia have been used as a source of taxonomic characters
in other.groups where these structures have been described. In the Terebrantian
Thysanoptera the ovipositor is well developed and saw-like, and though there are
variations in the ovipositor structure it can not be linked to behaviour, however it is
known that mo;t species oviposit in plant material.

Limited func’rion‘al informatfqlr.l has beén gained within the Odonata. The typical
female genitalia, as seen in the Zygoptera, consists of three pairs of appendages which

make up the ovipositor. The first and second gonapophyses are adapted for cutting, and

together constitute the terebra, the third pair of appendages represents the gonoplac.



297.

1

A similar type of ovipositor is found in the Anisoptera in the Aeshnidae and

Petaluridae. ASf. Quentin (1962) was able to demonstrate that the different

types of ovipésitor are correlated with different modes of ovipogitidn, and where

the ovipositof is vestigial, eggs are laid on the water surface, while in those types

which possess a well developed ovipositor eggs are debosifed endophytically

beneath the water surface.

Most work on the functional significance of ovipositor structure is available -

for the Symphata where éenson (1958) has used saw structure as important faxonomic

characters. - Though his dpprocch is not fu;;ctional, he provides information that

permits structure to be linked to function. An ;axcmincﬁon of his data suggests that

a simple saw pattern is ossclciofed with species that oviposit superficially or-in

comparatively soft material. Nematus umbratus has a weckly developed saw with

poorly defined dorsal teeth and is thought to oviposit in Ribes. N. salicis, which

possesses a well devéloPed saw pattern and dorsal teeth, the 6viposifion site in this
species is fhough’r to be _Sﬂ

In the present study the ovipositor structure of three species of leafhopper
know to oviposit in subsirates of differing hardnesses, were examined in some detail
“and shown that structural differences, from which useful quonomic chardcfers might
be derived, could bé associated with differences in oviposition behaviour, suggesting
the adaptive value of taxonomic differences af or near the generic level. The most
obvious characters were associated with the dorsal feefH of the second gonapophyses
though fEe lateral rasps of-the first goﬁopophyses also provided diagnostic characters

l : .

which are indicative of the oviposition substrate.

(F) Sexual Communication and the role of substrate-borne vibrations within the

Auchenorryncha. It is known that sounds are produced during the mating

behaviour of some Heteroptera and Auchenorryncha other than Cicadidae (Claridge
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and Reynolds 1973 ; Gogala 1970; Ossiannilsson 1949 ; Strubing 1958). It is known
that Heteroptera produce rhg sounds by moving a moveable scraper over a srafiéhary
file while the Hmepfero produce sounds by vibrating tergal abdominal timbals. It
was suggesfe:d by Ossionnilssbn that sounds Were proﬂuced largely by rhé male of a
.Species, though this hﬁs now been shown to be incorrect. He probably arrived at
this ;:oncl_usion because his material was captured in the wild, and hence receptivity
of the females was not known. The present study and that of Ichikawa (1976; 1977)
on Delphocids. ir‘ndicote that females emit signals only whén receptive,

Fron? the extensive sound x:ecording made by Moore (1?61) from Heteroptera
and represénfotives of all ff:mil_ies of Homoptera Auchenorryncha other than Cicadidae
he suggested that oudifo.ry stimuli functioned over.a short range, and he considered -
that visual or olfactory sfimulf are of prime importance in bringing a sexually

receptive pair together. -While the release of a sex pheromone has been demonstrated

in males of Nezara viridula (Mitchell & Mau 1971) and in other Heteroptera (Scales

1968) and Sternorrhyncha (Marsh 1975), sex pheromones have not been detected in
the Auchenorryncha. The present study has indicated thf visual and olfactory
stimuli do not function in the sexual behaviour of G. fennahi. The observations of
Claridge & Rt;.ynolds (1973) that males of Oncopsis vﬁll court other males ‘suggests
that males of this genus are unable to distinguish males from females visuc.;lly. A

similar observation was also recorded in Graphocephala.

The Cicadidae (except Tettigarcta) have well developed .oudifory.orgons wEile
in the other Homoptera and Heferoner'o possible receptors have not been reported
(Leston & Pringle 1963; Pringle 1957). It wo; often assumed that sounds-were trans-
mitted either through air or water, thdugh some early authors suggested transmission-

through a solid substrate (Autrum & Schneider 1948; Ossiannilsson 1949 ; Schneider
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1950). It is possible that Johnsfon'; organ in the second anfenncﬂ» segment may
function as a sound receptor of air-borne sounds in the Auchenorryncha (Howse
& Claridge 1970; Moore 1961).
In some species of Hemlipfera faint sounds which are within the audio-frequency
range are produced during the emission of vibratory signals (Claridge & Howse 1968;
Ichikawa 1976), fhough in the present study acoustic signals we;e néver detected

from Gruphocéphcla during sexual encounters. Ichikawa (1977), working on

Nilaparvata lugens (Delphacidae) was able to demonstrate that sexually receptive
individuals only responded'\fo 5pecies—5pe,cifric vibratory signals emitted by fhe.
opposite seX. A similar situation has been demonsirated in two species of Cydnidae
(Gogala et al 1974) which cr’lso communicate via subst.rate borne vibrations. Wilcox
(1972) has-shown that sexual communication in the aquatic Gerridae is brought about
through chau;aqferistic water-surface waves which are produced by leg movements in

essentially the same manner that substrate borne vibrations are produced on

Rhododendron by Graphocephala.

