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- } R o Abctract
Development of the plenclng and sucking mouthparts of the leafhopper
Macroste/es fasc/frons (Homoptera Clcﬁdelhdae) was: followed\ o
. The external rnouthpart structures lnclude an anterlor ‘fronto- clypeus and Iabrum
| 'Iateral mandnbular and maxlllary plates and mandlbular and maxmary st:r(s and a
‘ _posteruor lablum lnternally the clypeo-labrum has two sets of cubaru and one set of

eplpharyngeal dllators The mandlbular and maxlllary styl’ets are enclosed dlstally ina-.

' g common ‘membranous sheath and proxlmally in separate sheaths .Each mandlble has a

o ‘ cutlcular gunde that ar_t:.culates wnth an apodemal process of the head capsule and 4 sets

of retractors and 3 sets of protractors Each maxlllae has alever that artlculates with the : ‘, .

outer’process of the hypopharyngeal wmg and has 2 sets of retractors and 1 set of ‘

: fprotractors The two maxlllary stylets fit gether mesually by a series of. grooves and

rndges to form sahvany and food canals.. T e hypopharynx is a medlan lobe extendmg

dorsally mto tHe head capsule as a pair of s&lerotlzed hypopharyngeal wings. . Saluvgy

dllators and lablal retractors and protractors orlglnate along the sclerotlzed rods of the '

' ;wmgs The main. lob%of the hypopharynx forms the floor of the cubarlum and the roof
of the sahvary syrlnge The syrmge consnsts of a cylinder, plston and afferent and

.' ~ efferent ducts, The three-segmented lablum has four sets of intrinsic muscles and a

‘ '.wushbone—shaped apodeme pro;ectmg dorsally on whnch orlgunate the labial protractors

Development of the mouthparts was followed through a series of" stages using %

’

total deVeIopment time (TDT). -
' At 20% TOT, ectoderm of the germ band evaginates to form appendage anlagen, )

flrst in the thorax then proc ding cephalad and caudad Except for the labrum, all

“ mouthpart structures begln zalred evagmatlons ' '
: At 25% TDT the maxullary appendageS\subdlvade Iongltuchnally to form inner and

o }outer lobes. Each outer lobe forms the maxlllary plate and -each inner lobe the lacinial
.,stylet “Small protuberances vnslble in front of the mandibular segment»are remnants of
. the mtercalary appendages . /- o o , . .
From 30 45% TDT the mandlbulamd lablal appendages slongate and
. the sternal region of the intercalary, mandlbular maxlllary and lablal segments becomes |

dome-—shaped and beglns to form the hypopharynx At the end of thls stage the L
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clypeo-labrum has a double—fold and cibarial myoblasts and cramal retractor myoblasts

[y

- Aof the stylets are- apparent L RS , o o
: X«t 55% TOT, the embryo rotates clockwnse 180 degrees on its longltudlnal ax:s

: 'As this occurs the clypeo-labrum unfolds caudally and the other appendages shift

R ) cephalad and dorsally At the end of rotatnon the first embryon:c cUtlcle is present

' neural processes are found in the stylets and myoblasts of the maxillary protractors are e

't

dlfferentlatlng ' o ‘
-The embryo now undergoes katatrepsls and: moves back out onto the surface of
| the yolk so that the head agam Iles at. the anterlor end of: the egg By the end of thrs 5
stage most myoblasts are dlfferentlatlng AT 60% TDT the ectoderm of the genal reglon
on each elde of the head, posterlor to the aq'enna and lateral to the maxullary plate
-_,evaglnates to form the mandlbular _plate and its: myoblasts dlfferentuate wnthm it .,
By 70% TDT cells of the stylet anlagen and other mouthpart structures assume .
the form: of. thelr respeotnve coadaptatlons and act as templates for secretlon of larval
: cutlcle From 70% e 85% TDT, cells of theﬁstylet anlagen retract, leavmg behind the
, stylet cuticle and formmg the larval retort organs.. Each maxlllary lever forms from a
dlvert?culum evagmated from lts sheath and ls thus maxnllary in orlgm The. mandlbular .
'lever is secreted by epﬁdermal cells of the mandlbular plate and i lS therefore genal in - -
‘ origin. - Just prlor to hatchmg, the cutlcle of the stylets and pO“stenor struci:res of the
mouthparts sclerctize. - ' ' e

The sallvary glands deveiop by paired invagination of lateral sternal ectoderm of

the lablal segment ' Cells of these tubular lnvaglnatlons undergo mrtosus and mérease their -

numberiuntit after katatrepsus The celis then dif ferentiate into. 5 acinar types with

varlous types of mcluslons This dlfferentlatlon lncludes an increase |n RER, golgu and

mltochondrla and a correspondmg decrease in free rlbosomes :

Development of ‘the mouthparts of Mgfasc/ frons conflrms that the maxlllary plate

s maxullary in origin, the mandnbular plate, genal and that mouthpart development is similar
to that of heteropterans and thysanopterans which supports Hamlltons (1981) theory on
the evolutlon of the hemlpteran cranium. '

! . ~y i e
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1. Genaral'lntroduc'tlon

1.1 lntroductlon . ' ‘ _
o Hemlpterans lncludmg the two suborders Homopte!:a and Heteroptera plerce o
host tissue with long taperlng stylets and use thelr strong sucking pumps to suck" flunds

* from their hosts. They and. thelr s&ster group Thysanoptera beiong to the cohort o
Condylognatha characterlzed by mandnbles and maxlllae modlfled for: feedlng by plercmg

and sucking lBoudreaux 1979; Kristensen, 1981; Hennig, 1981).

In 1938 JW. Evahs speculated on evolutlon wvthm Hormoptera, and introduced an

evolutlonary perspectnve to the study of the hemlpteran head Over the next 43 years,
Snodgrass (1938) Evans (1938 1946) Heslop—Harruson (1956) Duporte (1962),
Parsons (1964 1973) Puchkova (1970) and Hamllton (198 1) theornzed about evolution of
. the hemnpteroud cranlum Parsons l1973) review of exlsnng theorles emphas:zed the-
dlvergent oplnlons exnstlng o e ' »

Alt authors.relied on morphologlcal and/or embryologlcal evudence
Morphological study generated numerous mterpretat:ons and controversles Shodgrass

2(1921) felt that

w "

"Our only safe gulde to morphology is comparatlve embryology—~ when we
are sure wbk have all-facts on the case.’ LR

- and Parsons (1964) that
any attempt- to discuss hemlpteran cephalic development is hampered by
our lack of- knowledge ‘of the ontogeny and phylogeny of this group
In coh;unctlon wlth morphologrcal and paleontologlcal ewdence embryologlcal

-observations” can help to clarlfy homologles Previpus research on hemlpteran mouthpart
' 'developmentus scarce and contradlctory ll-leymons 1899 Muur and Kershaw, 191 lar
181 1b, 1912 Pesson 1944 Newcomer 1948 Singh, 1971) and has. generated
numerous: theorles on how Hemlptera evolved.

Early morphologlcal studies on Hemlptera"no'ted that theig.piercing and ssucking

mouthparts dlffered consuderably from the bltlng and chewmg mouthparts of less

| specialized msects Intrlgued by these dlfferences early morphologlsts and

\

embryologlsts began to speculate on homologles of the mouthpart structures ln

i
3
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'hemlpterans

By the late 1800‘5 morpholc&:sts had homologuzed the stylets with the mandlbles

and maxlllae of bltmg and chewmg insects and the sheath or rostrum with the lablum
(Packard, 1874) JB Smlth (1892) .however, homolognzed them respectnvely wuth the -
stlpltes an?j “lacmuae of the max:llae and the’ labnum wuth the max:llary galeae. Marlatt

. (1895) supported earlser workers but feit Smith's work was valuable in ;o
. . : o o
havmg called attention to certain featur‘es of the hemupterous mouth whnch

had not been previously noted namely the mandibular sclerite and’ maxnllary
scler:te :

' Over 'ehe ‘next 90 years, many pape\'\s were wrltten on the origin and homology of these
sclerites. , "’ .
o Heymons (1899) descrlbed elrnbryogenesrs in several hemlpterans Hls study
‘ supported the homologles expressed by earluer workers. He showed that the stylets
: formed from anlagen homologous to those formmg the mandlbles and maxillae of bltlng
and chewmg insects and that each maxvllary plate developed from the outer lobe of a
maxillary anlage. o ‘_ KR o
Although basic honrfologaes of the mouthparto were estabhshed by the early

1900 s. other controversy had developed Nteek (l903l in"his study on the periodical
cicada, Cicada septemdeczm Fabr., emphasnzed some of the problems that contlnueda to

.plague morphologists and embryologlsts for years
. ‘ . .

“Such questloms as " what part of the typical maxlllae do the setae represent
what has bscome of the maxillary and labial pal i and what parts of the
: second maxullae have fused to form the lablum are yet unanswered

> ‘Other problems mcluded the orlgm of the mandlbular (toral) plates, maxnllary plates stylet

' 'Ievers and sheaths and salnvary syrlnge and the homology of the median cramal sclerrte
The followmg dnscussnon looks at the prmmpal components of hemlpteran mouthparts

’ the cly'peo labrum mandibular and max:llary stylets stylet sheaths and levers mandlbular

~

plates, maxullary plates. hypopharynx sallvary syrlnge labium-and sutures and dlscusses ‘

lvarnous opinions on their homoldgy

7.0



‘ 1.2~Clyp‘eo-labrum ‘ | : - .
The central sclerite that dommates the head of hemipterans is called varlous ‘
names. .|t is usually divided into 3 sclerites althougﬁ this varies and some hemlpterans
-have only 2. éclerites {Evans; 1975), _ -
’ Marlatt (1895) callé%e anternor sqlerite the clypeus, and the posterlor two the

]

_ Iabrum but his terms never gamed acceptanc Smce then four dvfferent systems have-
been used to name these sclerltes Heymonf (1899) labelled them frons, clypeus and
Iabrum and thls system |s still used by many workers (Meek 1903 Snodgrass 1921
Munr 1926 Myers, 1928 Matsuda 1965; Hamilton 198 1) Muir and 'Kershaw (1911,
-191 1b,.1912) and Cogan (19‘!6) called the sclerltes clypeus labrum and eplpharynx This

I

system has not. been accepted because the eplpharynx is definedas ~. - T
o

"a median lobe sometlmes present on the postenor (or ventral) surface of the
‘labrum or clypeus" (Snodgrass 1935). 4

Snodgrass (1927) revised his earlier oplnlon and labelled the rnam sclente
postclypeus the next, anteclypeus and the apncal pro;ectlon labrum. He reasoned that
becaUse the. cibarium represented the ‘mouth’ and not the pharynx, the muscles
- assocnated with the cibarium were cibarial dilators and not pharyngeal dilators. Since
cibarial dulators are known to orlglnate on the clypeus :and not the frons, the plate was
the clypeus (Snodgrass, 1927). A B "

Evans (1938, 1946) feit that the large medlan sclerlte often resulted from fusnon

of frons and clypeus and called I‘t the fronto —clypeus. The amount of fusnon vanes from o

group to group and in some species the frons isa ‘separate plate (Evans 1938, 1975)
Although, this is the most universally accepted method (Duporte 1962 Parsons, 1964
1974 Puchkova, 1970; Smgh 1971), two recent morphologrsts (Matsuda; 1965
»Hamuton 1981) favour Heymons (1899) system



‘ : R . ‘
1.3 Mandlbular and Maxillary Stylets :
When the stylets of Hemlptera waere recogmzed to be homologous with the
' mandlbles and maxillae of bmng and chewmg msects embryolognsts began to study how
“cuticular stylets developed from cellular anlagen. — R | \ | .
Weber (1930) described how the stylets of pyslhds form before a moult. Each
stylet forms from celis that lie hke a finger of a glove in the upper cav:ty of the stylet.
- These cells evert posteriorly before a moult into ‘the mam atrial cavity, elongate and .

seorete the new stylet Later the cells lnvert into the body of the new stylet and form

"
- Tl

the stylet cavnty
 Pesson (1944) consndered Weber's (1830) scheme lmprobable and found the
stylets to develop dlfferently in coccids. . The celis of each stylet anlage elongate back
: nnto the head and coil concentrlcally These cells secrete the cuticle of the new stylet
and later retract into the head to form the larvafl retort organ. Pesson (1944) found that
the coagaptations of the stylets formed after"the cells retracted. - '
Newcomer | l§348) and Singh'(1971) describ‘ed another variation. in Oncope/tus
{fascratus and Oxyrhachis tarandus, respectlvely The anlagen cells slongate back into tlhe
head and coil like those of’coccids.: The cuticle of the stylet is deposited by a hyalme
" area foynd on the anterlor face of the anlage c‘ells these cells then disintegrate except
for a small number Wthh form the retort organ. Stylet coadaptations form after
hatchmg (Newcomer, 1948) N
Questnons arlsmg from these studies are: 1. do all the cells of the stylet anlagen
secrete the stylet, 2. do the cells of the anlage retract to form the retort organ or do
they disintegrate, and 3. when do stylet coadaptations fprm - befbre or after ~hatching?“f
’Many hemipterans-have innervated styiets (Pinet, 1963; Forbes 1966; Parrish,
1967 Cobben, 1978) Some, such as M fasc1frons have dendrites in both stylets
(Forbes and Flalne 1873) whxle others have dendrltes only in the mandibles (Forbes,
1966; Myzus persicae). Cobben (1978) provided a list of which stylets are mnervated in

members:of many heteropteran families. When and how hemipteran stylets are

_mnervated durmg embryogenesis has never been studied.
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1.4 Stylet sheaths and Ievers‘ R , ‘ ‘
. Few studies have descrlbed formatlon of stylet: levers and sheaths Although Muir
s and Kershaw (1912) first called the mandlbular levers ‘mandibutar pillars’, Muir (1931) later
referred to them as levers and descrobed them as arising from a sclerotlzatnon of the
membranous wall of the genal suture’. Snodgrass (1938) considered the levers to be
‘lateral extensions of the mandibular bases’ while Parsons (1964) thought they formed .
from the apposed mandubular'and genal walls L ' -

Maxillary levers have been described as a sclerotlzatlon of the membranous wall
of the maxillary sutures’ by Muir (1 931) as being formed by the walls of the atrial cavity
{Parsons, 1964) and as part of the maxlllary stipites (Hamllt‘on 1981)

o Embryologlcal evndence 'on development O..f levers is lacking. Pesson (1944) ~

found both levers to form from the subgenal reglbn of the héad while Nechmer (1948)

saw the mandibular lever as bemg secreted by the w;l; of the mandlbular stylet sac and
the maxnllary lever by a diverticulum extending out from the maxillary sheath.

Parsons (1964) described formatlon of the stylet. sheaths durmg evolution of the
hemipteran head. Development of the sheaths is followed only brlefly in existing
embryological studies and deals mostly with formation of the:common shgath and not the

se'parate stylet sheaths (Pesson, 1944; Newcomer, 194'8; Singh, 1971).

1.5‘:M—andibular plates '
N The mandibular or loral plate, a crescent shaped sclerite lateral to the

.postclypeus on each side of the head, has generated many ideas as to its origin. Smith l ‘

(1892) thought it was the mandible, but was shown to be wrong by Marlatt (1895) and

others (Heymons 1899; Meek,: 1903)1 Muir and. Kershaw (191 1b) described the. plates as

'lateral developments of the clypearreeuon but Muur (1931} later revised his opinion-and -

. considered them to be genal. In 1938, Snodgrass hypothesized that the mandibular

plates were Iateral expansions .of the hypopharynx In the same year, Spooner. (1938)

and Evans (1938) concluded that they were lateral extensnonSva the«clypeus -

A e o
B
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forming from'an o‘l.:tpouthmg of 'each mandrbular"antage Puchkova “ 970) and Hamrlton \

~;(1981l~descnbed the lorae as. bemg genal o
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N subdlv:snon of the meaxillae, but neither Parsons (1964) or Puchkova (1970) acknowledged - .‘

EY

" spemal-deveIOpments in Hemlptera (Snot:lgrass 1938) He homologlzed the free apncal o

1.6 -Maxillary—pl_ates ' oo

P e

In 1974, Parsons reviewed the three ‘main theorles; clypeal, hypopha’ryng/e'al ‘and -
genal—subgenal, noted the lack of conclysive evidence for any of the hypothesses but

favoured the second because of its simplicity. This question has. yet to be answered.
o — . .

Homology of the maxillae and maxillary plates is genera_lly accepted. Early

embryological studies’ (Heymor‘\s,_'189_9; Muir and Ke:r'shaw', 1911b, 1912) showed each

maxillary anlage subdividing into twq lobes, the inner iobe forming the stylet and the
outer lobe, the plate. Morphologists homologized the stylet with the lacinia and the plate

with the stipes or fused cardo.and stipes (Muir and Kershaw, 1912; Snodgrass 1827,

‘Duporte, 1962; Heming, 1980; Hamilton, 1981). - :

Parsons (1964), using Pesson's (1944) embryological work as evidence, described
a series of stages Ieadihg to the evolution of the hemipteran cranjum. A rhajor premise in
her hypothesis was that the rhaxillary ‘plate was parietal (genal) in origin and not formed

from the maxillary anlage. She concluded this because Pesson never found the maxillary

* anlagen of coccids to subdivide into \inner and outer lobes. Puchkova {1870} also

-considered the plate to be genal. Newcomer's study (1948) on 0. fasciatus showed

thls Hamilton (1981) accepted Newcomer s (1948) and theearly embryologucal studies

(Heymons 1899; Muir and Kershaw 191 1b, 1912) and hoTnoIoglzed the maxlllary plates - -

with the stipites-of bntmg and chewmg lnsects

&

1.7 Hypopharynx and Salivary syringe

‘The ventral, internal mednan lobe of. hemlpterans was first descnbed as being. .

homologous wnth the hypopharynx of bvtmg and chewmg vnsects by Marlatt (1895) The

o

homology of the structures now, called hypophasyngeal wmgs rerﬁalned unknown for

some time. They were thought to be pharyngeal struts (Munr and Kershaw 191 1a b

© o e

tentorlal stnuctures (Cogan .19 16l or maxlllary apbdémes lMulr 1926).- Snodgrass* Cm

(1927l pointed out that at least portnons of these plates were hypopharyngeal and were -

b e e ae fo e - v
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lobe with the lingua ésnodgras's, 1938). There is little recent speculation on the subjaft

-Each embryological study deallng with hemupteran mouthpart development hyy ‘
‘described dlfferent segment venters as contrlbutlng to formation of the hypopharyny
and salivary syrlnge. The hypopharynx has been considered to be formed from the
—-venters of the mandibular and maxillary segments (Pesson, 1944), the intercalary ang
mandibular segments (Newcomer, 1948y -and the antennal, mandibutar and in part,
maxillary segments (Singh, 1971).

- The syrlnge has been cons:dered to form from the venter between the maxau;}“y
‘and labial segments {Pesson, 1944) and-that of the first maxillary segment (Newcomyy.
1948). Parsons (1983) reviewed previous hypotheses on the origin of the syringe an
developed her own. She felt Snodgrass (1938) and Muir and Kershaw (1912) t6 be
partially correct, in that the syringe was .a modified-salivarium (Snodgrass 1938} ang WA{ t
of the salivary duct (Muir and Kershaw, 1912). Other than Pesson’s (1944) hypothetw’\}
scheme for development of the salivary syringe and Newcomer's (1948) brief

description, formation of this structure is poorly understood. ' \

;.8 Labium )
' The lahiuvm or second maxillae ‘of hernipterans -does not resemble that of bitiﬁg

" and chewing insects. ‘Itis a three—~ ,or a four- segmented sheath enclosing the stylery

and has ho apparent palpi, glossae, or paraglossae
Few researchers have attempted to homologize its parts Heymons (1899)

, thought the first segment was the- postmentum the second the prementum and the 1ait
“two segments the endite lobes. Crampton (1921) homologlzed the three segments V\/'W
"'the mentum palpigers and fused palpn and Matsuda(1965) thought the first two

'—segments werg homoIOQOUs wnth the prementum and that the Iast two. were modlfped

Tt palpi. - SRR ‘ s e



19 Sutures - = " ' . S
. The sutures of the head héve .'had "ve'rio"ue names assigned to them, depending on
how the hbmology of the plates is mterpreted Muir (191 1), Muir (1926) and Snodgrass I
(1927) were the earliest morphologlsts to apply names ‘to them Later, Parsons (1964), |
“Matsuda ( 1965) and Hamilton (198 1) renamed them according to their own views on their *

¢ ’ -

homologies.

110 Thesis Objecgves T o | -
| undertoqk this study. of mouthpart embryogenesis M fascifrons to resolve

some of the conflicting embryologlcal mformatuon and to gather developmental evudence

which might help exp,lam how the hemupteran cranqu and mouthparts evolved.

Y During this study | considered the following questions:

—-

What is the evolutionary origin of the maxillary and’mandibular plates?
How do the stylets develop? o

When and how are the stylets innervated?

When do mouthpart coadaptations form? )

When and how do the levers form? '

Are the levers appendvcular7

. What sternal regions contribute to format:on of the hypopharynx? . ry

" How.does the sallvary syrlnge form? ’ v : : K

m@x@we.ww

How do the salivary glands develop?
.-10. What is the ultrastructure of the larval glends? ' 0
.\;\1 1. What does all this tell us about the evolution of the hemipteran crqnium?. i o

’
€

4
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| 2. Materials and Methods

(2

2.1 Animals
=~ - The insect used in this study was Macroste/es fasci frbns (Stal), the six—spotted or «

" aster Ieafhopper, an impbrtarﬁ«vector of Aster Yellows. This disease is caused bya
mycoplasma~l|ke agent and infects many economically |mportant plants Belrne (1952)
" and others believed this taxon to comprlse a species complex as there is much -
. morphologlcal varlatlon among members of geographlcally isolated popuiations. For -
.practical reasons, | treat it as one species. The complex is distributed from Mexigo to
Alaska, occuring in both wet and dry habitats and from sea level to 2,898 m
'(Beirne, 1952). ‘Adults range in length from 2.0 to 5.1 mm, with females h‘eing larger than
males. They are greemsh to Ilght brown and often on the vertex of the head have six

dlstlnctlve black- spots that are responsnble for the common name of this msect

2.2 Rearing _ g k _ ‘
A sto‘ck culture was-started with adults supplied by Dr. Hiruki, Dept. of Plant ‘
Science, Unive'rsity of ‘Alberta. A cage measuring 50 cm by' 35 cm and covered on three.
.'5|des with fine mesh screening was fitted with a sliding glass panel at the front Caged |
insects were mamtamed in a growth chamber,. under a 16 br. light, 8 hr. dark regime and a
‘ temperature rangmg from 24~25C during the day to 18- 19C at night Humidity was kept
above 50% Temperature and relative humidity regimes were those used by Swenson
(197 1) and Hagel and Landis (1967). |
Adults were also reared in the laboratory on an artifiola_l diet develooed b\l Hou
and Brooks (1975). The recipeﬁ used was madified as set out hy Hou (1_976) (see Table 1).
Small cages were made-to hotise the in_eects as they fed. Bottoms were removed
~ from 4x6 cm glass jare and a hole lNas cut i_hl'the lid of-each and fitted with.screening
{Fig. 1). One half millilitre of diet was sandyviched between two layers of;.paraf'ilm and
these .were stretched over {the open bottorn of the cage. A thin iayer of vacuum grease

was smeared around the edge of the Jar between the two parafulm layers to prevent

leakage Caged lnsects were kept in a large. glass contamer with relative humidity

A N
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omposmon of modlfned dnet for the Aster Leafhopper (Hou 1976)

» L—alanme :

N
- . s

. 20 ’

L-Srginine HCI | ’ , ~ 40
L-asparagine . , : 60
L—aspartic acid TR 200

.Amino aclds (5x eioc)()

- L—cysteine-(fres base) S 10
-L-glutamic acid o
.. L—glutamine. (commerclal) e C 120

- 40

Glycine .~ . T 4
L—-histidine (free base) ' 8

‘.DL-homoserme e . 180

L=methioning " "~ =t S s o0 00 90

» -.L=proline . .. .. Lo 200 R e

" -Choline chlaride - Dl 2500 - ‘T’?' AR e

III Trace metals IR R
¥ CuCl,.2H,0 : R '0.'05.1"--- .

Tween 80

- L-serine. - . L e -.»,'20_._ .
‘:»L-tyrosune T e : 4 . o T Th

k=valine™ * o L 40

RN B-wtamins and Lipogenic factors (20x stock)
. Biotin ) 0.05 -

Calciunr pantothenate R 250
Folic acid ' S T 025
Nicotini¢ acid : . 5.00
Pyrodoxine HCI . 1.25 S
Thiamine HCI - .~ " . . d260

- e e an L T S

i—Inositol. (meso) : S 2B 00 JERHES

FeCl, 6H2 L. : : __ - 0534
MnCI 4H,0 . : 0100
CaCl, . 0.4444 S
Zn-sequesterene : _ 0'160 - T s o

IV. ‘Others ' : . : :
Na citrate (50x° stock) . 10.0 ' -
'gSO. 7H,0 S - 250.0
,PO, : , E 250.0

-Sucrose : 3000.0

V. L-sscorbic acid - 1000

VL Cholesterol disperslon

Cholesterol S.C.W
Lecithin (vegetable)

oM
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maihtained above 50%, using a-40% KOH solutlon and a temperature and hght reglme the

" same as that of the growtl't Chamber. Leafhoppers fed readlly and after three days o

females began to lay- eggs mto the»med«um through the parafllm Thus eggs could be |

easuly collected every day and the tlme they were Iald noted Eggs were removed from

| the medlum washed m~drstllled wafer placed m ?0% ethanol: for 30 sec., rlnsed |n

el T,

2.3 Scanning Electron Microscopy K ' - . T

dlstulled water and mcubated on Whatmann fnlte'ihpaper at 25C o

. - .
R . 3 . o - - . PR
-~ PP N - o ~ e e = el .

-

g e e

Tomem L
.o

Embryos were: prepared for Scannlng electron mlcroscopy (SEM) usmg
. techniques developed by: Zalokar /and Erk (197 1 and Turner and Mahowald (1975) for

Drosoph//a embryos This technlque was used because |t provnded better resolution of '

_ external structures than whole- mounts S

4 PR

Eggs were, dechorlonated by' pfacmg'them in'1 O% sodlum hypochlor:te for 5 mm T

After dechononatxon eggs-were washed four tlmes in distilled water and immersed in a

l 1 mlxture of heptane/25% gluteraldehyde in 0, 1M collldlne buffer plue -0.2Mm sucrose at

pH 7. 4, Ethryos were then- remo\/ed air drled sllghtly and fnted in tnaldehyde flxatlve
(Kalt and Tandler 197)) in 0.1M colhdme buffer plus 0.2Mm sucrose for 5 to 15 min.
Usmg a flne tungsten needle ‘the wtellune membrane was removed from each egg and the
embryo and yolk teased apart The embryo was fixed overmght (16 hrs)in trlaldehyde
The next day, embryos were washed with buffer for 90 min. (changlng the buffer every
15 mln) post- fixed m 1% OsO, in 0. 1M collidine buffer for 2-4 hrs. and washed in

_ distilled water. Some embryocs were crltlcally polnt dried. usmg CO wuth acidified

. 2,2~ Dlmethoxypropane as the transition fluid (Muller and Jacks, 1975) Others were
freeze—drled from 10% ethanol Drled embryos were mounted on°stubs on lnverted
v—shaped pyeces“of cardboard coated with gold and mewed in: the Cambrldge o

Stereoscan 150 electron mlcroscope at 10 kV o
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24nght Mlcroscopy T SRR

- C o me L e - e Ty T < L

\W}tole mounts of larvae prepared usmg Hemlng 5(1969) technnque for thrups
allowed mouthparts and assocnated muscles to be studued with polarlzed llght R SRR T N
Living embryos placedfl(paraffm oil were observed with a compound

mlcroscope and used to determme stage of embryogenesrs s T -

4w ' - *vDevelopment of mternal structures assoczatéd wyith the mouthparts was followed

e

times-in dlstnlled water and ﬁxed as descrlbed by Zalokar and Erk (T97 1) Chorvgns vy,ere, | S
- T ' remoVéd and the embryos were fIXBd Qvarnlght (16 hrs) m'thelr.-respectlve flxatlves S
' The next day, they were dehydrated stalned w»th gosin in 95% ethanol left overnight (16
hrs) in 1% cellondan in methyl benzoate’ (Panttn 1960) embedded in paraffintmp. 56— 57C)
T and sectloned at 5um Sectlo were stamed usmg Gomorl S Tnchrome as outllned by

wnen

Humason (’l 967 1979) Subst ion of annllne bloe recommended»ln"Humason (1979l

aaaaaa

gave better deflmtlon of nervous tissue. ' T S :
Sectlons of adults larvae and embryos were stalned to determine the dlstrlbutlon ?
of mucopolysaccharldes and protems in their sallvary glands ‘Methods used were: 1. for
mucopolysaccharndes Bauer-Fengen Best's Carmlne Mucncarmlne PAS reactnon . o 4
" “Diastase dlgestlon Alcian Blue (Steedman) Alcian Blue (CEC) Alcnan Blue— PAS and
_ Aldehyde Fuchsm -Alcian Bluer and 2. for proteins, Nlnhydrln Millon « reactnon Performlc
. | acid—- Alcnan Blue Arglnlne and DMAB-nltrrte (Bancroft 1975) A S

o e
.-

. B [ P a
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. ~- ¢2:5 Transmission Electron .‘Ml‘droscopy

Some embryos were fIde for transmlssnon electron mlcroscopy (TEM) uslng the

P -

prooedure outllned for SEM Thls allowed structures beyond the resolvmg power of the _ o
LT ,-llght mlcroscopé to be studled pee T f : ' ol ‘
_ Followmg fixation with OsO, the spec:mens wereg washed in buffer {0.1M
" A, colludlne pH.7.4) stained 6vernlght (16 hrs)l‘ln 1% uranyl acetate at 60C lHyatt 1981)
infiltrated with resin, Spurr (Spurr 1969l or Epon (Hyatt 1981) and embedded. Blocks
“were sectloned wlth a dlamond kmfe on a Reichert LKB ultramlcrotome and resultlng

sectlons were- mounted on slot grlds and, vnewed with a Phllllps EM 200.



