
AB6TRACT OF 141.D. THESIS  

The wing-venation of the Orthoptera Saltatoria. D.R. Ragge. 

1. Comstock and Needham in their work on the homologies of insect 
wing-veins barely mentioned the wings of the Saltatoria, though briefly 
describing the tracheation of a few nymphal wing-pads. The author's 
intention has been to fill in the resulting gap in insect morphology, and 
thus to facilitate Audios on the phylogeny and systematics of the 
Orthoptera. 

4 Over 600 Saltatorian genera were examined. These includd 
representatives of all the winged families and of almost all the winged 
subfamilies. The wings of over 60 representative species are figured. 

3. The criteria used in elucidating the homologies ofthe veins wen) 
those of tracheation, form, position, convexity and concavity, basal 
articulation and macrotrichia. ialaeolontological evidence was also studied. 

4. From a consideration of these criteria, names based on the Comstock-
Needham System are given to the wing-veins and wing-areas of all the winged 
Saltatorian families. In the case of the Tridactylidae the conclusions are 
only tentative as no nymphs were available for tracheation studies. 

S. A brief account of Dictyopteran wing-venation is also given, the 
tracheation of representative wing-ads of the Mantoidea being examined 
apparently for the first time. 

6. The wing morphology of the Saltatoria throws much light on the 
,hylogeny of the group. The Acridoidea have clearly been quite independent 
of the remaining Sallmtoria in their evolutionary history and have probably 
had no direct connection with the i-rotorthoptera. The author suggests that 
the wing-venation of the ineumoridae (which is more primitive than that of 
any other Acridoid family) has been derived with little modification from 
Pal-eodictyortera of theStenodicte  type. 

7. The author demonstrates that the anterior media (sensu Lameerei -
probably absent in most insects - is almost certainly present in the 
Saltatoria. 

8. A hyothetical 'standard fossil ing' is constructed which satisfies 
all the requirements of the Angs of a Saltatorian ancestor. 
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1. INTRODUCTION 

1. GSNARAL 

Although the taxonomic value of the wings in many 

groups of altatoria has been widely reco7nized, practically no 

work has been done on the homologies of the veins. The attempts 

rhich have been -lade to apply names based on the Comstock-

Needham ystem to the veins are of a very conflicting nature: 

no two authors are in complete agreement on the subject. As 

•.0st of the studies have been confined to single families 

(or even species) there has been little uniformity throughout 

tee , rouo, and a formidable array of synonyms has arisen in 

connection , ith the nomenclatures propoped. The aim of the 

oresent work is to determine, on the basis of all the possible 

criteria, the homologies of Saltatorian wing-veins, arid thus 

to apply to them a uniform and unmodified Comstock-Needham 

termnology. This, it is hoped, will fill in a large gap in 

insect morphology, and facilitate studies on the phylogeny hnd 

ystematics of the Orthoptera. 

.uck of the pest disagreement about 6altatorian wing-

venation has arisen through the neglect of some of the most 

useful criteria for namin the vein,:. Comstock and Needham 

(169) published diagrams of the tracheae in Aoridid, Tettigoniid, 

1 



and Gryllid wina-pads, but made no atteeet to name the adult 

veine. eince this work the tracheation of the nymphal wing-pads ' 

:fees been largely iL;nored. In 1902 Hancock published diagrams 

of adult Tetrigid wincs in which the bases of some of the 

tracheal terns could be seen. Karny (1925) studied the 

tracheation 	eiryllacridid wing-pads; in this ease the 

treatment as detailed and the interpretation accurate. Vienon 

(1929) gives excellent figures of the traceeatien of some 

Tettigoniid nymphs, hut applies a new noetenel' ture to them. 

In 1933 Forbes published a diagram of the tracheation of the 

wing-pads of Ucaeteriecus didactvlus (Latreille). NeUek (1938) 

has publiehed an account of the tracheation and venation of 

the Tetticoniid Gampsecleis eratioea Brunetti; it is nfortunate 

that this careful study leas carried out on a brachypterous 

species. In 1939 Zeuner, in his eerk on the fossil e.neifera, 

gave diagrams of the tracheation of the fore wing-pads of 

Tettlixonia Decticus, and :eraqhytrvees, ut his terminological 

conclusions were based on fossil evidence rather than tracheation. 

studies. The only other work on V:altatorian tracheation is 

tkat of Karandikar (1945), who describes the development of 

the wine-p.ede of'3chietocerca ereperia (Forskal) but barely 

eentione the adult venation. 

AmOnu the iiictyoptera, 'Blattoid tracheation (and 

venation) has been fully dealt with by L;ometock end :Eeedham 

(1899) and subsequent authors (of which the most recent is 



Smart, 1951), but tee antcidea have apparently been completely 

ignored in this respe t. 

khasmid tracheation is known only by one published 

work, that of Burt (1932) on ?ulchriphyllium crurifolium 

Orville). 

Zeun.er (1939) has discussed, in fair detail the evidence 

afforded Ly the fossil wings of the Tettigonioidea,. Grylloidea, 

and, to a rather less extent, Acridoidia. As will be seen later, 

however, a re-examination of most of the fossils concerned has 

made it clear that conclusions based on this criterion alone 

must be very tentative. 

Among the other criteria available, those of position 

and form are in general use; basal articulation has been 

studied in the Acrididae and Tettigoniidae (Snodgrass, 1929; 

La Greca, 1947; ivanova, 1947); convexity end concavity have 

been almost universally ignored (but Pee Vignon, 1929); and 

maorotrichia, which are, however, only of limited use in the 

exridoidea, have received no mention in this respect. 

A brief history of the relevant literature and a table 

of eynonymy is given for each group from section VII onwards. 

2, TREATRE14T ADOPTED I1 THIS WOF.K. 

Tt heel been thoueht -beet to have the actual dezcripldons 

of venation unencumbered by lengthy accounts of the reasons for 

te applicotion of each name, and all explanatory Hattr of this 

eeture is elven leforend in Section VI. The wing-venation 
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and nymphal tract 	are described in each family separately 

(except in the case of the Acrldidae and Aumastacidae which 

have a very similar venation and are treated together); the 

last section under each ouperfamily 12. a comparative discussion, 

comparing and contrasting the venation of each component family. 

Sections XXII and XXIII are respectively a brief resuA of the 

features of -Blattoid wings and an introductory account of those 

of the antoidea. a concluding Section gives a eneral 

comparison between the superfamilies and between the Saltatoria, 

Jj- ictyoptera, and other orders, together with a discussion on 

the contribution of the wing morpholoa to the phylogeny and 

systematics of the Orthoptera. 

Throahout the work, authorities for generic and 

specific names are given only where these names are first 

mentioned. 



II. CLASSIFICATION 

The classification of the major groups of Orthoptera 

(s. lat.) has always been a matter of some difficulty. A large 

and diverse assemblage of rather generalized insects has been 

grouped together in this order, on the basis of such features 

as the sclerotized fore wings, fan-like hind wings, shield-like 

pronotum, and typical biting mouthparts. These insects fall 

into two principal groups: the Oursoria with normal hind femora 

and five-segmented tarsi, and the Saltatoria with swollen hind 

femora and tarsi with less than five segments. Originally, the 

Grylloblattidae and Phasmida were looked upon as Cursorial 

insects, but as the anatomy of these insects has become better 

known it has become evident that these two groups are no more 

related to the Cursoria than to the Saltatoria. In recent 

years, in fact, it has become customary to separate the 

Blattidae (s. lat.) and Mantidae (n. lat.) as a distinct order, 

the Dictyoptera, leaving the remaining groups as the Orthoptera 

(s. str.). This arrangement, however, has the disadvantage 

that the Orthoptera (s. str.) cannot be satisfactorily defined. 

In this work, therefore, the Orthoptora (s. lat.) is regarded 

as containing four groups of ordinal value; Grylloblattodea, 

Saltatoria, Phasmida, and Dictyoptera. This division is 

anatomically clear-cut and leads to no difficulties of 

definition; there is little doubt that the four groups have 

been phylogenetically distinct since Carboniferous times. 

The classification used in this work is set out below. 
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Order 	GRYLLUBLATTGa&A 

GRYLLOBLATTIDAE 

OrCker 	SALTATORIA 

Superfamily 	ACRIDOIDEA 

PITETTMORIDAS 

LOCUSTOPSIDAN (extinct) 

.ACRIDIDA 
Catantopinae 
PauliniJflae 
Pamphaginae 
Pyrgomorphinae 
Ommexechinae 
Trionopteryginae 
Charilainae 
Cedipodinae 
Acridinae 

Morabinae (apterous) 
Tanaeocerotinae (apterous) 
Teicophryinae (apterous) 
Gomphomastinae (apterous) 
Morveinae (Eptercrs) 
Mastacideinue (microalate) 
713umustacinae 
Biroellinae (apterous or brachypterous) 
Eruciinae 
Chorotypinae 
Chininae 
Espagnolinae 
Episactinae (apterous) 
Malagassinae (apterous) 
Miraculinae (apterous) 
Thericleinae (apterous or brachypterous) 
Suschmidtiinae 

PROSCOPIIDAA (apterous or microalate) 

ZSTRIGIDAE 
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Superfamily :rtiIDAC TrYLOIDEA 

TRIDATYLIDAE 
Tridactylinae 
Phipipteryginae 

buperfamily 

CYLINDRAC/BTLDA ( pterous) 

TETTIGONIOMEA 

RAPHIDOPHORIDAB (t,pterous) 

PROPHALANGOPSIDAS 
Haglinae (extinct) 
Prophalangopsinae 
Cyrtophyllitinae (extinct) 
Geinitziinae (extinct) 

GRYLLiWIDIDA. 
Palaecrehniinae (extinct) 
Stenonel,natinae 
Lezirinae 
Grylacrinnp 
Henicinae 
Deinacridinae 

ELCANIDA,g (extinct) 

Termitidiinae (extinct) 
Rammeinae (extinct) 
Ephippigerinae (Irachypterous) 
Pycnogastrinae (brachypterous) 
Lradypori.nae (brachypterous) 
Deracanthinae (1, rachypterous) 
Hetrodinae (brachypterous) 
Acridoxeninae 
Pterophyllinae 
Pseudophyllinae 
Neconeminae 
Mecopodinae 
Phyllophorinae 
Tettigoniinae 
Decticinae 
Baginao 
Salomoninae 
Agraeciinae 
Copiphorinae 
Conocephalinae 
Listroscelinae 
Tympanophorinae 
Phaneropterinae 
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Prochilinae 
Simoderinae 
Aepidonotinae 
Moristinae 

SOHIZODACTYLIDAB 

Superfamily 	GRYLLOIDEA 

GRYLLIDAE 
Protogryllinae (extinct) 
Gryllinae 
Eneopterinae 
Oecanthinae 
Trigonidiinae 
liogoplietinae 
Myrmecophilinae (apterous) 

GRYLLOTALPIDAS 
Gryllotalpinae 
Scapteriecinae 

Order 	PHAsmiDA 

Order 	ICTYOPTERA 

Superfamily 	BLATT 0 LUEA 

Superfamily 	EIANT-OIDEA. 
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III. MATERIAL 

Altogether, about 630 Saltatorian genera were examined. 

list iB given below of only those genera which have been 

eentionee in the text or illustrated. The number of genera 

examined in each family is given, and a complete list 'ill be 

foune in the appendix. 

'Zhore a particular species is used, the specific name 

(when known) is given in tee text. here only the generic name 

is given in the text, the remarks generally apply to all the 

fully-winged ,pecies of the genus. _any of the figured wings 

were from insects whose ,pecific names were uncertain, but they 

may always be taken es typical of the macroalate , embers of the 

genus. The genera which have representative Tires figured are 

marked below thus (x ); those which have the tracheation of the 

wing-pads of representative nymphs illustrated re eerked 

thus (U) 

PNEUMORIDAB (5 genera examined) 

Bulla Linnaeus 

Pneumora Thunberg 

Qvstocoelia Audinet-eerville 

tehortrideea Peringueyx  

Prostalia Bolivar 



LMILTOPSIIJAL (4 genera examined) 

Locustopsis handlirsdh (fossil)x  

A6RIDIjA; (360 genera examined) 

Romalea Audinet-Uerville (Oatantopinae)x  

Ohoroedocus Bolivar (Catantopinae)x  

3uprepocnemis Utal (;atantopinae) 

)xn Teratodes Brull (Oatantopinrte 

Paulinia Blanchard (Pauliniinae )x  

Lama rck ana Kirby (Pamphaginae )x  

Aphantotropis Uvarov (Pamphaginae) 

Voecilocerus L,ta1 (Pyrgomorphinae )x  

PhymateuS Thunberg (2yr6omorphinELe) 

Parossa Bruner (Ommexechime)x  

;3.ystella 'Westwood (TriL:onopteryinae)x  

TriEonoptervx Charpentier (Trigonopteryu,inae) 

Jharilaus btal (Charilainae) 

Locusta Linnaeus (0edipodinae)x  

Psophus Fieber (0edipodinae)x  

.uissosteira cudder (0edipodinae)x  

Myrmeleotettix BolivarLoridinae)x  

Chorthil., uus Hieber (Acridine)x  

Acrida Linnaeus (Aoridinae)x  

Omocectus Bolivar (Acridinee)x  

".ecostethus Fieber (Acridinae)x  
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EUMASTAOID, (6 genera. oxained) 

Chorotypus berville (i:horotypinae)x  

Erianthus stal (Uhorotypinae)x  

iALschmidtia Karsch (..Luschmidtiinae)x  

Tr:TRI-IDA,'I (6 genera examined) 

Eugavialidium han000kx  

:RIAAOTYLIDAB (2 genera examined) 