| Considerably more work is required on the emission and reception of substrate-
bprne_vibruﬁohﬁ since it appears to be a widespread means of communication within
the Hemiptera. In the isolated cases where su'ch communication hu; been described
there appears to be considerable variation ip the mode of production, which indivi-
dually produce the vibrations, and their sexual state during signal emission. It seems
likely that this would be a rewarding field for future research, particularly if vibration
emission could be linked to receptor siféé and its role in epigamic behaviour analysed

'\
- experimentally.
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SUMMARY

1. A detailed morphological study was made of the external genitalia in G.
fennahi, including a scanning electron microscopic study of ‘fhe gonapophyses. The
linkage mechanisms between the gonapophyses are described and rotation of the fongué
and éroove linki_ng the first and second gonapophyses oF'each side is shown to reduce the
freedom of movement between the pairs to a minfmu'm.

2. An examination of the sensory structures of the gonapophyses and basal
genitalia components was made, and it is suggested that the second gonapophyses
possess both mechano- and chemoreceptors. ‘I’\Aeclﬂcnorecepfors of the basiconic or
trichoid typelf are also present on the second gonocoxa. It is probable that the sehsory
structure§ of the ovipositor Fulnction during oviposition site selection.

3. The gonangulum is shown to be an important sclerite in controlling ovipositor
movement and is well developed in G. fennahi.

4. The external genital rudiments of the female are first apparent on the ventral
surfaces of segments eight and nine during the early third instar. The rudiments of the
second gonapophyses and gonoplacs arise by longitudinal division of. the primary genital
rudiment in the mid fourth instar (approximc’rely 36 days old).

5.- The gonocoxae arise anterodorsally to the bases of the anterior and posterior
genital rudiment duriné the third instar, the rudiment of the second gonocoxa arising
on the anterodorsal edge of sternum nine. InG. fennahi, the.géncngulum was shown
to originate on the anterodorsal edge of sternum .nine immediately posterior f§ the second
gonocoxal rudiment., Fusion of the gonangulum with the other basal genitalia occurred
during the fifth instar. |

6., The gross anatomy of the adult female reproductive system is described.

7. The posterior strands of the ovarioles of either side fuse during the second

instar to produce the calyx and lateral oviducts which are therefore of mesodermal
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_ 9rigin. During the third instar the dn?erior portion of the posterior strand differentiates
into the pedicel and prefollicular tissue. The median efferent duct is of ectodermal
origin. The anterior extremity of the common oviduct rudiment divides during
development and '{;'uses with the lateral o;/iducfs, the posterior extremities of which
are therefore ectodermal. The commén oviduct originates posfembryoniccﬂly from
ampullar tissue and wifb the light microscope no intima could be detected in the adult
female. -
8. The germarium of the adult ovariole is divisible into four zones, Zone 1
being characterised by considerable mitotic division, while Zone 4 represents fully
differenﬁdtéd trophic tissue ‘and the trophic core. Nucleic acids are lost to the trophic
core by extrusion through the nuclear membrane and by nuclear decomposition.
9. Thpugh histological evidence was kobfained for active protein synthesis
within the follicular epithelium, there was no indication that material is transported
froﬁ the follicle cells to the oolemma.
10. Hisfol09iéal evidence suggests that blood proteins may be transported to the
- oolemma via the interfollicular spaces.
11, The ;D;Ic:rioles ofb G. fennahi p;assess an ovariole sheath composed of an outer
layer of long'l'r'udrinal muscle fibres with well pronounced striations. Internal to this is
a loose network of longitudinal fibres in which are dispersed circular muscle fibres.
In the anterior half of the germarium the sheath possesses-an outer osmiophilic layer
250 nm in thickness. " Lumen.cells" were present either within the tunic propria or
the loose reticulum pf ;Fibresl. They may be phagocytic in fuﬁction. Considerable
exocytosis of material was noted from these cells; the composition of these secfefions
_is not known, but they may be involved in tunica propria formation. .,

12. The genital musculature preserves its segmental arrangement; that associated
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with the first gonocoxa and goncpo;;hyses is located within abdominal segment eight
and the musculature of the second gonocoxa and second gonapophyses is restricted to
segment nine. Little trace of the generalized abdominal musculature is present in
segment eAighf, and segment nine contains only genital musculafure. The massive
musculature of segment nine indiccfés that the second gonocoxa is of major imporfcnce
in inif.ictfng movement in the oyi;;osifor.
13.~ The pregenif&l musculafure can broadly be divided into dorsals, venfrals,
laterals and oblique muscles. This pattern cannot be recognised within the adult
genital region. ’
14, Thé basic nymphal musculature is already represented in the second instar

and is composed of median dl‘orscls, lateral dorsals, intersegmental laterals, ventrals
cﬁd intrasegmental muscles. The musculature is metameric throughout the first eight
abdominal segments. That of segment nine diFFer; somewhat, dur fo the reduction of
_segments ten and eleven. The nymphal muscles, particularly in the genital region,
undergo a gradual c'hcnge until, by the late fifth instar, a condition very similar to
that of the adult is formed.