Fig.. 2 Orlentatnon of embryo inside egg: before anatr’epsls 1 before Iongltudmal

‘ rotatlonl after longitudinal rotatlon El and after katatrepsus L]

scale = 40 um

Abbravnatlons anterlor (a) dorsal {d), germ bahd (gb) labium (La) Iegs (Ie) mandlble (Md)

R

maxllla (Mx), pdsterlor ip), protocephalon (Ptc) ventral (v). -~ -
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C ,2 6 Onentatlon of Embryos

17

.

M fascifrons ‘females lay thelr eggs in host plants wsth the posterlor end towards

“. the ground and the egg's dorsum’ facmg away from thesmidrib. thure 2 lllustrates the

- orlentatvon of the embryo durmg early embryogenes:s (before anatrepsvs) just before -

katatrepsns and after katatrepls as lf the ‘egg were embedded in the plant

) (%
ln the ullustratlons orlentatlorr of the embryo and sections-is wnth anternor top:

rd

ventral, rught dorsal, left; and posterior, bottom. The axes are noted. on the figure when

such onentatton was |mposs|ble

S Y T
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T e e 3. Staging o
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3.1 Introduction B : : g i L

Researchers have used several methods o indicate the,agestof insect embryos Lo

Usually age is given in hours from ovrposmon Others have used descrlptlve stages since‘ o

embryos of some_ insects, for various reasons, do not lend themselves to use of thls

" method. Bentley et al. (1879) quaﬁtitatively staged embryos of Schistocerca nitens by

- dividing embryogenesns into equal. perlods which were percentages of total development )

time. Although embryos of the same-species may develop at dlfferent rates at a

partlcular temperature it has been found that characteristic events occur during

" characteristic percentages of total development time (TDT) (Edwards and Chen, 1979)

Embryos of M.fasafrans are dlfflcult.to stage,. using the hourly method.
'Observations of females fed‘on an artificial dlet indicate they Iay fromOto 11 eggs per
day { N= 12 x= 397 £ sd 054 eggs/ female/ day) at lrregularly spaced mtervals Total
development tnme of embryos varies, from 231to 265 hours-at 25C, (N= 17 x =.243

sd. 11 hrs) | use Bentley et al's (1979) method to time embryogenesus in M fascifrons.

3.2 8taging

. Seventeen eggs whose laying time was known were momtored closely untll they
hatched. Although these embryos developed at dlfferent rates at 25C, characteristic

events occurred in them at the same percent of total development tlme (TDT) From

these eggs ‘the following stages using 5% TDT intervals were establlshed A summary of .

these events is presented in Tablle 2 and in Figs..5-20.

3.210% TDT -

A freshly laid egg is translucent, quite pliable and contains a symbiont ball (sb) at

its posterior pole (Fig.'5). Eggs are oblong and measure 0:99 * s.d. 0.07 mm x 0.23 # s.d.

0.02 n'_\m (N=20). Tl'i are .ventrall .(v)' convex and dorsally 'ld)'sljghtly concave (Fig: 3).
)

An eclosion line (ec) &ktends posteriorly along the dorsal side of the egg, one third of

e
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Table2- .. .

-~Cnara'cf_eristics of% ‘ds'velpﬁrne”n{stage's L

- s . .
- Y Stage ..
. ﬁ-..g— " w

R . T ST SIS S
. P I S s B -
e 4y s, "o o Deseription, .o - . a0

P oy oW e . - v % waa e, o, 0

Coe o
3

- e N R

v '0% + Egg translucent and phable symblont ball v151ble at posterlor pole . |

. & -

5%
10%

15%

w . \_»

Egg translucent and phable cleavage energlds “form
Blastoderm forms germ- band -condenses an eggs dorsal side; anatrepls occurs

Immersed germ band; symblont'ball_ at posterior end of germ band; yolk
Cleavage - o PR SRR T

# 20%% S shaped germ band head iobes separate from yolk surface

50%

55%

60%

65%
70%

75%

. 80%

1

85%
90%
95%

100%

25% Early segmentatuon apppndage anlag&g evqg@ate thoragig, appengdages fil;stj W
—5,"::2;*"30%, J,.ate segmentatnon clypeo labrum vusu_ble above stomodaeum; maxillary anlagen
PR e iVide : e . . :
. R
35% Egg opaque and turgid; increases in diameter; appendage growth
40%  Abdomen stralghtens eye pigmentation begins )
45% , 180° Longitudinal rotatlon of embryo; clypeo—labrum unfolds caudally;

mouthpart appendages shift cephalad and dorsally

L_(atatrepsls, mycetgmes, thorax and abdomen yellow; 1° embryonic cuticle
visible T '

Provisional dorsal closure; yolk flows into dorsal cavity; serosal plug forms a
dorsal organ; 1°cuticle apolysis; 2° embryomc cuticle being deposited ' '

Embryo pale yellow; pretarsi form; epldermis replaces amnion as dorsal body
wall _ : ,

Embryo darker yellow; trochanter, femur and tibia form
Tarsi form"’c‘:ontractions visible in abdomen

‘Dorsal vessel beats irregularly; 2° embryonic cuticle apolyses: larval cuticle
being deposited

Eye fully pngmented inner ommatldna darker muscle contractlons vumblé
throughout embryo

Eyes dark red; stylets’ cellular matrices retract
Antennal annuli dark in clypeal region; body movements visibie

Antennal annuli and anal setae dark: yolk completely resorbed

.EmbryoHdtches o .

e 2 T o ° oen T om o dme s g E I P L RO e
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Fig. 3 and 4. Scanning Electron inicrograph of "Macrosteles fascifrons’ egg ,

Fig. 3. Egg . - o .

scale = 50 um , .
<;Fig. 4. Eclosion line on external surface of egg..
scale = 20 um ‘ T

v

T _eAbbreviations; dorsal (d), ventral (v), anterior- (a), poster‘i'or' p), eclosip'n fine (sc).
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A )

- .Flg 5, D% ngote,.Formatnon R o oo
Frg 6. 5% Cleavage o
Fig. 7. 10% Blastoderm Forrﬁation
Fig. 8. 13% Germ Band Formation
"Fig. 8. 15% Anatrepsis S
. Flg 10 20% immersed Gerrﬂr.i. B“ar:da & TR «..‘w; . R “f . ° 0 "’
‘ ‘an 11.“25:% Segme'ﬁ‘tatlon R L o '
Fig. 12. 30% Ap:;;_é_ndagé Formation -
Fig. 13. 35% Growth o : !
.+ Fig 14, 40% Growth | o
Fig. 15 45% Longitudingl Rotation
Fig. 16. 52% Katatrepsis |
Fi‘g. 17. 55% Provisional Dorsal Closure
Fig. 18. ‘60'-% Dorsal Closure. -
 Fig 18, 65-80% Early Prolarva
'F':igv.. 20. 85+ 00% Late Prolarva
-scéle= 50 um- ’ \,1
: @
Abbrevuatlons amnion (am), amniotic pore (ap) antanna (A), blastoderm (b), caudal end (ca)
cleavage energad (ce). clypeo- Iabrum (C-L), dorsal organ (do), eye {e), femur (f), germ ;
band (gb), hypopharynx (H), mtercalary segment {in), labium (La), legs (Ie) mandnbte (Md)
_ maxilla (W) outer maxcllary lobe (Mxp) mycetome (my), pretarsi (pr). protocephalon (Ptc:)
erosal plug (sp), stomodaeum (st): symbiont ball (sb}, tars'i,(ta),__tlbia (ti), .zygbte_ nuclaus, {zn).
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o .
postenor end flrst mdlcatmg tﬁat the egg is not tumbled ln the ovnduct

1

3225%TDT

Externally the egg is the same as at 0% deveiopment and contams yolk droplets

" of various suzes _ _ . o o
o . “.Internally’ the zygote nucleus and lts accompanylng cytopla /dlwde to form two’
daughter nuclgi surfotmded by oytoptasrm each called a cle’a\iage erferg‘td (C'e) (Flg 8) L °' -
These divide’ synchronously at flrst to form more energnds and as they dlv:de they move
toward the perlphery of the egg Eventually they enter a thin layer of perlplasm at the
E egg s derlphery It JS’ unknown when synchrony xs Iost. Throughout thls stage the

“symbiont ball (sb) remams at the posteruor pole- of the egg. (Flg 6)

. e, .

32310%TDT

ar .

A \ Blastoderm (b) formatnon (Flg 7) occunng at 10 to 12% TDT is V|s|ble in hvung
| eggs as thick cytoplasmnc bands Ktendung ventrally and dorsally over the surface of the
yolk. As time passes, these bands thicken postenorly and-regress anterlorly The ventral
“band’ condensestfurther towards the eggs dorsal slde to form a germ band (gb) at about
13 to 14% TDT (Flg 8) The germ band, a thuckened Iayer of celrs on the dorsal slde of
- the egg. Iles wuth its posterlor end agamst the symblont ball (sb) (Flg 8) Its anternor |
,regton‘fs ‘thncker and constltutes the head lobes or protocephalon (Ptc)

]
N
2 ' | N

3.2.415% TDT - ,

| The egg is- -still translucent and pliable but the symbiont ball is no longer vnsuble at .

xts postenor pole. Dorsally, aboqt 0.1 mm above the egg s posteruor pole, s a tuck in the »
yolk the ammotic poré (ap) where during anatrepsns the germ band (gb) mvaglnates

postervorly into the yolk When the egg is viewed :n water wuth a compound

- : : : . Lot

) "(\" . egg length and |s the only sdulptunng found on, the chorlon (Fsg 4) EA ' e
LRI N S ] . .
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mlcroscope the band can b seen to bend towards the eg anterlor pole wnth the
hashavat st i’ v

M
- -

e :symblont ball at its caudal end lcal (Flg 9. As the ban& moves mto the center of the egg

LTI mn"

e the yolk ‘separates lnto blocks; due to yolk cleavage in the posterlor two thlr‘d’s o"f the
' egg The head lobes of the germ bana remam in. contact w1th the egdg's surface. atthe. . .. .;....
. E end of anatrepsus These are visible on-the egg s po,stero dorsal sidé as two cledr” bands -

anglmg outward from each other foward the anterlor pole The ventral snde of the germ , v

- band faces the egg s venter Anatrepsns takes- about two hours at 25C durlng whlch tlme

)

' the amnlon (am) and serosa (s) form: The seresa surrounds the yolk and the amnion anses

from the margms of the embryc and encloses the ammotlc cavity. Both form by -
v !
stretchmg of cells at the anterior. and posterior ends of the. germ band as |t lnvaglnates ‘

P Lo

» . o e e e
- : :

*3;2 5 20% TDT- - 4 ]
The germ band now lengthens wnthln the yolk and lts caudal .end. begms to flex 1‘: -

ventrally towards the posterior pole of the egg to accommodate thls mcreased length
(Fig. 10). The symblont ball remains at the ponnt of caudal flexure Head lobes separat’e
from the yo1k s surface ahd the’ amnlotlc pore closes; completely xmmersmg the’ embryo

e T . L e

_inthe yolk. .

3.2.6 25% TDT ' o I

| A On completlon of caudal flexure the germ band is S—shaped Palred append es
form by evagination of ectoderm and appear as small protuberances from the marglns of
the band (Figs. 11 and 21). ' .

- Scanmng electron mlcrographs (SEM) of embryos at thls stfgﬁ of development

show that the thoracic appendages lle) form flrst followed by the lampl {La), maxillary -
(Mx) 'mandlbularb (Md) antennal (A) appendages and clypeo—labrum lC—Ll in that order (Fig. .
2 1. At thls stage the clypeo Iabrum is barely vnslble Abdomlnal appendages appear at

the same time as gnathal appendages

3
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"Fig- 21 to 24. SEM of M. fascifrons’ embryos. '_Lateral aspects of developing head

Fig 21. 25% TDT: Appendage Fofmatibn ' | )
»sqale—zoum e e ' T
Flg/ 22: 30% TDT DMsnon of maxnllary anlagen A P S i
'scale-20um b _ o ‘
Fig. 23 35% TDT: Organogenesrs
" séale = 20 um - - ST A .
Fig 24. 40%>JDT 0rganogenesus eye plgmentatlon begms ’
scale = 20 um

Abbrev;atlons antenna (A), clypeo- Iabrum (C L) eye (e), hypopharynx H), mtercalary

L segment (In), tabium (La) mandlble (Md) maxilla (Mx) neural groove W{ maxillary

Iobe {Mxp), protocephalon (Ptc) stomodaeum (st).

FRINY
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' 3:2.7 30% TOT B o o

‘ Appendage anlagen are more pronounced the clypeo labrum protrudes below BN -

S the head and the head lobes {Ptc) flex dorsally and caudaily- {Figs. 12 and 22)

SEMs of 30% DT embryos (Flg 22) show mterc’alary appendage anlagen (ln) to be

present the antennae (A) grong laterally and the maxlllary appendages dividing: lnto

ax
. lnner (Mxl and outer lobes (Mxp) (Fig. 22). A mld—ventral neural groove (ng) extends from
the mandlbular segment caudally 4F|g 22) ,
. 'y .
3.2.8‘35% TDT"
The egg. increases-both in dlameter and length by 0.05 mm anc becomes opaque .

and turgld Embryonlc appendages are well developed and the clypeo—labrum (C-L) has

flexed antero—doreally with a double foid lFlg 23). Head lobes flex caudally and dorsally

) '__,_and abdorr‘nnal fléxure is stlll present (Flg 13)

Light microscopy shows organ systems sLlch as the stomodaeum and sa'livaq‘y
glands to 'begin development at this time The outer lohes of the maxillary appendages
. (Mxp) as seen with SEM, are short and conlcal {Fig. 23). The inner maxillary lobes are
elongate thellabral appendages (La) have begun to move mesmlly the compound eyes (e)_

are developlng and the neural groove dlsappears (Fig. 23).

3.2.9 40% TDT

The abdomen has stralghtened but the embryo s venter stlll faces that of the egg
' (Flg 14). Eye (e) plgment arises posterlorly flrst and then spreads anterlorly in an 180"
arc. _ A
B In embryos vnewed by SEM the labial appendages {La) have met mesaally and have, )
. fused proximally (Flg 24). The sternal region of labial, maxillary, mandlbular and perhaps
mter_oalary.segments has become dome—shaped and later developslntorthe hypopharynx
H, Fig. 24). With fusion of the labial appendages, the salivary invaginations coalesce to

form a common sahvary duc/Fbrmatlon of the proctodaeum begins.

«



' that the embryo is about to begin 180 longltudmal rotatlon Vlewed from the egg s

) _"posterlor pole rotation is clockwise and is such that the embryo s ventral side ends up-

"‘3.‘2id45%TDT" E E v

- The egg lS as at 35% TDT externally Compound eyes (e) are brlght red lndlcatlng L -

facing the egg's dorsal side (Fig. l5l Rotatlon is easily followed by observmg ‘movement
of*the eye The clypeo labrum (C-L) unfolds caudally pushing thie antennae (A) caudally . \ a

as well {Fig. 25) When rotation ceases, the clypeo labrum is completely stralght with the

; antennae.wrapp_ed unde_rneath. At its distal end, the clypeo-labrum forms a small flap
. b

which becomes the actual labrum (L).

Light mlcroscopy shows the remamlng meuthpart appendages to shlft cephalad

~ and dorsally. The outer- maxlllary lobes remain external, formmg part of the mouthcone

Mandlbular and maxlllary stylet bases are now mternal The hypopharynx is conical and its
distal end pomts caudally Annuii begm to form on the surface of the antennae and the .

Q

flrst embryomc cutlcle is deposuted

3.2.11 50% TbT o . _ A
Yeliow pigment becomes vlsible in ‘the embryo's ‘mycetomes (myl (Fig. 16); two

structures on either side’ of the abdomen whlch house symblonts Sllghtly later, plgment

appears in the s:des of the thorax and abdomen,and the yolk boundary extends diagonally

across the‘head, blsectmg the clypeus. ) & . -

In the brain reguon the head swells expandlng towards the egg s dorsal snde The

v head contlnues to expand and deflate until it breaks the amnio—serosal fusuon

Meanwhlle the&yolk on the egg's ventral side is forced toward the anterlor pole by the
contracting serose (s) (Fig. 16). The serosa pulls the head postenorly then ventrally.
Over the next two hours the embryo moves out of the yolk towards the egg's anterlor
pole along its ventral side (Fig. 16). Katatrepsis ends when the abdomen reaohes the
postqrior pole of the egg (Fig. 17). The amnion laml now closes the dorsum of the

embryo as the provisional dorsal closure.



Fig. 25 to 28.. SEM of M fascifrons’ embryos _, L . S
Fig. 25: 45% TDT: Ldkgyi‘tudinal rotation. Lateral aspect of head.
‘'scale = 50 um

'Fug 26. 55% TDT, Provnsnonal dorsal closure shmeg serosal plug

g,

-scale = 50 um o,

- Fig. 27. 58% TDT: Pleuropodla durm’g prov:smnal dorsal closure

scale = 20 um

- Fig. 28. 65% TDT to 80% TDT: Early Prolarva Latel;al aspéct of head.

scale = 20 um  - L

Abbrevnat»ons amnion (am) antenna (A), clypeus (C) eye.(s), Iabuum (La)

labrum (L) mandible (Md) maxilla (Mx), outer maxlllary lobe (Mxp) pleuropodla (pl) serosal

plug (sp).
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The embryo now lylng wnth its head at the eggs ante r pole and its venter:
‘facnng the egg's ventral side (Fig. 17). is pale yellow It's myc tomes lmy) are dark yellow
and its eyes more heavily pigmented. The contractlng seroSa formsa serosal plug (sp)
above the head that is contmuous with the amnion (am) closmg the dorsal surface of
embryo (Fig. 26). Yoik wnthln the serosal plug flows posteriorly into the dorsal yolk
cavity above the embryo Ieavnng an empty serosal sac which is later drawn into the body
as the secondary dorsal organ (do. Fig. 18). Provisional dorsal closure is. completed in

10-11 hrs. when the secondary dorsal organ (do) forms.

* s )
- A,

Pleuropodia (Pl on.the first abdomin’ﬁl segment shrink and are pulled into the body

as peg—hke structures {Fig. 27). -Only the coxae (cx) are dlstmgulshable in the. legs lFlg
17). e . R '

3.2.13 60% TDT ‘ ‘
The embryo is still pale yellow.and has Qro’yvn to fill the egg completely (Fid, 18).
* Its eyes are larger and more deeply pigmented, pretarsi.(;,)r) are forming and the _
eoidermis is growing ‘dorsally on either"s'lde to enclose the yolk. Dorsal closure lS
complete when the ep:dermns replaces the amnion as the dorsal body wall and when the
secondary dorsal organ (do) is being resofbed. ‘
Study of whole mounts show th? stomod‘%um to extend to the metathorax and
.the proctodaeum to the second abdommal segmeht Yolk is present in both thorax and

abdomen but the ventral nerve cord has not yet contracted anteriorly.

3. 2 14 65% TDT »
The syes le) continue to darken and the body of the embryo attains the dark
yellow colour of a freshly hatched larva. Legs have differentiated into femur (feland
tibia (ti) (Fig. 19) but tarsi are not yet present Yolk extends within the embryo from the-

» _mesothorax to the abdomen the stomodaeum and proctodaeum are Well developed the
midgut is forming and the antennae extend caudally to the abdomen The ventral nerve
- cord begms to contract anteriorly but lts postenor ondi is. stlll in segment four pf the
' _ abdomen

&



3.2.15 70% TDT

As the midgut epithelium engulfs the yolk, there are contractions in the abdomen.
Yolk is present in the metathorax and abdomen. Central ommatidia in the compound. eyes
are darker red than peripheral ones and tarsal segments (ta) are forrning. The ventral
nerve cord continues to contract anteriorly but its posterior end is still present in the

abdomen. - T _ b

3.2.16 75% TDT
" The dorsal vessel is beatlng lrregularly and yplk is present in the lower
metathorax. The secondary embryonlc cuticle has apolysed (Flg 28) and the ventral nerve

cord extends posteriorly to the first abdominal segment.

3.2.17 80% TOT . )
Body contractions are readlly vnstble the embryo is brlght yellow and its eyes are
completely pigmented, although peripheral ommatidia are a lighter red than central ones.

'Only the abdomen contalns yolk and the nerve cord is entnrely within the thorax.

3.2.18 85% TDT‘ '
Eyes fe) are dark red the stylets’ cellular matrices have retracted into the head and

~ yolk, very reduced, is present only in a few abdommal segrents (Fig. 20) , )

3219 90% TDT

Body rnovemenis‘are noticible, and antennal annuli are beginning to sclerotize in '
.the region of the clypeus, Cellular matrices of the stylets have retracted within the head
to form the retort organs whlch in future larval stages, w:ll secrete the stylets durmg |

each moult Most yolk is resorbed. S S



[,

However, embryos of most insects can be compared.

el

A

3.2.20 95% TDT
Annuli of the antennae and anal setae are beginning to scierotize and the embryo -
begins hatching movements. This can be seen as a circular motion in the eyes. All yolk is

resorbed and stylets are Completely sclerotized.
. L]

3

3.2.21100% TDT N |

The head of the late prolarva expands towards the anterlor polé of the egg as the
insect takes m air. As the larva pushes upwards it breaks the v:telllne membrane wrth the.
top and back of its head: and the chorion splits down the eclosion line. It wnggles its way
out of the serosal cutlcl and. sloughs off the second embryonic chcle The stylets are
placed in the groove in the anterlor face of the Iablum and their coadaptatnons engage.
The newly emerged first instar: larva is bright yellow but soan darkens to greyish yellow.

¢ .
3.3 Discussion . -

The percent development system of aging embryos allows direct comparison of
embryonlc development in different insects. Unfortunately few authors have used this
method and, due to lack of information, few studles can be readlly adapted to it

This system provides a good means of comparmg closely related ipsects. It
eliminates problems in comparlng results of studles usmg stages of embryogenesns -and
those using hours. Insects whlch are ovovuvnparous ‘or vuvuparous or those Wthh lay
eggs at various developmental. stages do not lend themselves to use of thls method

-

Table 3 compares embryogenesis in eggsvof .S‘chistocerca niteﬁs (Bentley,et al,

.

1979) Acheta domest/cus (Edwards and Chen, 1979}, and M. fascv frons and lllustrates

dlfferences which can exist between insects in occurrence of events. For example

o anatrepsns takes place earlier in A.domesticus il 0%) than in elther S nitens or M.

fascifrons (15%). Katatrepsns on the other hand takes place earller in S. mtens 145-50%)

P

" than in the other two.

A few authors have discussed the- sugmflcance of such vanatlon m ‘ _
embryogenesns Johannsen and Butt (194 1) compared embryogenescs of representatlves

of different insects groups. They examined stages of development, compared various\

¢



Table 3

L Comparnson of embryogenesus in 3 speCtes of insects using Quantltatlve Stagmgl

Stage ' - % %of thal de‘velppment time
Ma&roste/es Sch/stocerca ", Acheta
B fascn‘rons . hitens' - domesticus
Cleavage ' - 0-5% 0-5% . 0-6%
Blastoderm formation 10-12%  10% 6.5%
Germ band formation o 13-15% - 15% 9%
Anatrepdis 15% 15-20%  10% -
immaersed germ band - 29'—25% - 20-25% '

. . 4 . . N } . . .
Appendaga‘ formation . .2}5—30% 25-30% - 11-19%
Organogenems - ‘135—45%’ - 35745%’ L 20-52%
Longntudinal rotationt - * 45-50% - 65-75%

| Ketatrepsls . 50-55%  45-50% 53-55% -
Provisional dorsal closure . 65-60% - .50- 55% ' 57-60%¢

. 'Dorsal Closure ' 80-65% '55- 60%‘ '60-63%
Early Prolarva - 80% ' 65 75‘% . ,64—7626 ‘

. Late Proiarva‘ o 80-100%" ,‘ .75-_1po%s - 76-100%S

1 Bentley et al, 1979 e o
2 Edwards and Chen, 1979 - | T : — '
" 3 deposition1° of cuticle , : : L
4 deposition 2° of cuticle -~ ' oo, oo : - :
-5 deposition 3° of cuticle ‘ . ' . ' f
Geye pigmentatio begms _ - . L ‘ o
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events such as development of the amnion'and serosa and the midgut epithelium and

.described what they felt was the evolutionary sequence of thase s’trate'gies

Anderson (1973) compared development in various arthropods and annelnds and

' speculated on the e\/olutlon of the phyla usung these comparisons: His study supported

. ‘Mantons (1873) hypothesis that the Arthropoda are pOlyphyletoc

" Ando (1958) compared eye development and: ommatldla number in.Odonata.- Hls

.flndmgs showed a relationship between eye development in Zygoptera and that of

paurot'netabolous msects and in’ Anisoptera and holometﬁbolous insects. He found that

_ icomparlson of ommatldla number in species of the group lndlcated that some specues

are more specnallied than prevnously thought. and that thls could be related to their life

- styles : -

.Cobben (1968) texamlned embryomc sequences m many Heteroptera from an

4 evolutlonary standpolnt and constructed a phylogeny based on the variation.- He

considered, such sequences_as SR . 3.

A
£ ~ o : '
degree of visible development of the ‘pregerm’; Iocatlon ‘of of the '
blastopore, growth; orientation, transformation in shape and- |splacement
(mostly clockwise rotatlons) of the germ band, embryo and p! olarva

Studies of homopteran embryogenesns also show varnatlons in events such as eye
plgmentatlon ‘extent and tlmmg of Iongttudmbl rotatlon and timing. of katatrepsns and
anatrepsns N ; '

- Eye plgmentatlon oceurs just prior to rotatlon |n the cxcadellld embryos M ) -

. fasmfrons and Euscelis p/ebe/us (Sander, 1959) and in a membracnd Oxyrhach/s

s tqrandus (Slngh 197 1) but in the fulgornds Siphanta acuta (Munr and Kej;shaw 1912) and

"Pyrilla perpus///e (Sander 1956), eyes do not pigment untii after katatrepsns Cobben
:(196&) found varlatlon in time of ‘eyé plgmentatlon in heteropterans Saldads are the, only

group in which the eye plgments before katatrepsns He dld not comment on the

. Significance of thns vartatlon n Homoptera eye pngmentatlon begms before katatrepsns

in representatlves of more evolved famnhes (Cucadellldae and Membracidae) and after in
more- prnmltlve species {Fuigoroidea). However untnl more specnes of- Homoptera are
studled concluslons can not be made about the evolutlonary sngnlflcance of this.

R

Other dlfferences exlst in homopteran embryogenesus M. fasr:/ frons embryos

' rotate Iongxtudlnally 180° just before katatrepsns whlle those of P. perspus/I/a, S acuta

B
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and E. p/ebejus do so during katatrepsls ln fact P. perpus///a embnyos rotate 90" at

: thus tnme and another 90° Iater Smgh ( 1971) did not mentlon whether or not embryos of

Q. tarandus rotate Iongltudmally Cobben felt that, in heteropterans ‘a complete 1800

rotatlon before katatrepsns was primitive. In homopterans styd;ed this event is qunte

’ vanabla Unlike heteropterans more prlmltlve specles have a 90° rotatton and the more

evolved M. fascifrons a complete 180° rotatlon before katatrepsns
“ Another varlable charactenstrc is extent and tlme of |mmers|on of the germ band

Cobben (1968) felt that the primitive state was mmersnon with-head lobes not detached

.. from the serosa’ although he pomted out that there is little direct evidence. In all

homopteran embryos studied, germ bands become comgletely lmmerset\ Recently

Fletcher and Anderson (1980) stud'ed a fulgorld Sco/ypopa australis, in which the head

lobes separate from the serosa much earlier than in other homopterans studied and

which is thus more llke that of Orthoptera The&‘felt this represented a specnahzatlon

within hemnp‘terans R e

a@ The need for' more extensive study of homopterans is readlly evident: from the

4 above comparvsons Addltuonal and more thorough studnes are needed before enough

developmental mformatlon is avanlable to use in studymg the phylogeny of Homoptera

o

¢ \
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' superfamlhes and famllles In 1946 he descrlbed the basic head structuré of

R 0 S VU T SRV SR L . : R NN . S I D e iR T A S SR T N T S e

-

4. Cephalic 'Skeletomusculat'ure in First Instar Larvae of Macio.ste/e's fasei'frons‘ _'
LY o . : ) . . . . .

4.1 Introduction

Leafhoppers lHomoptera ‘Cicadellid‘ae) have piercing and sucking mouthparts that

they use to sucks fluids out of plants. They are. opisthognathous with a pos-te‘ro-ventrally

poantmg mouthcone formed by an antenor clypeo labrum lateral maxlllary and mandlbular

) plates and a posteruor labium enclosung paired mandibular and maxillary stylets, a clbarlal

pump, sallvary synnge and hypopharynx
The skeletomuscmature and sensilla of the mouthparts are well studied in

representattves of many famllnes of Hemlptera However, there are only a few studies

‘on cucadelllds and most lack detail.