Tridaotylus Olivier (Tridaotylinae)x  

41ipiptervx Audinet Prville (ihipipteryginae)X  

PROPHALANGOPLIDAE (6 Lenora examined) 

hagla Glebe). (liaglinaa) (fossil )x  

Propha1anopsis Martynov (Prophalangopsidae)x  

Cyphoderris Uhler (Prophalangopeinae)X 

Pamphagopsis .rt.ynov (Prophalan(opoidae) (fossil) 

Lalmona Uiebel (Prophalangopsinaa) (fossil) 

GRILLAORLDIDAS (7 genera exaMined) 

Palaeorehnia Cockerell (Palaeorehniinae) (fossil) 

jurassobatea ieuner (P'laeorehniinae) (fossil) 

e.creleana Karny (Stenopel Rtinae) (fossil) 

Gryllaoris Audinet-Serville (Gryllacrinae)x  

ALUAEIDA2 (1 genus examined) 

Eloana uiebelx  

To.TTIG01,: LDAW (211 genera examined) 
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Terwitidium  uoldenLc,,:rg (Terfnitidiinae) (fossil) 

Pyonoaster  uraells (PycnocastrinLe)x  

Bradyporus  Charpntier (.cradyPorine)lc  

Acridoleena  White (horidoxeninae)x  

liycloptura 4Audinet-Serville (Ptcrophyllinae)x  

Thliboscelus 	 (PterophylliA e )x  

Diophanes  6tal (Pterophyllinae) 

.oreimus  L3tal (Pseudophyllinae) 

Xerophvllootexyx  kiehn (Pseudophyllinae )x  

throphyllia  btal (Pscudophyllinae)x  

A.oacris  Victet & Sauesure (Pseudophyllinae) 

Tyflipanoptera  Picteti-Jaussure (Pseudophyllinae 

(limacoptera  Redtenbacher (Pseu6ophyllinae) 

1„econema  -udinet-Jerville (econeminae)x  

tecopoda 	 (Lecopodinae)x  

Oorycus  -)a.useure (lec000dinae) 

kachysmopocia  Karech (ecopodinae) 

Phyllophora  Thunb,r (Phyllophorinae)x  

Phyllophorella  Karriy (Phyllophorirae)x  

Tetti; cnia Linuaeus (Tetticoniinae)xn  

peeticus 	 (Decticinae)xn  

Ohlorobalius  Tepper (Decticinae) 

Platyoleis Fieber (JestiJinae)x  

Olonia  vital (aginae)x  

Oalomona Blanchard (c.3alomoninae) 
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lacroxiphus  Pictet (fjf-lomoninae) 

klomoroeoryphus  harry (Copiphorinae )x  

Uopiphora  Audinet-L3erville (Copiphorinae) 

Itexacentrus 	 (Listroscelinae)x  

Lesina  Walker (Listroseelinae)x  

Tympanephora  White (Tympanophorinae )X 

Fhaneroptera  Audinet-erville (Phaneropterinae)x  

Tetraconcha  1..arseh (Phaneronterinae) 

kvowiilus  Lrulle (Prochilinae )X 

...imodera  i'arseh (8imoderinae) 

41area  Walker 	tinae) 

IiI4C6)AOTYLID 	(1 genus e)mnined) 

3cLizodactylus  Jirullex  

uaLLIbli (14 t,,enIc examined) 

,rotoEKryllus  handlirsek (Prc. 	(fok-. eil) 

11esogryllus  lir.,ndlircch (Protogryllinae) (foil )x  

.6.cheta  FO)ricius (Gryllinae)xn  

Brachytxre 	gaeeiz (Gryllinae) 

(Trylleiies  )0.11Eisure (Gryllinae) 

NeobJus  Audinet-Lerville (GI 

Parans/ilobit's  6uussure (Gryllinae) 

.4;neoptera  Lurmeister (neopterinae)x  
/ 

SUseyrtus  Guerin-eneville LIneopterinae 

°acanthus  Audinet-6erville (Oecanthinae)x  

Phaeophilacris  Walker (Oecanthinae) 
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Paragryllue Uuerin-enevil1e (Oecanthinae) 

Aomeogryllus Uhopard (Oecanthinae) 

Trigenidium Aiudinet-uerville (Trigonidiinae )x 

GRYLLOTAIPIDAX (2 genera examined 

tir,yllotaloa LLtreille (Gryllotalpinae)xn  

cLptriseu:3 >,cudder (Scapteriseinae)x  

MANTOIDEA (6 genera examined) 

Ameles Burmeisterxn  

..1,2podromantis Stalxn  

olbena Gig1io-Tos 

id.vetina Berland & Uhopard 

;11pusa Auebnerx  
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IV. MOREIQUE 

1. PeeledeATIOeS OF WING-PAD TRACHeATION 

These preparations were made in three ways: - 

(a) Temporary preparations using lycerine jelly. 

Yhe fresh nymphs were immersed in pure glycerine. 

Jitter about six hours the wine-pads were cerefelly removed 

cancer 1.yeerine, together \ith the pleura of their respective 

ze ,tlents (this ensured that the basal parts of the tracheation 

remained intact). The wing-pads were then conveyed to a small 

ruantity of Inelted glycerine jelly on a slide; a cover slip 

ras lowered on crefully, and the jelly cooled es rapidly as  

possible. The tracheation was drawn as soon es the jelly had 

set. Using a fire jelly, these preparations last up to two 

weeks, 

by this method the  tracheae are rendered visible in 

transmitted liett ey virtue of the air inside teem, which has 

a very different refractive index from glycerine jelly, and 

the technique is designed to prevent the air being replaced by 

liouid. ;hen last stage nymphs are used, it is generally 

necessary for them to be in the early part of the instar, es 

the developing wing later obecures the tracheation. In forms 

with heavily pigmented ing-pads, it is often essential to use 

recently moulted nymphs. 
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(b) Permanent preparations using an injection 

technioue. 

This method was developed by Wigclesworth (1950) and 

is adenuately described by this author. The tracheae are 

rendered opacue by being filled with cobalt eulphide, and are 

taus visible in silhouette using transmitted lieht. 

(c) Permanent preparations using a hivh refractive 

index medium. 

Insect - racheae are cupported by chitineur taenidia 

which are practically invisible when mounted in Canada balsam. 

If, however, a nymphal ring-pad is mounted in e Nedium with a 

sufficiently iej4:h refractive index (such as lhaphthrexl, 

refractive index, vihen dry, 1.76-1.80, prepared in xylol by 

G.T. Gurr), the tracheae becox:e clearly visitle. This method 

can be used with preserved material and is often. successful 

with dried specimens; it is advisable, however, to use nymphs 

Which have recently moulted. 

2. PRSPARATIO143 OF AIAILT WireiGS 

For drawing purposes the wings were generally mounted 

in sir between two glass elidee held tov.eteler with rubber bends. 

The Lind-eings 7,ere first moistened to facilitate preading them 

out, 

eor elicroecopical examination preparations in Iniparall 

or Iliaphthrax,  were used. With the latter medium it was 

frecuently eoesicle to see the trace.eation of the adult wines, 
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tees obviating the use of nymphs; this sees true of both 

preserved and dry material, and was particularly useful in the 

Pneumoridae. 

Attempts to inject tee tracheae of the wings of newly-

emerged adults were only partially successful, some tracheae 

offering mare resistance than others. 

3. DRAWIIIGS 

The drawings of adult venation were el-leet always made 

etith a photographic enlarger. The wings (in an air nreparatIon) 

were placed on the negative stage, and the image (at a euitetle 

enle,rgment) was traced on to Eristol board below. Wing or 

parts of wings which were too *gall for the enlarger were 

sometimes drawn with the aid of a camera lucida; this method, 

however, almost inevitably produces slight distortion, and waE 

therefore avoided whenever possible. Drawings in which 

reflected light was necessary end in which distortion was 

pLeiticularly undesirable (e.. those of the lexillery nclerites) 

were made usin(T a Innuaredi eyepiece. 

The reproductions of nullished drar7inrs -!ere drawn 

using the projected imRge from an epidiascope. 
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V. ClUdieJIAL A OUUNI Ole ORThOkTlikOID ,vIING-VoZATIOL 

As there has been little work in the past on the 

wing-venation of the Orthoptera, it is proposed to give here an 

introductory account of the claqracteristice of the wings of 

these insects, so twat the more detailed matter to follow may 

be better understood. 

Perhaps the most distinctive feature of Orthopteroid 

winge is the exoIndeu area of tile hind wing, often referred to 

as the 'anal' fan. This is Pound throughout the Jaltatoria and 

Dictyoptera, reaching pernaos its most advanced form in the 

Tridactyloidea. The v,ing-areas incorporated in the 'anal' fan 

vary in the different groups. In the Acridoidea, Tridactyloidea, 

and Dictyoptera, it is only the anal area which s concerned, 

and the term anal fan is thus, appropriate, In Tettigoniid wings, 

however, the cubital area is also included and the term 

cubito-anal fan is preferable. In the Grylloidea (and Schizo-

dactylidae) the folding of the hind wind; extends over the 

whole of its area. 

The venation of 6altatorian fore wings is characterized 

by the distinctive costa, which renerally lies well behind the 

anterior niargin. This feature is rather obscured in the 

Grylloidea, as the costa is very reduced or absent. The 

anterior margin of the fore wing is either unsupported or 

strengthened with an ambient vein. Ambient veins are common 



in the .icridoidea (though not in the Tetrigidae), Tettigoniidae, 

and Lichizodaotylidae, hut are not generally found in the other 

'ettiLonioid familis or in most Urylloid wings. 

In some respects urthopteroid wings are very primitive. 

eor exaple, there is uommonly a small ,oneent of arehedictyon, 

esoecially at the ieee of the wing, end the anterior teedia 

(in the Lameerian senee 	Lameere, 1922) is almost certainly 

present in Lip:A cases. 	be radial sector exhibits the pectinate 

form of branchinE  which is common in the earliest insect fossils. 

In some of the feeilies, much of the primitive corrugation of 

the wings nt_s 1Jeen retained. Thie is especially true of the 

kneumorivae and the fossil fw.ily eacanidae. The costa, sub-

cota, radius, and first anal, still exhibit their primitive 

convexity eelc, coheaviy in many of the other fl - dlies. 

the oubitus of the eeltatoria :na 2.ictyoptera is 

distiLetive in having its bifurcation into Cul  end Cu2  more 

preximal than usual, generally right at the tux of the wing. 

In the ealtatoria, Cu2 shows an. almost uniersrl tendency to be 

reduced or -poorly developed (especially in the bind 	), 

though an important exception to this is fauna in the male fore 

wings of the Tettigoniidae and Grylloidea, in which Cu2  forms 

the etriduletory rib. The Orthopteroid Cu2  is almost 

invariably a single stem, whereas Cut  is frecuently branched. 

ccessory ve ns end intercalry vein:- re common in 

the wings of Orthoptera, at groups are found in which either 

the one or the other type, or both types, are absent. Ixcessery 
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veins are particularly abundant in the fore wings of the 

Tettigoniidae and Grylloiciea. 

The fore einge are almot invarially arranged eo as to 

cover the more delicate hind winks When at rest, and they 

frequently have a leathery texture to facilitate this protective 

function. In ale Tridactyloidea and Tetrigidae, the fore wings 

are heavily sclerotized and have a very reduced venation. 

Orthopteroid 'care wings are coemenly modified for 

leaf-mimicry. This is especially true of the Tettigoniidae, in 

Which a very large proportion of the specie re leaf-mimics. 

In theee for:.s, the fore wings are green, but a wide variety of 

colours is exhibited by the other faleilies. Though the hind 

einge are usually colourless and transparent, forms with 

coloured hind wings are not uncomemn, and the pigmentation is 

eoeetimes sufficient to render the membrane opanue. 

lee use of the wings for stridulation is a widespread 

charactef the Laltatoria. In the eerididae, tlre are two 

principal eohanisms: in some forme the medial intercalary vein 

of the fore wine is toothed, and the hind femur ridged, in 

others the hind femur bears striduletory pegs - in both these 

casco the sound is produced by the hind femora being rubbed 

against the flexed fore wings. In the Tettioniidae, 

stridulation is entirely glary and is effected 1:y rubbing the 

tooth-bearing Cut of the left fore wing against the hind margin 

of the right fore wine. The left fore wing thus alweys over-

laps the right one. In the (rylloidea, the process is similar 

20 



but the right fore wing over aps the left one. The constant 

nature of the arrangeent of the flexed fore wings has resulted 

in asymmetry in the males (and a few females) of the Tetti- 

gonlidaes  out in the 	iloidea the male fore wings are 

practically Identical, and ;-t, reversal of their po!,,itj.onc (though 

rarely occurring in practice) would riot affect stridulation. 

hen the wings are used for stridulation, the membrane 

is frequently modified to act as 	 resonator. This has  

resulted in the 'slarpl arid Imirvor' of the Gryllidae, and the 

'mirror' of the Tetticoniidne. In Uhe lcrididae the effect 

is not no pronounced, but in *Fame; forms some of the areas of 

the male fore wing ere greatly xpand d for this purpose. 



VI, RZASOni FOR THE APPLICATION OP THE HOMOLOGIES 

PROPOSED IN THIS WORK 

In order to rendr.r the descriptions of venation less 

cumLersome, the reasons Cox the v)placation of the names used 

are given separately in this Section. The criteria which have 

been of use are listed below:- 

(a) evidence from fossil forne 

(b) evidence from present-day forms 

(i) tracheation 

(ii) form 

(iii) position 

(iv) convexity and concavity 

(v) basal articulation 

(vi) macrotrichia 

acn. superfaily is dealt with in a se rate account, 
iclertir4 

and a brief resume of the important criteria used in naming 

each vein is given at the (Jrid of each of these accounts. (The 

Trideotyloidea and ..uictyoptera are not included here for 

reasons which will be , ,,ade clear by reading the introductory 

remarks to these two groups in Sections XII and XXII.) Intro-

ductory 1.,attar concerning each criterion, and additional 

remarks on the 1,qportance of 'mutual confirNation's  are k, iven 

in the first account, that of the Acridoidea; it should be 

noted that these remarks also apply to the other groups, 
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It is unavoidaole that the de- riptive accounts 

followine, this section will he brecuently anticipated in it; 

when there is any doubt as to which vein is indicated ty any 

particular name, it is assumed that reference rsill be •_de to 

these desoriptione. 