15. Myoéenésis proceeds vi-c four major pathways : (i) The massive reconstruction
of an existing muscle by partial autolytic histolysis, the nymphal muscle nuclei being
retcinéd and free myoblasts incorporated. (ii)‘ Muscles arise as new formations through
the aggregation and.differentiation of free myoblasts. (iii) Existing nymphal muscles
may undergo longitudinal cleavage, fHe products being carried over, with little further
change, into the adult. (iv) Muscles nﬁ:y undergq phagocytosis followed by
reconstruction involvin;; the incorporation of fhé nymphal muscle nuclei and free
m‘yoblasts. Myoblast _inco‘rporqﬁon may occur by the bipolar elongation of the cell

and fusion with the muscle rudiment; this method is associated with the development

of a completely new muscle. Myoblast nuclei and probably also the accompanying -



303.

cytoplasm may invéde an existing muscle fibre.

16.. The origin of the myoblasts remains unresolved by the present study, although
it is suggested that fhey_different‘liqfe from circulating haemocytes or residual meso-
‘dermal cells, such as are 'présenf in association with the genital disks. No discrete
haemopoietic centres were found in G, Fénnahi.

17. A morphological study of the ovipositor in three species of British Cicadellidae,

Graphocephala fennahi, Ulopa reticulata and Macropsis scutellata, revealed that

potentially useful taxonomic characters can be of adaph;ve significance. It is shown
that the degree of sclerotization, the linkage mechanisms of the gonapophyses, the
sfrucfurg o‘F the lateral rasps of the first gonapophyses and the dorsal teeth of the
second can be both characteristic of the species or genus and also provide precise
information regarding the oviposition habits of the insect.. In G. fennahi, which
oviposits in soft material, the "lateral ras;ps" are formed from weakly sclerotized
fringed scales, which serve two functions : (a) the removal of plant debris during
fEe cutting of the oviposition chamber; (b) the retention of the ovipositor within

the oviposition chamber during egg-laying. In U. reticulata, which oviposits in

very dense wlo'ody material, the rasps are heavily sclerotized and the ovipositor
functions as a saw. The linkage mechanisms determine the freedom of movement

of the respective blﬁdes and hence mode of action of the ovipositor. The reduced
freedom of movement in the ovipositor of G.. fennahi dictates that it functions as a
single unit, tHe effective strokes fesulﬁng from posterior fhrlusfs of the whole abdomen.
Considerable freedo_mi of movement oclc'urs between the four blades in Ulopa, and the
ovipositor functions by a sawing action,

18. G. fenndhi displays a stereotyped courtship dance which always proceeds

‘mating; the dance sequences are performed solely by the male. Sexual activity
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shows a strong bimodal distribution over the day, linked to light intensity and
temperature-dependent,

19.  Sexual ;ommunicaﬂbn in Graphocephala is via substrate-borne vibrations

which are emitted by receptive females. The signals can be divided into pre-
courtship calling, which occurs in the absence ;Df a male. This signal is producéd
in irregular bursts with o frequency of 30 cycles per second, and displays rapid-
attenuation. When a sexually active male is in close proximity and courtship has
been initiated, the frequency of the signal falls to 20 cycles per second, and the
peak characteristics change‘. This signal is produced throughout the courtship and
“may eﬁcou[rage the male to complete the dance successfully. Video-recording
lindicates that the vibrations are produced by drumming of the hind legs. "The.

stylets are withdrawn from the plant during this process. This mode of communication

has an effective range of at least 96 cms. on Rhododendron (leaf to leaf transmission

via the stem),

20. The.minimum duration of copulation requiréd for o‘Ferfile mating is 1 minute.
Inseminated femqles mate only once; after insemination vibrational signals are no
longer produ;:t'ad and the female Iéses her sexual attractiveness. In the event of an
unsuccessful mating, calling is resumed within 24 thrs when the female again
becomes sexually attractive. Virgin individuals of both sexes remain sexually pofenf.
throughout their life. Males are capable of multiple insemination.

21, Mating is initiated when the male and female are parallel and pointing in the
same direction. "The ,‘aedeagus enters the female by short thrusts, and the f%nal coition
" position is achieved by the male rotating through 180° until the heads of the two
insects point in opposite directions. -

22. Oviposition site is selected by sensory structures on the labium and ovipositor.
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A scanning electron microscopic study of the ovipositor in G. fennahi suggests the

presence of both chemo~ and mechanoreceptors on the gonapophyses.
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