Spooner (1 938) studled head capsules of many hemlpterans He described the-

extent and locatlon of the frons vertex clypeus tentorlum and mandibular and maxlllary

-levers Usmg these. characters he constructed a phylogeny of Homoptera He

consudered the Fulgoroldea to be the most prlmltlve group w:th two subfamilies of
Cercopldae glvmg rise to the other famllles of Homoptera. He also dlscussed the orngm

of the loral or mandibular plates and concluded that they were denve_c_l_from t_he

_'paraclypeal areas_' ‘of the head capsule. These are’ - I

"portions of the clypeus cut off by pro?resswe development of a suture
: extendlng from each proximal corner o the anteclypeus.” - (Spooner 1938,

‘ ‘For many years JW. Evans studled leafhopper systematlcs (1832-1875), using

external head structure as one character to separate members of various groups intq )

leafhoppers and in particular that of Puton/essa nigra. He presented arscheme for the |

g evolutlon of’ the hemlpteran cranlum in which the mandibular Iobes onglna g from the

clypeus He (Evan,s’, 1938) and Spooner {1938) mdependently arrlved at thi cenclusnon. .

In the third paper of the series (1946) he provnded a key to the- subfamllles and tnbes of
| the Jassadae usmg head structure and other external body structures (wsng venatlon ‘
»thoracnc structure) He also dlwded the JasS|dae into two lmes Ulopudes and Macropldes

' ‘and discussed Wthh subfamlhes he consndered to be’ more prlmutpve or evolved in each.

ln 19765, Evans dlscussed pnmmve and specnallzed head charactenstlcs in cucadellouds

a.
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comparlng them with those of members of other superfamllles of auchenorrhynchous .

‘Homoptera '

Kramer (1950) compared cephalic, thoracic and abdominal skeletomusculature of

a representatlve species from each famnly or superfamlly of auchenorrhynchous

: Homoptera He d:soussed prevnous vnews on the ‘phylogeny of. the group. and concluded

from his study that fulgorlds were the most prlmltlve that cercoplds cicadellids and

' membrac:ds were closely related and that the cicadids were more closely related to the

latter taxa (Kramer, 1950). - .‘ - - . P
Recently two papers treated cephallc skeletomusculature in homopterans Rneger/
(1976) and Snngh (187 1). Rleger dealt mostly with Heteroptera but presented a summary
of previous studies on Sternorrhyncha and Clcadldae He then compared homopterans
with heteropterans and developed a ground plan_ for Heteroptera from this comparison.

Singh (1971) descrlbed the cephahc skeletomﬂsculature of representatives of all

Y

families of Homoptera H«s work provnded a good companson of mouthpart stnucture of

.the groups but he did not speculate on relatlonshlps ' o o .

Only. six studles treat cephahc skeletomusculature of specnfrc leafhoppers Evans

(1946) on Puton/essa n/gra Wnlhs { 1948) on Typh/ocyba u/m/ Quadri (1949) on two -

species of /d/ocerus Kramer (1950) on Au/aC/zes /rrorata Arora and-Singh (1962) on _

Idiacerus atkinsoni and 'Slngh (197 l) on Ko/ ta mimica. Others descrlbed specuftc

details such as"stylet innervation '(Forbes and Raine 1973 and Backus and Mclean, 1982),

. structure of the sallyary syringe (Raine and Forbes, 197 V) and sensilla of the |barlum
: (Backus and Mclsan, 1982) of M fas::/frons stylet structure of Eupteryx me/ issae

.(F’ollard 1972) and sensilla on the maxlllary plate of. Ieafhoppers (Evans, 1973) -Other than

Evans (1973) and recently (Backus and Mclean 1982) there are no papers on sensnlla of

. cicadellid crania and mouthparts, although these are avallable for other Hemlptera

"‘:"'."‘(Wensler 1977; Tjalllngn 1978 Brewcoryne brassmae) | 7?

r descrlbe here cephallc skeltomusculature in flrst mstar larvae of M. fasc;frons

‘Larval mouthparts are stmlllar to those of adults except that placement and number of

’ ;sepsrlla dlffer and only adults have ocelli.



4.2 Observatiohs o o o o e

4.2.1 Extea'\al Head Structures

The head of M fascvfrons is oplsthognathous wnth the labrum and other

mouthparts pomtlng postero ventrally However; in this study I define the axes of the

insect as if it were feeding (Fig. 29),&!9 vertex {Ve) dorsal lablum {La) posterior and

.'ventral clyp ,labrum {Fc. in(errbr and neck region posterlor o ; - .
. e%’ g

; apical ring, open medially, thro‘bgh Wthﬁ‘ﬂ'ﬁS :

_:ad jacent to the anteclypeus and lateral to them gﬁ the maxillary plates (Mxp) rhg Sdz Thﬁ
g

Externally the head consasts of sclerotlzed plates bounded by sutures The

anteclypeus (Ac) and small’ ventral labrum (L) (Flg 30) F’osterlorly the labrum forms an

e

'_r.f:

three— segmented Iablum (La) closes the apex of the mouthcor'lﬁ and bears a medlal .
anterior groove into which the mandlbular and maxnllary stylets fit Antennae (A)‘are oot
mserted medial to the eyes (e) and lateral to the fronto clypeus (Flg 30). '

. Terms used by morphologlsts to name sutures are dlverse and co&ysmg SO l use '

those of Matsuda (1965) and Parsons (1974), as they seem more consnstent "The

fronto clypeus (Fc) ls‘boun_ded la.teraljy and’ dorsally by the fronto—clypeal sutures (fcs).

Cibarial dllators (cabd 1, cib. d 2) lnsert on apodemes arlsmg from the roof of the

4.2.2 Internal Structure

4.2.2.1 Clypeo-labrum

The transclypeal suture (tcs) divides the fronto—clypeus (Fc) a’nd anteclypeus (Ac) (Fig 30)
(Parsons, 1974} but th‘ls is, poorly developed in first ifistar larvae as they are not heavnly
sclerotized. The clypeal'sutures (cs) (Matsuda 1965) separate the mandlbular plates (Mdp}
from the anteclypeus (Ac) (Flg 30), % the intergnathal sutures or genal sutures (gs)
{Matsuda, 1965) the maxlllary plates { xp) from the mandibutar plates (Mdp). The labrum
(L) is separated from the anteclypeus {Ac) by a. fold (Flg 30. arrowl

The clypeo-labrum along with the hypopharynx {H) forms the food pm'np or

cnbarlum (Cib). The roof of the food pump is formed by t the ifner. anterior wall of the

: anteclypeus the eplpharynx (Epl) and its floor by the anterior wall of the hypopharynx (H)

»



Fig 29-30. SEM of head of M. fascifrons
Flg 59 Cast skin of fourth instar larva .
.scale- 100 um '

Flg. 30 Aduit -

" scale= 100 um - L

Abbrevua‘tlons anteclypeus (Acl, antenna (A), clypeal suture (cs), aye (), flagellum (f),
fronto-—clypeal suture (fcs), fronto-clypeus (Fc), labium (La), labrum (L), genal suture (gs)‘

- mand'balgg‘ plate (Mdp) maxnllary plate (Mxp) pedicel (p). scape (sc),,s%ket (so) stylets

(sty), transclypeal suture (tcs), vertex (Ve).
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Fig 31. Longitudinal section through adult head

scale=z0 um - o - . -

A

‘Abbrev:atlons anteclypeus (Ac), brain (Br) cibarial dllators (and 1 cnbd 2), cibarium. (Cib),”

cramO*pharyngeal dilator (cr— ph) cylinder (c), eplpharyngeal dilators (epc d), eplpharynx
{Epi), frontoclypeus (Fc), hypopharynx (H), labial apodeme (lap), labium (La) labrum (L), ,
mouth (mo), oesophagus (ce), pharynx (Ph) piston.tendon (pi), praepharyngeal dilator (pr.d), v

salivary duct (sd) sahvary gland‘(Sg) sahvary syringe (Ss) sub oesophageal ganghon (Sog) '

-
-~
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pump (Fig. 31). Ongm insertion and functlon of, the clypeal mUscles are listed ln Table 5

Sensulla on the fronto clypeus and anteclypeus are socketed hairs (sh) lFlg 32)

and addmonally on the fronto- clypeus campamform sensilia lcsl (Flg 33) An aduit

- leafhopper has similar but.-more numerous sensulla and has two campanlform sensllla at

the junction between anteclypeus and labrum (Fig.- 35) Recently Backus and McLean ,
{1882) have clescnbed '200preC|bar|al sensnlla found associated with the eplphagynx and
hypopharynx .some of these are seen dorsally in Flg 36 (s). Slmnlar sense ofgahs in

aphnds are gustatory (Wensler 1969) and Backus and McLean (1982) feel these precnbanal"
{ .

el

sensilla are also. Functcons of other sensulla on the clypeus are unknown.

z e
[ ] -

3

. 4.2.2.2 Antennae '

Each ‘antenna: of M fasclfrons cons:sts of scape (sc) pedncel lp) and flagellum (fl

| (Fig. 3. The antennal socket has a dorsal overhanglng margm and is membranous

ventrally. The scape mserts mto the membranous region and artlculates with the margin .
of the socket via a ventral antenmfer (antf) lFlg 38). The cnéar-shaped pedicel fits into
the scape's distal end (Fig. 39) and the tapermg fla‘gellum in’to the pedicel's distal end (Fig.
40). | : '

;- ’ '
Muscles movung the antenna are found wnthln the scape (mtrmsncl or are. mserted

‘ Jinto the base of the scape and originate from the dorsal tentorial arm. - These are

iflustrated in Fugs 41 and 42 and ltsted in Tables 4 and 5.

Antennal sensilla change from mstar to instar, so l-describe here only those of
first instars (Fig. 39r-42) The scape lFlg 39) bears th?éee sensilla two socketed hanrs lshl '
ventro—medlally near the ;unctlon of scape and socket and a campanlform senslllum {cs)
on its dorsal distal surface. The pedscel (Fig. 40) has socketed sensulla (sh) on lts surface

a peg sensilium (ps) near lts Jnsertnon in the scape, three haars on nts surface and 8 dlSt&l

ventral campaniform sensillum lcs) The flagellum {Fig. 37.42) has one socketed hasr (shl -

on each of its second, third and fourth annuli, the one on the fourth segment being dorsal. =

and the others ventral The fifth annulus bears a campamform sensallum on its dof‘sal

surface.



Head Muscles of Macroste/es hscifrans

. Tabled -

s

—~OCWO®ONGOUIHEWN -

—

NOOR_WN

" Musculus levator scapi prim

M. depressor scapi primu. s
M. levator scapi secundls- sc.l2 :
M. depressor scapi secundus- sc.d2

. M. levator scapi tertius— sc.I3 - L

M. depressor scapi tertius—- sc.d3

M. flexor scapo-pedicellaris medialis— a.f

- M levator scapo-pediceliaris lateralis~ a.l

M. depressor scapo—pediceliaris medialis— ‘a&p
M. dilator cibarii primus=.cibd1 = .
M..dilstor cibarii secundus~ cib.d2

. M extensor scapo-pedicellaris lateralis— aex’ |

M. dilator ephipharyngealis— epid - L

M retractor setae mandibularis primus- md.r 1

M. retractor-setae mandibularis securidus— md.r2

M. retractor setae mandibularis tertius— md.r3
M. retractor setae mandibularis quartius— mdr4
M protractor setae mandibilaris-primus- md.p 1

M. protractor setae mandibularis secundus-'mdp2

M. protractor setae mandibularis tertius— mdp3
M: retractor-setae: maxillaris primus— mx.r1

M. retractor setae maxillaris secundus— mxr2
M. protractor setae maxillaris—~ mx.p

. M retractor pistilli- sal.d

M. dilstor praepharyngealis- prd. .
M. dilator pharyngealis dorsalis- ph.dD

M. dilator pharyngealis lateralis- phdl.
- M. dilator pharyngealis—tentorio lateralis~ t—ph
‘M. dilator cranio—pharyngealis— cr-ph

M. retractor labii primus—lar1 -
M. retractor labii secundus—iar2
M. protractor labii primus—{ap

"~ M. protractor. labii sacundus— lap2
M. 'protractor labii tertius— lap3 .
- M protractor iabii quartius— lap4 s

M. depressor labii- ladp1 . .. .
M. transversalis labii primus=iat1
M. depressor labii- ladp2 v .

M transversalis labii secundus- a2 -

R

]

e
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F‘ig.132_—'36. SEM of frohto—clypeus and labrum of first instar’ larva'and adult

Fig 32. Fronto-clypeus of first instar larva ,‘

scale= 10 um | |

Fig. 33. Carﬁpaniform sensillum found on fronto—clypeus of first instar Iaé'v_a .
scale= 1 um’ ) ! |

v ‘ an 34. Socketed—hair sensallum found on fronto clypeus of first instar Iarva

scale= 1 um _ ' ‘ 4

Fig. 35. Junctnon between anteclypeus and labrum of adult showmg campamform sensnlla
scale= 5 um N , - o -
Fig. 36. Epiphafynx | |

scale= 5um

Abbrevnatlons anteclypeus (Ac) campaniform sensillum (cs) ephlpharyngeal tendons (eplt)
labrum L mandibular plate (Mdp) maxnllary plate (Mxp), socketed—halr sensnllum (sh)

_senslllum {s).
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- Fig.37-40. SEM of an'tahria'_o.f_;;ff.irst instar‘lérva. ' R
' Flg 37 Antenna
scale= 10 um

‘Fig. 38. Antennifer: _ -
Fig39 Scape . . . . ¢

scale= 10-,t.1r’n~ _ .
Fig. 40." Pedicel | .

oAl
]

- «Scale= 10 um- -

Abbrewatlons .antennifer (antf) campamform sensnllum (cs) flagellum (f) Iedge (id),

pedncel (p) peg sensullum (ps) scape (sc) socket (so) socketed haur sensnllum (sh)

B TPy v,
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1‘:59-41..‘42. Antennal muscles . . .. o
Fig. 41. SCape--musc':I_es
~ scale= '530 um L

Fig. 42. Pedlcel muscles _ o S

scale= 25um SR -

'Abbrevuatlons antennal depressor (a.dp) antennal extensor (aex) antennal flexor (afl)

-

ahterlor tentonal arm (At), antenmfer (antf), dorsal tentonal arm (Dti flagelium (f), pedlcel. |

(p) scape (sc) depressor of scape (scd) Ievator of scape (sc I)

. q'.
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--Fig. 43. Mandibuiar muscles.

scale= 40 um -

' Abbrevnatnons, cutncular gunde {cgl, hypopharyngeal wing (hw) mandubular plate (Mdp)
2;3)

g mandzbular apodeme (map) Mandlble (Md) mandnbular protractors 1 2.3 (mdpl,

mandlbular retractor,s (mdrl mch2 mdra md r4)

LY
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f 2
Fig. 44-46. SEM of mandible and hypopharyngeal wings .- ° e

Flg 44 Mandlbular tnp

scale= 1 um |

| Fig. 45. Mandible and cuticular guide (-mandnbular lever) E
‘scale= 20 um’ ” S
F:g 46. Cast skm of late instar larva showmg relatlonshlp of stylets and hyp°PhafyngeaL;.v
wings : .

scale= 20 um

Abbre\matsons cutlcular gunde {cg), hypopharyngeal wmg (hw) fronto elypeus (Fc) tabial
apodeme (Iap) labium fLa), mandlble (Md) manxilia (Mx) maxlllary lever {mixt), maxillary plate

{Mxp) maxullary pore sensma (mxps) sheath {sth). .
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4.2.2.3 Mandibles
The mandlbles (Md) are tubular cuticutar stylets funnel- shaped proxlmally lFlg 43).
and tapering dlstally to serrated ends (Fig. 44). They are located anterior to the maxlllae

. and each has a cutlcular guxde (cg) (=mandibular lever) (Figs. 43 45, 46) that artlculates

. wuth an apodemal process lmap) arising from the mandlbular plate (Flg 43). Each proceSs ;_ o o

is ensheathed ina membranm.ls sac that merges distally wuth the maxlllary sheath
4 Pollard (1968) has shown that larvae and adults of Eupteryx me/ /ssae ‘_
(Homoptera Clcadelldae) use thelr mandlbles to puncture the leaf and then to anchor

themselves while they feed Observatlons of M fasci frons feedlng through a membrane

‘on an artnﬁhlal diet show them to feed in the same manner e

Protractor (md.p) and retractor (mdrl md. r2 md r3, mdr4) mu C es move the

mandlbles thenr or@lns insertions and functlons are hsted in Table 5 and 1llustra 'd in (Frg.
43, 54 56)

e

Each mandlble contains three sensory dendrites (Forbes and Rame 1973 Backus . _4 "
 and Mclean, 1982) Backus and Mclean (1982) provnde ultrastructUral evidence.to - -
suggest that these are proprloceptrve mechanosensula The mandlbular plates of first -

instars do not bear’ sensilla on thelr outer faces, bUt in later larval mstars and -adults they

have socketed halrs

4.2.2.4 Maxillas o

The maxrllae (Mx) are located posterlor the mandlbles and anterlor to the Iablum

Y (Flg 46) They are tubular, tunnel-shaped stylets erlng dlstally ‘and flttlng together .
--.»mesmlly toweach other by a system of mterlockmg gro ve)s and rudgds (Flg 47 49 53,
55) The Ieft stylet contains the. sal:vary canal (sc) and the two apposed stylets form the

N :food canal lfdc) {Fig. 49, 55) between them A maxnllary Iever (mxl) extends from the

. funnel of each maxilla to articulate with the hypopharyngeal wmg (hw)'(Flg 46 48, 56) .
. The maxnlla and hypopharyngeal wing of each slde are each enclosed proxnmally within a ;
- membramus sheath (sth) and dlstally share a common sheath with the mandlbles lFug 46)

Assocnated wrth the maxlllae are the maxlllary plates thpl ‘Each of these fuses

T -postero—medtally w1th the lateral arm of a hypopharyngeal wnng

_The maxillary stylets are the maln penetratlng organs of Ieafhoppers (Pollard

: 1968) Interlocked stylets have propertles that allow them to Bend and’ Iet one stylet

El



- _scale— 10 Um

: '-nfscale-Zum ST E ’

o v"scale— 2 um

' “;Fi_g.b4>7'-;-‘52’:. SEM of maxilla and ossoc_iat_ed struZtur’e's_

, Fig 47 Mandubular and maxlllary Stylets R TN

e ’ ' 2

" Fig. 48. Maxﬂla lever and hypopharyngeal wnng

-?

‘.'scale- 10um S v |
-Flg. 49 Transverse sectlon (by hand) of mandnbular and maxallary- stylets showmg food

o and: sahvary canals

'A.'scale—-zum - | . CoL
" Fig. 50 Maxnllary pora sensnlla o

. | ‘é"»l U
‘;Flg 51 lnternal—structure of maxﬂlary pora sensnlla

“f e

'Frg 52 Senslllar structure found on maxtllary plate of aduft :

)
_scale— 2 um
o 9—. DR

.1>..‘-

o Abbrevnatnons food canal (fdc), hypopharyngeal wmg (hw) manduble (Md) maxilla (Mx)

- '_'maxillary Iever (mxH sallvary canal (sc). sansqllun'i (s), sheath (sth. ~, :
. ", ‘o |
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Flg 53 Maxllla and assocwted muscles B ‘
Inset transverse sectlon of mandlbular and maxlllary stylets
scale= 40.um . -
. P ,
e Abbrev:atnons food canal (fdc) maxnlla (Mx) ‘maxillary . Iever (mxl) maxlllary plate (Mxp)

protractors of maxnlla (mx p) retractors of maxilla (mx r1 m7r2) salnvary canal (sc)

3
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R -
ngg 54—57. brq‘ss sections.of head s’tr’uctufes ' ; - - e
Fig. Sd'Mandibie, N A
scale= ‘lOum . o "1"'\/ o . ) o
Fig. 55. Mand:bular and maxlllary stylets o | ‘
' scale—5um o ‘ " .
Fig. 56. Maxma a@le
_scale-10um_"""-'_,-‘“ _ L
Flg 57 Hypopharyngeal wing and postenor tentonum N
'_scale—‘IOum S L S

V'Abbrevsatlons anteclypeus (Ac) food. canal (fdc) hypopharyngeal wmg (hw) ganghon (g), .

‘ lablum (La) mandlbular plate (Mdp) mandlbular apodeme (map) Mandlble {Md) mandcbular ‘. "
.. protractors (md.p‘l mdp?.) mandlbular retractors (md r3 md. r4) maxnlla (Mx), maxlllary | »
s lever (mxl) postenor tentorlum (Pt) retractors of maxllla (mxr1 mx r2) sallvary ganal (sc)

dulators of sallvary syrlnge (sal.d) > o o .
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1

slide ahead of the other when the msect feeds Muscles mowng the maxullae are llsted in .

Teble-5 .and- |llustrated in Flgure 53 and 56. A L
Each maxllla contalns 5. sensory dendrites (Forbes and Rame 1973; Backus and .
) McLean 1982) thataxtend the‘lehgth of the stylet and @ shorter srxth dendrite. that ends

atits base (Backus and McLean 1982l Recent ultrastructural studues by Backus and

' Mctean (1982l support the- theory that sensulla in both the maxlllae and mandlbles detect '

dlrectlon and torque of the stylets but dendntes m the maxlllae alone detect t%nsron" _

On the lateral edge of each maxnllary plate lS a pore (mxpsl contalmng sensnlla (Flg

) 50) These* are contalned wuthun an mvagmated barrel-shaped structure lFlgs 45, 5 1) that .

' 4Evans ( 1973l belleves ‘to be the rerhnant of the maxlllary palpus ln adults there are L
' ‘socketed haurs on the outer face of eaqh maxtllary plate and other sensnlla {Fig. 52) whose
”-func'tlon is- unknown A socketed halr is found in all instars,. ventral to the antennae and

_:lateral to the clypeus

' 4. 2 2. 5 Hypopharynx, Salivary Syringe and Sallvary Glands
L The hypopharynx Hi;. a comcal lobe postertor to the élypeus forms the floor of ’
~_the food purnp lCub) and houses the sahyary synnge lSsl lFlgs 31 58) Dorso—laterally it
is extended on elther sldé as hypopharyngeal vsfmgs {hwi..two sclerotlzed rods joined by
a mernbranous regxon lFlg 58). The sallvary syrlnge consasts of a cutlcular cyllnder lcl
piston (pl) and afferent (afd) and efferent lefd) ducts (Flgs 31, 59, 62 63, 68l The

. e ferent duct is contlnuous Hnstally wuth the sal'lvary canal {sc) between the maxlllae and

'has a small flap valve ang 83y that help control the flow of salwary secret ons out of it ’
.A smgle afferent duct runs- dorsally and branches wath each br h_} leading to a palr of - -

,A sallvary glands in the prothorax (an 64l

The sallvary syrlnge has one. set of muscles the dllators of the sahvaruum lsal d),

orlgmatlng on the inner rod of the hypopharyngeal wnngs ‘and lnsertmg cnto the plston -
. {Table 5, Fig 68} ST e a

, The hypopharynx bears two' carnpanuform sensllla on the- top lBackus and McLean
'1982l‘_ s S T

_ Eobroscky (193 tl descrnbed the sallvary glands of M fasclfrons They are .
paored structures consustnng of a tubular accessory gland a group of plnnately arranged

aclm followed by another group of acini havmg varlous types of lnck.lslons lFlg 65) The

o



‘gscale- 5 um

Fig 58-61. SEM of head structures

Fig. 58. HypOphéryn‘g,eal wings |
scale—5um o o e

R Fzg 59. Sahvary SW"“Qe

' an 60: Labsal apodeme -
.scale-5um ' , Sk
_:th 61 Apex of labium showmg sensllla and tlp of maxlllary stylets
scale-5um o
-Abbrev:atuons afferent duct (afd) cyhnder (c) hypopharyngeal wmgs thw), Iablal apodeme
'(Iap) labual groove (lag) labmm (La) plston tendon (pl) sensulla (s) stylets (sty) N ‘
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- . Fig. 62-67. Seét’ic}nsloffhypq'phary'mgeal aﬁd_lebief stl'eetures o
o o o "'\4- .‘
‘_Flg 62 Frontal sectlon of sahvary syrmge ' » ‘
.scale—10um EEE .
" Fig: 63. . Saggital sectnon of: sallvary syrmge | | | ‘ -
. scale= - 10um h,' o
Fxg 64 Sahvary duct frontal sectlon .
. scale" 10 um - .,\' IR f L ‘,‘.-ﬁi‘
. Fig 65. Sahvary gland frontal Sectlon - T
L scale- 50 um ' _ ' _' L ; |
Flg 66 Labnal apodeme and muscles frontal sectuon L v o - -
'fscale— 0un oy TR S Cen T |
_Flg 67: Lablal apodeme and. muscles frontal sectlon o

~ scale= 10 m B c e

\nA

'Abbrevuatnons, aciri (1- 5) w 1‘5) ""t‘c'YPOUS (Ac) common sahvarY ?uct (csd), crbanum o

: (Cnb) cylunder (c) efferent duct tefd), epupharyr\x (Epl) hypopharynx (H) labnal apodeme

. '*‘.'_f(lap) labial depressor (ladp!), Iabnal protractor (Iap) Iabrum (L) pnston tendon (pl) sahvary

d.uct (sdr sahvary syrmge valve (.v) - . S R

R






_th 68. Pharyngear and sahvary syrmge musculature

scéle- 40 um

_Abbrev:atnons cylinder (c) cranlo—pharyngaal dulator muscle (cr—-ph) hypopharyngeal ,
wings (hw), hypopharynx (H) pharyngeal dilators (pth phdL) pharynx (Ph) p:ston tendon

(pn) postenor tentonmﬁ?t) ,salwary dulators (sal. d) $ahvary duct (sd) salwary synnga (Ss) ; G
- tentorlo—pharyngeal dilator (t*ph) vertex (Ve)

N
.

A

9 =



ve

—cr-ph

ph.di
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T A 2 2 8 Clberlum, Phlrvﬁx and Oeeophegus 8

' ac*wel func_tion_ of each acinus and its inclusion i& unknown.

A

‘:4zzeublum - | . S
A three-segmented lablum lies posterlor to the other mouthperts with ' )
mexlllary and mandlbuler stylets flttlng into its. medlal anternor groove (Flgs , 1) An

anterior lablal apodeme llap) origmates on the flrst segment end projects dorsally wrth lts |

B apex lymg between the connectlves of the suboesphegeal and prothoracnc gengha (Flgs

. 31, 46 60, 66, 67 89, 70) The lablum attaches to the cervncel membrane Iaterally-end

a 'posterlorly tc the maxlllery pletes antenorly and to ‘the. hypopharyngeel wnngs by two

| ligaments runnlng from lts dorsal ehteruor edge (Flg 46)

Leblal muscles occur in the first two. segments attached to the epodeme end to S

RN 7/
; ,the proxlmal base of segment T (Flg 66 67, 69 75); these are hsted m Teble 5 ‘
Numerous sensllla occur on the three segments of the labsum whose functlon hes

-not been studled in cicadelhds Dlstally, on the apex. of the third segment ‘on each slde

are eight sensllla ang 6 1) in ephnds these ere mechenosensory T ;ellmgu 1978) but.in
' .the heteropteran Lygus l/neo/ar/s ll-letfleld end Frazler 1980) they are chemosensory

Y 4 V-

.422’7Tentorlum. S R P L

-

Thqtentonum of M. fescifrons ls Sll'mllf to that of other c:cadelllds The

‘ )
ante‘rnor arm ttach r nmfer lentf) end then ex“tends dorselly to the crannum (Fug

.. The' an ‘_ nal muscles orig te on this arm and’ msert

base of the scape"Two muscles also oru&lnete on the

ctronwnththedorselm‘m ' T S

L.

ot

Food is. sucked wp through the food canal between the maxlllery stylets lrlto whet

B Snodgress (1937) cells the functtonel mouth by the c:benel pumo end from there into the

| -cnbanum ll-Tlg 31 Clb) Next it pesses through the: s “true mouth the. mner opemng:of the
pump mto the: pharynx" lSnodgress. _1988) end xnto the oesphegus thet lsads’ to the '

: enches off and extends antenorly fo the heed cepsule o

-’

e

” ;- "’7‘ -
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Fig. 69. Retractor and protractor labial musculature'
scale= 40 um : J ‘ o
- , - -~

Abbrewatlons hypophar)mgeal yvungs (hw) labual apodeme (lap) labial protractor (lap)
labial retractors (lar.1, lar2), labium (La) segments 1-3 (s], s2, 33)
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“ : A . ' . -
Fig. 70. . Labial musculature N

scale= 40um =, . /

it
»

Abbreviations; labiai apodeine {iap), labial groove (Iag) labial depressors (ladp 1, ladp2
la.dp3), labial depressor of segment 2 (la2dp) labial groove depressor (Iagdp) labial

-transverse muscles (lat1 lat2), lip of segment 100, segments 1-3(s1, s2, s3)
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Fig. 71-75. .t,abial ‘musculature (t%angver"se sections)

scale= 10um ., - « ,

Abbreviations; labial grdove (fag), labial depressors (ladp 1, ladp2 la.dp3), labial d_e#ressor
of‘éegm'e‘nt 2 ({la.2dp), labial_groove’ depressor (Iag.dp), labial. transverse muscies (at1
fat2 .. T g " L
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examples are taken from Slngh (197 1.