1. Ti AQRIDOIDEA 

(a) Evidence froni fossil forms. 

Fossil Acridoidea ace conspicuously scanty. The fossil 

icrididae are practically identical with present-day forms. 

The extinct Locustopsidae show only one major difference from 

the Acrididae in their wing-venation: the three-branched media. 

As a media branching in the same way is fund in no other 

Acridoidea (except as a chance variation), and in no fossils 

likely to be ancestral to this group, it seems probable that the 

three-branched media has -Leen secondarily accuired by the 

Locuatopsidae (i.e. acquired after tells faviily Lad separated 

from any evolutionary lines ancestral to other ,,cridoidea). 

It is only among the Palaeodictyoptra (e.6. JActv. o-

yJeuridLe ..tIndlirsch, and Pteronidiidae Bolton) that there are 

fosilc with a ring.-venation resembling the ;lost prLitive 

Acridoid venation (that of the Pneumoridae). In particular, 

tenodictsa lobata brongniart (Dictyoneuridae) has a venation 

closely resomLling that of the Pneumoridae (especially Eulla). 
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This correspondence is most etriking in the fore wing, where 
Bdonvtiart 

the only differences between etenodictyakend Julia are the 

eubmerginal costa, the closer appeoximati ,n oT ;;c, 	and e, 

the more proxifeal bifurcation of eu, and the loss of some of 

the primitive convexities and concavities, in the latter genus. 

The following features of the fore wing are common to the two 

genera and are found combined no ,here outside the Palaeo-

dietyoptera and —cridoidea:- 

1. The archedictyon coverin4, the ':.-hole Tim,, and hence 

the absence of cross-veins and intercaleries. 

2. The pectinate radial sector. 

3. The simply bifurcate M and Cu. 

4. The primitive corrugation of c, t, and 

The resemblance can be appreciated more easily by 

reference to 	1. The hind wings of the Pneumoridae show 

additional specializations (the basal fusion of H and 1, and 

the development of the anal lobe). 

It is not improbable, 

later Palaeodictyoptera are in 

eereAie'lly, and this provides  

then, that the Pneumoridae and 

some way connected phyla- 

some ell, ht confirmation of the 

homologies given to Pneumorid wing-veins on the basis of other 

criteria, particularly trachoation and for,' (there can be no 

doubt that the nomenclature applied to the wings of ,tenodictya 

in xl.g. 1 is correct, as the veins are primacy by definition-

see p.67 - and their identity is imply established from their 

position- see p.39 - and confirmed by their mode of branching - 
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Fig. 	The fore wings of Stenolictya  lobate  (above) 
and ;: a typical Pneumorid. 



see p.31 ). The wing-venation of the remaining Acridoid 

families (apart from that of the highly modified Tetrigidae) is 

easily derivable from the Fneumorid type as ehown by the 

diagrams iri Fig. 2. 

,s this conclusion hangs on the definition of primary 

veins, it would be as wall at this point to make this definition 

rather more epecific. Primary veins are defined on p.67 as 

the longitudinal veins of the more primitive fossil wings, and 

those of them Which have persi ted in later forms; basal 
azre 

articuletion, tracheae, and eacrotrichia, dm-re mentioned as 

confirmatory characters. 	or this .definition to be satis-

factory, it ie necessary to opecify a etandard fossil wing, and 

this matter will now be dealt with. 

It is necessary that this standard fossil wing should 

be of the type found in the Palaeodictyoptera, as these ere the 

only fossil insect' which show no epecializatiene connecting 

them to any particular modern order. is, fenerally speaking, 

aoderri insects heve fewer branches to their wing-veins than 

the Palueoeictyoptera, the veins of the standard wing should 

likewise nave few branches, so as to facilitate comparison 

with modern forms. Awing satisfying these requirements is 

shown in rig. 3; it is very similar to some of the members of 

the -bietyoheuridae (e.g. 'ijictyoneura uoldenberg, .itenodictya, 

eicrodictya lirongniart,  olioptenus ...cudder, Goldenhemiane 

bcudder, Utilbecrocie liandlirsch). 

As neither the dichotomous nor the pectinate type of 
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Fig.2. The wings of representatives of the Pneumoridae, Bumastacidae, and Acrididae. 
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Fig.3. A standard fossil wing (see p.25). 

(b) pectinate 
	

(c) dichotomous 

Fig.4. The three main types of radial sector (see p.32). 



radial sector had been established at this stage, this vein has 

been given an ambiguous form (see p.32 ). It should be 

mentioned that this standard fossil wing is representative of 

both fore anti hind wings. 

If this wing is used as the standard type of primitive 

fosil wing, the defilitien of primary veins mentioned above 

becomes satisfactory, and the wing-veins of such fossil four's 

as atenodictya become primary by definition. 

To end this ection, the listinction between primary 

veins and accessory veins (as defined on p.73 ) will be clarified. 

Under the Comstock.eNeedham Jystem, each primary vein is 

regarded as having:;, a certain primitive form, and, if branched, 

a certain primitive number of branches. -erhen. a primary vein 

has aore than the number of branches specified in this way, the 

additional branches are looked upon as secondary "odificatiens, 

and are called accessory veins. 

They are of two types: those which. are forand by the 

'epli ei a' of primary veins or as out rowths froa the, J)(' 

those formed froa. the archedictyon in the same Iry as inter- 

calary veins. It' is accessory veins of the former type which 

are liable to be confused with primary veins, as they are 

preceded by tracheae in the nymphal wing-pad. 

AB most accessory branches of this type no doubt 

develop in exactly the same way as primary branches, there is 

no fundamental distinction between the two types. The 
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difference in this case is phylocenetic rather than morpho-

logical, depending on the period in geolocical hietoey in 

which the branch was developed. Thus, in general, branches 

common to all Carboniferous insect wings are rearded as 

primary, and those found only in some Carboniferous insects or 

only LI.LiOng modern insects are regarded as accessory. Comstock 

and Needham placed this distinction on a firmer footing by 

conetrueting e hypothetical wing (Comstock, lcae, Fig. 6), 

exhibiting the probable characters of the winie of an insect 

ancestral to all , °dere( forms. Any branches not hown in this 

ypothetical vino they regarded as accessory. 

It will be hown later in this Section (p. 32 ) that 

the dichotomous, four-branched, radial sector which Comrtock 

and Needham included in their hypothetical wing cannot be 

regarded as -eein ancestral to the radial sector of :411tetoriel 

wings. Also, since the york of these two authors, it has been 

shown (notably by Lameere, 1922) that many fosIll wings and 

some modern ones have an additional Lranch to the media (called 

the anterior -edia, MA). If the venation of Conetock and 

Needhaei's hypothetical wing is altered to comply with these 

two considerations, a venation of the type shown in Fie. 3 is 
sub 

obtained. TheLcosta has rArt been given a two-branched form 

(as in Comstock and Needhamls hypothetical wing) as there is 

no evidence for this condition being ancestral to the various 

t,peu of eubcoeta found in the Saltatoria. 
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in this work, all additional branches to those shown 

in Fig. 3 are regarded as accessory, with the exception of those 

in the anal lots of the hind wing. The development of this 

lobe has made it impossible to ascribe definite homologies to 

the veins supporting it, and the nomenclature applied to the 

veins posterior to lA is not intended to suggest any relation-

ships ,itt other oscers of insects. The tracheated veins in 

this regdsn are treated as primary, and those without tracheae 

as either accessory or intercalary (as defined on p.73 ). The 

second of the first twe veins behind 1A in the Siss 	iese, 

BumastacidLe and Pneumoridae, is regarded as an scsessory ranch 

of the first. 

'en a primary vein, primitively unbranched, becos 

divided into two or more ecually-developed branches, it is 

often impossible to regard any one of them ass primary -nd the 

remainder as accessory. An example of this is 6111  in Acridid 

fore rings. This vein is normally divided into two Sranches, 

and sometimes the anterior branch divides again; the resulting 

three veins (Cula, Cult), and SS110 ) are formed in exactly the 

same way and 1.7ce structurally identical. All branches of this 

type are referred to in this work sulpseudo-primary' veins, 

`rid are necessarily described in the same place as the piesssry 

vein from which they arise. 

It should be mentioned in sonclusion that the t o 

types of accessory vein sLentioned on p. ;6 do not co,respons 
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with Cometock and beedham's Imareinell and 'definitive' types, 

the latter distineti n -r -ine one of degree only, and applicable 

to bete Lreceeated and non-tracheated accessory veins. An 

example of the latter type, which is much rarer than the former, 

is lAa  in the Acridio fore wing. 

(b) Itvidence from present-day forms. 

(i) Tracneation, 

ine primary wing-veins of adult ,altatoria ( and 

many other ineect orders) are normally formed round the already- 

xitinee tracheae in the wing-pads of the last stare nymphs. 

The pattern formed by these tracheae is simpler and more regular 

than that of the adult veins. It is also more primitive, in 

that most specializations shown by the adult primary veins will 

usually be undergone to a much less extent (or not at all) by 

the tracheae. For example, iccr two veins have fueed in tee 

adult, their preceding tracheae will often be separate in the 

nymph; also, ehat appears to be a cross-vein in the adult eing 

may be revealed to be a sudden bend in a primary vein by 

reference to the tracheation. 

Tracheation is, therefore, very useful in determining 
betweeK, 

the ha ,ologies of wing-veins. Owing to the time-lag 44e the 

development of a specialization in the edult wing and its 

adoption by the tracheal pattern of the nymphal wing-pad, one 

often finds that the latter has any features in common with 

the adult wings of fossil forms related to the insect concerned, 
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The two sources of evidence provide a mutual confirmation. 

Unfortunetely, en en a vein becomes reduced, its 

representative trachea in the nymph apparently lecomes 

redundant, and may disappear altogether. This has happened 

with Cut in many Acrididae, for example, and. provides a 

limitation to the use of tracheation in determining vein 

homologies. 

The tracheation of Acridoid wing-pads normally shows 

seven main tracheal eteme towards the base. Taking these as 

representing seven primary veins, they mny be named C, Sc, R, 

144 Cu, 1A, and 2A, beginning anteriorly. This conclusion 

agrees entirely with those arrived et _from other eources. 

In the anal 16be of the hind wing, this argument leads 

one to suppose that all the veins behind lA are branches of 2A, 

since their tracheae all arise frog a single main stem at the 

base. Or, as this main stem (at least in the Acrididae) 

divides into two principal branches (from 1:hich all the 

ultimate branches arise), it is possile that -eoth 2A and 3A 

are present. Or, again, since all the ultimate branches still 

ariee at the bese of the wing-pad, one could argue that they 

all have the status of separate primary veins, and could 

simply be named 2A, 3A, 4A, 5A, etc. 

One objection to the latter argument would h the 

fact that early fossil hind wings have much fewer anal veins; 

but if the additional branches were added on behind the already- 

exi..tiny ones (as opposed to arising as branches), and 
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nzsuminc that they are morpholtnically and nhyiolovically 

identical to them, it ihould seem reasonable to put thela all 

in the same category. 

A satienctoly nomenclature for the anal veins 

evidently cannot be derived from tracheation alone, and further 

discussion is deferred to the conclusions on p.44 . 

(ii) Form. 

Throughout the insect orders each primary vein is 

most commonly found in a particular form, i.e. with or without 

branches, or branching in a characteristic way. The costa and 

subcosta, for example, are usually unbranched. If the first 

two primary veins in nn insot eing -nswer this deocription 

(as they do in the —cridoidea), this in itself is a reason for 

callinn them costa and subcosta, respectively. 

The criterion of form is most useful in the case of 

the radius. In lvany modern veld in all fossil orders (with the 

exception or the Protocoleoptra) the radius has a single 

anterior I- ranch (R1) and a sub6:hided posterior branch (110). 

This posterior branch, the radial sector, may be divided in a 

pectinate or dichotot,ous fashion. 

There is a primary vein in xridoid 

branches in a way typical of a radiuf' with a pectinate radial 

sector (this condition has been obscured by fusion in some 

Pneumorids and by reduction in some Acridide). Thus the 

ar4p,:nt in favour or this vin 1,eing the radius would he very 
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strong using the criterion of form alone, thoueh ample 

subotantiation is in fact supplied by other criteria. 

The primitive nature of the branches of the radial 

sector must now be considered. Comstock and heedham (Comstock, 

1018) came to the conclusion that the radial sector of the 

primordial insect wing was dichotomoes and four-branched. This 

was primarily based on the occurrence of this type of radial 

sector in the more generalized lembers of soveral ;neect orders. 

They sought for confirmation for this agong the earliest insect 

fossils, coming to the conclusion that the dichotomous type 

was auch more comeon than the other. 

There is, however, no fundamental distinction between 

the two types, and the radial sectors in the singe of many of 

these earlit fossils can be looked upon as both pectineete and 

dichotceuous. A sector of the type shown in Fig. 4a, for 

exaeple, could be derived equally well from either a pectinate 

or a dichotomous type (Fig. 4b and c), as could any sector 

with less than four simple branches. As radial sectors of this 

ambiguous form are common in the Palaeodictyoptera, it seems 

clear that neither Lhe pectinate nor the dichotomous type had 

been established definitely in this order. 