. .
/ ,

-,

midgut’ Muscles assocuated wuth the pharynx (Ph}. and praepharynx are lusted ln Table 5 -

and lllustrated in Flgures 31 and % ' ' s

4 2.3 Discussion ) ) _ v o o

- ltis dlfflcult to compare cephallc structure and musculature be'jgen known
homopterans because exnstlng studles are mcomplete and often incorrect.. The suborder
is large and diverse and GOmpirra\on among species could provide mslght into their
evo‘lutlonary relatlonshlps \\«‘

Table 6 compares"‘ elected cephallc structures and muscles in six specles of

-.leafhoppers and.in representatlves of other homopteran families. Most of the Iatter

- .
W
f\

Generally, mouthpart structure in homopterans is very similar. All have mandibular

and maxillary stylets, a clypeo—labrum and a Iablurn Differences arise in modifications Q}

these structures. For example in auchenorryhnchous Homoptera, there is a tendency for
the tentorium and number ‘of ocaelli.to be reduced Some sternorrhynchans have a
crumen, a membranous sd® used to house their Iong stylets, in the absence of along -
labium vaslludae Coccndael Extent of the loro—maxillary sutures varies in the taxon and
the. transclypeal suture can be present or absent (Table 6). The mandlbular lever can be

tnangular quadrangular, rectangular rod-like or absent (Table 6). The lablal apodeme is

...present in all auchenorrhynchous homopterans but is absent insmembers of Aphidoidea,

Psylloidea, and Coccoidea. The number of retractor and protractor muscies assocxated
with the stylets is also variable (Table 6) although the number of maxlllary muscles tends

to be more constant

’

It.is evident that differences do exist not only between fammes but within families
T able 6). Many of these differences could be correlated wuth feedmg hablts However,

until there are more thorough analyses, including studies of feedlng behawor, it is

.
'y

difficult to determine if there are any evolutionary trends in the cephalic structure of

" homopterans.

e

, Rieger (1976) studied the heteropteran Ochterus margmatus and speculated on

the evolutionary relatlonshlps of the suborder Heteroptera He then looked at

*

representative Sternorrhyncha and Clcyma, using the trends he observed in homopteran's
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Ny .
' to deveiop a ground plan for Heteroptera iy o o ;

‘ Rleger descnbed dnspJacemenrof)the maxullary lever from a more primitive
artnculatlon wath the head capsule to.an artlculatlon wnth the hypopharyngeal wung to its
@bséﬂce in some heteropterans In M. fascifrons , the maxlllary lever articulates wuth the
- hypopharyngeal wing, supportmg Evans’' (1947) belief that this is a more specnaluzed

leafhopper : v ¢
Rieger elso compared the number ef mandibular protrat:tors and retractors and

the shape of the mandibular lever.. Unfortunately \ne based his conclusuons only on

sternorrhynchous homopterans and on members df one family of auchenorrhynchans

This resuited in some sncorrect conclusions, For example he stated that. homopterans
have only one mandlbula'r pﬁ‘otractor muscle and always a rod-—hke mandibular lever.
Table'6 lists data from other studies which contradict this statement

Hamilton ( 198 1} used head structure to reconstruct a phyiogeny of the -
.Homoptera He used loss of tentorium, loss of median ocellus and extent and presence '
‘of mandibular sutures to separate families. Table 6 illustrates som&of these trends for
example, membrac:ds and cncadelllds are considered to be more highly ,evolved since they
have no median ocellus and a reduced tentorium. i

it mlght be more valid to compare head structure within families than within
Homoptera as a whole. Evans (1947) in his classification of the leafhoppers heavily
waeighted, extaernal head structure in determining primitive and more derived groups.
‘Results of previous studies show that differences do exist in limits of sutures, extent of
plates, pfesenf:e or absence of tentorium and attachment and number of muscles. Some
of these differences no doubt correlate with changes in feeding habit associated with
adaptive radiation in leafhoppers.

There are only six studies of adult cephalic skeletomusculature in species
representmg a range of primitive to derived leafhoppers. T yphlocyba u/m/ at:cordmg to
“vans (1947) is near the base of the Jasssoid stem although not ancestral. Ko/ la mimica
and _Pu!omessa nigra are more central. /diocerus atkinsoni (Arora and Singh, 1962),
represents a more specialized grade of dev’elopment and Aulacizes irrorata (Kramer,
1950} and M. fascifrons are both at “the culmination of development” (Evans 1947) in

the taxa Ulopldes and Macrops:des respectively.
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Comparlson of these leafhoppers (Table 6) shows that dofferences do exlst One :

characterlstic is the presence or absence of the dorsal and anterior tentonal arms

'Absence is consudered by most authormes to be’ ‘a more advanced characternstlc

\

. However 7' ulm/ at the- base of' the Jassoid stem (Evans 1947), apparently has no

dorsal or antenor tentonal arms, Thns couk?'be an méorrect observatton or perhaps the

me phyll feedmg of T.ulmi.is Iess demandmg ~a strong footmg for stylet muscles

1

)

 The number of mandlbular retractor and protractor muscles appears to mcrease

Cas leafhoppers become r more spemallzed M fasc/frons and / atkmsom have four sets

of retractor muscles a?\d A /rrorata has two; all are more speeualized Ieafhdppers T.

ulmi, a primitive leafhopper has only one set . o ‘ , ’
These faw studies mdncate trends and do not allow any conclusuons to be made

More complete stud resentatlves of' a vanety of primitive to highly specnahzed

understand the evolutaon of thenr cephalic skeletomusculamre

vV
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5. Mouthpart D‘ev_e_lopmen’( in Embryos of Macrosteles'fascifrons' (Stal)

fil

-
~

\5.,1' Introductlon . ‘. ) ' e

In this chapter | describe mouthpart embryogenesls in Macroste/es fascifrons
(Stpl) lHemlptera Cncadellldae) Hemipteran mouthparts are very dlfferent from those of
most exopterygotes and their development is of great mterest to morphologlsts and to-
those studying their evolution .

Homoptera, a la_rge hemimetabolan suborder (Evans, 1 963), is generally divided
into 2 groups, the Sternorrhyncha and Auchenorrhyncha but there is some question as to
the validity ‘of this division (for a dISCUSSIOl'l of thls see Scudder ( 1979) and Henmg
(1981)). The Sternorrhyncha mclude aphlds coccids, aleurodids and pyslllds and the K
Auchenorrhyncha fulgorids, CIcadldS cercopids, cicadellids, and membracuds There are

. more embryological studies (T able 7) on sternorrhynchans than on auchenorrhynchans

(Table 7). This is likely due t3 the unusual ltfe cycles, development and economlc
lmportance of sternorrhynchans {Scudder, 1979)." d

‘ Mouthpart embryogenests,m homopterans has been described by MUII’ and
Kershaw (1912) in a fulgorid, by Pesson (1944) in several coccids, and by Singh {1971 in .
a membracid (see Table 7 for specnes namas). l?\ heteropterans the sister group of

Homoptera lHennug 198 1), mouthpart development has been studied by Muir and

~ Kershaw (191 1) and Newcomer (1948) (Table 7).

. In the introduction, | pointed out that there is stlll controversy over the homology
of. some structures of the- hemnpteran head. Smce homology of mouthparts is used in
,dtscussmg the evolution of the hemipteran cranium (Snodgrass '1938; Evans 1946; .
.Heslop-—Harrnson 1956 Duporte 1962; Parsons, 1964; Puchkova "1970; and Hamllton

198 l) itis lmportant that such homologles be correct In addition to morphologlcal

. studles embryolog\ucal studies are used to e_stabhsh homologues Unfortunately, as

' dlscussed in the lntroductlon they have often created more confusion than clanfucatlon
In this chapter, | describe mouthpart embryogenems in M. fascifrons, discuss |

"homologies of the vanous parts, and address the questions posed in chapter 1. N first

~ describe mouthpart development as it proceeds through a senes of stages encompassmg

‘varylng percentages of total development tume (TDTl and then describe, in detail, the

84
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Species used in eniﬁryologii:al. Stq_dibé _rq_f:-Hamip'tera '

85

Hithr Tigén. o

Hetéroptera

Homoptera . , -
. Auchenorrhyncha

Fulgoro:dea

Clcéciudae
Cicadellidae

- Membracidae
- Sternorrhyncha
. Aphididae

‘ Coccidase

Aleurodidae
Psylhda_e ,

Naucoridae

Notonectidae -

Nepidae
Cimicidae
Reduviidae
Pyrrhocoridae

Lygaeidae

most fdmilies

Gemdae

‘Species

™
- 5i phanta acuta

Pyrilla perpusilla
Scolypapa australis-
Cicada septemdecim

» Euscelis plebejus .

‘Oxyrhachi .'Karandus

Chaitgphorus popul i
Aphis sambuci -
Aphis pelargonii -
MelanaxantRus salicis
Me/anoxanthus sa/ Fcicola
Lachnius rosse = . -

~ Aphis. pori
Pseudococcus medaniel i

' Lecniodiopsis pruinosa

/cerya purchasi

" Pseudococcus ad/ onidun
Pulvinaria

: mesembryanthemi

‘Aspidiotus ostreseformis =
Trialeurodes vaporariorum -

Psylla buxi .

Naucoris c:m/cwdes
Notonecta'glauca - -,
Nepa cinerea

Cimex dissimilis
Pristhesancus papuensis .-
Rhodnius prol i xus
Pyrrhocoris apterus
~Pyrrhocoris apterus
Ofrcopeltus-fasciatus
Oncopeltus fasciatus
representative specnes
Gerris paludum insularis -

-

= -Muir and Kersha

" Witlaczil 1884

Sanders 1956.

. Fletsher and Angerson 1980

Heymons 1899° -
Sanders 1959
Singh 1971, 1981

Witlaczil 1884

Will 1883 .

" Tannreuther 1907’

. Tannreuther 1807 .-
Bbmel-and Jancke 1942
Bbmel and Jancke 1942
Shinji 1819

, Shinji 1919

* Shinji 1919

Pesseon 1944 .
Pesson 1944

'Pesson 1944

Weber 1935
Wilcke 1941

Heymons 1899 '
Heymons 1899 .
Heymons 1899
-Heymons 1899 . -
~Muir and Kershaw 191 1
Mellanby 1835, 1936 -
Seide! 1924

Mantolin 1973
‘Newtomer 1948
-Butt 1949 -
".Cobben 1968 .

Mori. 1869, 1976



deve_lopment-o.f_ specific’perts. -

. ‘ . .. ‘ ) -
5.2 Observations

' ’ 5.21 General Development of Mouthpert Appendages . L Sl «

' Durmg anatreps:s the germ band lymg on the’ postero-dorsal surface of the egg |

. lnvaglnates postenor end first into the yolk (Flg 9) Once it lmmerses in the yolk |t ‘

elongates’ and |ts caudal end flexes ventrally toward the egg's postenor pole (an 10 .76)
Over. the next 5% of TDT the ectoderm evagmates segmentally to form pavred

‘ appendage anlagen, begmmng in the flrst thoracic segment and progressnng cephalad and |

| caudad (Flgs 76 77). The stomodaeum (ans 77, 78) mVagmates behlnd the: clypeo labral

evagmatlon (C- L) and the mesoderm lme) segments and forms coelomic sacs within the .

base of each appendage (Flg 79). The head lobes (Ptc) begln to flex medlally and caudally

(F»g 77. ¢ « o

' From 30-45% TDT the evaglnated anlagen lengthen by m1tos:s |n thelr cells

change shape and Shlf‘t posutlon and organ rudnments such as. the stomodaeum sallvary

~ glands, nerve cord fat body and proctodaeum begin to develop ‘ e
- At 30% TDT, the clypeo labrum (C L) is a single lobe in front of the stomodael

invagination (st} and the antennae (A) are begmmng to grow medlally behmd the

clypeo labrum (Fig. 80). Behind the stomodaeum and in front of the elongatlng

mandibutar anlagen (Md), mtercalary d@ppendage rudtments are vnsnble (Flg 80 In). 'l’he

maxullary anlagen subduvude Iongltudmally to form inner and outer Iobes (ch 81, 82) and

.the lablal appendages (La) elongate (Flg 81). Lateral ectoderm of the mtercalary maxlllary

and labial venters invaginates medial to the appendages to form the antenor tentorlum

(Fig. 168), posterior tentorium (Fig. ‘l7 n and salivary glands (Flg 83) respectlvely .

" As growth proceeds the appendage anlagen lengthen and the antennae (A) cross -

E ventrally behind the clypeo—labrum obscurmg the stomodaeum and mandlbles (Flg 84)

" ~The clypeo-labrum develops a double—fold (ans 85, 86) and the mandibular and mner
“'maxlllary anlagen grow medially over the venters of theur segments thelr dlstal ends
meetlng mid ventrally (Fig. 84, 87, 88). The outer maxillary lobes. (Mxp) become conical

"and maintain this shape and size for the rest of embryogenesns {Figs. 84, 87) The d;stal

¢

g



., ssale= 10 um

: »'Flg 76+ 79 Segmantatlon and Appef\dage Formatlon- 20 25% TDT
Fog 76 Ventro—lateral aspect of evagmatmq appendage anlagen
scale= 50 um

@ ',

’

F|g~77 Evagl_nating appendége‘“éreilagen. pwaagiml section

',""Flg 78. Stomodael mvagmatnon parasaglttal sectnon B

scale=10um . R

Fig. 79 Mesoderm within appendage anlagen parasaglttal sectlon

. scale= '10 um

-

..Abbrevtatlons antanna (A) ciypeo-—labrum (C~ L) ectoderm (ec) mtercaiary segmen% (In“)
labium (La) mandlble (Md) maxllla (Mx) mesoderm (me) protocephalon (Ptc) stomodeum
'(st) o . ‘

’

'.Q B} . s )
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Fig. 80-83 Growth at 30% TDT

Fig. 80 m. fascifrons’ éfnb?yd, ventro-lateral aspect of head

'scale= 20 u}n ‘ e b | ‘

Fig. 81 M. fascifrons’ embryo, ve'ntro'-lateil'al aspect of head )

scale= 20 um o ' o | -
Fig. 82 Maxiilai'y appendage anlage subdividing, transverse §ec’:tion

scale= 1Cum, T ! '

Fig..;8‘3, éaliVa’ry 'g.land invagin‘gtion, transverse‘sectio;‘\ _
scale= 16 um N

Abbreviations; antenna (A), clypeo—labrum (C-L), 'intercalafy segment (In),- labium (La), . -
' ma‘r:o‘dible (Md), maQu'[la (Mx) maxillafy plafe (Mxp), salivary gland primordium (Sg),

stomodasum (st). - -
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Fig. 84-88 Growth at'85-45% TDT . o
Fig. 8_4 Ve‘ntrbal aspect of M. fascifrons’ embryo at 35% TDT
scale= 25 um . | )

Fig. 8}3 Clypeo-labrum, lateral aspect

scale% 25 um

" Fig. 86 Clypeo—labrum, tl.'ar;svere section

scale= 25 um | v . | .

Fig. 87 Ventral aspect of M. fascifrons’ embryo at 40% TDT
scale= 25 um ’ \ i
. Fig. 88 Hypophar'yhx,‘transverse séction
scale= 10 um |
Fig. 88 Primary cuticle; (TEM] -
scale= 1 um
Abbreviations; antenna (A), clypeo—Ilabrum (C-L), hypopharynx (H)
mandible (Md), maxilla (Mx), maxillary plate (Mxp).

— e A st e btk 1 i o

-

, labium (La), labrum (L),



92



R4

ends of the labial appendages {La) begin to move medially towards the midline of the
embryo (Fig. 84). ) | | -

Cell division contirzuwés, and the epidermis begins to secrete the first embryoni‘c
cuticle (Fig. 89). | .

At 40% TDT the embryo shortens ellmnnatmg its caudal flexure {Fig. 87). The
maxillary and mandlbular stytet anlagen are longer and the Iablal appendages fuse medlally
over the midline of the embryo to form the labium (Fig. 87). The sternal reglon between
the mouthpart anlagen whsch ever)tually forms the hypopharynx H becomes
dome-shaped (Fig B8). Myoblasts of the cibarial dilators and maxillary protractor ‘
muscles aggregate at the bases of these appendages Cell division in most appendages
ceases by the end of this stage

As the embryo begins to rotate 180° on its |ong|tudlnal axis (45% TDT), the labrum
stranghtens caudally and the bases of the other mouthpart appendages shift anteriorly into
the head so that their distal ends point caudally (Figs. 90). At the end of rotation, the
clypeo-labrum is completely extended and atits tip a fmger—hke projection, the labrum
(L), is evident (Fig. 93). The antgnnae point caudally although their tips still cross b’eneath‘
th.e labrum (Fig. 83). Both the clypeo—%abrum and maxillary lobes (Mxp) cover the bases
of the stylet anlagen to form the beginnings of the rostrum. As the bases of the _
mandibles, maxillae and labium shift cephalad, the hypopharynx (H) beeomes conical (Fig.
91) and ectodermal cells of the labial sternal region mvaglnate to forma rosette of cells
that later secretes the sahvary syringe (Ss) (Fag 91). The hypopharyngeal wings (hw) form
as the postero-lateral sides of the, hypopharynx invaginate dorsally towardé,the bases of
the maxillary stylet anlagen and the posterior tentorium (Fig. 92).

Myoblasts of the antennal extensors and flexors, mandibular and maxillary
retractors (Fig. 94), dilators of the salivary syringe, and labial and phary‘ingeal muscles

’

becorne apparent

' Below each antenna, ectodermal cells invaginate. These later secrete the cuticle

«

of the antennifer. The posterior tentorial.invaginations fuse medially and dorsally

between the maxnllary and mandibular segments {Fig. 172) and the anterior tentorial

_‘aaghgen shift to a position adjacent to the antennae (Fig. 169). The labial apodeme (lap)

oL

m\lagma_tes (Fig. 85) and primary embryonic cuticle (1° cut) is deposited as a thin
L ! d

o

)



Fig. 90-95 Longitudinal Rotation

Fig. 90 Unfolding clypeo~iabrum, ventral aspect

séalle= 50 um § J
Fig. 91"I-:lypo;‘>harynx and éalivary syr.inge, median saggitél section
scale= 10 um ' - L

. Fig. 92 Stylets and hypopharyngeal wing, transverse section
scale= 10 um - )
Fig. 93 Embryo at the end of longitudinal rotation, ventral aspect
scale= 50 um
Fig. 94 Maﬁdibular retractor myoblasts, transverse section
scalé=_ 10 unt .

_ Fig. 95 Labial apod@me, transverse section
i
scale= 10 um

Y

Abbrevnatuons anteclypeus (Ac) antenna (A), clypeus (C) eys (g}, hypopharynx H),

- hypopharyngeal wmgs‘(hw) lablal apodeme (lap) labnum (La), labrum (L), mandtble (Md),

. mandlbular retractor myoblasts (primus) (md rmi), maxalla (Mx) maxillary plate (Mxp)

hvary syrmge (Ss)



95



epncutucular layer (Fig. 184). '

_Following rotation, the embryo begms to undergo katatrepsis (Flg 96). The
primary embryonic cuticle (1° cut) apolyses and the epidermis begmsﬁgo lay down the
second embryonic cuticle (2° cut) (Fig. 185). During provisional dorsel closure (55% TOT)
{Fig. 97), the mandibular (=loral) plates (Mdp) arise as paired ventral folds o enal.
regich\ef\ghg head behind the antennae and anterior to the hypoph;rynx and manxil
lobes (Fig. 99, Mdp. , : o |

During dorsal closure (65% TDT) (Fié;. 98), the epidermis 'expends to replace the -
amnion as the dorsal body wall and the dorsal organ‘(do) {Fig. 98) is resorbed Cellis of
the»-eplpharyngeal wall of the clypeus secrete the cuticle of the cibarial apodemes and the «
elastlc cuticle of the roof of the c:barnum (Flg 100, rf). i ‘

By 65% TDT, the bases.of the stylet anlagen reach the dorsal surface of the .
embryo and thelr ends begin to cyrve caudad (Figs. 101, 102). The upper (), anterior -
layer of cells withi# each styligenous organ becomes thick while the Iower (lo), caudal
layer attenuates (Fig. 101, 102). Cells of the thlcker upper surface of each anlage
deposit the cuticle of the stylet (Fig. 102).

Myoblasts of most muscles are present at their points of insertion but no

? dlfferentuatlon is yet visible within thenf (Fig. 101).

Between 70 and 75% TDT, the labial ectodermal cells of the hypopharynx forma
template: of the salivary syringe arid begin to secrete the cuticle of the tylinder (c) and
piston (pi) {Fig. 103). Maxillary levers evaginate from stylet sheath epithelium (sth) of. -

mesial celis of.the maxillary plate drawn in during invagination of stylet bases. {Fig. 105).

Proximally, separate sheaths (sth) enclose each stylet, but distally, all stylets share a

common sheath (Fig. 104). 6eposition‘ of the sheath materi£| begins at the same time as’
that cf larval cuticle. —L;r;gitudinal‘grooves form medially at the distal ends of the
hypcpharynx and labium and a mandibular apodeme invaginates from the antero—dorsal
angle of each mandibular plate. .

From 75-80% TDT (Fig. 106). the muscles of the head differentiate. Striations -

.are at first weakly visible but develop fully by 80% TOT {Fig. 107). Cells of the stylet -

anlagen retract deeply into the head, to form the larval retort organs (ro) which later

secrete the cuticle of the larval stylets (Fig. 108). Stylet anlagen cells assume the shape



~ = Fig. 96-100 Development at 52%- 60% TDT
Fig. 96 Katatrepsis, lateral aspeét |
scale= 50 um b.
Fig. 97°Provi‘sion'a‘! dorsal closure, lateral aspect ¢
scale= 50 um 4 ' |
I‘ Fig.v,98 Dorsal closuré, parasagittal sectién
séale: 50 um . ‘
Fig. 99 Mandibular plate and myoblasts, transverse section ‘b
scale= 10 um . '
Fig. 100 Mandlbular plate and ro‘sf of cibarium, transverse sectlon

scale= 1 0 um

Abbreviations; émnion (am}; antenna‘(A) -clypéo-labrum {C-L), dorsal organ (do), eye {e),
- Iabuum (La), labrum (L), Mandibular plate (Mdp), mandibular protractor myoblasts (mid.pm),
- Maxillary plate (Mxp). roof of c:barnum (rf), ser05a| plug (sp)
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- Fig. 101~ 105 Development at 65%-75% TDT
Fig. 101 Stylet a_nlage‘h, sagittal‘secti'on
scale= 10 um, _ b , . )
Fig. 102 lnvagmating maxtllary stylet anlage sagittal section
scale- 10 um o
ang 103 Hypopharynx and saluvary syrlnge medlan 'sagittal sectlon
scale= 10 um : o . ‘

Fig: 104 Stylet bases and sheaths, parasagtttal section
scale= 10 um . L ,
.Fig. 105 Hypopharyngeal wing and maxilléryﬁlever, sagittal sgc'tién

) scale= 10 um’ ~

QAbbrevnatlons afferent salivary duct (afd), antenna (A), cibarial dilators (cib.d), Cylmder of - :. '
salivary synnge (c), eplpharynx (Epﬂ fronto—crypeus (Fel, hvpopharynx (H) “
hypopharyngeal wings (hw) Iabual apodeme (lap) labial retractor 2 {lar2), lower celts of
stylet anlage-(lo), mandlble (Md), mandlbular plate (Mdp). mandlbular retractor 3,4 (md. r3 4), '.
maxilla’ (Mx? maxnllary lever (mxl) maxnllary plate (Mxp), pnston of sahvary syringe (pi.
stylet cutlcle (sta) ‘stylet sheath celrs {sth), stylet cramal retractors fstr), upper cells of |

»

stylet anlage (0, 4
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Fig. 106-109 Late Embryo 7 r
. Fig. 106 Late embryo ventral aspect The larval cuticle is hndden under persnstmg

&

secondary embryonic cuticle

. scéle= 50 um _, ' . . .

'Fug 107 Maklllary cranis! retractor muscles exhnbmng*cross striations, transverse section
, ‘scale— 10 um - ‘ " ‘ '
~ Fig. 108 Formatlon of maxillary retort organ sagittal sectuon
scale= 10 um :

Fig. 109 Maxillary stylet anlage and formatlon of coadaptatlons TEM section o
scale= .2 um

.
K3

Abbreviations; antenna (A), cp,;daptatiohs (co), 2° cuticle (2° cut), fronto-clypeus (Fc),

labium (La), labrum (L), maxilla (Mx), maxillary retractors {mx.r), retort organ (ro).
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of stylet coadaptations (co} and deposit cuticle over these (Fig. 1 09) By 80% TDT, ail
three labial segments (Fig. 164) are present and cells of the mandlbular apodeme have

secreted its cuticle (Fig. 150).
o - ' '
The I_arva prepares for hatching. Most structures are fully differentiated and

sclerotization of larval cuticle has begun.,

Although deposltlon of larval cuticle is complete, it is hndden under the second
embryonic cuticle (2° cut) .until the Iatter is sloughed off at hatchlng (an 106). All
muscles are fully differentiated and some. have begun to contract rhythmically with
commencement of hatc’:hing behaviour. Q .

By' 85% TDT, cells of the stylet anlagen have retracted completely to the t;ases of
their stylets leaving behind the cuticular 'Stylets themsetves which sclerotize just before
hatching. Mandibular and maxillary levers have formed and their cuticle has been
deposited but hot sclerotized. Just prior to hatching the ntandibular apodemes, stylets,

lower portions of the hypopharyngeal wings and external cuticular structures sclerotize

“(=preharden), with additional sclerotization occuring just after hatching (not illustrated).

5.2.2 Details of Mouthpart development

5.2.2.1 Clypeo-Labrum '

The clypeo—!abrum .(CfL),evaginates last as a single iobe in front of the
stomodaeal invaginetion (Figs. 76, 80, 81). By 35% TDT, cells at the base of the
evagination, close to the head are undergomg mitosis (Fig. 110). Growth results in sts o
apex being pushet ventrally and a fold of cells formmg behind it (Fig. 85) Myoblasts of
the first cibarial dilators (cib.d) are visible just prior to longitudinal rotation of the embryo
(Fig. 11 1), '

L

By 35-40% TDT small groups of epidermal cells have invaginated in the outer

. lobe of e ¢lypeo—tabrum (Flg 112 2 arrows) to form epapharyngeaf sense or“gans

- Ao T

Internally on the eplpharyhgeal base of the clypeo—labrqm‘ addmonak epldermal cells PR

mvagmate sumultaneously and Iater develop into the c1bar|al tendons (an 1 12 A arrow“)

Slmllar groups of cells mvaglnate from the outer surface of the clypeus to form the

ke -_sock_eted sensilla of the Iarval clypeus. All sensilla associated with the clypeo—lat:_rum aire, ,

innervated fram the. frontal. ganglion.

-



Fig. 110-114 Development of the clypeo—labrum

Fig. 110 Clypeo-labral base, transverse secfion. (Arrows indicate dividing celis.
scale= 1.0 um

. Fig. 111 Myoblasts of cibarial dilators; transverse section

scale= 10 um |

Fig. 112 Cibarial tendon cells (one arrow) and epipharyngeal sénsillar cells'.(two arrows),
median sagiﬂél section ‘ ;
scale= 10 um

Fig. 11 53 Pharyngeal myoblasts (arrow) and frontal—clypeal boundary, sagittal section
scale= 10 um .

Fig. 1‘141 Fusion of ély;;eus and genal region-o.f head, transverse section

scale= 10 um | |

Abbreviations; antenna (A), cibarial dila\tor myoblasts (cib.dm), clypeo—igbrum (C-L),

clypeus (C), gena (ge), hypopharynx (H), labrum (L)
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Dur'ing Ionéitudinal lrotation,' the CIypeo—Iabrum‘unfdlds caudally and the bases of
the gther appendages shift cephalad (Figs. 90, 1 13) How this is accomphshed is ‘
unknown; however, there is some evvdence to suggest that the outer epldermls may
'cong;ac,t in the clypeo—labral region and pull the-anterior part of the head anteriorly and
ventrally. Before rotation, ret@ctor myoblasts of the mandibles and maxillae contact the
dorsal ectoderm dvrectly above the stylets As rotation occurs, these musciles shlft o o o
anteriorly as do the stylet bases. After the clypeo—ilabrum (C- L) unfolds, demarcataon ‘
between the frons.and clypeus is visible as a thickening of cells at the anterior end of the

,unfoldmg anlage (an 1 13) Praepharyngeal myobtasts also appear to originate from here .

.(arrow in Fig. 113). Antero-laterally the sides of the clypeus fuse with the sides of the .

head below the antennae (Fig. 114).- ‘

By the end of Iongitudinal 'rotétion, the myobilasts of all muscles associated witn
the clypeo—labrum are present and the tube of cells that later secrates the epipharyngeal
" apodeme’ (epit) has mvagmated below the two proximal epnpharyngeal sensilla (an 115).

Between 50-60% TDT, the clypeus and frons fuse and expand anteriorly
(compare Fig. 93 and 97). This may result from condensation of dorsal cells of the head
| durmg dorsal closure or from expansion of cibarial myoblasts within. Internally, the -
Iate_r.al walls of the 'h'ypophérynx (H) and epipharynx (Epi) fuse to form the cibarial
chamber (Cib) typical AofA hemipterans, At the base of the epipharyngeal surface of the
clypeus unvagmated epldermal cells, 5-8 deep secrete the cutlcle of the cibarial dilator
apodemes (Figs. 116 117, 118, cubt) : | -
By 65% TDT, the labrum (L) is finger —tike and’ extends posteriorly td the proximal
part of the Iablum Near the cibarial roof the epcpharynx mvagmates anteriorly and
‘ventrally (Fig. 116). Posterior to thls mvagmated ectodermal cells form the epupharyngeal
sensilla (epis) (Fig. 119). ‘ 4 '

By 70% TDT the clypeo~-labrum resembles that of the first instar larva and
epidermat celis along the roof of the cibarium have secreted a cuticular flap that acts as a
cibarial valve(v) {Fig.116). The cells, dorsal to these, secrete the cuticular roof of the
cibarium (Fig. 100 and 116). _ _
| Just prior to hatching, the proximal end of the labrum folds under the apex of the

anteclypeus, forming the labral fold (Fig. 120, If). The &ansclypeal suture forms after



v .Flg 115~ 120 Development of the C'YPBO—Iabrum : _ I e R \
“Fig. 115 Epipharyngeal tendon anlage, transverse sectnon’j R L o il
"scale=TOum : ‘v o T PN S
Fig. 116 Clbanal tendons and valve saglttal sectnon
scale= 10 um L S

Fig"117 Cibarial tendons, (TEM] transverse section

scale= 2 um .
Fig. 118 Clbarlal tendons (TEM) transverse sectlon L T ST EARY
scéle= 5 um. ' ' .

Fig. 118 Eplpharyngeal sensulla (TEM) transverse sectnon

scale= .5 um _

an 120 Formatlon of labral fold, ventral aspect (SEM) ‘ . " o
scale= 25 um ' ’

,. Abbreviations; antenna (A), eplpharyngeal sensilla (epa s), epnpharyngeal tendon anlage

(epit), cibarial tendons (cib.t), cubarlal valve (v), fronto— clypeus (Fc) hypopharynx (H), labral

. fold (If), Iabrum (L), maxillary plate (Mxp), salivary gland (Sg), stylets (st)

R



108



C 109

hatching.

5.5.2.2 Ant/ennae

Antennae (A) evaginate from ectoderm on either side of the stomodael
-lnvagmatnon (Figs. 80, 81). Subsequently they elongate rapidly and cross each other
behind the clypeo Iabrum - L) and over the openmg of the stomodaeum (Fig. 81) By
35% TOT the scape segments and shghtly later the pedicels have appeared (Fig. 121).

As the. clypeo labrum straughtens during tevolution, it pushes the antennae
caudally but their ends remain wrapped behind the I’Bum (L) (Figs. 80, 93). The
movaments of katatrepsus pulls them straight (Fig. 96). Mitosis continues in the antennal
bases until- 55% TOT. at whtch time they have reached their larval length (Fig: 122)

lntnnsnc muscles of the scape (sc) and the extensor and flexor myoblasts of the |

antennae arlse at the end of Iongltudlnal rotation-and, by. 70% TDT, have reached their -

ponnts of insertion (Fig. 123). Beneath the antennae mvagmataons form that differentiate - -

“into the antennifers (Fig. 124 antf ) ' ‘ »
‘Cells formlng the antennal sensalla have mvagmated by 45% 'l_'DT and neuntes (lt is
unkno;vn if they are axonal or dendrltlc) -are feund in the proxcmal region of the scape
Distal to this, cma Ilke structures nine double filaments) are found surrounded by dark
'patches that may be developmg scolopale rods lChapman 1975) (Figs. 125). By
-katatrepsus the neurites are more completely developed and’ an 126 illustrates the -

variety of structures fouhd in the antenna. Both antennae are infervated from the

deutocerebrum of the brain which forms from neuroblasts of the antennal segment.

5.2.2.3 intercalary segment _ R

'.The lntercalary -sagment lln) appears bnefly as-two swellmgs behlnd the .
stomodaeum- (Fegs BO, 127) Jts neuromeres become the tntocerebfum of the bram and
its ectoderm contributes to forrnatuon ofthe antenor wall of the hypopharynx lFlg |
128). By 45% TDT, epidermal cells of the mtercalary segment have invaginated (Fig. 128). .
- and later form two campaniform sensilla (cs) in the hypopharynx {H) (Fig. 12\9). These are

innervated by nerves from the tritocerebrum which forms from neuroblasts of the

intercalary segment.

L

-
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Fig. 121-126 Developmeht of. the antennae

Fig. 12 1.Beginning of antennal ‘segmentatian, SEM of Iateral aspect
scale= 25 um S

' Fig. 122 Mitosis in anter‘maIA base at 55% TDT, parasag‘itta'l section

scale= 10 um

' Flg J23 Muscle formatnon in scape (antennal depressor} sagtt'tal sectlor)‘ T

scale— 10 um

) Flg 124 Antenmfer transverse section

r -

g--scale— 10um K- T . P

Fig. 125 Transverse sectlon of ahtenna (TEM) through pedicel
. , ] ,:, . o q .
Fig. 126 Transverse section 6f antenna, (TEM) through pedicel

.scale" Tum

scale= 1 um

Abbreviations; antenna (A) antennal depressor myoblasts (adpm) antennifer (antf),

clypeo labrum-(C-L), eye (e), flagellum (f). maxijliary plate (Mxp) cells undergomg mntosns
/

R '(mlt) pedlcel (o), scape (sc) e e e “ "
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;"Fgg 127-128 Developmént of. th‘e mtarcarary sagmant e e el

-Flg 127 tntercalary segment, ventral aspect

scale= 20um

Fug 128 Ectodermal cells that develop into hypopharyngeal sensulla medlan sagittal

. \

section - -
scale= 10 um

Fig. 129 Hypopharyngeal campaniform sensilla, transverse section

. scale=.-10 um

w AR . EL e s

-« - oo . ) f -

L Abbrewatlbns antenna (A) campamform sensnlla (cs) clypeo Iabrum (C- L) hypopharynx

(HY mtercalary segment (1), Iablum (La), miandible (Md), maxllla (Mx), protocephalon (Ptc),

stomodeum (st)

PR
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7 5,2.2.4 Mandibular ahd .Ma'xi"ll'aur'y Stylets, Stylet Levers and Stylet Sheaths

L

Stylets. — The mand:bles (Md) and maxullae (Mx) develop as paired ectodermal y
” . outgrowths behind the intercalary segment {in) (Fig. 76). The mandibular appendages lie
anterior to the maxlllae and never subdivide (Fig. 80). The latter subdivide into mner and
outer lobes, the inner Iobe (Mx) forming the stylet and the outer lobe (Mxp), the maxillary,
plate (Fig. 81). , )

- The stylets elongate postero—medially. during growth until their distal ends ‘meet
along the midline of the embryo (Fig. 84).- By 35% TDT. they have become innervated by

»

nerves from their respective neuromeres which later coalesce to f‘orm'patt of the
suboesophageal gangli_on,' ’

‘ During rotation, the stylet bases shift cephalad and their distal ends point aaudally
and become tapered (Fig. 130). By 65% TDT, the bases of the stylet anlagen‘ha\ie
invagi/nated into the head capsule, and curve caudally (Fig 1|01). The anterior, upper layer
{u) of each primordium is thick and its po;teriar layer {lo) attenuated (Fig.. 101, 1.02). Later
the upper cells secrete the cuticle of the larval stylét As development proceeds, cells of
the stylet anlagen invaginate deeper inte*the head and begin to form the larval retort
organ (Fig. 108, ro). Still later the cells retract still farther into the head. pulling back
from the ventral surface of the embryo and leavmg behind the cuticle of the stylets. ‘As
the cells retrect they assume the shape of their stylet coadaptations and deposrt *lp
over thus template (Figs 109,-133, 134). ' .

' By 45% TDT, neurites are found centrally in the stylet anlagen (Figs, 131, 132).
Since it is diffipult to. find the cell’body, | was unable to tell if the developing structures
iliustrated in Pivg‘ 132 were axons or dendrites. Distal to these: (Fig. 132), citiary -
structures of nine mucrotubule doubiets were found in both the maxillary and mandnbular ,
stylet anlagen. Sectlons of the stylet bases show that the cell bodies are not located
there (not tllustrated) Serial sections of anlagen will likely show that the cell bodies are |
centrally 4ocated in stylet anlagen before the cells begin to retract. As the cells retract
they pull wnth_them the sensory axons and cell*bodies to the base of the stylets, Ieaving
the dendrites (d) (Fig. 134) behiad in the cuticular styleté the dendrites (d) (Fig 134).

v Flgure 134 shows the mandibular stylet and cilia-like structures of the dendrites

surrounded by dark patches that may be developmg scolopaie rods. Each mandlbular

.
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: }'Abbrevnatlons cbadaptatlons {co), food canal (fdc), mandible (Md), maxllla (Mx) neuntes

scale= 2 um L

‘

' Fig. 130- 135 Development of mandibular and maxlllary stylets

Flg 130 Invaglnatmg stylets durlng Iongltudlnal rotatnon saglttal section ' .

' scale= 20 umn. |

Fig. 131 Mandlbular and maxlllary stylets transverse TEM section

s

" Fig 132 Central cell in maxulary stylet (arrow in 131) tranverse TEM section, showing

sensory neurites

. scale= 1: um _
', Fig. 133 Mandnbular stylet and developmg coadaptatuons transverse TEM section

: ascale- 2 um

)
scale— 1 'um

Fug 134 Mandibular stylet and sensory dendrltes (arrows) transverse TEM ‘section

Flg 135 Flrst mstar Iarval stylets (arrows point to dendntes) transverse TEM section
scale-— 2 um:. '

e

(ne), sallvary canal Isc), stylet sheath (sth)



%

~




Fig. 136~ 139 Stylet muscies - | :
Fig. 136 Mandibular and' maxlllary cramal retractors sagmal sectlon_
B ‘scale-10um T ST e T o B
Fig. 137 Mandibular-genal retractors, transverse sectign
scale= 10 um | '
Fig. 138 Mandibular-hypopharyngéal ’retractd‘rs, transverse séctic‘)nv
- scale= 10.um '

Fig. 139 Maxillary protractors, transverse ‘section

scale= 10 um_ A

- -rf.‘,Abbrewatvons cramal retractor myoblasts (cr.rm), hypopharyngeal wmg (hw) lnsertton (l)

méndlbles '(Md) mandlbular retractor 1 myobilasts imd.rm 1) mandnbular retractor 34

myoblasts (mdrm3 4), maxilla (Mx), maxillary protractor myoblasts (mx. pm) origin /(g
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'stylet has three dendrites, and each maxitlary stylet, five (Fig 1 35) Their' structure was

described by Forbes and Raine (1870) and Backus and McLean (1982).

_ The cranial retractor myoblasts (myl of the mandibles and maxlllae appear early in

o development and by 40% TDT are sutuated at their, pomts of msertlon (ll on their stylet -

_bas,est (Flg 136).. Mandibular retractor- muscles '(md rm1) origmating benea‘th the antennae

arey present by 45% TDT (Flg 137) and those (mdrm3 4) originating on the ' s

hypopharyngeal wings thw) slightly later (Fig 138). The latter do not associate with their

points of insertion until much later around 85% TDT Protractor muscles of the maxillae :

{mx.pm) develop early, at 40% TOT (Fig. 139), while mandibulac protractors (mdpm) are
not wstble untit 55% TDT when the mandibulai;‘_plate forms (Mdp) (Fjg 99 ... 5w v

L I =j.u"'n" -t R

. PRRY \;
LT Sty/ef“’shear/fs = AS each stylgt anlage base invaginates, it pulls in surrounding

ectodermal tissue that then forms at least & portion of its stylet sheath (sth) (Fig 140). In
addmon to separate sheaths proximally (Fig. 143) the stylets have a common distal
sheath secreted by cells of adjacent head structures (Fg. 142)° The mandibular sheath. IS '
genal, hypopharyngeal and maxil armngin (Fig. 141) The maxillary sheath forms fnom
the cells of the hypopharynx and ilary- plate (Fig 141)

Celis secreting the common sheath are present by 45% TDT, after the stylet bases

have invaginated into the head and external head structures have descended to enclose

; them {Fig. 142). Af this time, the anlagen are surrounded by cells of the clypeo-—labrum

(C-L), Maxillary plate (Mxp), and lnternally. by the hypopharynx (H) {Fig. 114). The separate .
sheaths form as cels of\@ stylet anlaéen invaginate more deeply into the head (Fig 143)
and pull with them the surrounding ectoderm (Fip 140). Each mandibie pulls in
ectodermal tissue from its sternum which is hypopharynZeal and each maxilla draws in
ectoderm from the hypopharynx and maxlilary plate Later the ventral, lateral portion of
the mandibular sheath forms from cells of the rn'andibular_plate after it has descended
between the labrutn and maxiliary plate.v These cells begin to secrete sheath cuticle -
around 65% TDT at the same time as epidermal cells elsewhere secrete. larval cuticle {Fig.
105). - , '

Stylet Leyers. — The mandibular lgver {cg) and apodeme (mapl deyelop from the
mandibular plate (Mdp) (Fig. 150). The apodemal invagination deyelops.. by late 70% TDT
and its cuticle is secreted by 80% TDT (Fig. 146, 150). The apodeme forms from a -

-3
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Fig 140-147 Development of stylet sheaths and levers

Fug 140 Invagmating maxnllary stylet and sheath saglttal sectlon

scale= 10 um . _

Fig. 141 Relatuonshnp of mandlbular plate maxlllary plate and hypopharynx frontal sectlon
scale= 10 um _ . -
“Fig 132 Gommon stylet sheaths, frontal section. -0, T LT o k s
scale= 10 um’

Fig. 143 Separate stylst sheaths, frontal section

scale= 10 urriv o ' e _'\: oL
Ffé, .144 Mandibulér iever formatioﬁ, 'fror;ttal sectibn | ‘ _ _ ' )
scale= 5 um . | ) LU T ‘ h
Fig 145 Mandibular lever formation, frontal section ( T
scale= 5 um e . N(,. '; - «-.  | - ** e
Fig. 146 Mandibular. agodeme formation, trénsyér’se, section . h
scale= 10 um o . ' . o

, :_Fi\g. 147 Maxillary apogdeme gr)d Jleyer, fsg.o‘n_;ta_llv's,_eqtion N al e T e e e

scale= 10 um - . h . ‘ BN

:

Abbrevnatlons antenna;,JA) apodeme (ap) clypeo- Iabrum (C-L) .Ccuticular gulde {cg),
hypopharynx {H), tabrum: (L), mandnble (Md) mandnbular apodeme (map) mand:bular

protractors (md.p), mandibular plate (Mdp) maxllta (Mx) maxlllary lever (mxl),.maxnlary

plate (Mxp) stylet sheath (sth). . N o
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B "_tubular nnVag;natuon of the ectpdir'm in the antero-dorsal part of the mandlbular plate {Fig:

- L L

o _I&IS 150) Ectodermal cells mvagmate ﬁrst medfally and then postenorly

e L WSELN T T T T B S e

el ’r_vn-sf

.......

-+ Cells of the mandibular plate’ (Mdp).secrete the cuticle of the Ievar (=cuticular ST

guide) (cq) Iate in embcyogenesns (Feg 144 145) These cells: lie posterior to the dastal tlp

of the mandtbular apodeme and next to the ventro-rpedlal ‘cells of the maxlllary plate. By - -

90% DT, these cells have secreted a bar of cutlcle that artvculates anteriorly with the
mand:bular apodeme but is connhected with the stylet by a cutncular brndge jUSt Before .
hatching @ig. 145). Cells secreting the cuticle joiningtstylet and lever are medial cells of
the mandibular -plate that lie next to the free stylet (Flg 144, 145). tever cutlcle does not
sclerctize until the larva hatches. ' -

" The maxillary lever (mxl) forms within a diverticulum that evaginates from the wall

'

-of- uts sheath (an 105).. Thns evaglnatcon emanates from the postero-medxal portlon of .

the sheath and grows laterally toward the sude of the head and the putermaqst bar of thE
hypopharyngeal wung (hw) (Fug 147). By 90% TDT the cells of the dnvertuct.nlum begm to

secrete the cutncle of the lever (Fig. 147) and this sclerotizes after the larva hatches.

’ R e A

5.2.2.5 Mandibular Plate

T

The mandlbular plates (Mdp) and their myobtast’s (mdpm) are not vnsuble until 55%
DT (Flgs 99, 100). Ectoderm of the genal region of the head, dorsal to the antennae,

-evagmstes grows postero-— ventrally (Fug 104) and eventually fuses distally with the inner

dorsal wall of the hypopharynx (F|g149) Prior to formation of the plate (45% TDTL,
mesodermal protractor myoblasts (md rm of the mandible appear to lie posterior to- the
antennae (Fig 148) : - ' L

~ As the plate and lts myoblasts develop some myoblasts Iynng gext to the
hypopharynx (H) attach themselves to its upper lateral wall and on d|fterent|atnng appear

to originate on it (Flg 149, 150).

5.2.2.6 Maxmary Plate
A maxillary plate (Mxp) develops from the outer lobe of each maxlllary anlage by
its longltudmal division at 25% TDT (ans 80..81). By 35% TDT the plate is cone— shaped

and remams this way for the rest of development (Figs.23, 24, 25).

s

T
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o Fig. 148-153 Development of the mandibular and maxillary plates _
Fig. '1 48 Presumeti.ve mesodermal cells fdrrhing mandibular retractor myoblasts,
transverse section
scale= 10 um '

‘Fig. 1 49 Mandibular protractors, frthal. section- N
scale= 10 em ‘ |
Flg 150 Mandibular plate and apodemal invagination, transverse sectlon
scaleé 10 um ' ‘

Fig. 151 Maxillary pldte sensillum, frorltal section - °

scale= 10 um ‘

Fig: 152 Max:llary “plate. sensullum saglttal section
scale= 5 um \ )

v_Fig. 153 Maxillary blate ;ensillum-,'sagitta‘l TEM section
scale= 2 um o A
Abbreviations; antenna (A), basal'body (Bb), cell body (cb), cibarium (cik ‘cibarial dilators 1
(cib.d ll cilium (el) dendrite'(dl: epiv‘pharyn‘x {Epi), eye (e}, hypopharynx (:mmmar
. apodeme (map), mandibular myoblasts (md.rm), mandibular protractors (md.p), mandibular P
plate (Mdp), maxillary plate Mxp), maxlllary pore sensulla (mxps), ‘manxillary protractor

'myoblasts (mx.pm}, sheath cells (sh). ' G&
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Initially the maxillary plates are joined '6nly ‘to the stylefs‘anladen but as

_ development proceeds the head lobes move ventrally and caudally and come to. he next

© o them- lFlg g3). Followung katatr’eps:s and invagination of the maxillary styletsclnto the

head, the plates and anlagen-separate ind the outer lobes fuse wnth the genal region of
the head (Figs. 96, 97, 101). - -~ ~ )

By. 40% TDT. a sensillar structure (mxps) that may be a remnant of the palpus
{Evans, 1973) begms to form on the.outer wall of each plate (Fig. 151). A'group of
epidermal cells mvagmate near the anterior margin of the lobe and by 60% TDT, the

' sensillar hairs and their dendrites have formed (ans 152, 163). By 70% TDT surrounding

cells have secreted the cuticle of the barrel-shaped Structure that contains® the sens:lla
Figs. 45, 51). . L

Protractor myoblasts (mx.pm) of the maxillag form by 40% TDT (Figs. 139, 151)

.and reach their pdint of msertnon on the stylet bases by 60% TDT.

&
5.2.2.7 Hypopharymi and Salivary‘s'yringe

The hypopharynx lHl forms. from sterna of the intercalary [(In)] mandnbular llMd)]
“and maxnllary [(Mxl] segments (Fag 155) It houses the salwary synnge (Ss) which
develops from the venter of the labial segment [{La)] Durmg growth, the neural’ groove -
lFlg 80) disappears and the sternal region (H) betwesn the mouthpart appendages
becomes dome —shaped {40% TDT) (Flgs 87. 154) Ectoderm (Hl between the mandubles
and maxillae becomes comcal Fig. 88) whlle that between the labial appendages
invaginates dorsally as the embryo rotates longltudmally (Fig. 1 55). In the intercalary
sedment f(in)] two groups of ectodermal cells invaginate (Fig. 155), that later form the
campaniform sensilla {cs) of the hypopharynx (Fig. 129).

As the embryo rotates and the clypeo-tabruni (C-L) unfolds posterio’fly- the distal
end of the hypOpharynx Mx) shifts cephalad and becomes more conical (Flg 155). The
mtercalary sternum {in)] forms the anterior part of the hypopharynx and the mandibular
[{Md)] and maxillary ((Mx)) sterna, its apex lFig. 155). , _

When the labial appendagtyz‘al fuse mesially at 40% TOT thei; bases invaglnate
dorsally (Fig. 87). At 45% TOT. the labial sternum (La) shifts cephalad and comes to lie
dorsal to the free maxillary (Mx) portion of the hypopharynx (Fig. 155). Its anterior

ectodermal cells then withdraw and thicken (Fig. 155). Posterior to these ‘cells, the



Fig. 154-157 Development of the hypopharynx and sallvary syrmge

Fig. 154 Lablal sternum transverse saction ’

scale="10'um _ _

Fig. 155 Invaginating‘;r ectodermal cells that form the salivary syi'inge. parasagittal section
scale= 10 um

Fig. 1‘56 Hypopharyqx and salivary syringe, median sagittal section

-+ scale="10um’ . L i ‘

Fig. 157 Sahvary syringe and salivary dnlators frontal sectlon

scale= 5 um

Abbrevnatnons afferent salivary duct (afd), campaniform sensilla, (cs) cylinder of sallvary . '
" syringe (c), efferent salivary duct (efd). hypopharynx (H), intercalary stermte [(In)] labial
-apodeme (lap), lablum (La), Labial sternite [(La)), mandtbular sternite {(Md)), maxillary stermte
- [(Mx])], puston of sahvary syrmge {pi), sallvary dilators (sal.d), sahvary duct (sd), saluvary

gland, (sg) salivary syringe (Ss).

\
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- ectoderm invaginatés to form the labial apoderhe (lap} (Fig. 95, 156).

Folowing katatrepsns the distal tip of the hypopharynx becomes tapered Celis
secreting the syringe mvagmate dorsally to leave a cylinder- shaped structure (c) (Figs.
156-159). Cells surroundmg this cavity secrete the cuticle of the salivary syringe
cylinder {c) while a more posterior grox_)p of cells that invaginates dorsally'l in the form of
a tube secretes the cuticie of the piston (pi) (Fi'gs._ 156- 159). Postei'iolr to both, the
common salivary duct (afd) formed when ti\e‘l'abial abpendages fuséd, opens into the
cavity of the saliv#ry syringe as the afferent duct (Fig. 156). Ventrally and posteriorly, a
flange of celis also of labial origin forms the. base of the cylinder and the efférent duct
(efd) of the syringe (Fig 156). The syringe is completely formed by BO% TDT (Fig. 160),
although its cuticle does not sclerotize until the larva hatches.' Myoblasts of the salivary
dilators (sal.d) are present by 50% TDT and reach their pomt of insertion by 60% TDT
(Fig 157). » : | ‘

The hypopharyngeal wings (hw) form. a't 45% TDT (Fig. 82). as two wing-like
invaginations that later develop inib templates for secretion of cuticle of the larval wing§
(Flg 161).

A ventral groove running medlally along the anterior surface of the hypopharynx ’
and acting as a guide for the stylets forms between 70 and 75% TOT end its cuticle is

secreted and sclerotized by 95% TDT (not illustrated).

5.2. 2 8 Labium

Labial anlagen {La) are the first to evaginate after the legs (Fig. 76). Subsequently.
they elongate and. as the embryo condenses, shift mesially and fuse on the embryo's
midline (Fig. 87). This fusion also forms the common saanéry dﬁct (Fig. 156, afd). By the
end of longitudinal rotation. |abnal myoblasts (my) are present (Fig. 162} and the labial
apodeme (lap) has begun : to tnvagmate (an 96) By 70% TDT, the labial lip (i) and the
d-(Fig. 163). The lip originates from

; %base as it mvagmates dorsally (Fig. '163). The

labium is completely segmented by 86% TTJ’NF:Q 164} and sllghtly later the labial groove
(lag) forms along its entire length (Fig. 165). Just before hatchmg, epidermis of the
posterior labial Segménfs forms four sclerites, tvo small Y-shaped sclerites at the distal

tip of the labium (Fig. 166) and two hooked-shaped ones at the proximal end of segment

[ o - A i ot L LT B T
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o Fig.' 158-161 Development of the hypopharynx and sallvary syrmge

,.'.scale- 2um

_scale= 1 0 um

'wmg (hw) plston of sallvary syrmge {pn)

.

Fig. 1568 Formatlon of the cyllnder of the sallvary syrmge trangverse TEM sectlon

»

Fig. 159 Formatnon of the cylmder and- plston of the sahvary syrlng§ transverse TEM o g

secﬂon

* .~ ’n ’ .

Ascald- 2 um ‘ S S - I

-~

Flg 160 Median sagtttal section of the sahvary synnge and hypopharynx :
scale—-IOum : ' - A ‘
Fig. 161 Hypdpharyngaal wnng frontal sactlon B

W

'2‘....~- - e -

Abbrevnatlons, campamform sensllla (cs) cyhnder of salvvary syrlnge {c), hypopharyngeal .






| ) fFlg 166 Y-shaped sclemes (arrows) frontal section

Flg 162 167 Development of the labium’ ,
Fig. 162 Labial myoblasts trans}erse.,section

scale-— 10 um’ _ . o .
Fig. 163 Formation of labial lip. and segment ?n,'m_a‘.dian sagittel seet_ion LT
‘scale= 10um -, R
an 164 Labnum at 80% TDT mednan saglttal sectnon
scale= 10 um . .
Fig. 165 Labial groove, trahsverse section.
* scale= 10 um /

‘scale=’ 10 um T

an 167 Hooked—shaped sclerltes (arrows) fronta! sectlon _
‘scale-— 10 um '
:Abbrewatlons myoblasts (my), |8bl8| groove (Iag) Iabsum (La) hp of lablum {ti), lablal
segments 1 23 81, sz s3).

ety
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wFig 168— 1 73}'Deve'|,opment of 'th_é‘ tentorium

Fig.':i'168 Anterior tentorial invégir;atiéh, transverse section

scale= 10 um B _ -
' o O .7

‘Fig. 169 Anterior tentorium, transverse séction

‘scalé= 10 um: ) ”

Flg 170 borsal tentorlurﬁ transverse sectnon ,

lscale-— 10 um . e K

Fig. 171 Posterlor tentorlal mvaglnatvon trahsverse section

scale-‘ 10 um o ' Co

< Fig. 172 Fusmh of postenor tentorial mvaglnatlons trarfsverse sectlon

»;St:aie 10um '

3

Flg 173 Postenor tentonum transverse sectuon
' 4 ,

_scale= 10 um =~
| Abbrevnatnons' antenna (A) antenor tentorlum (At), dorsal tentorium (Dt), eye (e), ?\andlble
-(Md) maxllla (Mx) myoblasts (my) pharynx (Ph), posterior tentonum Pt). .

3
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three Fig. 167).

v 5.2.2.9'Tentorium

The anterior tentorium (At) forms from a pair of ectodermal hvaginations
between the intetcalary and mandibular segments (Fig. 168). As the embryo rotates and
- the appendages shift cephalad the two tubes do also and by 45% TDT lie next to the '
antennae (A) (Fig. 169). Later ln development anterior tentorial cells evagmate laterally to
form the dorsal tentorial arms (DY) (Fig. 170) that extend to’the head capsule and are the
pount of origin of the extrinsic muscles of the antennae. The cells secrete cuticle into the
lumma of the tubes by 95% TOT and this sclerotlzes after the larva hatches

The posterior tentorium (Pt) in embryos of M. fascifrons forms from a pair of
ectodermal invaginations on either side of the maxillary sternum (Fig. 171). During
growth, these invaginations lengthen towards the)B\sr\sum of the embryo and their tips
fuse by the end of long:tudlnal rotatlon (Fig. 172). Cuticle of the tentorlum secreted into

the: lumma by the cells of these mvaglnatuons sclerotlze after hatchmg (Fig. 173).-

B

5.2.2.10 Clbarium, Pharynx, OesOphagus _

The pharynx (Ph) and oesophagus (Oes) form from the stomodaeal mvaglnatlon (st)
" (Fig. 78) The stomodaeum forms at segmentatlon and is an mvagcnatlon of the germ band
behind the clypeo labrum {C-L) and above the intercalary segment (in} (Figs. 80, 81).
Durlng early embryogenesus itis a short tube that extends up to the dorsal wall of the,
embryo (Fig. 174). . Followmg dorsal closure, it becomes convoluted and anterior midgut
rudiment cells at its distal end expand around the yolk to form the midgut, along with
posterior midgut rudiment cells at the antenor end of the proctodeum (arrow in Fig. 175).

' Pharyngeal myoblasts (Ph mj are flrst vns:ble at their pounts of origin at 40% TDT
(arrow in Fig. 113) and attach to thelr pomts of msertlon by 45% TDT: (Flg 176).