The nature of the radial lector in the sufficiently 

well-preserved genera of this older is ;hovel in the lit below: - 
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Vh,LILY 	(3fOlit; 	T1Pi1 OF R1)LhL LD'A.:TOR 

Dictyoneuridae 	tenodictya  Brongn. 	pectin 

Licrodictya Brongn. 	- Mbiguous 

Titanodictya Handl. 	dichotomous 

Policptenus ,lcudd. pectinate or ambiguous 

Dictyoneura Gold, 	ambiguous 

GoldenLergiana  Scudd. 	ambiguous 

:apenontera Handl. 	ambiguous 

Acanthodictyon Handl. 	ambiguous 

Aimecoptera Handl. 	pectinate 

Dictyoneurula handl. 	ambiguous 

Ltilbocrocis Handi. 	ambiguous 

Geenemene Handl. 	ambiguous 

E•q,aptiliciae 	ikepb,pLilus Brongn. 	pectinate 

ecynopteridae vecvnoptera Handi. 	ambiguous 

Lithornantidae 	Madroneuria Handi. 	ambiguous 

Eurythmooteryx Handl. 	ambiguous 

Propalinvenia Handl. 	ambiguous 

Hhabdoptilus Brongn. 	ambiguous 

Lycocercidae 	Lycocercus Handl. 	pectinate or ambiguous 

Platemera cudd, 	ambiguous 

homoiopteridae Homoioptera Brongn. 	ambiguous 

Graphiptiloides Hama. pectinate 
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Ginr› 	TYPF11 OF RADIAL ,"..K:TOR 

homoiopteridae 	Homoeophlebia Handl. 	ambiguous 

Anthracentonon Handl. 	ambiguous 

Heolidae 	Heolus Handl. 	 ambiguous 

Breyeriidae 	BreyEria Borre 	ambiguous 

IgluaIAloides Handl. 	pectinate 

Borrea ?rongn. 	pectinate 

Pouqueidae 	Fouauea Brongn. 	ambiguous 

Graphiptilidae 	Graphityti u Brongn. 	pectinate 

APoPP-PPus Handl., 	pectinate 

Spilapteridce 	J1aoopti1ua Brongn. 	pectinate 

EilLpluaBronGn. 	pectinate 

Spittethe Hand].. 	pectinate 

Gampsoneuri  Brongn. 	ambiguous 

Becoucrelia Brongn. 	ambiguous 

Homaloneurina hand].. 	ambiguous 

Homaloneurites Handl. 	pectinate 

Homaloneura Brongn. 	pectinate 

Lamproptilidae 	Lamproptilia Brongn. 	amliiguous 

Polycreagridae 	Polycreetgra Handl. 	ambiguous 

Eubleptidae 	EupleOus  handl. 	dichotomous 

34 



FAMILY 	GiNUS 	TYP1 OF FUDIAL SIXTOR 

Ketrepatoridae 	me tropator Handl. 	dichotomous 

Paoliidae 	Paolia Smith 	dichotomous or ambiguous 

Stygnidae 	2tygne Handl. 	 ambiguous 

Adinigmatouidae 	kkeniematodes Handl. 	ambiguous 

Incertae Sedis 	Bathytaptus Handl. 	ambiguous 

Palaiotaptus Handl. 	pectinate 

Mecvnostoma Brongn. 	pectinate 

Pseudohomothetus Handl. pectinate 

Aedoeophasma Scudd. 	ambiguous 

Pssudofououea Handl. 	adbiguous 

Oyntonopteridas 	yntonoptera Aandl. 	ambiguous • 

Orthocostidae 	Orthocosta Bolton 	ambiguous 

Pteronidlidae 	Pteronidia Bolton 	pectinate 

Oryptoveniidae 	Oryptovenia Bolton 	dichotomous 

TOTALS 

	

ambiguous 	32 genera 

	

pectinate 	17 genera 

	

dichotomous 	4 genera 

	

pectinate or ambiguous 	2 genera 

	

dichotanous wantiguous 	1 genus 
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The families shown in this list are those given by 

ht,,,ndlirech in Lchrbder (1925); the genera are taken from 

Handlirsch (1908), with the additional ones given by 

ktandlirsch (1911) and Bolton (1912), forming the four new 

felilies (the last four in the list above) given in Schroder 

(1925). 

If the genera are subdivided stratigraphically, the 

following distribution of types of radial sector is obtained 

(the numbers refer to penera):- 

amb. pect. dich. pect.or amb. rach.or amb. 
Lower Upper Carb. 4 0 1 0 

iddle Upper Carb. 17 4 3 1 C) 

Upper Upper Carb. 9 13 0 3. 0 

If e now ignore the genera which show more than one 

type of radial sector and consider the proportion of each type 

in each of these stratigraphical divisions, the following 

distribution is arrived at:- 

ambiguous pectinate dichotomous 

Lower Upper Carboniferous SO% - 20% 

kiddie Upper Carboniferous 71% 17% 12 

Upper Upper Carboniferous 41% 59% 

If these figures are plotted the graph shown in Fig. 5 

is obtained. If all Carboniferous insects are taken into 

consideration (thereby increasing the number of sufficiently 

well-preserved genera from b4 to 122), and the proportions 
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again plotted, the graph shown in Fig. 6 is obtained. The 

additional information for this r.raph is taken from Handlirsch 

(1908). 

As the number of known ioLeeils is undoubtedly but a 

small fraction of the actual insect fauna of this period, it 

is impossible to eraw any definite conclusions from these 

figures. It seems very probable, however, that the ambiguous 

type of radial sector was most common at the berinning of the 

Carboniferous period, becoming less common towards the end. 

The known fossils suggest, therefore, that there was a 

gradual tendency for the radial rector to assume a definite 

form, and that, at the end of the Carboniferous period, the 

assumed form leas probably predominantly pectinate. 

It is clear from the figures ! iven on p. 35 that in 

the known Palaeodictyoptera the pectinate type of radial sector 

is much more common than the dichotomous type, .nd that radial 

sectors of indefinite folm outnumber both these types. 

Comstock (1918) regarded all these amLiguous radial rectors as 

dichotomous, and thus came to the conclusion that the 

dichotomous form was the most common. 

For the purposes of this work it is only necessary to 

point out that, as the pectinate type of radial sector is more 

common than the aichotem us type in the known Palaeodictyo-

pter (and this fossil order approaches the most primitive 

.ecridoid venati n more closely than any other), it would be 
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meaningless to apply a nomenclature to She pectinate branches 

of this vein in the 41eridoidea 	eed en the supposition that 

their original form was (Lichotomour. Partly because of this, 

and partly because no obvious wepoee would be served by it, 

these branches have not been given individuel names in this 

vork. 

It would be as well at this point to correct a rather 

nieleading statement esl.de by Comstock. Referring to the 

14europtera, he states (Constock, 1918, p. 147) that the 

pectinate radial sector lis a distinctive characteristic of 

this order; in no one of the other orders of living insects in 

which accessory veins occur is a well-developed pectinftely 

branched radial sector foune'. The great exception to this is 

the Orthoptera 3a,ltatoria, in lehich the i'orm of the radial 

sector (when sufficiently tranched to show one form distinct 

from the other) is always p ,ctinate, •.Lne in shier_ accessory 

veins are common. 

The form of the media and cubitus is not very 

distinctive: one can only say that they normally lranch et 

least once. More than two branches are common in the case of the 

media, but nuch rar r in the case of the cubitus. In the 

Acridoidea, tee media (as defined by its position) is generally 

simply bifurcate. eccavionly it in ilnranched, and rarely 

three-branched. The cubitue (as defined by its position) is 

always bifurcate at or very near its base, and the anterior 
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branch eometimes divides again in the fore wine-. Thur, in the 

case of these two veins, form can only be reverded as faintly 

confirmatory. 

The anal veins of insect erings are almost always 

unbranched. In Acrieoid fore wings, the primary veins behind 

the cubitus are normally unbranched, and thus their identity 

with the Lnal veins (easily estebliehed on other 'rounds) is to 

eme extent confirmed. As has been discussed elneetere (pp. 30, 

31, and 45), it is impoe-ible to be definite Flout the homo-

logies of the veins in the anal lobe of the hind wing, and, as 

this region has und,r, one so much modification, tee criterion 

of form is here useless. 

(iii) Poeition. 

This criterion is of considerable importance in 

determining the homologies of primary veins. As soon as the 

primary nature of a. vein has been established, its position in 

the vine; is often sufficient for its homology to be determined. 

For instance, the 'ost anterior primary vein must be the costa, 

the third primary vein from the anterior eargin must be the 

radius, and. so on. If there are grounds for supposing that 

one or more of the primary veins is miseing, or that fusion 

ietween two of them has taken place, this must naturally be 

taken into account. In primitive fossil wings, the primary 

nature of the wing is established by definition, end their 

position thus becomes a definition of their identity; this 

also applies to modern wings, when comparison :ith fossil 
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venation fe both easy and justified. 

This e_ethod of vein identification cart Tr applied 

euite easily to the mont primitive dxridoid venetian, that of 

the Pneumoridre. here, the only difficulty that can arise in 

the fore wine concerre the cubitus, the two main branches of 

which arise so near the wing-base that, using the criterion of 
e 

Poeition alone, they could be regarded as independent primary 

veins. A closer examination, however, ehows this to be inconrect, 

and this is confirmed by tracheation. In the hind wing, a 

similar argument applies to the cubitus, but additional 

difficulties arise from the basal fusion of R and M, and the 

development of the anal lobe. Mat fusion between and R has 

taken place is shown by tracheation and comparison with the 

fore wing; no definite homologies can be applied to the veins 

posterior to 1A in the hind - rinc, as discussed on pp. 30, 31, 

erld 45 . 

It is clear that the more specialized a wing is the 

eore difficult it is to deduce homologies from the position of 

the veins alone, Feld this criterion would be of little use in 

identifying the veins of Nome of the more highly specialized 

cridine aings, 

(iv) Convexity and concavity. 

In many early fossil wings (notably those of the 

Paleeodictyoetera), the 1;rancees of the veins are alternately 

raised and depreseed, the ivine the min? e corrugated 

appearance. The correspondence between the identity of the 
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vein 1•1(1 jts convexity or concavity is corn tant in these early 

eems, end is shown in Fie. 3. This corre ndence bees 

nereinted to a varyinc extent in some modern orders, and is 

therefore sometimes e.eeful in confirming vei.n Yomoloelee. In 

eany Dresent-day -Pcrns, 1-,.nwever, the convexities and concavities 

(when developed at all) ere modified or even reversed, and 

there re serious limitations to using tl- is criterion in other 

than a confirmatory capacity. 

In most Acridoid wings, very fee/ of the original 

convexities end conceerities are retained. Pneumorid wings 

are nearest to the primitive form in this resp.et; the usual 

convexities and concavities of their veins are shown in Fig. 7. 

It will be seen in the fore wing that what convexities and 

concavities are developed are of a primitive nature. They are 

largely confined to the Lase of the wing, Alieh becomes 

flattened towards the apex. This is also true of the :cind wing, 

in hich a very large part -f the pre-anal erea is flattened. 

The cubital branches oreetimes show the opposite of their 

primitive convexity and concavity in the hind elnr, end this 

is occasionally true of the branches of the media. 

In the other Acridoid families, these nodificrtions 

are carried further, "nd the criterion is of little use. For 

a possible explanation of the trend of the convexities end 

concavities in the Acridoidea, see u. 87 . 
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Fig.?. The convexities and concavities of Pneumorid wing-veins. 



(v) Basal articulation. 

The arrangenaent of the veins at the base of the 

ii.*c4;, and their articulation with the axillary sclerites, is 

sometimes useful in determining their hociolo .les. Particularly 

is this so when a coAoarison is made between the core and hind 

wings. The Acridoid wing-base is rather modified in that C 

and 3o are typically -'used together at the base, and .1 and Cu 

have to a large extent lost their connection with the distal 

median plate. Thus this criterion has not been of much use, 

except in assisting with comparison between the fore and hind 

wings,and in confirmin, the primary nature of the veins 

involved. 

(vi) 2„acrotrichia. 

Primary veins typically bear .acrotrichia on their 

dorsal surface. A good example of this is shown by the fore 

wing of Locusta micrato;ia Linnaeus, in which the macrotrichia 

pre normally entirely confined to the primary veins. This 

criterion, however, is very unreliable, es primary veins 

_frequently have no lAacrotrichia, .nd the litter are sometimes 

found on secondary veins. ;-acrotrichia are of no use, of 

course, in distinguishing one primary vein fro+nother, but 

erely suggest whether or not a vein is primary. 

(c) Mutual confirmation. 

in practice it is unsound to base any conclusions on 

a single criterion when others are available. All the criteria 
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discussed above are confirmatory to -ome extent, rnc.: it is 

only —hen several of them are in agreement Vat l'nmcloLies can 

he ascribed to veins with any certainty. 

The characteristic form of the radius', for 'xanple, is 

indirect evidence for its beinr.  a primary vein; the identity 

of the subcosta is made mole certain if it is considered as 

being between an unbranched veir. and a vein with a pectinrte 

rector, rather than 1.)eirig.  looked upon merely rs the second 

primary vein. 

The validity of the conclusion:- summarized below 

3.ests on this t'reeent between critorif Thief- rP in themselves 
itAtuye 

of a cofirmatory, ut which by mutual confirTlftion provide a 

sound basis for the determination of homologies. 

In the above discussion on the reasons for the 

application of the nomenclature proposed in this work, it has 

been necess,ary to use the term 'primary vein' from. time to time. 

It may be thought that this was in some cases beuing the 

cueotion, but the term was only applied when mor:t of the 

criteria were in agreement with this course, en anticipation of 

the conclueione,which obviated the temporary use of another 

term. 
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(d) Summary of conclusions. 

It is proDosed to give under thie heading a brief 

aumTnary of the reasons for the application of each. name to the 

primary veins of Acridoid wings. A separate account is given 

for each vein, beginning anteriorly. 

OS TA 

That thie is a nrimcry vein is shown by teacheation 

z.nd basal articulation, often confirmed by , aceotrichia. Its 

identity 'is the costa is established by its nottion (especially 

in the hind wing, where it forms the leading edge) and form, 

confirmed by its convexity in the hind wing. 