The cnbarlum lClb) or suckmg pump, forms through fusion of the eplpharyngeal
walls of the clypeus (Epl) and the sades of the hypopharynx H)-(Fig. 177). After the
clypeo—labrum unfolds (Fig..93), the two structures lie- apposed to one another and by. the
tnme Qf katatrepsns fuse to enclose a sucklng chamber operated by strong cnbarlal dilator

muscles (cib. d) Fig 1 77) ' ' S

—



"Fig. 174-177 Development of the ci_barium, pharynx and oesphagus
Fig. 174 Stomodaeal invagination, median sagittal section
- scale= 50 um ‘ ‘
o an 175 Clbaraum pharynx and oesphagus median sagittal sectlon
scale- 50 um ‘ '
| Fig. 1.76 Pharyngeal myohlasts, tnqnéy.érse sébtion
_scale= 10 um ‘ ‘ ' - ‘ |
Fig. 177 Formation of cibarium, frdnta_l section

scale= 10 um

Abbrevnatlons antenna (A), cibarial dllators (cub d}, cnbaraum (Cib), clypeus (C) eplphar%

{Epi), hypopharynx (H), labrum (L) mandubular plate (Mdp) oesophagus (oes) pharynge
myoblasts {th) pharynx {Phi, stomodeaum (st)
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Fig. 178~ 183 Muscle development . : .
Fig.-’-178 Maxillary prctréctﬂ*. myoblasts, tra;\sverse section
scale= 10 um

Fig. 178 Salivary dilator musclés attachment at point of inserﬁon; transverse sect'ion
scale= 1 um 4 ' ' |

Fig. 37;80 Tendons (arrowhead) at pomt of orlgm of maxillary retractor myoblasts
parasagittal section - ,
scale=.10 um

Fié. 181 Condensfr;g pharynge#l myoblasts, ségitgl section
scale= 10 um ) '

Fig. 182 Cross striations {arrow) appearlng at 80% TDT transverse section

¢ scale— 10 um

- Fig 183 Muscles at 75-80% TDT, transverse TEM se.¢tion.
scale= 1 um : . ks S

‘ Abbrevnatnons mandlble Md). mandibular apodeme (map) mandlbular protractors (md.p),
maxalla (Mx) maxillary protaractor myoblasts (mx.pm), pharyngeal dllators (Ph.d), pharynx

(Ph) salivary dilators (sal. d) -
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_Fig. 184-189 Electron mlcrographs of sectlons showmg cutlcle formatlon
Fig.184 Formatlon ‘of prlmary cuticle (cuyculln) on epadermal microvilli, transverse sectson
" sCale="8'um- ’ _
Fig.- 185 Apolysis, of prlmary cutlcle and formation of cutlculln of secondary cuticle
transverse sectlon
scale= 5 um ‘ ‘
an 1@ 55% TDT formation of procutlcle of 'secondary cuticle, transverse section
scale= 1um ' o : » .
Fig. 187 60 65% TDT plaques of larval cutlculm forming at apices of microvilli, transverse
section ' '
scale= 1 um _
Fig. 188 70% TDT, Iarval euticulin layer complete, transverse section: |
scale= 1 um ) _ -
' .F'g 189 Cuticle of a just hatched first instar larva, transverse s:éion
scale= 1um

Abbrevlations prlmary cutlcle (10 cut) secondary cutlcle (2° cut) larval or tertnary cuticlie
(3° cut).
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5.2.2.11 Mascle Development
" Muscle. development in insects is reviewed by leayson (1975) and | have found
development in embryos of M. fascifrons to follow her’ descrlptlon |
Between 35-45% TDT spindie—shaped myobiasts first form {Fig. 178). Some
such as those of the mandlbular protractors appear later because of later development
of the mandlbular plates (Flgs 99, 100) These myoblasts accumulate in the apprgprlate '
sites in the embryo, alngn themselves and elongate attaching first to the epidermis aﬁhelr
pomts of origin.” They continue to elongate eventually reaching thezr points-of insertion |
{Fig. 179) where some appear to attach to the plasma membranes of epldermal cells By
tendon like structures larrow in Fig. 180) As development proceeds these structures
contract, puiling the thnckened muscle ‘f}?b Jé to the ep|dermal surface by 90% TDT {not’
|IILLstrated) The fibers condense by 70% TDT (Figs. 181, 183) and exhlblt cross
striations, as vuewed in light mccrOscopy, by 80% TDT (Fig. 182) /
Some cephalic muscles insert: on tendons or- apodem&s such as the mandlbular »l
and maxlllary retractors and the cnbarlal dl\\;tors The former form within invaginations of
~stylet sheath epldermls {Figs. 145, 147) and the latter within lnvaglnated epldermal cells at h

the base of the cIypeo labrum fFlgs 117, 118)

5.2.2.12 Cutlcle Formation
‘ y During embryogenesis,~three-.cuticles form. The -first'embryonic cuticle (10 cut) |

begins to be deposuted at 40% TDT {Fig. 89) and is cont%\uous by 45% TDT (Flg 184).
This layer is very thin and |s probably equuvalent to the cuticulin layer descrlbed by Locke
(1974), Epndermal cells form mncrwﬁﬁ I and\secrete plaques of cuticulin (Locke; 1974) at
their tips (Fig. 89) These coalesce and £ the cuticulin layer of the epicuticle (Flg 184)
At katatrepsns (Fig. 185), thls layer apolyses and the epidermal cells begin to secrete the
secohd embryomc cutlcle (2° cut) {Fig. 185). The fnrst cuticle has completely dnsappeared
by 55% TDT (an 186) and the second embryonic cuticle has formed (Figs 187 188)
Thvs cutlcle appears to consist of the cutu:ulm layer, the ) inpEr eplcutlcle layer and st least
some of the procutlcular layer (Fig. 188) Beneath all of these the epudermal cells §ecrete
the ecdysnal membrane (ans 187 188). After apolysus of the secondary embryonic
cutlcle the epldermal celis begin to secrete the third or larval cuticle (3° cut) (65% TDT)

‘ _ lFlg 187) and by 70% TDT the cutlculm layer is formed (Flg 188). The rema‘nmg layers

o



143

are secreted (Locke 1974l durnng the next 35% TDT and the larval cuticle (Flg 189) is

‘completely formed just prior to hatchlng A N

5. 3 Discusslon

" In the rntroductlon | stated that there is much controversy concerrﬁ‘ homologles 3

' of hemlpteran mouthparts. Table 8 lists the structures and varylng mterpretatlons of the

Y

five prnncspal studnes on hemlpteran mouthpart embryogenesus
The main controversy concerns the udentlty of the maxullary and mandlbular plates

Heymons (1898) and Muir’ and Kershaw (191 2) consndered the maxnllary plates to be
maxullary but Pesson (1944) attrlbuted them to ‘replis prnmprdlaux from “regions
pleurales des segments gnathaux”. Pesson felt that earller researchers had
mlsmterpreted thelr work because they relied too heavily on whole mounts Later,
l:lewcorher (1948) and Smgh {1970) descrlbed the plates as formlng from an ! -
outpouchlng of the outer walls of the maxlllary stylet anlagen _ , |

.. SEM mlcrographs of M. fascifrons embryos show that maxlllary appendages '
dnvxde mto mner ‘and outer lobes with the outer Iobes subsequently formung the maxillary
plates (Figs. 81,,82). Smce there is no well deflned boundary between thls plate and the
genal region of the -head above it is hard to tell |f the lobe contnbutes entlrely to the
plate or if it is.a composute structure. Thns can be solved by lookmg at heads of less = ('
spec:allzed leafhoppers in whu;h plate boundahes are more clearly marked Pesson s -
mterpretatlon may have resulted from his fallure to examme whole mounts of his |

'..", "

embryos or, as Parsons (1973) commented

"Pésson’ 514(4). embryologlcal descrlptlons would have been more convmcmg

if they had been more fully illustrated and if he had studied a more typical type

-of homopterar. In Coccoidea, a specialized, lateral- "replis primordiaux”

develops prlor to the mandlbular and max:llary iobes; and conceals them”, .
‘Heming (1980) ‘found in embryos of Hap/othr/ps verbasc/ {T hysanoptera) that the
maxlllae subd:vude into mner and outer lobes and concluded that the plate was maxlllary in.
orlgm My study conflrms hls hypothesns and shows that in homopterous msects as well
the mabxillary, lobe is maxlllary in orlgm and homologous wnth the stlpes of bltlng and .
chewmg msects ‘and that the maxlllary stylet ts homologous wnth the lacunla (Hemmg

b
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The mandlbular plate has been hypothesnzed to be hypopharyngeal clypeal or
genal in orlgan (Parsons 1974).- Embryologlcal evndence for any of these origins is -
scarce. Muir and Kershaw ( 19 12) thought the plates arose from fusnon of the mandibular-

and pharyngeal sulci but later attrubuted them to the clypeus A hypopharyngeal orngm is

" not supparted by any embryologlcal evndence (Parsons, 1973) but the genal, sub—genal

theory has some support from Pesson's (1944) work. . Recently Slngh (1970) described

the mandlbular plates as being formed from an outgrowth of each mandibular appendage

and therefore to be mandibular in origin. ’ }
leficulty in mterpretnng the origin of these plates artses because they are hidden

from view in whole mounts by the antennae’ (Fug 1086). Sectlons examlned by light

. mlcroscopy are, at tu'hes dlfflcult to mterpret because of close )uxtaposmon of parts In

embryos of M. fasc1frons the plates arise as ectbdermal outgrowths of the head behind
the antennae {Figs. @100) Durlng provisional dorsal closure, they are separate from
the hypopharynx but as they lengthen caudally they associate closely with either side of
the hypopharynx (H) (Fig. 149), Later, some of the protractor muscle myoblasts attach to
the laterel wall of the hypopharynx giving the lmpressmn that the two are joined (Flg
149,

Parsons'k\_l1974) cr,iticism of the genal sub—genal theory is that

"It does not explain the position of the Ioromaxlllary cleft in such Homoptera

. as the Cicadidae. The sequence diagrammed in Fig. 8 would produce a head in
which the mandibular plates would be broadly. contiruous with the .
dorso—iateral part of the head capsule and ¢hus appear to be ventral .
extensions of the gena. This is the condition in Coccdidea.. and in. Heteroptera

In many Homoptera, however, the mandibular plate is separated from

the genal region by the loromaxillary cleft:.. » whose dorsalend (C) hes on, or

~ immediately Jateral to, the edge of the postclypeus oE R

If one looks-at first instar larvae of A/. fasc;frons the Ioromaxlllary cleft is not complete ‘

and the mandibular plate appears to be a ventral extenslon of the gena These clefts are _.'

secondary strenghthenmgs forming pantially from fuslon between the mendlbular and

maxlllary lobes and wnth a later extensnon of this cleft to the clypeal boundary

The stylets are homolpgous with the mandlbles and maxnllary laciniae of biting and
chewmg insects and their marlner of formatlon is generally accepted Some small details

vary. Newcomer (1948) for xample stated that cells of the stylet degenerate after

. their cuticle is secreted and that their- coadaptatlons do not form untll after hatchmg

¥

.

145 -



S

146

" while Pesson believed that coadaptatlons formed earlier, after retractuon of the stylet

anlagen by

" ou bien que la paroi atriale de forgan’ retortlform placee en regard de la
face sculptee du stylet ... a exece sur celun ci un role morphogenetique
inducteur.”, -

Pesson (1944)‘also found that the cells of each stylet anlage ratracted into the head to

‘form a retort organ, leaving the secreted stylet behind.

This stage of stylet ontogeny is easy to observe in embryos M. fascifrons

because these insects have short stylets which do not coil.in the head but curve, slightly '

- at their proximal ends (Fig. 10 1. TEM pr-ovides the resolution necessary to study

formation of coadaptations. In the early grolarva, as the cells of each stylet anlage
retract the surface of |ts upper layer of cells assumes the shape of the coadaptatuon lco)
and secretes larval cuticle over this template (Flgs 108, 133 134).

All stylets are innervated and nerves can be seen entering their anlagen as soon as
neuropile appears in ganglla of the CNS. Ploneer neurons may grow proxlmally from the
tips of the appendages early in their development (Bate, 1976) but these have not been
observed. Ag the cells retract, they carry with them the sensory cell bodies and their
dendrites of these cells elongate progressuvely v

- As the bases of the stylet anlagen invaginate into the head, they pull wnth them
surroundlng ectoderm to form the stylet sheaths (Flg 140). Maxallary prnmordaa pull in

ectoderm from the inner walls of the maxullary lobes and that of the kiteral sternum that

forms the hypopharynx (H) (Figs. 141, 142). The heath is, there: . both maxillary and
hypophéryngeal in origin. ‘The mandibular sheath li\alsoc - .
mandibular plate (genal in orig‘in); grows down in front of a jAan
wall forms the outer wall of the sheath (Flg 10 ‘ll The i i ' wall of the sheath is-

hypopharyngeal and, pos‘tbnorly it is maxlllary since it arises from the inner wall of the

maxlllary plate (Mxp) (Fig. 14 1).

Lever cuticle us deposnted by sheath eputhellal cells Cells of each maxnllary sheath
evagmate as a dlvertuculum whuch ‘grows out and contacts the hypopharyngeal wing thw)
(Flg 147). Cells of each mandibular lobe mvaglnate mesually and postenorly to form a
tube in which cuticle of the. mandlbular apodeme is later secreted chg 182). )

Postero-lateral cells of the mandibular plate secrete the cutlcle of the mank lbular ever

e, . . -
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=_.cuticular guide) that l_ater' articulates with the posteriOr end of the:ma_hdibol‘ar apademe
{map) (Figs- 144 145). The distal end of eech mandibolar lever subsequently. articulates
. with that of the apodeme. Companson of my observations on levers and sheaths/ with.
those of others is difficult since prewousagtudues are unclear : |

The hypopharynx is also composite in’ ongln but there are differing views as to
what segments contribute to its formation. Néwcomer (1948) considered the intercalary
. and ‘mandibutar venters to form the hypopharynx while Pesson thought |t came from the
mandibular and maxillary segmehts \ln embryos of M. fasctfrons the intefcalary,
‘mandibular, and maxillary segments form the hypopharynx (H) {Fig. 155). ‘

The labial sternum mvagmates cephalad behind the hypopharynx and some of its -
" cells pull back from the surface to form a cavaty Fig. 1’5) Some of these cells form a
. tube and secrete the cuticle of the _piston, while those. surrounding the cavity, secrete the
cylinder of the salivary syringe (an 156). Heymons (1899) and Muir and Kershaw (19 12)
believed the sallvary syringe to be a modnfled expansion of the salivary duct and
Newcomer (1948) and Pesson (1944) a deravatnve of \the furst and Second maxillary
:'sterna ‘ . o -7
' | cenclude that the maxlllary plate of the hemlpteran head is maxnllary in orlgm and
the mandtbular or Ioral plate, genal. The mandlbular lever and apodeme are also genal
while both the mandubular and maxlllary sheaths are composnte Stylet coadaptations ‘
' form as secretlon of larval cuticle beglns and stylugenous cells later retract into the head.
The' hypopharynx forms from sternal reglons of the mtercalary mandlbular and maxillary
segments and the salvvary syrmge from the lablal sternum Thus information will bt used

later in dlscussmg the evolutlon of the hemnpterond head



+ 6. Selivery Gland Embryogenesis

4

6.1 Introduction. ’ .

Cicadellids and other homopterans have complex panred sallvary glands, each
consustmg of an access:ry gland and a principal gland (Mules 1972) The prmclpal gland:
contains a species specific number of acini. In hemlpterans acini are Ibbes of the -

- salivary gland that are single cells grouped around a common salivary duct. In other ‘
insects, these lobules may have more than one cell. Each type of acinus proeuces and
secretes different substences‘ that have different functions. These include: 'saltvary
enzymes to dige$t plant cell walls, cement to anchor the tip of the Iablum to the substrate ‘
during feedlng, sheath materlal that envelops the stylets whale the lnsect feeds and
lubricants” for the stylet fasncle (Miles, 1972) '

Mules (1972) revnewed salivary secretion in Hemuptera and discussed the -
structure function and evolutnon of the sahvary system Most studies emphasize sahvary
_gland structure the role of salivary. secretvons in‘insect feeding and the effaect they have
on hosts. The glands are also a 5|te of plant vnrus and mycoplasma repllcatnon in specnes
that are vectors of plant d:seases (Mlles 1972) '

Salivary gland development has beenlittle studied in Hemlptera orin Hemlmetabola
but several papers treat that of holometabolous msects mostly of larval glands in various
_ Diptera (Berridge et al., 19786, Slmoes et al, 1977 and Eeken,. 1977) A
In this chapter | descrtbe Iarval sallvary gland structure, ultrastructure and

'embryogenesus in M. fascifrons.

6.2 Observetiens

_6.21 Larval Structure
- Dobroscky. (193 1) descrlbed the sallvary glands of M.fascifrons at the hght ‘
‘ -mncroscope lavel. The followmg descruptlon mcorporates her findings wuth mme and

descrnbes the ultrastructure of each acinus.
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Eachvgla_.nd consists of an accesory gland (ac) and a principal gland (pg) (Fig. 180).
The principal gland has an upper lobe of pinnately arranged cells that Dobroscky .
classified as acini Type 5 and a lower lobe containlng several acinar typ‘e's having'

_ characteristic mclusnons (Flgs 31, 191, The common salivary duct {sd) enters the gland
‘at the junctvon of these two graups, of cells (Fig. 190)

The accessory gland is’ tubular and extends from the serous T ype 5) acini up into
the head (Fig. 190) It consists of a duct which joins the main duct in the serous gland
and ends in a bulb of four cells (Flgs 190) Duct cells have few mltochondrla numerous
'vacuoles (v) contalmng sparse granular materlal, dark |rregular inclusions, and numerous
" vesicles {Fig. 192) |

There are seven pinnately arranged serous cells of ac:m Type 5 (Dobroscky
1831) (Figs. 190, 191, 193). The upper cells have very llttle cytoplasm and stam light
’ pmk wuth Gomorl s trlchome the lower cells stain llght to dark blue (Flg 181). The lower:
'cells contain large |rregularly shaped'.vacuoles and round, mottled mclusnons (Figs. 193,
195, in). Their dense cytoplasm contains free ribosomes ir), rough endoplasmuc retaculum
| (RER), and a few mltochondrla {m) (Flg 195). All cells open mto ducts (1 arrow) whnch ;om
the common sallvary duct (2 arrows) (Flg 193) Duct cell nuclel (nu) are smiall and ovoid
and the cytoplasm of the cells contams numerous mltochondrla dlsorgamzed arrays of
microtubules (mt) and microvilli (mv) and a pruncupal duct (pd) lined with cuticle (Flg 194)
\ The four types of acini in the lovx4er Iobes {Fig. 190) all have characteristic types A
of inclusions and two h:clel per cell (Flgs 191—‘201)
Each Type 1 acinus has six cells arranged in a rosette near the posterior end of
- the salivary gland Figs. 190 181). These are Iong and thin and have round, small nuclei
stalmng blue with Gomori's trichome. Thenr inclusions are strongly PAS&osmve and
‘negatlve results from tests with diastase indicate that these are neutral ‘ .
mucopolysaccharndes and not glycogen. In' TEM sections, the mclusnons {in} are small and
round and have 2 grey, mottled appearance (Figs. 196; 197), Cell cytoplasm contains
‘ Iarge amounts of RER, spmochondrra and free rlbosomes (Flg 197) .
' There are six large Type 2 acinar cells that are packed wnth brllhantly red-\stalmng

mclumons and blunsh cytoplasm {Fig. 191). The two centrally located nuclel (nu) of each

cell are large and round (Figs. 191, 198), Hlsto.chemlcal stalmng indicates that inclusions



Fig. 190 ,Aﬂult:saliVary gland .
scale= 20um o I
Abbreviations; accqsédryq{énd ac),.acini 1,2,3,4,5, (Ty 1,2,3,4,5), principal gland (pg),

salivary duct (sd).
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Fig. 181- 195 Larval salivary gland'

Fig. 191 Frontal sec{tion of adult gland

scale= 50um - ,

Fig. 192 Salivary gland duct cells and inclusions, transverse TEM section

‘scale= .5 un; N - 4

Fig. 193 Acini type and inclusions, transverse TEM section

scale=5um - T : .
Fig. 194 Acini tYpe 5 inclusions, transyerse TEM section

scél_e= B um |

Fig. 195 Salivary duct, transverse TEM section

scale= .5 um

Abbreviations; écini type 1-5 (Ty 1-5), brain (Br), cuticle (cut), duct (d), inci;:.:sions. {in)

~ microtubules (mt) mitochondria.(m), nucleus (nu), rough endopiaémic reticulum (RER).
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’Fig 196-201 Larval salivary gland, TEM's

Fig. 196\\pe 1. and type 2 acini, transverse section '

scale= 5 um . L o £
Fig. 197 Type 1 acini and mclusuons transverse sectnon o

_'scale— Sum .

Fig. 198 Type 3 and type 2 acini, transverse section

- scale=5 um " ; T )

"Flg 199 Type 2 acini and mclusnons transverse set:tion::":‘ |

scale= .5 um - _ ‘

Fig. 200:Type 3 acini and:liriélusions,‘ transverse section ' . . . r
scale= .5.um_ : ’ _'

Fig. 201 Type 4 aciniran"d inclusions; transversesection

scale= .5 um . -

Abbreviations; acini type 1, 2 3 4 (T y 1, Ty 2, Ty 3, Ty 4), an’uswns (in) mitochondria -

{rm), nucleus (nu), rough endoplasmnc reticulum (RER), vesncular endoplasmlc retlculum

(VER).
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. of these cells may be»protemaceous but because of test unreliability it is lmpossuble to I
confirm this. Ultrastructurally the mclus:ons are round, electron- dense and vary in s:ze
(Figs. 198, 199). Cell cytoplasm contalns ‘vacuoles (v) wuth flocculent mcluslons sparse

v_m:toohondna’(m) and parallel arrays of- RER some closely associated w:th the plasma
membrane (arrow in Fig. 189), others lnterspersed throughout the cell (Flg 189). Many of |
the mitochondria are sntuated close t6 unclusmns (th 199)

There are. two Type 3 acmar cells (an 190), one larger than the other and both
with Inght blue cytoplasm, two Iarge nuclel and irregularty shaped mclus:o‘ns (Flgs 191. 7198 .
200). The material.in the mclusnons tests posutlve for carboxylated mucosubstances wsth
Alcian Blue CEC (0.06M) and Aldehyde Fuchsm Alcnan Blue.- The results of these tésts C
vary and are only a rough’ mdlcatlon of what the inclusion might be TEM shoWs o .
zrregularly shaped incllisions of varylng size contanmng a granular greylsh substance (Fug o
188 and 200). There are numergus small mitochondria, short strands of RER fr@_‘_/ ‘
_ribosomes and some golgi (Fig. 200). ' - T
Four broad flat cells that are Type 4 acini (Flg 180) lie in front of the prevnous

acini postenor to Type 5’ serous (Dobroscky 1931) acini {Figs. 190 191) Stained: wcth

Gomori's trichoms, these are purphsh ‘blue, uneven in texture and theur two nuclei are

Iarge and round (Fig. 191) _

No postive reactlon was found in théir cytoplasm for mucopolysaccharldes or

proteins.. Ultrastucturally their inclusions are Iarge lrregular and grey with an mternal .

honeycomb structure (Fig. 201).. Also present are a few round, more darkly stannlng ' .

mclusnons {not illustrated). The cytoplasm contains many mltochondrla?and short strands

of RER, some vesicular (Fug 20 1)

""’6 2.2 Sallvary Gland Embryogenesns o ¢ -‘.- T _ -

Salvvary gland development progresses through formatlon prollleratron and

~

dlfferentlatlon - S n )
After evagination of appendages, lateral ‘ectoderm on either side"of the labial
sternum mvagmates dorsally to. form the two presumptNe sdlivary glands ng) {Fig.-202). /

Each mvagunatvon elongates towards the dorsai surface as a holiow tube (Flg 202).

Ml



an 202-—207 Sahvary glang ombryogenesns , S
| 'Flg 202 Saluvary gland at 30% TDT low- power TEM sectuon'ﬁ : ¢ |
e scale-5um A o ' - \
Flg 203 TEM of sallvary gland cells, transverse sectnon B | : A
N ; Fig 204 Salivary gland at 35% TDT §agmal sectton
scala 10um e ', BRI
Frg 205 Sallvary gland at 45% TDT saglttal sect:on o e . ‘;'
scale 10 urn , : L _ .. :
Flg 266’ TEM of salnvary glmd at 45% TDT transverse sectlon
8 scale-5um IR RE .,.", S -
Flg 207 TEM of sahvary qland cell at 45% TDT transverse sectloﬁ o
scale- 5 um S e .. C a

Abb&watncns, antenor lobe (al) duct (d)p \mntochondm (m) nucleus (nu)
postenor Iobe (pl),. nbosomes (r) salwary gland (Sg) smooth endoplasmnc retnculum (SER)
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TEM show the duct cells (d) expandlng into a sac lFlg 202) Densnty of cell
' cytoplasm varies with posrtlon in the prlmodlum apncal cells (arrow) appearmg darker than
proxnmal cells (2 arrows) ad;acent to the duct Nuclei vary in slze although those of the
duct are smaller. Gland cells form mlcrowlll at their aplces and secrete their product mto
a secondary duct which enters the main dudt (Fig. 202). The mucrovulll form dense

plaques at their tlps and mltochondna of varynng size and shape are dnspersed throughout'

the cytoplasm of the cells There are many free nbosomes llttle ER and poorly defmed

I

cell membranes (arrow) lFlg 203)

Next, the cells of each primodium proli¥grate. At flrst each gland Bpfears as

a bulbous grdup of cells at the apex of its duct d) (Fig. 204), By a4 7 TDT, the ducts'of

each gland prlmodlum fuse medlally to form a mmon salivary ct Gland cells- m each
anlage then dlvnde mto three groups the acce ory anterior (aly and posternor lobes P

'of the prmclpal gland (F‘g 205). ' ' ,
Gland nuclei by 45% TDT ary of varyung size, thos 4 of the posterlor lobe bemg

larger (an 205). The amount of cyt plasm mcreases n each cell and separatlon of cells

/nto acini beglns {Fig. 205). Cells of ea

N

there are: many free rlbosomes a few mltochondrua and some smooth endoplasmlc

acinus hatve two |rregularly shaped nuclen and

retuculum (SER) (Fig. 206) Plaques of cuticle form at the ttps of duct cell macrovulll Fig..
207, '
At the end of katatrepsus mutosus ceases and dlfferentlatlon of gland acini begmsv L

(Fig. 209 and 210) "By 60% TDT accessory lobe: cells (ac) form a tube (Flg 208) :
lnternally, aplcal microvilli with plaques of cutlcle at thenr tips (arrowl project lnto the
lumen of the accessory lobe cells and vesncles lvel wuth :nclusuons are. vuslble wnthnn the
duct lFlg 2] 1. Mltochondrla {m), are. located close to the mlcrowllar border lFlg 21 1)
'and the. huclei of the cells are |rregularly shaped (not ﬂlustratedl Vacuoles (va) contalmng "
granular 1ncluslons ‘are present in the cytoplasm of the. acmar cells and there are many
free nbosomes .some smooth EFl *(SER) and golgu (gl lFlg 2 ‘l 2, 213) The gland is

‘. lrregular in shape and a flocculent matenal sur(“unds lt probably a precursor of the -
basement membrane Fig. 2 10 arrow) ‘ P ;

At thls time; ultrastructure of cells of the anterlor and posterror lobes lS sm'nlar

" fCell nuclel are |rregularly shaped and larger than those of accessory and duct cells (Flg

e



' Fig. ; -268;-2 13 Salivary gland élribryog'ensis
Flg 208 Accessory glanthransverse sactlon
scale— 5.um '
Fig. 209 Sallvary gland 55% TDT, transverse sectlon
scale= 5 um
 Fig. 2 10 TEM of sallvary gland at 55% TDT transverse sectaon
| scale= 2 um
Fig. 211 TEM of salavary duct cells at 55% TOT begmnmg to secrete cutlculm -at the tlps
of their apical microwitli ’
scale-Sum , ' : :‘ | - L : i,,.
N Flg 212 TEM of saltvary gland cell cytoplasm | |
ecale— 5 um. B
Flg 213 TEM of sallvary gland cell cytoplasm . 1

'scale— 5um - C T et

- Abbreviations; accessory gland (ac). acini la) duct ldl mltochondna lml

.- nucleus (nu) pnnclpal gland (pgl rnbosomes {r). smooth endoplasmac retuculum lSERL,
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210). The cytoplasm of the cells contalns few mltochondrla free ‘nbosomes (r) some

“smooth ER-and- occaslonal lipoid droplets llp) The cells abut on duct cells that bear apical

- mlCl’OVllll secreting cuticle into the Iumen of the duct Cytoplasm of the duct cells ls .

" complex and contains many mltochondrla RER golgl (@ and mlcrotubules (Flg 21 ‘l)

By 70% TDT, sallvary gland nuclel reach thelr final snze antenor lobe cells assume
a plnnate conflguratlon and the posterlor acini elongate (Fig. 214) Inclusions’ are not
~ visible under the hght mlcroscope at this-stage.
' " The first mclusnons to be stained by Gomorl s trlchome appear at 75% TDT as
green globules in Type 2.acini (Fig. 215 arrow) Type 3 aclm the largest cells ln the
insects body continue to lengthen ' 4 ' '

At thls stage TEM studles of- accessory gland cells show roun&belectron dense o

droplets to be present in thelr cytoplasm and numerous mltochondrla along the aplcal

microvillar border (Fig. 2 16) There is an lncrease in RER, addltlonal vacuoles and fewer o .

free rlbosomes {hot- lllustrated) Sallvary duct cells are lined wuth cuticle and in their -
cytoplasm are numerous mltochondrla long strands of ER and veslcles lnot lllustrated) In
.the acinar cytoplasm there are-%re mltochondrla that often appear ln groups long
strands of ER, some free rlbosomes and .a few l|p0|d droplets (Flg 21 7 218).

- By 80% TDT, each Type 3 acinus is long and its structure resembles that of the - |
larva (Fig. 220). Type 2 acinar inclusions. stam both red and green with Gomorl s trlchome
‘and are more numerous than earlner Type 1 acml are PAS posntlve as is the accessory
gland and parts of the commdn sallvary duct Sllghtly later mclusnons in 'H/pe 2 acini stain
red and pack each cell. Ultrastructurallyfﬁe 2 aclnar cells have RER formed: m parallel
arrays next to plasma membranes (Flg 21, arrow), and shorter strands throughout the
cytoplasrn lFlg 22 1). There are also numerous mltochondrla round, electron-dense
mclusnons of varlous slzes and groups of veslcles in the cytoplasm (Fig. 222). in other
aclnar cells mclus:ons are being- packaged by the golgi lFlg 222 223). Cells of the |
common salsvary duct surround a cutlcle-lihed lumen and their cytoplasm contalns
_ numerous free nbosomes and mltochondna Duct cell membranes are deeply mfolded

Fig 224) | e ' o
' lﬁlrmg the last 10% TDT gland aclnl assume the stalnmg propertles of the larval

sallvary glands and mclusnons appear |n Types 3. 4 and 5 acmar cells Just before -

.8
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Fig. 214-219 Salivary gland embryogenesis -
“rig 214 Salivary ;,Ianc~of Early prolarva:
scale= 10 um |

Fig. 215 Sathivary gland at 75% TDT showmg develcpmg mclus:ons

scale- 10um o
a Fig 216 TEM of accessory gland

scale— Sum. . - . 4
, Fig.. 217 TEM of acinar calls .
L } o 3
scale— 1 um W
. . N - , . G
an 218‘l’EMofacvnarcells y B .
o scale- 5 um : |

. Fig. 219 TEM of 2 acinar cells SR
sgale— 5—0&% T (_" ‘ e

. Abbrevnat:ons accessory gland (ac) acini 1-5 (Ty 1-5), duct (d)
mltochondna (m) nucleus (nu) rnbosomes ir), rough endoplasmnc retlculum (RER)'

. smooth endoplasmuc retlcuium (SER) vesucular endoplasmic retnculum (VER)
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Fig. 220- 224 Sallvary gland embryogenesns
Fig. 220 Late prolarva sallvary gland -
scale= 20 um
 Big. 221. Iype 2.acini .
. -scale- 5 um '
“Fig. 222 Type 2 acini
Ascaile= Bum ’ .
‘ Fig. 223 Developing i}wclusions in acini
scale= :5 um -
Fig. 224 Salivary Qland duct cells
scale= .5 um )
Fig. 225 Sallvary gland duct cells

scale= 5um 4.

Abbreviatidns' acunl 1-5 (T y 1~ 5) developmg mclumons {din), duct
(), golgi g), mclus»ons (in), mltochondm}' (m), nucleus (nu) nbosomes ), rough ’_

endoplasmlc rettculum (RER) smooth endoplasmlc ratnculum (SER)
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hatchlng the upper anterior Iobe cells ‘become vacuolate and the gland resembles that of

" the first instar Iarva (Flg 220)

6.3 Discussion -

. 6.3.1Larval Structure .
Comparmg the ultrastructure of larval and adult glands in hompterans. |s dlffacult
because only those of Myzus persicae have. been exammed (Moericke and
Wolftharth- _Botterman 19604, b). Below I consider secretions and probable functions
of gland aclni | |
Salivary Secretlons in hemnpterans have been characterlzed by hnstochemlcal and
bnochemucal tests (Mules 1960).. The latter- proylde reliable- ewdence of what is present in
hemlpteran sallva Hls;toc'hemlcal technlques are less rellablp and locallzatlon of the
] _ - varnous secretlons is difficult R ,
. Most hemipterans produce two sahvary components sheath materlal and watery
saluva {Miles, 1959). Although not all bugs secrete sahvary sheaths, M. fascvfrOns does as
|t feeds -Sheath material is prlmarlly protelnaceous and contains about 10% phosphollpud
Con ;ugated carbohydrate and oxldlzmg enzymes are secreted wuth lt Watery saliva '
contalns mucoprotem and various enzymes (Miles; 1960). The number of enzymes '
present varies and has not been determinad for M. fascﬂrons Saliva qf Empoasca fabae ‘ '.
‘has amylase ohgesaccharases and a protdmase (Berlin and Hlbbs 1963) and that of M. )
_ fasczfrons _may be_'unhar , v o f :
* By, studymg the hlstocheztnc‘.a"l propertles and ultrastructure of acini and thelr
lncluslons it |s possnble to speculate on their role in sahvary secretlon - 4
‘. ' lnclusuons of Type 1 &cini stain’ strongly with PAS Because the. granules were
g 1 f_:, shown not to be glycogen they may be elther neutral mucopolysacchande or llpc;-pbr—;teln <
.’-!v : P

v.
o -*‘LA
i."

If llpoproteln they could ‘contribute to. formatlon of sheath: rnaterlal I neutral
muc‘:opolysacchande they could qombine with protemaceous mclusnons to form the ’

mﬁcoprotem of watery saliva, Because the pH of sheath. materlal is close to neutral and

,\yﬁ .that of watery saliva alkaline and because the pH of the prlnplpal gland and ltJ Type 1

@. ;L : acini is close to nautral, its mclus:ons are probably neutral polysacchandes Posmve
4, i) ‘J‘ : . .

:*‘ S et T
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‘stalmng for tryptophan suggests that Type 2 acini have protelnaceous inclusions, and that

their secrations: ‘contribute to formatlon of the salivary sheath Miles (1960), shewed that

sahvary sheath materlal contains a trace of tryptophan ,

Type 3 acini appear to stam for carboxylated mucosubstances but their role is-

)
-

unk-nown

7

- - Types 4 and 5 acini do not stain posmvely for protems ar mucopolysaccherldes

Occurrence of vesicular and short stranded RER i in the cytoplasm. of Typemmﬁ

indicate that the in¢lusions are enzymes that are either the hydrolyznng enzymes found in

‘watery sallva or the oxndlznng enzymes of the sheath ma rlal of this lnsect (Dalley and

4 Crang 1878). Dobroscky {1931) suggested that Type-

acini produce a watqu

'secretlon _TEM and hlstochemlcal examlnatlon of the glandular inclusions in m. fascrfrons

-«

do not give any indication of their role Furthur histochemical and blochemlcal study is ~
reqwred to determine the: nature of these mclusnons o -

Duct cells contam numerous mltochondrla and mlcrotubules the former: provudmg
energy to move secretlons the latter functlonlng in transport of rnaterlals through cells
(Threadgold, 1976). . ’ '

6.3.2 Embryc;g.e::esis _

There is Ilttle detanled anformatlon on sahvary gland development in |
hemlmetabolous insects. Exlstlng studles merely summarize their origin from labial
gctoderm. Detailed studies on postembryomc development of sahvary glands in Duptera
do exist byt these glands are tubular not acmar as in M. fasci frons

Undlfferentlatned sahvary gland cells in M fasc:frons contaln free nbosomes

sparse mltochondna and a few lipoid- droplets They orlglnate by lateral invagination of

. Iablal sternal ectoderm and proliferate to yteld the cells prasent m the 'larval glands

During cellular prohferathn the pnncupal need- of the cells is for structural protelns

produced on polynbosomes (F’awcett 1981). Mltochondna and lipids may. provude the

energy source required for protem synthesns (Fawcett, - 1881}
8

Prollferatlon ceases and dlfferentlatlon begms after katatrepsns Cells of the
primordia become more: complex the number of golgl and mltochondna lncreases and

some ER appears Blebbmg of the nucleay membrane apparently forms ER golgl and
— .
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plasma membrane materlal (Tl hreadgold 1976) Polyrlbosornes though less numerous
are stlll present and presumably contlnue to produce structural proteins as the cells

contmue to develop { wcett 1981) Addltlonal mlt‘ochondna and liRid droplets provide

" mors energy. for syn sis of organelles and secretlon products (Fawcett 1981). Later,

the golgi package the secretory products (Figs. 22-2 223)

By the early prolarva, the saluvary gland duct has a cuticular mtlma and its cells
contain many mitoch ndrla in close association wnth their microviliar luminal border; their’
" basal membrane is in oluted with more RER. Mltochondrla that provide energy and

| ;mlcrotubules that transpoxt materials in the cell form subaplcally .
At this stage accessory gland cells contam more numerous mltochondna and
_RER, mvolved in formation of secretory droplets occurs in these. cells.

>+ ' Principal gland acmar cells of the. -early prolal’va do not actively syntheslze -
secretory products but produce organelles that Iater are lnvolved in synthesus In thelr \\_7
cytoplasm there are Iong strands of RER, addltlonal mltochondrra and golgn in the fate
pralarva, gland acini begm to secrete thelr products and thelr cells contam long strands
of RER formmg parallel arrays or short strands or vesucles dependmg on type of
secretion; ' ' ' ‘



7. General Discussion

7. Hntroductlon . ) _ _ ) /
Lltis accepted that hemupterans wrth thenr plercnng and suckmg m0uthparts
evolved from a bltmg and chewing ancestor (Evans 1938 Parsons, 1964; Hamilton,

1981) This mvolved major modlficatlons of exrstmg and development of' new, -

‘ .mouthpart structures

A discussion of h'e'mipte,ran mouthparlt evolution must consider changes in'the

‘.follomng structures 1. clypeo—labrum; 2. mandibular and maxnllary stylets and. their

Ievers and stylet sacs; 3. mandibular plates 4. maxillary plates; 5. Iabuum 6 tentorium;
7 cnbaruum 8. hyf)opharynx and salivary syringe and a development of entognathy.

-in the followmg dlscussmn, l deal with each of the above, discuss the theorles on

' thenr evolutuon and Iook at exlstlng embryologncal evndence applicable to these theorues

"y

7.2 Ciypeo labrum

bl

Homology of the Iarge medlan sclepte in the heads of hemlpterocds is a

. much—-debated |ssue Varlous names are used for thus sclente (usuauy dnvxded into 3) and

' arons (Matsuda 1965 Hamnlton 1981) an enlarged
" a.clypeu Jonned with a r:&\ced frons (Evans, 1946

Snodgrass (1935) deflned the clypeus as @ L o ' . -

L4

- . ©

.

© "the. facnal area of the cramum just.above the Iabrum usually separated from R

~and postclypeus“ L) - S,

the trons by an eplstomal suture and somettmes dlwded into an, ante_clypeus

S

- . This defmntion does not cever all pOSSIbllltles and he used addltnonal characters such as'.

L s——

'muscle msert«ons and the posltson of the anteraor tentonal prts to help deflne the clypeus

’ -

e b (T

.
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- Fig. 226 Head of orthopteran insect - :
- (after Sncd_grass, 1935)
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N e
o Accordlng to Snodgrass l1936l'muscles orugunatlng on the clypeus are clbanal dllators

4
because thelr :nsertlons are on the cnbaru.’n. The food pump |s the clbarnum smce it lies -
. anterior to. tt1e frontal ganghon which marks the begmnlng of the pharynx ‘ '

Evans (14938), Duporte (1956), vParsons (1964) and Puchkove (1970) calied-the -

median sclerite the fronto—clypeuqut Evans (1946) gave no morphological evidence for

consnderlng this plate a union-of the frons and clypeus. He dld postulate that the whole .

. structure might represent .

"the primitive prostomlum and the eplstomlal suture is a second y fold which
developed in the first place as a direct result.of the acquusntnon f the anterior
' artlculatlons of the mandibles.”. , o

A s
2 . -~

In hemlpter,ans, he felt the structure resulted from a

' ”backwards development of the clypeus which is accompanled by a reduction
in the size of the frons.. a diregt result of the backward pressure of the
dilator nuscles of the sucking pump, together with those of the mandlbular—‘
tentorial protractor muscle.". .

Duporte ( 1962) dlsagreed with Snodgrass use of ‘muscle §rigins and posmon of
the anterlor tentonal pits to delineate betwlaen frons and clypeud: He pomted out that
musqles can shlft their- polnts of orlgtn and that the anterior tentonal pits do not always
lie on the fronto-clypeal suture He descnbed examples of the pits moving their

posmon, but stated thgt

£, apart from these, their posutlon seems to be flxed They do therefore mark
 the position of the fronto—clypeal suture, not because they lie in it, but -
because a line drawn through them, or through their ventral ends if they. are
vertically elongated, marks the boundary between the frons and clypeus, and
can be used to identify these regions onthe faee in the absence of a suture.”.

He then used this Cl’lth‘lOn to ‘identify the limits of the- frons and clypeus in the c1cada
and concluded "the plate therefore isa fronto clypeus in which the“frons is greatly
_shortened’ whule the postclypeus is elongated.”. ’

Parsons (1964) followed Duporte (1962) and called the median sclerlte the
fronto-clypeus Puchkova (1970) also adopted thlS term though her reasons were not
clearly stated All.three felt that durmg hemlpteran evolutnon the clypeus elongated and
the frons became reduced lDuporte 19657’;;;% 1964; Puchkova 1970) Smgh '
(197 1) favoured the view that this splerlte is the fronto— clypeus but did not glve )

. \
'reasons : RS . . : v

S



o ,(Hetd’optera Reduviidae) Muir and Kershaw 1811b), Oncope/tus fasciatus (Heteroptera ~

-

Matsuda (1965) considered the median sclerlte to be the frons He belleved that

since the plate is not pre oral it cannot be clypeal He)concluded that Snodgrass crlterla

are not rellable ‘and that
i |
"in the absence of absolutely reliable criteria, the dlstlnctlons between the
pre-oral clypeus and post— oral frons in hlgher msectsqs often: merely
‘hypothetical'.”. ‘
IS L L
Hamllton (1981) agreed. wnth Matsuda'and consndered the median sclerlte to b

.n,',

Jrons. He felt that the cnbarual muscles were not homologous with the clypeal dllat 4

the eplpharynx (as did Snodgrass 1927, and Matsuda 1965) but "are more similar to the
’fronto—pharyngeal muscles' of Mlcropterygldae During hemipteroid (this mcludes the

Psocoptera, Pthuraptera Thysanoptera and Hemlptera) evolutnon these muscles enlarged
and shifted their msertlons to the mouth and resulted in an enlarged frons to accomodate

these muscles (Hamllton 1981).

e ~

Embryonnc development of the clypeo\ labral reglon may provide some mslght
into the homology of gis sclerlte The clypeo-labrum of insects develops either as a
bnlobed or smgle lo%ﬁ structure above the stomodeum (Folsom, 1900 Rempel and
Church 1971 Counce 1972). In the Acercarlda itis not consistently bilobed or smgle

’

lobed. It develops asa bllobed structure in embryos of Pr/sthesancus papuensw

Lygaeldae) (Newcomer 19438, and Oxyrhach/s tarandus (Homoptera MembraCldae)
(Smgh 18971), and is single~lobed in those of L/poscells d/vergens (Psocoptera
Liposcelidae) (Goss, 1953) Hap/othr/ps verbasc‘/ (Thysanoptera Phlaeothrnpldael {Heming,
1980), Siphanta acuta (Homoptera Fulgoroidea) (Muir and Kershaw, 191 2) and ‘
Macroste/es fasc1 frons (Homoptera Clcadellldae) If the clypeo labrum is bilobed, it

' eventually coalesces into a single structure which unfolds caudally durlng development to

form the frontal sclerlte

In more prnmltuve insects, the median' sclente develops ina m& sumllar to that

described by Folsom (1900) for the collembolan Apur/da.mar/t/ma

"the labrum (really clypeo labrum) is a median. hemlspherlcal papllla .at no
period does it give evidence of a paired origin..at stage 5 the labrum is N
decidedly longer The basal part represents the clypeus.”. :

“He revsewed the development of this structure ln other msects and arthropods and
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4 among lns,ects then ‘the labrum and clypeus develop from a medlan
evagmatlon between the procephalnc lobes o s
N lt appears, therefo"re that the medlan evagmatnon should properly be: called the ‘ _
clypeo—labrum as mdlcated by Folsom (1900) whlle the frons is part of the ‘head capsule R '

. :_ ! ln acercarldans the more anterlor part of the medlan lobe fq‘rms a large bulgmg
' sclerlte (Newcomer 1948 GOSS, 1953; Hemlng, 1980) In embryos of M fasc:frons
" this lobe algo forms the medlan sclerute (Flgs 80 81 84 85 90 93) and the labrum .
|tself grows out as a fmger-lake prq;ectlon after;the lobe has unfolded caudally (Figs. 93
lOB) Athls stage, the unfolded lobe covers the other mouthpart appendages and ltS
antero—dorsal limits are stlll VISIbIG (Figs. 106 120) The area above the creases of the
. unfolded clypeo-labrum is probably the frons o IR ’ o ‘
/ Following katatrepsls the creases are no longer visible and the clypeus and frons |
' have lznerged durmg blastokmetlc movements The sclerlte therefore ls as Duporte L
(Y962), Parsons (1964), Evahs (1946) and. Puchkova (197‘0) presurhed the
fronto clypeus The remalmng structures of this sclente if they develop at all' do not

form until just before {labral f_old) or after hatcl'llng, (transclypeal suture).

7.3 Mandibular an Maxlllary Stylets, Stylat Levars and Stylet Sheaths
h Sty/ets — The stylets of hemlpterans have been homologlzed wuth the mandlblesy -
vand maxillae of blting and chewmg lnsects since the IBBOs Early embryologlcﬂtudnes"
by Heymons (1899) and MUII' and Kershaw (191’1b 1912) clearly showed the mandibular
and maxlllary anlagen of hemlpterans to resemble in thenr early stages, snmllar-aenlagen-m
embryos of bltlng and chewing msects Some resbrchers pomted out that the maxtllary .
stylet is homologous with the lacinial plck of psocopterans dnd that the Psocoptera
Pthlraptera Thysanoptera and Hemlptera are closely related (Heslop—Harnson 1956
< Hemlng 1980; Hamilton, 1981) o ‘ -
Stylet development appears to be sumllar throughout the Hemlptera There are _ |
some reported differences (Pesson 1944 Newcomer 1948) which. may result from L
dlfferences in mterpretatlon due to resolwng power of the techmques used or may be "

< real: B T ' o “
i MW ' . - v
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_ The stylets begnn as paured evaglnatlons of the surface ectoderm of the germ :
.'b:'hd (Heymons 1899) The buds or anlagen elongate; snnk back mto the head and ;
‘eventlIally COII a number of tlmes in embryos of some specnes lPesson 1944
Newcomer 1948) m other embryos they slmply c{:rve caudad (Smgh 1971
M: fascrfrons) o L e

Pesson (1944) and Newcomer ( 1948) studymg embryos of coccnds and O.

. fascmtus respect»vely descrubed stylet development in detaul Accordlng to F’esson

( 1944, epndermal cells of the stylet anlagen secrete the cutncle of the stylet and then

K retract to form the retort organ leavmg a central cavnty |n each stylet Newcomer (1948)

, v:ewed the process shghtly differently. . He descrlbed an area "on the external surface of

the setae..which becomes homogenous and hyahne in texture " Thls reglon |s the

-'forerunner offthe bristle” and dlffer,ntuatuon pl"oceeds from’ the tip proxlmally with:

, anlagen cells dlslntegratlng as this occurs. Smgh (197 1) found stylet primordla in

embryos of the: membracnd 0. tarandus to follow a snmllar developmental path Pesson :

' (1944) described the stylet coadaptatuons formmg in COCCldS after retractlon of

eprdermal cells from stylet cutlcle whnle Newcomer { 1948) felt that they do not form in
.0 fasciatus until the larva hatches. “ '

Sin M. fasc/ frans embryos stylet anlagen cells also secrete the cutlcle of the -

- stylets. in fact, the cells actually secrete three successlve cutlcles the last bemg the .

larval cutlcle Asin coccrds lPesson 1944), the cells retract 1o form the retort organs of o

<

[ the T"st mstar larva leavmg behind unsclerotlzed cutucle | have not observed

dlsmtegratlng cells in the® stylet anlagen as development proceeds TEM tudles show a

coadaptatnons to. form as anlagen cells retract. ' The surface of the anlagen cells act as a .

' mold taknng oh the 'shape of the stylet, wrth the ‘cuticle subsequently bemg deposned

© . around thls Pinet { 1870) observed the same thing when followmg formatlon -of stylet

coadaptatlons durmg metamorphosns in Rhodn/us pro/ /xus TEM studles of developmg
stylets in other hemnpterans will probably show the coadaptatlons to form ina slmllar -
mannier. ' ‘ o -
Sy
tﬁ/er the mandlbular or both mandlbular and maxillary, stylets are mnervated in

hemlpterahs (Forbes, 1966 Forbes and Raine, 1973; Cobben 1878). In M. fascn‘rons

: both stylets are mnervated (Forbes and Rame 1973 In anlagen before- elongatuon, the ’



: cell bodles and axdhs ef thelr sensory neurons are found at thelr tIpS As the anlagen |

-

cells elongate and retract, the cell bOdIOS and axons of these neurons pull back wuth

them trallmg their lengthenlng dendrltes behmd them i ln the pre-cutlcular stylet
# in thysanopterans development of the stylets .IS sllghtly dlfferent

Fd

the cutlcle of eagh stylet is secreted about the surface of an elongate ,
. cytoplasmic matrix extendln caudad from a sungle mass of trlchogen like. . ..
‘ ' secretory cells "..{Heming, 1980) : _ oy -n_
Hemlng (1880) felt MIS dlfferent type of formatlon may be due to "the relatlvely

8 small. sxze and nshortness of the stylets ln the larvae of thls specnes pf thrips.”. . Co

Goss (1953) dld not descrlbe development of the psocoptesan lacmlal forks 50 lt

is |mposs1ble to compare theur development w:th those of other acercarldans %‘,
Sty/et sacs, — Stylet sacs or stylbt sheaths are new structures ansung durlng the
evolutlon of the hermpteran cranlum They are membranous and wrap the stylets and

thelr bases mternally Dlstally both stylets are enclosed in a common sheath Whl|6 . f l

| proximally each has a separate sheath

Snodgrass l1938) and Parsons (1964) wer the only .morphologrsts‘ to dlSCUSS the

gl pec|al developments |n Hemlptera snnce

' :’they are correlated wuth the mvaglnatlon ofthe mandlbular and max:llary bases and wnth

v ..

evolutlon of sheaths K AL

Snodgrass (1938) descrlbed the

the presence of a salwary e Jectlon apparatus "

T Parsons (1964) dealt more: extensuvely w1th thelr formatlon descrlblng thelr o

evolutlon through a ser’ies of stages in Stage 3 a V—shaped cavuty forms betvv_ee_n the ! ‘
q-lamlna maxlllarus and the hypopharynx (Parsons, 1964).. Durung Stage 4; fusion of the
E varlous parts takes place "the atrial cavnty dorsally divides into separate sacs and
A,'~ventrally it remalns a common one aw "the atrial walls becofne- ‘very closely~apphed to ]
the body of the stylets these parts: of " the sacs are membrano.us ". Part of the sacs are . !
sclerotized, the-parts of the hypopharyngeal wnngs whlch form "the medlal walls of the
'maxlllary sacs” (Parsons 1964). L S L | N

Only a few embryologlcal studles deal wnth formatlon of the sacs. Mellanby
(1936) callet:l them "pocket Ilke mvaglnatlons” and descrlbed each stylet as havnng its
own pocket and a- common pocket In 0. fasc/atus embryos the common sac is formed i

as the stylet anlagen mvaglnate mto the head pulling with them the attached epldermls
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v

,segments they come

cephalad lnto the head the stylet sheaths arise.’

arms and descrlbed them as:

lNewg:omer 19218l lnternally they branch to form separate stylet sacs. Newcomer d|d
not dlSCUSS the se_gmental olvgm of the sdcs. s B B e . |

Pesson (1944) desonbed s:mllar events in coccid embryos The stylets mvagmate -
|nto the head formmg their separate sacs whlle dlstally they remam in a COmmqn sac.’

In thrlps lHemmg, 1980) the mandlbular sheath is formed b walls of the labrum :

’ and maxdlary stlpes The maxlllal;y sheath develops from labral hypopharyngeal sttpltal

h

and labial cells. - - . SN S
A " R Smgh ( 197 ll descrlbed the cornmon sheath in embryos of 0 tarandus Aas belng
formed from tl',e hypopharyngeal wung and an extensnon of the maxlllary plate "The N
mvaglnatmg stylets form the separate sacs, .but Slngh (187 1)) dld not mentlon from whnch‘f :
o ) \ o . .
i M%/asc'/frons embryos as the sndes bf the head capsule descend ventrally to
cover the mandlbular and maxlllary bases and a the stylet bases and hypopharnyx shift -

e stylets bases slnklng back inté the ?

head pull wnth them surroundlng ectoderm from thelr pleural and_sternal | reglons to form'
thelr separate sacs; The c'pmmon sheath results as Ventral marglhs of the head capsule i
descend ventrally and as the hypopharynx Shlfts cephalad Wlth ;uxtaposutlon of these
parts and secretlon by the epldermal cells of cutlcular membrane the sheaths form.

T Sty/et /evers ~ The evolution of. thin, piercihg stylets within the head capsule

resulted in the loss of artlculatlon of the mandlbles and maxlllae W|th the head capsule

and the leverage thls provnded durmg feedlng New structures the levers, evolved to

provnde the. necessary leverage although not all hemlpterans have level's Rleger (1876)

felt that they were lost -during evolutlon of such specves and that thelr role was
4

transferred to other structures Cobben (1978) bélleved that some heteropterans did riot -

v

requlre levers due to their feeding hablts _
Snodgrass (1938) Parsons l1964) and Hamllton (198 ll have dlscussed the
formation and evolutlon of levers. o e

Snodgrass ( 1938) in- hls dlscusslon of the mandlbular plate also described

formatlon of the mandibular lever. He did notMrs but mandlbular protractor

S R ' S
“proximal extensions of the:}teral walls of the mandibular bases, and '

[



-

‘ofthe hypopharynx e - R s

‘ appendlcular in accord with Hamilton's ( 198 1) hypothesis -

‘. ‘ ] _"‘,z ‘\_/, .* 'V‘ ‘ , l - y - g - .
. ‘4 : . o '

' represent the same areas of the mandnbles as those of bmng msects on whloh
the hypopharyngeal muscles are attached" lSnodgrass 1938) v

o Thls tied in- wuth his hypotMsus that th,e mandlbular or loral plate is an. expanded portlon

[ 3

v ) Parsons ( 1964) agreed wuth Snodgrass that the mandlbular plate was

‘ ‘hypopharyngeal She hypothesuzed that the levers formed from ) fold Iymg between the A
lamlna maxlllarls ("maxlllary plate) and hypopharynx Slnce she consudered the lamma

o maxnllarls to be genal the lever was therefere sub genal' in orlgm The cavuty between |

L%

_ 'the lamlna maxlllans and hypopharynx Parsons calied the atr@l cawty The maxullary lever

s formed from walls of thls cawty towards its distal end, She consldered both levers to

~
‘e

be secondary non—appendi'cular structures . Lt

I-[fmnlton (1981) descrlbed:the mandlbular plate as belng genal anc"the mandlbular

’lever or plllar also as genal, and therefore non-rappendncular He clted Newcomer s
.(1948) work with O. fasciatus embryos as providing eVndence for thls but dld not show :

: -how it did’ so. Accord ing to Hamllton (1981) the maxlllary leveris appendlcular smce itis

formed from a diverticulum’of the setal Qc whuch is Stlpltal in origin.

Embryologlcally, three studnes descnbe formatubn of levers in hemnpterans o

‘(Pea'gon 1944; Newcomer 1948; Smgh 1971) and one in- thysanopterans (Hemmg
is80.. . o

B

) <

“Pesson (1944) concluded from his study of coccids that

L . \ . N

"les leviers artlculalres des stylets sont des formations secondalrbs pouvant
etre considerees comme des pleurites. t'apophyse dorso-ventrale..est
comparable par ses rapports anatomlques a la suture subgenale des autres . .
Pterygotes

- .

Parsops (1964) used thls ewdence to support her hypotheses on the origin of the. levers.

" ' Newcomer (1948) descnbed formatnon of the levers in O: fasc1atus embryos

differently: - -
. : s

L)

" "The mandlbular lever is secreté‘d by the walls. of the mandlbular setal sac’ after
~ hatching..[while} the maxullary Iever is elaborated by & spec1al diverticulum of
~ the maxillary setal sac.”

Heming (1980) found in thrips embryos that the levers are secreted "from the
walls of their respectlve sheaths”. Therefore the' mandlbul’ar lever is labral and the

maxlllary Iever stipital. . The mandlbular lever is thus non—appenducular and the maxlllary -



. ;uxtaposltlon of parts lnterpretatlon of hlstologlcal studles is dlfflcult /o

R

AR J . . n el et

Slngh (1971) did not descrlbe lever formatlon in Q. tatandus embryos ‘since they SN N

S R '.a.‘
. f LN

: develop after hatchmg . o . o .
“In embryos of M fasc/fr;r;%ver development is as descr’ bed by Newcomer
v‘ __ lé94e) for. those of 0 fasciatus, except that ln the lat‘ter the cells secrete precutlcular

... Mmaterial which lnkely sclerotlzes as the msect hatches whnle ln the former the levers are

o ’fully formed In M fasc/frons the mandlbular Iever is: genal in orlgm and the maxnllary

S MR LI
lever is, as in l:hrlps stlpltal S S

The absence of the mandibular plate |n thrlps accounts for the dlfference m orlgm

 of the mandlbular lever in. thrlps and hemlpterans In each the structure nearest the

mandlble (mandlbular plate in Hemlptera and Iabruln in Thysanoptera) contnbutes to. the

f_ ‘

- [

. formation ot the Ieverr

o The dlfferehce between coccuds and other hemlpterans may be real or due to
g mlsmterpretatuon by Pesson ( 1944) of tHe orlgm of the two external plates and therefore -
of the levers. + - o N
'7 4 Mendlbular Plates .
The mandlbular and maxlllary plates are the most controverslal structures of the \ R -
hemipteran head Whlle ongm of the maxullary Plate is fairly well agreed upon, the orlgm e
of the mandlbular plate is still. unclear and has generated much dlscusswn (Sncfdgrass

1938 Pessoe 1944; Parsons 1964, 1974 Puchkova 1970 Hamllton 19811

2. The plates have been descrlbed as clypeal (Evans, 1938 Spooner 1938), .
hypopharyngeal (Snodgrass, 1838; Duporte 1962; Parsons 1964 1974)’ mamdlbular
’ (Heslop Harrlson 1956 Singh, 197 1), or genal lPuchkova 1970 Hamllton 1?81)

- Parsons ( 1974) provided a comprehenslve review. of the varlous theories and, evaluated oL
each. She favored the hypopharyngeal theory smce accordmg to her lt |s thé slmplest
although she also agreed that the genal subgenal theory had good support lfw the most
recent Paper on the subject, Hamilton (1981) favored the genal theory., althopgh his

'ewdence is not made entlrely clear R o . S ‘

.