THE SUBCOSTA 

A primary vein because of its trachea 	basal 

articulation, often confirmed ly -acrotrichia. Cubcosta 

because of its position and form, confirmed by its concavity 

in the hind -ing. 

THE RADIUS 

A primary vein because of its trachea and basal arti-

culation, often confirmed by macrotrichia. Radius because of 

its position and. hiehly characteristic form, confirmed by its 

convexity. 

TTIJR: ;&D IA 

A primary vein becawe of its trachea, often confirmed 

Ly macrotrichia. Media because of its position, confirmed by 

ite -Form. There is no evidence to ehow that eiter the 

primitive anterior branch (MA) or posterior branch (13) is 
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is missing (for a full discussinn see p.69 ). 

THE CUBITUS 

A primary vein because of its trachea, often confirmed 

by maorotrichia. cubitus because of its position, confirmed 

by its form (see p.87 for additional remarks concerning Cu2), 

11 FIRST ANAL 

A primary vein because of its trachea and testa 

articulation, often confirmed by maorotrichle. First anal 

because of its position, confirmed by its form. 

THE RENAMING AYALS 

In the ftre wing, the second anal is a primary vein 

because of its trfchea and basal articulation, often confirmed 

by macrotricbia. It is the second anal vein because of its 

position, confirmed by its form. 

As indicated on pp. 30 and 39, there is insufficient 

evidence for applying definite ho rxologies to the veins behind 

lA in the hind wing, as the development of the anal lobe has 

obscured their affinities. It is poF.Isiile that these veins are 

divisible into two r-roups, reresenting 2 and 3A, respectively. 

Or 2A and 3A may be individual veins amonp them, the remainder 

being of a cv-condP,ry ritl/re. As there is no sound basis for 

definite conclusions, an arbitrary system has been used, the 

details of which are given on p. 28. 

The reasons set forth in this summary apply more 
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particularly to the Pneumoridae, in which the most primitive 

venation is found. .o'rom this type of venation it is 

easy to derive the more specialized forms found in other 

Aoridoidea. 

2. TT 	TTIGONIOYDZA 

(a) Evidence from fos,lil forms. 

The fossil history of this rrroup is rather better 

known than that of the Acridoidea, but is -till too incomplete 

for lines of evolution to be trac-d with any certainty. It is 

suite probable that some of the Protorthoptera are closely 

related to the ancestral line of the Tettirronioiclea, especially 

the families Pachytylopeirlae, Caloneuridae, Oedischlidae, and 

Sthenaropodidae. Zeuner (1939) has in fact suggested that these 

families could be regarded as Saltatoria. As this author 1-.'s 

discussed the fo- j1 Tetti onioidea in some detail, the 

following account it"' , c,,de as brief as possible. 

The riost primitive Tettip,onloid wing-venation is 

the fossil members of the families Prophalangopsidae 

and (Tryllacrididae. In the former family, the most primitive 

form known is Hapla Aracilis Glebe? (Fig. 8). In the 

Grrllacrididae, the von: tion of the most primitive fossil 

forms is badly preserved, but it is probable that the typical 

vem, tion resighled that shown in Wig. 9. The venation of the 

fore wines of the Protorthopteran forms most likely to be 
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Fig.8. The male (above) and female fore wings of Hagla.gracilis. 

Yig.9. The typical wing-venation of fossil Gryllacridid 
fore wings. 



related to the Tettigonioidea is ohown in Pigs. 10, 11, 12, and 

13. 

oe the basis of these figures it is possible to assess 

the likell,hood of the Tettigonioidea being derived from 

Protorthopteran stock. It will be noticed that in Oedischia  

Brongniart , 8thenaropoda Brongniart, and Permacridites Martynoy, 

the subcosta bears anterior accessory branches and a certain 

amount of fusion has taken place between the media and cubitus. 

Theee features are both characteristic of Tettitonioid fore 

wigs. The anterior accessory branches of ail  (aloo 

characteristic of primitive Tettigonioid wines) are found in 

all these forms except Permacridites. The venation of the 

ealoneuridae and Pachytylopsidae is more primitive, providing 

poteible link with the early kalaeodictyootera. 

There is no important difference between the venation 

of the Palaeorehniinae and the Sthenaropodidae, and it is 

probable that these two groups are fairly closely related. 

This also applies to the female fore winte1 of hagla; in the 

male, however, there iP a certain amount of further 

specialization near the e se of the wing, probably associated 

with stridulation (the eistinction between 'male' end 'female' 

is used on this fact). 

If the diagrams of the venation of Thoronysis Ammon, 

Caloneura, and Permacridites, are compared with the standard 

fossil wing (Rig. 3), it will be seen that the correspondence 
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Fig.10a. The fore wing of allf/lasauajaKa214. (Meunier) 
(Sthenaropodidae). Partly after Vignon (1929). 

Fig.10b. The fore wing of Perrnacridites maximus Martynov 
(Sthenaropodidae). Partly after Martynov (1930). 
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Fig.11. The fore wing of Oedischia williamsoni Brongniart 
(Oedischiidae). Partly after Handlirsch (1906). 

Fig.12. The fore wing of Caloneura subtilis Bolton 
(Caloneuridae). Partly after Bolton (1925). 

M Sc R RI  Rs 

Fig.13. The fore wing of Thoronysis ingbertieneis Ammom 
(Caloneuridae). Partly after Handlirsch (1906). 



is clone enough for there to be no doubt that the homologies 

given to the wing-veins of these genera are correct. eimilarly, 

the derivation of Palaeorehlne and hagline venation from that 

of Permacridites  is perfectly straightforward. 

The modern Gryllacridid venation could easily have 

arisen from that of the Palaeorehniinae (cf. Figs. 9 and 39 ). 

The only difficulty arises in connection with VP. This vein is 

clearly developed in Permacridites, but its existence is by no 

means proven in the i!alaeorehniinae. The basal stem of this 

vein is invisible in Palaeorehnia scotica Zeuner, and could 

not be said to be definitely present in the fore wing of 

Jurassobatea gryllacroides Zeuner. Its presence in the fore 

wins of this eubfe,ily can only be established on the basis 

of its occurrence in Palaeorehnia maculata Cockerell; in the 

tore wing of this enecies it is clear and slightly.  concave. 

The only other .ein6ed Gryllacridid fossil is kacrelcana ungeri  

(ricer), in which there is no basal etern representing Ui; this 

edng,however, appears to be more hiehly specialized than the 

leodern ';tenopelmatinae. In iela ferox Giebel, Lnd 3tenonelmatus  

sartorianus Saussure (the only nodern winged etenopelmatinae), 

this basal stem is also not shown. In some other modern 

Gryllacrididae (Dianhogrvllacris translucens  

Dictyorryllacris dvscrita (Early)) e. structure somewhat 

recembling the basal stem of VP is developed, but this is very 

prohably brouht about by a secondary fusion, as suggested by 
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4euner (1939). 

The evidence supplied by these features is far from 

conclusive; the only Gryllacridid fore wing, in which MP can be 

clearly oho'en to be present iP that of Palaeorehnia maculata, 

and as this species is only known by one wing fragment it is not 

even certain that it is a Gryllacrieid. Aowever, es no other 

evidence is forthcoming, it seems reasonable to euppose for 

the time being teat the basal stem of 10 shown by Palaeorehnia  

meeculate and Permacridites maximue Martynov has been lost in 

the fore wings of the viodern eryllacrididae (possibly due to 

the longitudinal veins becoming arranged in closely parallel 

lines to facilitate wrapping the wings round the body). If 

this is true, the reedia in modern Gryllacrididae is represented 

only by Li. in the fore wing. In the hind wing, the 

contribution made by fossil evidence ie very small: the only 

foeeil Lryllacridid hind wine (that of Jurassobatea) is badly 

r,reecreed. The only point worthy of note ie Crxt the media 

appears to be three-lranched end free from both the radius 

and the cubitus, all eee primitive features Leine lost in 

most modern Gryllecrididae. 

The venation of the female fore wings of has  (see 

Fi,8 ) can also be easily derived from that of Permacridites. 

The epecialieLtiene in the male venation ootiet mainly of a 

marked undulation of the veins posterior to e, Cut  touches le, 

at one point. The derivation of the remaining Peophalaneopsidae 



from enella  also presents no difficelty. The role of ,4almona  

erocti Giebel and Terelitidium ieelotum estwood in providing 

vent e ionea ecnemes intermeeiate 	tween the Paphalangopsidae 

and Tettigoniithee eees been fully dealt ,ith by Zeuner (1939) 

and need not be discussed mere. 

There is one point of interest in Prophalangopeid 

hind wings: this is tne developelent of the enterior branch of 

Sul and its fusion with '1:1). There are only two fossil hind 

wings which help in this matter, those of Hagla eracilis (Fi ,  

35) and Pamphagopeis maculata Martynov (Fig. 36 ). In the 

former species this anterior branch (Cilia ) is not developed, 

Therec,c in the latter it is. In the hind wing of 

Prophalanleoesis, one cf the apparent cross-veins between Cul 

end P is rater leore strongly developed and oblique than the 

others, and may represent the easel stem of 	la• This vein 

is very characteritic of Tettigoniid hind. wings, end it 

seems likely that it ees 	rst develo ed in the 

Prophalaneopoidae. 

The remainin family to be coneieered is the 

Alcanidae. The supposed relationdhips of this tonsil family 

are in a conetent state of flux. Handlirsch (198) con-

eidered them as e;neiferoid but allied to the Locustopsidae. 

4.e.rny (1930 regarded loth these families as being subfamilies 

of the Gryllacrididae. Jeannel (1949) - basine his views 

larGely on Nartynovle work maintains that the A.canidae are 

a side branch of the Oedischiidae, which he supposes arose 
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from early Aeridoid stock. Jeannel (op. cit.) also supports 

Martynovi view that the Lecustopsidae are a side branch from 

Tettigoniid 

1!Ile venation of a typical species of Elcana is shown 

in Pig. 14. The concave subcocta and the radius with a convex 

hi are easily eecognized. he vein immediately behind the radius 

must be the media; it gives rise to a convex anterior branch 

(LA) and a concave posterior branch (114P). MA divides again, 

and the anterior branch VAI  touches the base of Re. That 

this is a correct interpretation is confirmed by some specimens 

in which MA' ;end his  do not suite touch (e.g. I. 10452 and I. 

10706, Brit. Mus. (Nat. hiet.) Collection), being connected 

instead by a short cross-vein. hehind the media is a two-

branched cubitus; Cu1  ie convex, and Cu2 concave. There are 

one or two anal veins, and the costa is represented by one or 

both of the veins anterior to L,'o. The convexities and 

eoncevities referred to above may be obeerved clearly on 

specimen I. 3376. 

The resemblance betreen this venatien and that of the 

Locustopsidae has long been recognized, though in fact there 

are important differences in many respects. some 

characteristics of Elcanid fore wings not found in the fore 

wines of the Locustopeidae are listed below: 

1. The costa normally bears no anterior accessory branches 

of the Locustopsid type. 

51 



M MA+ MP- Sc- RI+ Rs 

witaroyz 	 

Cu 
2A IA Cue 

Fig.14. The fore wing of a typical species of Elcana. 

Fig.15. The female fore wing of Mesogryllus achelous (Westwood). 



2. The subcosta is much shorter, being only about half 

the wing length, compared with the Locustopeid 

Alich reaches to near the apex of the wing. 

3. RI gives rise to numerous accessory branches. 

4. The bifurcation of the radius is much nearer the base 

of the wing. 

b. The radial sector occupies a muck larger area of the 

wing and has many more branches. 

6. MA1  usually touches 1?2, 

7. The bifurcation of 1 is much nearer the -sing-base. 

8. Oul  is unbranched. 

9. There is a much. greater number of primitive convexities 

and concavities. 

10. bifurcation of Cu is some distance from the wing 

base. 

11.1he wings -re relatively bread  

When these differences are taken into account, it 

seems unlikely that the two families are closely related. 

Other features of the body tend to confirm this, as the 

Elcinidae have long antennae, a large external ovipositor, and 

en. appearance generally suggestive of, the Tettigonioidea. 

Their only feature Which could be regarded as AL'A?idoid is the 

hind femur, which appears to be carinate. The Locustopsidae 

have not of a long ovipositor, and no lon antennae ere 
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visille on the specimens Which Zeuner (1942) has examined. 

There is insufficient evidence for any sound phyic-

genetic conclusions regarding the Elcanidae. They are here 

reEaI6.e0 LJ: Tottigonioidea because of the antennae- and 

ovipositor; the venation suggests that they arose from 

Protorthoptera in which the fusion of Cul  and EP had not yet 

taken place 

(b) Evidence from present-day forms. 

(I) TracLeation, 

s in the :xridoidea, Tettigonioid wingstracheation 

usually shows seven nain tracheal stems, and ihen these are 

named Co  Sc, 11, 	Cu, 1A, and 2A, there is complete agree-

ment with conclusions arrived at from the other sources of 

evidence. The costal and subcostal tracheae generally arise 

from a short common trunk at the Is-se - at least ir the later 

instars, as in the Acridoidea. :'ore than two anal tracheae 

are often found in Gryllscridid fore ring-pads, and this was 

doubtless also true of the Prophalangopsidae. The tracheae in 

the anal lot° of the hind ring-pad are discussed on p. 30. 

(ii) Form. 

This criterion agrees in general with conclusions 

derived from fossil evidencs, tracheation, and position. The 

costa (as deduced from the latter three criteria), however, 

is branched in ZODIC 	wings, particularly in the Gryllscri-

didae, and it ie characteristic of both the Prophalangopsidae 

and Tettigoniidae that the subcosta bears a number of 



anterior accessory branches in the fore wing. Accessory 

branches are also found on R1  in the Propha.langopsivae and 

ueyllacrididae, and (in the fore wing) on MA in the Tettigo-

niidae. Although this extenziva accessory branching detracts 

from the value of form in the Tettigonioidea, this criterion 

is nevertheless of importance, eepeeially as the accessory 

branches are generally confined to the fore wing. 