Embryologlcal studles have not helped a great deal in solvmg thls cdntroversy Ty

Q o /

—



N i,segmentbut were "lateral developments of the clypeal reglon . Pesson (19t4) descrlbed \

thetmas formlng from "replls prlmordlaux“ whnch semblent correspondle aux reglons _' :

B Jpleurals des segm ts gnathauk " Newcomer l1948l thought they were of dual orlgln

h part from the head \surface and part from the mandlbular and maxlllary segments Slngla

g (197,1) descrlbed them as formlng from an "outpouchmg of the ectodermal Wall of the '." ‘

e,

""'man@dlbular appendage at its latero-fbasal portlon" and therefore of mandlbular orlgln .

In embryos of M‘fasufrons I have never observed mandﬂ:ular anlagen K

. su7vndmg or formung an outpouchmg Thls is ceadlly ewdent by observvng 40 45% -

TD embryo" by SEN (Figs. 24 25 84)6ect|ons show that ths plate develops asa -

: ventral growth o bad capsule from tHe gena (Flgs 99 100). By comparmg Snngh'

way in both embryos

~

- The mandlbular plate in M. fasci frans lS gey\al in orlgm m agreement wnth the

hypotheses of Puchkova (1970) and Hamllton (1981) lbelleVe that lf sectloned materlal

of other hemlpterans lS reevaluated and SEM studles done that the plate would prove to

" be genal in or|g|n in these as well
. | “

7.5 Maxillary Plate . Sl _
The orlgln of the maxlllary plate was, at one tlme also controversnal However it
: ls how generally accepted that'it is at least partlally maxnlary in orlgm - o

Heymons 1 899) MUII' and Kershan 191 1b 19 l 2) and Newcomer (1948l all

,descrnbed the subdavlslon of each maxlllary appendage lnto mner and outer lobes early m‘

' embryogenesus Pesson A 1944) dlsputed thls statlng that thas observatlon wasan .
“ .artlfact and that the plate was formed from’ pleura of the gnathal segment Parsons’

(1964) accepted Pesson s view and used it to substantlate her hypothesls on the

} 'evolutlon of the hemlpteran cramum Puchkéva { 1970) also thought the maxlllary plate to

-be genal




. apposed maxlllary stylets

o 182
t‘;

0 Hemlng s (1980) recent study on embryos ‘of thnps and my own on M fasc1frons

conflrm earller workers oplmon that the maxullary appgndages subdnvude In- : -

4

M. fasclfrans the puter lobe merges wnth the gena and the limitd of the maxlllery portlon '

V!

are obscured lts upper reglon may be the pomt were the maxlllary pore sensolla develop

“ .-,Slngh (197 1) flescnbed the plate as formmg as an outpouchlng of each appendage but 1t

, 'fls llkely that SEM study would reveal that’ these anlagen develop as |n M fasmfrans

: .- . e e By
embryos A S . g ‘

. PR

7.6 Hypopherynx and Salivery Pump _
Evolutlon of a plercmg and sucklng feedlng mechamsm necessutated the reshaplng

of the sallvarlum into a pumplng devnce to dellver sallva mto the- sallvary canal of the"

' ' o

Muir and Kershaw l191 1b) descrlbed the sallvary pump as formlng from the -

4

~ common afferent duct and Snodgrass (1938) as the mOdlled sallvarlum of bltmg and

chewmg insects. ) o 4’-7‘ o
’ Parsons (1983}, descnblng lts evolutlon felt that |ts anterlor ‘walls vyere o
hypopharyngeal and its postenor wall formed from the base of the prementum ln: »
Stages 1 and 2, the sahvarlum remauned like that of bltlng and chewmg msects However

by. Stage 3 its sndes had fused laterally The con;xmon salwary duct formed the afferent

-orifice of the pump and the efferent duct formed seconderlly from a fold in the

hypopharynx in front of the pump In embryos of M fasc'/frons the sallvary pump forms

- from an mvagmatlon of surface ectoderm on the venter of the Iablal segment A rosette

‘“"of cells retreats from the surface .and secretes the cutlcle of the syringe and plston of

-~ the sallvary syrlnge As wuth the stylets the cells assume the shape of the cylnnder and

-plston and then secrete cutlcle

. Embryologlcal evudence supports Parsons’ hypothesus except for*dnfferences in
mterpretatlon pf whnch segments contnbute.to its formatlon Accordmg to Parsons
(1963) the plston is. formed from the hypopharynx In embryos of 0 fasc/atus

Newcomer (1948) stated that the sallvary pump forms from "an mvaglnatlon upcn the

.'combmed venters of the mtercalary, mandlbular and first maxlllary segments hear the P

_Ievel of the flrst maxillae.”. whlle the hypopharynx forms from the venter of the

-



Yoo W ies

' ':-?'mandlbular and: mtert:alary segments Smgh (‘1 97 l) reported the hypopharynx of

0 tarandus embry/os to- form from the the venters of the antennal mandlbular and part .

e

of the‘ maxlllary segments The sallvary pump develops from an mvagmatnon on‘the

venter of th‘e maxlllary and lablal segments RS

,‘l.

In embryos of M fasc:frans, the anterlor part of the hypopharynx Nae

free lobe forms from the venters of the mtercatarygand mandlbular segment .

-

7.7 Labium

s ' The labuum or rostrum of hemuﬁerans is’ homologous W|th the fused second
maxlllae of bltmg and chewmg msects Qurmg evolutlon of the group, it has become ‘ 9- o

- consnderabl.v snmpllfled compared to that of other insects. It is dlfflcult to homologlze

-

the segments of the hemspteran Iabmm w1th those of. the lablum of more specuallzed

tnsects lt develops from, two two anlagen behnnd the flrst.maxullae which elongate and fuse -
mesually durmg subsequent development to only superfmlally resemble the labnum of
biting. and chewmg msects Only a few morphologlsts (Matsuda 1965) and embryologlsts
(Heymons 1899) have, attempted to homologlze the labial’ segments Accordmg to
Heymons(1899) o St - '

£y

‘ ’d|e Stammgheder durften wahrschelnhch die beiden Basalglleder (7 und.
2. Glied) des Labiums gebildet haben, welche wahrscheinlich dem Submentum .
und Mentum an der Unterlippe anderer insekten entsprechen. ‘Aus den Laden .
sind dagegert die beiden distalen.. Endglleder des Rhynchoteniabiums '
hervorgegangen, welche sich mit der ubgalea und den unteremander .
. verwachsenen Laden verglelchen lassen durften ", S : ,
Matsuda (1965) felt that the furst segment was premental and that the dlstal ones
\ represented the fused labial palpl He admltted that there was no evudence for thts other
than comparuson of-labia with representatlves of such groups as the Siphonaptera and
Dlptera ' ‘ ' } _
e - Smgh (197 1) accepted Heymons views. "Singh descrlbed four segments whlle
| | most workers have decribed three Apparently he conSIdered the lip- of the 'flrst’

| ,segment ofoother workers to be the: base of segment one, and the rest of the 'flrst‘

-
LA a

segment to be segment two. . »
In thrips, palp‘ i are still present on the final segment of the lablurn (Hernmg 1978).
If |t is assumed that the palpl became reduced and ultlmately lost rather than enlarged and

-y T e



fUSed las Matsuda ( 1965) belleved) then the ultlmate segment of the lablum of thrlps and

. " homopterans may be consldered homolog'ous lt may represent the fused glossae and

- paraglossae lHemlng 1978) The segments of a 3'segmented Iabnum would thus be \
o homologous wnth tﬁe prementum and postmentum of other mseCts as Heymons (1 899)
. stated although his’ termuhology dnffered ‘ R S

'Fhls is pure speculatlon and, unless an: Jntermedxate stage is found between the :

i _hemlpteran and thysanopteran condmons |t must remaln so.

78Tentorlum I o v

: '- The hemlpteran tentorlum is often absent or reduced It lS completely absent i all

" .known Heteroptera, but vanes in form in known Homoptera m whlch members of more

" . advanced families have a reduced tentorlum Puchkova (1970) felt that thls resulted from
loss of the gnawmg functlon of the mouthparts S o I ..f ok
Matsuda (1965) dlSOUSSBd the evolutlon .of the lnsect tentonum and Sungh (197 1) :
. and Hamllton (198 1) emphaelzed the amount of varlatlon that exists.. RO
. Thg. anterlor tentonal plts are used to delmeate the level of the mouth (Parsons
1964) and the posmon of the frons and clypeus (Snodgrass 1935 Duporte 1962)
-Duporte { 1962) dlsagreed wsth SnodgraSs use of the plts to mark the beglnnlng of the

eplstomal suture pblntlng out that thelr posutlon was not constant Duporte felt that as

the large frontal plate enlarged during the Course of evoluttonary change the posltlon of

the antenor tentorlal plts mlgrated dorsally As homopterans evalved tHe tentorlum was .
reduced and the. anterlor arms: lost thenr connectlons wuth the posterlor tentoraum o

(Hamllton 1981) The antenor and dorsal tentona were dlsplaced dorsally and musoles

normally attached to them attached to the head capsule ’ :
' In M fasC/frons a more derlved c1cadell|d (Evans 1947) the tentorlum conslsts

- ofa transverse bar or postenor tentonum and separate antenor tentonal arms, from '

each of which extends a. dorsal arm N

*

- The. posterlor tentorlal bar runs from the lateral edge of one hypopharyngeal wlng

,)to the other and is a pount ‘of at'tachment for sol'ne of the pharyngeal muscles The

antenor and dorsal arms are dlsplaced dorsally ahd the vehtral tip of each anterlor arm

‘artlculates with the tip of the antennifer. The extrmslc antennal muscles —st:ll orlglnate on

Snt



«the dorsal arms bu‘t the onguns of the mandlbular retractors have shlfted to the cra&um L
'»'ventrad of. the antennae ’ '

,,'r’ I

3
\
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7 9 Clbarium : ;:{'.l':l'_;. e - o . : . - ) o s

femm,

v

- A new structure hlghly characterlstuc of hemlpteronds is the powerful suckvng or
food pump‘ ln more pru'mtlve insects the cubarlum opens to the exterlor anterior to the
true mouth and i is consldered the 'fupctvorial mouth lSnodgrass 1935) ln sucking .
lnsects itis: closed off laterafly on elther slde formmg a ¢losed cavuty that functlons as a
.suckmg pump. T e
. ) Snodgrass (1938) and Parsons (1964) descrlbed formatlon of. the pump durmg
. " {evolutlon slmllarly The hypopharynx and eplpharynx become closely opposed to each

i other and jom on either side. The hypopharynx forms the floor of the’ pump and |
Snodgrass (1938) and Parsons (1964) consndered |t to be homologoue to the sltophore
of other msects ‘The eplpharynx formsthe roof of.the pump and mserted into it are
L powerful muscles dllatlng the pump. Greater development of these muscles resulted ln '
'if'r*development of an enlarged clypeus. - T BN o S .
" Parsons (1964) descrtbed forl'natlon of the pump durlng' evolutlon as occurrlng
i _..‘-through a serles of stages ln Stage 1, the clypeus enlarges and in Stage 2 the .
}I hypopharynx expands on elther ssde to form the mandlbular plates Later in Stage 3 the

) cnbarlum closes off. laterally on elther sude by unlon of ‘the eplpharyngeal and anterior

- but- ventrally is only apposed w:th the tlp"of the hypopharynx f.ormmg -a free lobe.
Hamllton (1981) agreed w:th Snodgrass l1927) and Parsons (1964) but i

. descended onto the eptpharyngeal r‘ldge Thus accordmg to hlm the first stage in .

. formatlon of the pump was en .rgement of the frons not clypeus Durmg the thnrd
R stage the suckmg purhp |s~formed by mvagmatlon ofl the cubanum Presumably thls -
- _.resultgd in: lateral fusion. of the eplpharynx and hypopharynx although he dld not state
thls T . .; . S "“0, R .

h Embryologlcal evndence supports the hypotheses of Sno’dgrass (133) and o
| . Parsons l1964l The clypeo—labrum whlt‘:h begcns as a lobe above the sto odeum S

RPASR - ' ' I T T

;".,marldlbular (hypopharzypgeal) walls The sucklng pump that s ‘formed is closed proxnmally,~; R

‘ .consldered the cibarial muscles to be fronto—pharyngeal muscles whose lnsertlons had SRR



w186,

unfolds caudally and the other appendages Shlft cephaled After the mandlbular or loral ‘
l plates form,,t the latprel walls of the hypopharynx end eplpharynx fuse to form the
"":sucklng pump (Pesson 1944, Newcomer 1948; Singh, 1971; M fascifrons).

7.10 Entognathy .
Parsons{1864) considered hemlpterans to be entognathous because thelr :
" principal mouthpart. structures are concealed by the rest of the head. Parsons
hypothesized that developrhent of entognathy began in Stage 2 with development of the -
| ‘parietal iobes’ and hence concealment of stylet bases. In Stage 4, the condutlon is.
consolndated by\(us;on of the parietal lobes and hypopharyngeal walls to close the atrial
: cavuty (Parsons, 1b64) . ‘ '
| Hamilton ( lba‘l) descnbed formatlon of the oplsthognathous mouthcone as "3
reductlon in size o}\he preoral structures the labrum, labium and stylets.".
Durung embryogenesus development of entognathy loplsthognathy) occurs in most
hemipterans around the time of katatrepsns The clypeo- labrum uhfolds caudally, the
.‘;‘stylet bases elongate and sink mto the head and the maxillary lobes and decending genal
Iobes form the outer‘plates" (Pesson 1944 Newcomer 1948 Smgh 1971
M fascr frons). The outer plates fuse tb each pther to form the sldes of the mouthcone
: _end' mternally fuse to the hypopharynx to"form the cabarlurh and stylet sgcs. Slmllar
‘ events except for formation of mandibular plates oceur in thrips embryosl(Hemtng T b

1 1980).

"7 11 Conclusuon Evolutlon of the Hemipteran Head ~ _ _ .
© The development and alteration of the structures discussed above that occured

‘“durang evolutlon l—esulted in the development of the very specialized piercing and sucklng

mouthparts of hemnpterond insects. '

L 4

Ixy

As was pomted out bl,l Hemmg (1980)
' comparlson of gnathal development in embryos of lnvestlgated specnes of -
' . Psocoptera {(Goss, 1953). Phthlraptera {Scholzel, 1937, Young, 1953),
Thysanoptera, HomOptera {Pesson, '44; Leggett, in preparation), and
Heteroptera, (Newcomer, '48) provides support f&8r current ideas on

_evolutionary relatlonshnps of the§e taxa and suggests ways.in which their

T

P— i 14



 various kinds of hemipteran mouthparts.

‘ hypdthes:s " greatly reduces the supposed evolutlonary gap between mandibulate and

Y

: embryologlcal data lt.ls also weak because she dld not relate her stages to evolutlonary

relationships existing within the Condylognathlda

.
Croe . . ’f' 4 KIS g - - Y

dlverse mouthparts mlght have evolved A ' -

 He then prowded a summary of events which may have occurred during evolution of the

!

Hamilton (188 1) used comparison of head structure of representative specles' of

these groups fand results of previous, embryological studies to propose a hypothetical

__series of stages whioh led to the BVOIL}(OH of the hemlpteran head. He felt that his

L

rhynchotan head structures” and was a more simplified explanation of what actually
occurred. He was concerned primarily with external jhead structures and considered the *
formation of stylet sacs, ICibari,um and salivarium only superficially While more accurate
than previous theories, it |s at tlmes too sampllfled Although Parsons’ (1964) theory is

the most complete |t lS unfortunately inaccurate due to he reliance on Pesson ] (1944)

. Other scventlsts have speculated on the evolutlon of the hemipteran. cramum but
their hypotheses are less detailed than either Parsons(1964) or Hamllton s l198 1) Table
9 summarizes existing theories. el B

| feel that a combmatlon of exnstmg theorles would provnde a more complete N
hypothesns on how the hemipteran mouthparts and cramum evolved | developed my

ideas by comparmg adult and larval head structures and embryonic development of .

- representatives of the various groups-and from homologles that | found in my study of

mouthpart embryogenes:e in M. fasc:fror(s

° As wlth drvy. hypothesns assumptlons had to be made Unless it was readlly

' obvuous that the data of a study were lncorrect I had to assume that exrstlng studies and

reviews were correct Another hmltatlon was the lack of information on mouthpart

' structures of key acercarldans especlally the psocids. It was also difficult to construct

" the ground plan of an ancestral head when there is so Ilttle mformatlon or agreement on

what are the prlmltlve taxa in.each order of Acercanda Flnally more lnformatlon is
requnred on mouthpart embryogenesus in representatlve Psocodlda,
The ancestor of the Acercarndans probably had a prlmmve pterygote body plan

- similar to that of’ modern Blattodea. Comparlson of the muscles of pnmltrveupterygotes

RS

A

w:th those of the. least specnahzed extant acercandans the psocnds shows the blattods RUUUN
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N | to be most similar lMatsuda 1965) o " _
' A major modnflcatton occurrnng in the head of this first stage hemlptermd was -the

devglopment of a long, thln lacinia only loosely connected to the stlpes The functlon of -

this lacmla would be Ilmlted to assustlng in. the scoopmg of food forward into the |

| cnbarlum and an alternate more effective rnethod to transport food to the cibarium

would have to develop.. The sumplestmems of accomplushlng_thls was through

development of a stror)ger pump with stronger cibarial muscles Initially, thls pump was'

waeakly developed snnce other mouthparts still- prowded the prlnclpal means for ‘

. transportlng food to the cnbarlum As the cibarial muscles enlarged the clypeus

expanded dorsally to accomodate them and the frons became reduced- Evudence

‘e

presented earlier supports the hypothesls that the pump muscles are cnbarnal and not _ '
fronto-pharyngeal as Hamllton { 1981) descrlbe Such development of the- cnbarlum mto\v
a sucking pump is credlble as Snodgrass l1952) descrlbed the cubarlum of Penp/aneta

amer/cana acting as a sucklng pump dunng drmkmg (p 301) o
| The role of the hypopharynx would alter as a sucklng pump developed and lt and
its associated sclerites and muscles would become reduced The posterlor lmgual
sclerltes of the cockroach P. amer/cana unite proxlmally around the saluvary duct and
form a fulcrum that aids in movement of-the hypopharyhx (Snodgrass 1952) As the
functlonal role of the hypopharynx is reduced the need for such a fulcrum is lost Thls
resulted in the two. umted ar_ms of the hngual sclerltes separatmg to form two apodemal
. arms — the hypepharyngeal wings. In P—americana, the anterior sclerlte or
hypopharyngeal suspensoria has two sets of arms: the oral and the mandibular arms
(Snodgrass, 1852) The mandlbular arms act as polnts of msertnon for the mandlbular
muscles and for muscles operatmg ‘the sallvarlum The mandlbular arms appear to have
.been lost during evoluhon although what precrpltated this loss is unclear As the
- mandibular arms were lost, their assoclated muscles were elther lost or. attaohed to
dlfferent strucfures ‘ .
Such mlght have been the mouthparts of the stem Spemes of the Psocodlda and
Condylgnathnda Members of the latter Ilneage,speclallzed more extensuvely
‘s Changes descrlbed above, contmued durmg the evolutlon of each lmeage The

lacmua detached completely frovi the stlpes and remamed connected to it only by a set of
N

- . L
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.and cnbarlal muscles are.enlarged presumably to suck up the material the mandlbles \1‘::.

. scrapé into the cibarial cavity.

- o - 190

' muscles as |n the heads of modern psoclds The cnbarlum and clypeus develops furthur

-

and the cubanal muscles sumultaneously enlarged As the: need for their sensory role was

reduced {perhaps by development of replacement sensulla.pn the labial apex) the labial

palpi become reduced . The lingual scierites of the hypopharynx d%/eloped into ovoid '
structures with apodemal arms on which the muscles q&gy\e sallvarlum onglnated These :
musciles previously orugmated on the mandlbular arms which. are no longer found.in
psocodidan insects. A number of new structures developed o5 well The epipharyngeal

wall of the cibarium and the hypopharynx develop into a ‘mortar and pestle’ apparatus

Wthh in psocnds is thought to grind food’ lMatsuda 1965). The eplpharynx developed a

: rldge whlch fitted into a groove on the srtophore of the hypopharynx as in modern ,

psocnds The labium also developed a groove that, along with the appoeed hypopharynx

formed the sallvarlum l : \ '

From this psocodldan ancestor, a number of additional modlflcat;?ms led to
development of psocopteran ihsects and to a pthirapteran ancestor 'f:‘ci*‘-., /

The mouthparts of Psocoptera result from only mmor changes to the ground plan
of the stem specues The lacinia of psocopterans apparently acts Jas a support for the

insect to brace itself as the mandibles scrape the food lnto the-cibarium (Matsuds; 1965)

vThe galeae no longer playlng arole in feeding, are elther reduced or lost The clymus

trongly developed mortar and pestle apparatus C

grinds the detritus and fungus which th msects eat The muscles of psocopterans !
resemble those of blattods for the mos part (Matsuda, 1965) with certam rnuscles ‘being
Iost gf their assocuated structures are lo reduced .

‘The major change in’ pthlrapterans is the d elopment of a prognathous head

-whose development Matsuda (1965) felt was are ult 6f the insects becomlng
.ectopa /asmc and therefore more dorso- ventrally flattened Symmons (1952} invisioned

. prognathy as -evolvmg either by elorZitnon of the neck reglon or by’ extenslon of the

postgenal region of the head and sh&felt that bath mlght have played a role
The development of. prognathy led to a numbér of other changes The mandlbles .

though still biting and chewnng now had a hOI’IZ ntal swing. The clypeus became dorsal .

‘and the labrum rotated such that it became magre ventral.. The tentonum was reduced and

T .



R . v . . . N
a .

ocelli lost - Such changes resulted in-an msect closely ressemblmg the modern

amblycerans oo | SN

-

) " Furthur reductlon of a number of structures and increased development of the:
) cranial sclerites led t&the appearence of the. anoplurans Although lschnocerans are
usually placed in the Mallophaga BoudreaUx { 1979) felt that this was an artlflcual groupmg
and that they are more. closely related to anoplurans I have adopted his scheme.

' The main steps whneh led to development of the stem species of Anoplura-were a
- shlft in the mandlbles to articulate on a vertical axis and contmued reductlon of the

-tentonum and maxlllary palp| ‘Both these changes reflect change in feedmg habits of
N~ f

these insects. -, . : . . .

u

In ischnocerans, there was mcreased development of the mortar and pestle ,
_apparatus and development of a new structure, the pulvmus consndered to be an
o enlargement of the clypeo- labral suture |

The hpognathean group has two suborders Rhynchophthlrlna and Siphunculata.

Members of these llneages evolved from an anopluran ancestor by contmued reduction -
of certam structures by fusion of others and by modlflcatlon of the head sclerutes to
'formasnout ' K 9_‘?‘ : ‘ S <
Rhynchopthlrmes developed a long snout, through prolongatnon of the clypeus

the mandibles inserting at the tip of thts structure (Weber and Wenk, 1969). Ferris
'.(1931) felt that this snout was an adaptatlon to fe"eding on elephants. Fusion of other
- . Ll . .

structures such gs the galeae and stipites very likely resulted from le‘ngthen'rhg of the

head. -

" Lice'of the Siphunculata re’present an example of extreme reductlorgnd
Y )
modlflcatlon of head structures for ectoparasltlc life: The tentorlum is completely absent

and both the mandlbles and maxillae are reduced The hypopharynx and lablum have
elongated to form Iong thin stylets and parts of the Iablum have lnvagmated to form a
trophlc sac ln which th_ese stylets are Iodged; These changes reflect the assumptlon of a
’ blood~sucking mode of lif.e. Mouthpart structures and phylogeny in these taxa need to |

Py

be studied more fully (Kim and Ludwig, 1978)

-

"The stem spectes of the Condylgnathlda gave ruse to lmeages whose members

" " : R 4

-
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modlfled ina’ manner different from those of pscodldans

_ Maj jor changes were increased. development -of the clypeus ‘reduction of the

_ frons and hypopharynx, evolution of the mandibles and maxlllary lacinia lnto stylet-like

structures and anterlor posterlor flattemng of the head

A p‘rmc:pal change was the modification of the mandubles lnto thin stylets initially,
they may have mamtamed-thelr orlglnal artlculatlons wath the head capsule but as they
became progressnvely thmner and longer they lost all articulation with the sides of the

head capsule

At this stage of evolutlon the clypeus was stlll weakly developed The labrum was

reduced a$ its role in food lntake was reduced due to development .of the sucklng

ctbarlal chamber The hypopharynx ceased to move relatlve to the other m0uthparts and, '
. as a‘l'esult |ts sclerltes become reduced The apodemal arms of the Ilngual sclerltes
' remamed as they provnde pomts of origin for the salivary dnl‘ators The hypopharyngeal

- suspensorla were reduced and frontal mustles normally attachmg to the oral arm transfer

to the - prepharynx The labrum glossae paraglossae and labial palpi also became smallerc.
Such an insect may have used its mandibles to lacerate plant tlssue in ;ectmg |ts

sallva to h uif rts food material, and then using its Cl rlal ump to suck thls qu»d mto PtS
Cl Y g P P

stomach. ' : ' - C .
- - \ -~

When the mandlbles Iost thelr artuculatnon wuth the head capsule thelr bases
became lnternal and the external sclerltes of the head came together and’ fused

ln the stem thysanopterans the stipites fused with.the labrim and labium and
p_ovnted rostrum resulted (Hemmg 1978 1980) The mandlble required a ponnt of

artlculatlon wnth the head capsule and this deveIOped from a thlckenmg at the base of the

‘ 'labro-—stlpltal suture, This fusion of plates and the, hypopharynx and its fulturae,

/

" lremnants of the Imgula sclerites), contributed. to formatnon of the stylet sheaths These
sheaths new structures found only in hemrpteroud msects evolved dlrectly as aresult of

the lnternallzatlon of the stylet bases and the fusnon of the external sclerltes‘ ln addmon

" the lateral eplpharyngeal walls of the labrum fused wuth the anterlor wall of the

hypopharynx to form a closed elastlc cubarlum Another modlfucatlon that occurred as

‘the loss of the right mandlble which is found in the. embryo but Wthh is lost befor

katatreps-s (Hemmg, 1980} Because of the way the mouthcone developed the ylets
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were pushed together, distally. In thysanopterans, the lacinal stylets-coadapt to each.

other to form the food canal, the proximal end of which opens hear the cibarial.chamber

: (Hemlng 1978) ‘These insects are true fluid feeders although their mouthparts are not as

Hemlpteran lnsects evolved from a condylognathldan ancestor in a slightly
dlfferent ‘manner. As wnth thrips, the bases of both sets of stylets become lnternal In
hemlpterans however the stipites did not fuse wuth the labrum anterolatera’ly Instead,
the genal area next tc the clypeus descended b‘veen the stlpltes and labrum to form

the mandibular ® loral plates wnth a mandlbular lever formlng between the o T

'maxiljary-genal sulci on each side. The stylets sheaths of hemlpterans resuited frdm the

juxta'bosmon of genae stipites and hypopharyngeal wings and by mternahzatlon of the
stylet bases. The labrum in homopterans was reduced still further to a small trlangular
flap, (in some heterOpterans however it s relatlvely much Iarger) Both maxnllary and

.labial palpi. were suppressed or Iost and the paraglossa and glossa fused Although >

,homologles of the hemlpteran labium are unknown, | support Heym_ons {1899) view that.

the first segment i the po'stment.um 'th'e second, the prementum and the last the fused
glossae and paraglossae The labiu developed an anterior ‘longitudinal groove which\ - .
enclrcles the stylets as apposed tohithynn'opteran situation in which the labrum guldes
the stylets (Heming, 1978). ' : _v o ' L
Homopterans are generally less specnahzed than heteropterans although there was

a tendency for reductlon of the tentorlum and enlargement of the. clypeus and clbanal

' muscles as the taxon ‘evolved {Evans, 1975 and Hamllton 1981) Heteropterans developed

.a gular area by extendlng the neck region; but the tentorlum in these msects was’ ‘lost
completely and the lablum developed an addltuonal segment for a total of four (Parsons

1964).

These | believe are some of the stages that led to formatlon of the plercmg and
A

| sucklng mouthparts of hemtpterond lnsects The changes that occurred were, as Hamilton

(1981) percewed not that complicated and were structural responses to changés in food
preferences ocf these msects Perhaps the insects fed m litter then exploited the newly
evolved leafy plants where some contlnued to blte and chew and others began to plerce

)

and suck

. e
aearii LA A oot deit
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‘highly developed as in hemipterans. . o ‘ , A
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