The identification of the radiue may always be 

cenfireed by its pectinately branched radial sector, a 

feature found throughout the Tettieonioidea. There is nothing 

in the form of the media and oubitus to suggest that the 

application of these names is incorrect. 

(iii) eoeition. 

The homologies attributed to the veins of the fore 

wing of nagla on palaeolontologieal grounds (see p. 49) are 

fully confirmed by the position of the veins. This, of course, 

is only to be expected, as this criterion defines the nomencla-

ture given to the standard fossil wing, from which the Hagla  

wing has been derived via the L:ethenaropodidae. 

ilmong the modern Tettigonioidea, the criterion of 

position Lecomes increasingly less useful as the venation 

becomes increasingly more specialized. Fusions between H, M, 

and Gee, have been shown by tracheation studies to be common 

in both the Tettigoniidae and exyllacrididae, and it is only 

then these are taken into account that the position of the 



veins heconee elucidated. However, —hen the primary v-inn 

havebeen satisfactorily delimited, there position does confirm 

the homologies given to them using other cr:i.teria. 

(iv) Convexity on concavity. 

What convexities and concavities are shown by the 

wings of fossil Frophalanopeid3e agree in general 7ith the 

homologies ascribe(' to the veins on the basis of other criteria. 

Thus Sc is usually conclve and R (and RI) convsx. In 

Handlirsch (type) lA is convex and Cu,3  

concave. Some of the females of Hagla gracilis (e.g. I. 10660, 

Lrit. rue, (iat. Hist.) Collection) have a convex Cul and 

concave 0122. In the fore wing of IrophalanFopsis obscura Naar) 

Cu2  is concave and 1A convex. The hind win',  of this species 

has a convex C, concave Cc, convex R, and convex 1A. 

In the Tqcanidae the corrugation of the fore winr ir 

remarkably primitive (see p. 51). The Gryllacrididae have 

lost most of their convF!xities and concavities. In the 

fossil form Prlaeorehnia macu],ata MA is slichtly convex 	-P 

slightly concave Et their bases. Among modern Gryllecrididae, 

there is sometimes a tendency for C and R to be convex and Se 

concave in the fore wing. 

In the TettiFonlidEe the fore wing has become largely 

flattened, but the costa is often al -htly convex, the 

subcoste concave, rie, the radius almost invariably convex. In 

the hind wing 0 and R are always convex and Sc concave. 



Tee criterion of convexity and concavity, then, is 

too unreliable in modern :erthoptora to be of feat use in 

itself, but often provides a confirmation of conconcluoiens 

arrived at frore other evidence. 

(v) Basal articulation. 

The wing-base of the Tetti teonioidea is generally 

rather more modified than that of the Acridoidea, eel(' is of 

practically no value in determining the homologies of the veins. 

des there iE often very considerable fusien beteeen veins 

eefore the axilleexy sclerites are reached, it is to a large 

extent imposLiele to associate any of these - rites with any 

particular vein. It ,Louie 'be mentioned, however, that the 

basal vein-complex of which the radius (as determined by other 

criteria) i the main component normally articulates with the 

Lecond axillry eclerite, in bath pairs of wings, thus 

leoviding another confirmation of the identity of this vein. 

This criterion is, of course, useful in confirming 

the primary nature of a vein, the possession of a basal 

articulation being characteristic of this type of vein. 

(vi) Macrotrichia. 

This criterion is of no use in the Tettigonioidea 

as mecrotrichia (i,hen eevelo[.ed) ere not confined to the 

primary veins. 

(c) Summary of conclusions. 

TES QObTA 

That this is a primary vein is sown by tracheation 
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and basal articulation. It is the costa because of its 

position and form, confirmed by its convexity in the hind wing. 

THE SUBCOSTA 

A primary vein secuse of its trache ‘1.2() basal 

articulation. Subcosta because of its position and form, 

confirmed by its concavity in the hind wing. 

THE RADIUS 

A primary vein because of its trachea and basal 

articulation. hadics because of its position lo 'OrM, 

confirmed by its convexity. 

THE fiE' IA 

A primary vein because of its trachea, often 

confirmed by its Gal articulation. Media because of its 

position, confirmed by its form. it seems probable on 

palaeolontological grounds that the posterior madia (MP) has 

been lost in modern GryllacriCise, but in the other 

Tettitonioid families there is no evidence to show that either 

MA or MP is missing, and the media is therel'ore revarded r,s 

complete. 

THE CUBITUS 

A primary vein because of its trachea, confirmed by 

its basal articulation. Cuhitus because of its position, 

confirmed by its form. 

THE FIRST AJ'AAL 

A primary vein because of its trachea, often 

confirmed by basal Lrticulation. First anal because of its 
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position, confirmed by its form. 

111.1 RakAINING ANALS 

In the fore wing the second anal is a primary vein 

because of its trachea and basal articulation. It is the 

second anal becauee of its position, confirmed by its form. 

For the veins posterior to lA in the hind wing, the 

same remarks as those given for the Acridoidea apply (see pp. 

45 and 28). 

3. Ti.! GRYLLOIDEA 

(a) Evidence from fossil forms. 

As has been suggested and eiscuesed iy Zeuner (1939), 

it is probable that the Grylloidea are an offshoot from the 

Tettieonioid line et or just before the level of the 

krophalane:oecidae. Thin supposition is largely esed on the 

evidence provided by the fossil cubfamily Protogryllinae, and 

core particularly on the genus lAesogryllu  . This genus is 

known only by female fore wings, the venation of which is 

ehown in Fie. 15, As the phylogenetic significance of this 

venation is fully discussed by eeuner (op. cit.), it need 

only be stated here that the venation of e,esot;ryllus is 

intermediate in eery respects between that of eagla ape that 

of the hit 	urylliaae. The genus Protocryllue has a rather 

lore specialized venation than hesogrllus, though occurring 

in earlier beds. 

n interesting feature of the _,e.eoeryllue wing is 

the presence of a distinct P, which fuses with Cul  for a 
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short length. Zeurier (op. cit., p.91) believed the tesal stem 

of EP to lee )reset in Protonryllus as well, but this cannot 

be oteted definitely on the feels of the specimens in the 

Brit. ;11us. (Nat. Hit.) Collection, as a clear MP is shown by 

none of them. If a Ting of the Mesogryllus type was directly 

ancestral to the modern Uryllldae, it would be possible that 

the media of these modern forms represents YA only, SP having 

been completely incorporated into Jul . This cannot, however, 

be eetabliened on the basis of a single foe ,:il wing, end the 

e,edia is regarded in this work as complete. 

The stridulatoxy modifications of the male fore wince: 

of the ee:idern uryllidae can be looked upon as a further 

development of those shown by the Prophalangopeidee. The 

sigmoid curve of Cu2 and lA is more highly developed, rnd some 

of the cross-veins between Cul and Cu2 have been retained to 

form the 'harp'. The 'mirror' has been developed from some 

of the accessoly branches of Cul ; in Protogryllus the mirror 

is rudimentary, thougi the harp is nuite well developed. 

The wing-venation of the Gryllotalnidem is v-, ry 

similar to that of the Uryllidae, and there can be no doubt 

about the correspondence between the varioue veins.  The 

harp is fairly well developed in the .eale but there is no 

distinct mirror. 

Thus there is reich vidence in favour of the ryllid 

nd eryllotalpie wines being derived, via the Protogeyllinae, 
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from those of the Prophalancopsidae. The derivation of the 

Prophalangopsidae from Protorthopteran stock ( end hence from 

the Palaeodiotyopte .) has been discussed on p. 49. 

(b) Evidence from present-day forms. 

(i) Tracheation. 

There ere only six main tracheal ;- t9ns in the 

wing-pads of Grylloie nymphs. There is, however, ample 

evidence in favour of ttis being due to the lose of the co-tal 

trachea or its fusion with trachea Sc. This conclusion is 

supported by the criteria of fossil evidence and form. The 

first five tracheal stems may, therefore, be named Sc, R, 

Cu, end 1A, resultine in complete agreement with conclusions 

arrived at from other sources of evidence. Tracheae 2A, 3A, 

etc., arise from a common tracheal stem at the base, as in 

other Orthoptera. ehere the first branch of the subcostal 
is 

trachea has a aietinct appearance from the remainder, ittlooked 

upon in teis work es the costal trachea. 

(ii) Form. 

Grylloid -''ore wings have a hi(hly 

veneti n, especially in the male, and the criterion of form is 

not therefore v ry useful. In the hind wing, however, the 

venation i. e not so  specj.alized, ..nd the form of the veins 

agrees in general with their identity deduced from other 

criteria. The costa and subcosta are unbranched, R is 

divided into 	and Rs, the media and cubitus are bifurcate 
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(Cul dividing again), and the anal veins are normally-developed. 

In the fore wing the elebconta bears the numerous 

accessory branches characteristic of the related Prophalan-

gopeidae nd the anal veins are fairly normal, but the 

remaining vethsre generally reduced or modified. 

The criterion of form, then, is of little ul;e in the 

fore wing, but provides a confirmation of the homologies 

aecribed to some of the veins of the hind ring. 

(iii) Position. 

Once the i(1entity of the eubcosta has been 

established ie the fore ring (on the basis of foosil evldence 

and form), the remaining veins nay be named according to their 

position end Lee result e,green with conclusions arrived at 

from other criteria. 

This is also true of the bi.nd erip, -then ellowencee 

are made for the fusions revealed by tracheatien. 

(iv) Convexity and Concavity. 

Grylloid vJings have leet most of their primitive 

corrugation, in common irith other orthontera, and this 

criterion is not therefore very useful. The convexities and 

concavities of e, 	and H, in the hind wing confixel their 

identity, and this is also true of ec end H in the -Pore wing, 

though the corrugation here is much lees well-marked. 

(0 Basal articulation. 

The basal region of Grylloid wings is very much 
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modified, especially in the hind wing, rnd the axillary 

eclerites provide little evicence for determining the 

homologies of the veins. In. the fore wing, the base of the 

mabcosta articulates with the first axillery, and that of the 

radius with the second axillary, but this should be reverded 

as a confirmation of the identity of the eclerites rather than 

of the veins. 

In the hind wing, the bases of C, Sc, R, M, and Cu, 

are not clearly separate and. no inferences are possible. 

The criterion of basal articulation has, of course, 
value 

its usual use in establishing the primary nature of the veins 

involved. 

(vi) :,:acrotrichia. 

AS in the Tettigonioidea, the macrotrichia on 

Grylloid wings (when present) are Lot confined to the primary 

veins rnd ire therefore of no use in confirming homologies. 

(o) Summary of conclusions. 

THE COSTA 

- 	See the remarks on pp. 157 and 167 . 

THE OUBCOSTA 

A primary vein becuure of its tra.:hea rAld basal 

articulation. LAibcosta in the hind wing ecause of its 

position, confirned Vy its -.'orm rald concavity. In the fore 

wing, the id.ertity of thi vein is established by its 

position (fossil ividance an . orm confir-An that the costa 

is lost or incorporated in the subcosta), confirmed by its 
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form and sli -ht concavity. 

THE RADII 

A privary vein Sccuuse of its trachea, confirmed by 

its basal articulation. Radius because of its seeition, 

confirmed by its convexity. 

THE MEDIA 

A primary vein because of its trachea, sometimes 

confirmed by its basal articulation. :ledia because of its 

position, confirmed by its form in ESs hind wing (and sometimes 

in the fore wing). For the nature of its branches, see pp. 

58 and 59. 

THE CUB ITUS 

A primary vein because of its trachea and basal origin. 

Cubitus because of its position, confirmed by its form. 

THE FIRST ANAL 

A primary vein because of its trachea Lest basal 

articulation. First anal because of its position, confirmed 

by its form in the fore \!ing snd the characteristic nature of 

its trachea in the hind sing. 

THE REKAILING sNALS 

In the fore wins, the second snd third anals are 

primary veins because of their tracheae and basal articulation, 

and are thus named because of their poEition. 

For the veins posterior to 1A in the hind wing, the 

same remarks as those given oi the —cridoidea apply (see pp. 

45 and 28). 
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VII. ACR1DOIDEA LOCIMTOPOIDAE 

Ads fossil family has been the subject of recent 

paper by Zeuner (1942). This author discusses the venation in 

some detail, end (Ives diagrams in which the interpretation 

of the wing-veins differs in no respect (other than the use of 

the symbols CuA and CuP for Cul  and Cu2) from that used in the 

present work. It will suffice, therefore, to rive a labelled 

uiaf;ram of the venation of a typical Locustopsid fore wing 

(Fig. 16); the hind wings are as yet unknown. 
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Fig.16. A typical Locustopsid fore wing. 

Fig.21, The basic plan of the wing-pad tracheation of 
Acridid nymphs. 



VIII. AuE1.0(,]DA 	PN_XMOHIDAilf, 

. ThTHOIUCTIO1I 

Lo more than pain; references to Pneumorid wing-

venation (see especially z.euners  1942) have previously been 

publig-hed. This it rather surprising, as the aeTders of this 

family have more primitive wings than any of the re:aaininf.; 

Acridoidea, and therefore provide an invaluable connectinc link 

with fossil forms. 

Unfortunately, no nymphs were available, but the 

tracheation could be seen in the adult wings, and there can 

be little doubt as to the homolo'ies of the veins. 

2. ThE 211APE AlD ARkAS OP THE 'INGS 

(a) i?ore wing. 

As can be seen in Fig. 17, the Pneumorid fore wing is 

broader that of the acrididae or Eumastacidae (see figs.21a. and 

21b ). A lobe uay be developed at the base of the anterior 

margin. The convexities and concavities of the veins of both 

fore and hind wings are better developed and of a more 

primitive nature than in other Acridoidea. The anal hinge (a 

line of weakness developed between Cut and 1A) is not present. 

The areas of the wing are similar to those of the 

more priitive members of the Acrididae; the -anal area is 

however, relatively shorter. The areas are always subdivided 

into the numerous small cells of the archedictyori. 
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POSTERIOR MEDIAL AREA (MP) 

FIRST ANAL AREA (IA) 

SECOND ANAL AREA (2A) 

FIRST CUBITAL AREA (Cui) 	THIRD ANAL AREA (3A) 

SECOND CUBITAL AREA (Cu.2 ) 

PRECOSTAL AREA (PC) 	ANTERIOR MEDIAL AREA (MA) 

COSTAL AREA (C) MEDIAL AREA (M) 	 AREA Rs 

—"111111IN 

SECOND ANAL AREA (2A) FIRST CUBITAL AREA (Cul) 

FIRST ANAL AREA (IA) 
	

POSTERIOR MEDIAL AREA (MP) 

SUBCOSTAL AREA (Sc) ANTERIOR MEDIAL AREA (MA) 

COSTAL AREA (C) MEDIAL AREA (M) 	 AREA Rs 

Fig.17. The areas of Pneumorid wings. 



(b) Hind wing. 

The hind wing is characterized by the ;nal lobe, 

though this is relatively smaller than that of most other 

acridoidea, being about cruel in rrea to the pre-anal part of 

the wring. There is an indentation in the ring-margin at the 

point :;here the first anal vein reaches it. The names of the 

areas are given in Fig. 17. 

When the wing is at rest the anal lobe is folded up 

and lies under the pre-anal part of the wing. The folds are 

-Formed along the anal veins. 

3. TIL; 11;G-BABE 

o fresh material was available, and the wingbases of 

the dried specimens (which could not be treated with potash) 

were not clear enough for conclusions to be drawn. 

4. THE VEllia 

The veins of Pneumorid wings (and those of all 

Orthoptera) may be classified as folloys: 

(a) The ambient veins 

(b) The longitudinal veins 

(i) Primary veins 

(ii) aecondz,ry veins 

(c) The crost..-veins 

(d) The archedictyon 

The basic plan of the venation of Pneumcrid wings is 

shown in Fla. 18. 
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Fig.18. The basic plan of the venation of Pneumorid wings. 



(a) The ambient veins. 

These are veins developed along or just within the 

margin of the wing; they are riot provided with tracheae, and 

are differentiated from the archedictyon in the same way as 

cross-veins. There ere two in the fore wing and one in the 

hind wing. 

The first of the ambient veins in the fore wing is 

developed along the anterior edge of the precostal area, and 

is here called the anterior ambient vein (AA). It joins the 

costa distally, lehere this vein reaches the wing-margin. The 

other ambient vein of the fore wing runs submarginally from 

the eietal tip of the costa to the base of the wing, towards 

which it actually -forme Uee posterior wing-margin. It can be 

divided into the distal ambient vein (WA), running from the 

tip of the costa to the tip of the first anal vein, and the 

posterior ambient vein (PA), running from here to the wing-base. 

In the .Lind. wing the distal ambient vein. is present, 

and there is also 	feebly developed posterior ambient vein, 

which, however, becomes obsolete towards the base of the wing. 

(b) The longitudinal veins. 

(i) Primary veins. 

These ere the longitudinal veins of the more 

primitive fossil wings and those of them which have persisted 

in later forms; their min stems normally have a basal 

rticulation, they are generally preceded by tracheae in the 
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nymph, and they often 'beer 	rotrichia in the edult. (Yor a 

discussion of this definition, see p. 25.) 

The primary lenLitudinel veins will lie described 

individually, beginninc in the anterior part of the 'iris;:. 

THB COSTA (el 

In common with most Saltatoria, the costa of the fore 

wing lies well below the anterior margin in the proximal half 

of the wing, reaching it elout halfway to the apex. 

In the hind wine the costa runs elor.e, the whole 

lenLth of the anterior 'Ilergin and is convex, a feature only 

sli L htly apparent in tlee fore wing. 

The costa is ,lways urabranched. 

THE SUBOULTA (So) 

This vein runs parallel to the costa and inmediately 

behind it. The space letween them (the costal area) is much 

wider in the fore wing than in the hind wing. The subcosta is 

concave in both pairs of wings. It is always unhranched. 

THE RADIUS (R) 

In both pairs of winge the radius runs parallel to, 

and just ipehind, the eutcosta. In some Puna species, it 

teccraies divided distally into an anterior, uni,ranched, 7i1, End 

a posterior, pectinately branched, Hs. In Pneumora, Cystocoelia, 

Leeortridgea, and other Dulla species, however, a certain amount 

of b:,sal fusion between 111  and P. has taken place, itle the 

suit that one or two of the 	branches appear to arise 
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from the main stem of H, the vein in this region actually 

being 	Rs . Thie conditien, which i identical in the fore 

enc. hind -%einge, ie ehoe:A in 	19-. In. Pneumora  and 

Ceotocoelia there ie generally one 'el s  branch arising from the 

fueed region, and in Lhertridgea usually two. 

The leain stem of the radius is convex. 

Tkt Lii1l (M.) 

This vein runs parallel to and a short distance 

behind the radius. It normally becomes divided into two 

eeually developed branches in both pairs of winge; in the 

fore wings of Prostalia, however, the media is generally 

three-branched, 

The proble of whether the media is complete, or 

Whether the anterior or posterior media is missing, is 

difficult to olve in the lecrideidea. The only.  criterion by 

which the anterior media can be recognized is ite convexity. 

In primitive wings, each primary longitudinal vein tende to 

divide into en anterior convex branch and a posterior concave 

branch (Lameere, 1C?22, regards the Feabcosta as a paste nor 

branch of the costa). In the case of the primitively complete 

e4edia, these hranches are the anterior media (NA) and posterior 

media (IP), respectively (Lameere, op. cit.). In some orders 

of insects there is reason to believe that the media is only 

represented by its posterior branhh, and the vein is therefore 

regarded as the posterior media. Palaeolontological evidence 



suggests that the posterior media ie absent in the Plecoptera 

end OdoneLa. The only modern order of insects in ehich the 

presence of both branches of the (dia ie fairly ccetein is 

the ;phemero-etera, in which the corrugation of the vein:, is 

primitive (though probably eecondarily accentuated). 

In the eicrididat and Eumactacidas, the main :tom of 

the media teridc to be concave in the fore wine. In the hind 

vine it 	neutral, lying between the strongly convex U and 

strongly concave 0u1. The main stern of the Pneumorid media is 

concave in the fore %4ing, and is either neutral Dr slif htly 

convex in the hind wing. 

The fore wing becomes flattened beyond the branching 

of the media in the former two families, and its branches here 

ear therefore give no indication of its identity. In some 

Pneumorid fore wings (e.g. some species of Oytoeoo1ia ), 

however, the anterior branch tends to be convex et its lase, 

end the posdivrior brunch concave; this condition is 

in some v-inge and is clearly evioence in favour of the media 

being complete. 

In the hind wings of the ,ecrididae the anterior 

branch is conee.ve and the vosterior eranch convex. "ehie rill 

agree eith no interdletation: if the eedia were complete the 

oeeJosite would be expected; if it were an anterior media both 

Leanehes ehoull be convex; and if it were a posterior media 

they should Loth be concave. The primitive convexity end 
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concavity of these branches has evidently been lost. Pneumorid 

hind wings tend to show a similar condition, though not so 

,:fell-marked. The Eumastacid media is unbranched in the hind 

wing. 

osr4il evidence in this natter is almost completely 

The JLeridoid family Locustonsidae has a wing-venation 

closely resemnling that of the crididae and H:unastacidae, and 

i nl:anches of the Idedia, of which there are three, show no 

definite convexity or concavity. In the Palaeodictyoptera and 

Crotorthootera the media often hows a clear diva -Lon into MA 

and MP. The nres-,nce or A is provnd icy its convexi ty in the 

former order (e.g. Microaictya vaillanti Brongninrt - type), 

but in the Protorthoptera its presence can only be inferred by 

comparison (though occasionly confirmed by feeble convexity, 

as in Ualoncura sUbtilis Bolton - tYpe). As discussed on p. 23 

et seq., there is a striking resemblance between the Pneumorid 

fore wing and that of <>tenodictya lobata, a Palaeodictyooteran, 

but the venation of the Protorthopt era (at least to judge by 

the diagrams of handlirsch, 1939) is no help in this matter. 

The above observations do not form a very sound basis 

for any concluz'ions. The only positive evidence is provided 

by the respective convexity and concavity of the branches of 

the media in the Pneumorid fore wing, which suggests that these 

branches are, in fact, 'A and. YP. It seems therefore reasonable 

to regard the media of the lwridoidea s complete until any 

evidence to the contrary becomes uvailoble, and this course 
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hae been taeer in the present work. 

THE eUBITUS (Cu) 

The cebitue divided almost at its base into two 

branches, Cul end Cu2. In the fore wing these are respectively 

convex and concave; in the hind wing tendencies in this respect 

are not so clear, bat both branches are inclined to 'be concave. 

Oul  and Cu2  are generally unorancaed, but in 

Ovstoqoelia Cul is often three-branched. Cu2 1L5 	waye less 

strongly developed than Cul, a feature typical of the 

Acridoidea. 

THA U4ALS 

The fare and hind wings differ markedly in the 

venation of the anal area, and each will therefore be dealt 

with oeparately. 

The fore ring. 

There ere two enals (1A and 2A) in the fore wing. 

1A runs parallel to 0u2, and 2A is a :rter vein just behind 

it. 

The hind wing. 

It is impossible to be definite about hoelologies in 

the hind wing, owing to the development of the eeal lobe (tee 

pp. 28 and 30). The first anal undoubtedly corresponds to 1A 

in the fore wing, but the names 1A, 2A, etc., are intendd to 

be descriptive rather than puggestive of definite homologies. 

has a base rather distinct from that of the remaining 
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enals. Because of this feature, which is usual among 

Orthopteroid insects, Snodgrass (1935) separates this vein. 

from the other arials a the ipostcubitusl (nu). An little 

seems to be vained by the use of this new term ( and a lot to 

be lost in the inevitable, if A.iLht, confusion in terminology 

which must follow), it has been thought bet not to adapt it 

in the present work, thrctwhout which this vein is therefore • 

referred to us the first anal. 

la runs immediately posterior to Cu t, as far as the - 

distal ar:Thient vein. 

2A and the remaininp: anals have a common base. 

(ii) Secondary veins. 

These are longitudinal veins which are not 

homologous with the longitudinal veins of the more primitive 

fossil wings. They are of two main types which will be dealt 

with separately. 

A. Intercalaxy veins. 

These are secondary veins with no definite basal 

attachment, formed from the archedictyon, and very rarely 

represented by tracheae in the nyi:vh. They are named after 

the area in which they are developed. 

Intercalary veins are not found in Pneumorid fore wings, 

but they may be developed in the hind wing, between some of 

the anal veins. They are replaced by accessory veins in the 

Acrididae and Tf2umastacidae. 

B. Accessory veins. 
sect:, maav 

These are access ry veins rising directly from 
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primary veins .nd often preceded by tracheae in the nymph. 

bey are named after the vein from vfOich they 'rise. (For a 

more detailed account of the distinction between accessory arid 

piilraxy veins, see p. 

There is only one accessory vein in Pneumorid ings, 

the second anal accessory (2Aa ), which arises posteriorly from 

the base of 2A in the hind wing. 

(c) The cross-veins. 

These are short, transverse, veins running from one 

longitudinal vein to another. There are very few in Pneumorid 

fore wings, but in the hind wings they are well-develpped in 

iiome regions, notably in areas N. and P. 

(d) The archedictyon. 

This is a network of non-directional veins. It is a 

prominent feature of Pneumorid wings, covering the whole of the 

fore wing, and often a large part of the hind wing. 

The archedictyon and cross-veins are simply 

consecutive stages in wing evolution. In the Aoridoidea the 

Vormation of cross-veins began at the apex and spread inwards 

towards the base. Thus the extent of the archedictyon rives 

a measure of how primitive the wing is. In Pneumorid wings 

(which are ore primitive than those of any other Acridoidea) 

the rchedictyon covers all the fore wing, rhereas in the 

fore wings of the most highly specialized .acrididae it is 

confined to a very small area at the base of the wing. Forms 
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such as Uedipoaa iiudinet-erville are intermediate. 
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AORIDOID1A /LC:Ft 	AND EURAZTACIDAR 

1. INTRODUCTION 

Practically no work has previously been publiAled on 

Acrldid wing-venation. Comstock and heedham (1899, .7,nd 

Comstock, 1918) publibhed a diagram of the wing-tracheation of 

an Acridid nymph, but t,id not name the adult win-veins. since 

the 'work e these authors, Karandikar (1945) has studied the 

nymphal 7inz-tracheatin of Schistocerca rgrvria but there 

has boon no -fork on thL,  adult venation of the Aorididae. 

Attempts have, however, been made to name the veirm 	the 

metock-Needham L;ystem, and as a result the synonymy tabulated 

in Fig. 20 h-os arisen. 

No more than passing references to the homolo; les of 

Eumastacid wing-veins have been previously published (pee 

especially Zeuner, 1942). 

2. TH. TRACHEATION OF THE NYMPHAL WIG-AD6 

,11 the longitudinal tracheae of the wing-pad arise 

fro,d 	transverse basal trachea. The basic plan of the 

tracheation is shown iiFic. 21. 

The costal trachea (0) is generally ,Juch shorter her' 

the subcostal trachea (So); both are unbranched. The radial 

trachea (R) is usually divided into Li 'rind a pectinate radial 

ector (he ). when Rs  is present, the Rl trachea is uzually 

reduced and may be almost absent. 



i:OMENCLATURE 
11,,, 	THIS '.;ORK 

SrMbOL 
SIC As 
(1920) 

HANDLIRSii 
(1925) 

FORbSS 

(1933) 

SNODSRa'A3 

(1935) 

MARTYNOV 
(1935) 

MUNLR 

(1939) 

KARAND1KAR 

(1945) 

CROPARD 

(1949) 
ORIWLR 

(1882) 
sAPsSURE 

(1884) 

Anterior 
ambient vein AA Costa Marginal 

Precostal 
intercalary 

1PC Subcostal 

Costa C 
Subcosta 

Costa Costa Costa Costa Costa Costa Mediastinal Medlastinal 

Humeral Subcosta Sc Subcosta Subcosta Subcosta Subcosta Subcosta Subcosta 
Anterior 

di raal 

Radius R Radius Radius Radius Radius Radius Radius Radius Radius 
Middle 
radial Discoidal 

•••••.~••• 

Radius-one 
_ 

R 1 
a ft 

Radial sector R
i  

H' 
Rs 

Media It Media Media Media Media Media 

Medial 

 Media Media ' 	Media Posterior 
radial Median 

intercalarY 
IN Inters:gar, Intercalary Intercalary 

Cubitus-one Cubitus 

Cubitus 

,=ubitus Cubftas CuA CO Cusn l Cu 
Anterior 

ulnae,__ 
Anterior 1 

ulnar 	1 
I 

Branches of 
cubitus-one 

CUA1 

Cu CuA2 
u 
ic 

CuA
3 

Cubitus-two Cut  First anal Second 
plical 

ostcubitus 
(PCu) 

Cup , 
'-'1.1P CUS Cup Posterior 

ulnar 
Posterior 

ulnar 

First anal 1A =second anal Third 
laical 

First 
vannal anal First anal Anal 

Vella 
dividers 

Anal 

4cond  anal 2A Third anal Axillary Second 
vannal 

Axillary Second anal Axillary Yana 
plicata 

Axillary 

ambient vein 
eosterior Third 

vannal PA utural 

(a) Fore Aug 

F ig.  20. comparative table shoArg the nomenclatures used by various authors for Acridid wing-velna. 



NOIENCLATURE 
IN THIS WORK 

SYMBOL AS 
(1920) 

HANDLIRSCH 

(1925) 

FORBEs 
(1933) 

SHODURA. 
(1935) 

tuRrilov 
(1935) 

Kee:' it,KDIKAR 
(1949) 

c if OP ARD 
(1949) 

BRLNNER 
(1882) 

SAUSSURE 
(1884) 

Costa C 
Subcosta 

Costa Costa Costa Costa Costa Costa Mediastinal 

Subcosta Sc Suboosta Subcosta Subcosta subcosta 11:costa Subcosta Humeral 

Radius R Radius Radius Radius Radius Radius kadT Radius 

Radial 

Discoidal 

Rdius~one R1 R R1 R1 

Media Media Nadia P4edian 

CuA CU Cuulnar xterio  

AnteriorAnterior 

Cubitus-tiao Cut First anal 
~I P 

CO Posteubitus Yos 
CI 

Posterior 
ulnar 

to r1 or 
ulnar  
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Fig. 20. Comparative table showing the nomenclatures used by 
various authors for Acridid wily-veins (contd.). 



The medial trachea (M) is typically 1 ifurcate in the 

acrididae, but Liay be unbranched in win; with reduced venation. 

In the umastacidae the medial trachea is normally bifurcate in 

the fore wing and unbranched in the hind wing. 

The cubital trachea (Cu) of the fore wing-pad ia 

divided near its base into two branches (Cul  and Cu2) in the 

Catantopinae, in Lamarckiana of the Pamphaginae, and in 

ahorotveus of the Eumastacidae. The Cul  trachea is not usually 

present in the acridinae or Uedipodinae, and it is doubtful if 

it occurs in the Pyrgomorphinae. It seems likely that it is 

usually developed in the 1umastacidae. there it occurs in 

acridid fore wing-pads, it is generally also preent in the 

hind wing-pads, though always reduced. It is not known whether 

it is present in aaaastacid hind wing-pads. 

A three-branched Cul  trachea is typical of meny 

Acridid fore wing-pads, but the Eumastacidae and the acridid 

subfamily Ornmexechinae have an unbranched Cul. The Cul  trachea 

is normally unbranched in the hind wing-pad. 

There are two anal tracheae (1A and 2A) in the fore 

wing-pad; in the hind wing-pad the number of anal tracheae 

depends on its vize (there are rarely more than six). The 

first anal trachea of the hind wing.pad arises separately from 

the remainder. 

From a study of nymphs which were apprOaching the 

final moult, and thus showing the adult venation superimposed 

on the tracheae, it is clear that the adult veins follow exactly 
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the courses of the nymphal tracheae. 

3. THE VEVATION OF THE ADULT :INGS 

The followin utfamilies of Eumastacidae are always 

apterous or microalate:- 

Moratinas 	 Lastacideinae 

Tanaeocerotinae 	lqdractinae 

Teicophryinae 	Malagassinae 

Gomphomastacinae 	Naraculinee 

!Thrseinae 

(a) The areas. 

No attempt hao been made in the past to Jive names 

based on the Uomstook-Leedham System to the areas of Acridid 

and Sumastacid wings. A proposed scheme is shown in Fie*. 21. 

Each area (except the precostal area) is named after the vein 

which forme its anteri,r boundary. 

The areas are always subdivided into cells. 

The 1)recotal area (PC), which only occurs in the 

(ore winc„ i often f)roduced anteriorly to form a precostal 

lobe. 

(b) Folding. 

The flexed fore wing is generally folded perpendicu- 

larly along the anal hinge, which lies between Cu2  and 1A. 

This enables the anal area to be horizontal While the remainder 

of the wing is in a vertical position, this being suitable 
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COSTAL AREA (C) FIRST RADIAL AREA (R1) 
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Pig.21b. The areas of Eumastaoid wings. 



for femoro-elary stridulation. The folding of the rind 

when at rest, is more complicated, eve to the presence of the 

large anal area. The moet enterior fold lies along or just 

behind (du„; the remainder lie along 2Aa, 3A, 4Aa, 4A, 5Aa, etc. 

(c) The wind -l;a,se. 

At the base of each wind there is a flexible region 

Which allows the wing to be extended or flexed. :between the 

bases of the wing-veine and the thoracic terga, is the axillary 

membrane, softer and more flexible than the wing-membrane. 

In the axiliary membrane, each wing typically has two median 

plates ane four axillary cierites articuleting with the bases 

of the veins and the thoracic tergum. 

tJnodgrass (1929) has described and illuotrated the 

wing basesof i)issosteira caroling Linnaeus, a member of the 

Oedipodinae. eore recently, La Greca (1947) hae published 

a wider study, embracing representative species from the 

subfamilies Acridinae, Oedipodinae, Gatantopinae, Pyrgomorphinae, 

end Pamphaginae. fie Fives diagrams of the wing-bases of 

Anacridium aegutium (Linnaeus). The ning-bases of Iocueta  

migratoria Linnaeus are illustrated in Fig. 22; they are very 

similar to those of Dissosteira and Anacridium. 

The base of each eing is dealt with separately below. 

li'ore wing. 

The first axillary eclerite is situated between the 

onotum end the second exillary. It has an er erior process 
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which articulates with the fused bases of the costa and 
a subcoeta. lear the base of tae lormer vein there is a tevulwe. 

The second axillary erticulates anteriorly with the 

base of the radius, and posteriorly with the proximal median 

plate. The distal median plate also intermediates between the 

base of the radius and the proximal median plate, but is 

distal to the second axillary, there being a small area of 

axillary membrane between the two. The base of the medj.a erti-

culates with the diOa1 median plate. The base of to cubitue 

arises from the media a shart distance from this articulation. 

ivanova (1947) has shown that the eeeond axillary in 

(J 	italicus Linnaeus and other unspecifled insects 

has a dual origin embryolocioally. She ti. erefore regards this 

eclerite as consisting of a dorsal component, the econd 

axillary proper, and a ventral component whidhshe has naeed the 

'pleural axillaryl. 

The anal veins and the posterior aMbient vein arise 

from the third axillery, which articulates with the posterior 

part of the mesonotum via the fourth :axillary. The latter is 

a smell selerite more cloeely connected. with the third axillary 

in piesoeteira than in Locusta or Anacridium.  The third 

axillary is also connected with the proximal and (to a less 

extent) distal median plates. Inserted on it is the flexor 

muscle of the wing. 

The first and fourth axillaries are confined to the 



dorsal surface of the axillary metbrane, whereas the second and 

third axillaries are exposed on both dorsal and ventral 

surfaces. 

The hase of 0u2  is much less definite than the bases 

of the other primary veins. Posterior and proximal to the base 

of this vein is the hese of the first anal accessory (see 11,82 ). 

The base of the anal fold lies between this secondary vein and 

the base of the cubitur. 

When the wing is flexed a fold occurs between the 

median plates. 

Hind wing. 

The axillary sclerites of the hind wing are basically 

similar to those of the fore wing. 

The first axillery has a reduced anterior process 

which does not reach the fused bases of the coeta and subcovta. 
a 

As in the fore wing, there is a tegulum at the base of the 

costa. 

The second axillary and the median plates are similar 

to those of the fore wing. The distal median plate, however, 

is considerably reduced. The base of the media is completely 

fused 'with the radius, but an articulation with the distal 

median plate is letained. The cuhitue arises from the base of 

the media as in the fore wing. 

The first anal vein of the hind wing has no direct 

connection with an axillary solerite, and has a base distinct 
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from those of the remaining anals. . The latter are all joined 

together at the base, and are connected anteriorly with the 

ttird axillary; this sclerite provides a large insertion for 

the flexor muscle of the hind wing, ee ill the :ore wing, the 

third axillary is connected with each of the median plat s. It 

articulates with the eetanotum via a small fourth axillary. 

In the species examined, Cu2  has a double origin in 

the hind wing. The anterior part arises from Cul, arid the 

posterior part from 1A; the two parts join immediately. The 

constituent arising from lA alould strictly 'ee termed the first 

anal accessory (it), thus making the complete vein ;112-1,1A. 

AS a definite interpretation of this feebly-developed 

structure is at present impossible, it has been thought best 

to refer to the complete vein (for the time being) as Cu2. The 

base of this vein is also the base cf the firelt (concave) anal 

fold, es the two lie approximately on the same line. 

The beee of the second (convex) anal fold (ehich runs 

just posterior to 1A) lies between the bases of lA and 2A. 

The third (concave) anal fold lies along 2Aa and its posterior 

branch. The remainiree anal folds, which are alternately convex 

end concave, lie alone 3A (convex), 4A. (concave), etc. 

(d) The veins. 

The veins of hcridid and Eumastacid wings may be 

classified in the same way as those of the Pneurooridae, and the 
tipat 

various types are defined under this family (see p. 66 et  
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The typical venation of Acrioid and e;umastacid wings 
a&b 

is illustrated in Figs. 23Land 24. 

(i) The amtient veins. 

In the fore eing there is an anterior ambient vein 

(AA) developed along the leading edge as far as the pont 

where the costa (or precoetal intercalary) joins the latter. 

There is also an ambient vein eunning from the distal end of 

the costa to the 1-„te of te.e wing; this vein may be divided into 

the uietal ae.tient vein (DA) and the posterior ambient vein (PA). 

In the hind ring the distal ambient vein is always 

developed, and in the EumactacidLe there lc almost always a 

posterior ambient vein in adeition to this. 

(ii) The longitudinal veins. 

A. Primary veins. 

The nature of these veins is very similar 

throughout the Eumastacidae end less specialized Acrididae. 

TIU; UOSTA (0) 

In the fore wing the origin of the costa lies ,.,sell 

behind the anterior margin; it usually reaches the latter from 

a third to two-thirds of the way along it. 

In the hind wing the coEta rums along the whole length 

of the anterior margin alio is tAronLly cnvex, 	feLture 

ELOWli by the fore wing. 

The costa is Llways unbranched. 

T1? SUBCObTA (c) 

This vein runs parallel to the costa and immediately 
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behind it. At its termination, it either joins c, hl, or DA. 

In the Acridid fore win_; the eubcosta becomes concave 

after separating from the convex eaeius. The eubeosta of the 

less specialized fore wings of the Si;umastacidae is concave 

throughout its length, as it ,is in the hind wings of both 

families. 

TEE RADIUS (R) 

The radius runs parallel to and just behind the 

sulcosta; its base is closely applied to this vein in the fore 

-,in.;;, though remaining completely separate in the hind wing. 

In typical Acridid and Awastacid wings, the radius 

becomes divided in the eival part of the wing into an anterior 

single branch (hi) end a pectinately divided posterior branch 

(i's ). In the Acridinae the venation is usually reduced end the 

radius may 'be unbranched (especially in the hind wing), but 

there is usually a small vector, Which is often Aeeple 
Fig. 24 b 

(e.g. Xvrmeleotettix maculeetue ( hunberg)I) or merely bifurcate 
504e 

(e.g. Umoceotue viridulue (Linnaeus. In the Trigonopterygirae 

tfte vain etem of hc, has eecondzri4 iueed with —1, so that the 

branches of Rs  appear to Lrive 'irectly from the radial stem. 

The number of branches to tc, radial sector often 

varies in different indiviauals o tee EWOM species, and may 

in fact eo so on different sides of the same individual. The 

table given in Fig. 25 shows the type of variation found in 
shows 

the number of he branches in Locusta migratoria. It ,71o/an 

apparently inexplicable inverse correlation between the number 
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6 I D E 
L E FEMALE 

WING 
LENGTH 
(m.m.) 

, 	_ NUUBER OF Rs  buiiacaiE6 'ilNG 

(.M.) 
LENGTH  

, 	- Niiii '— 	' Rs  SW-INCHES 

FORE 'WING HIND 'y4ING FORE'WING -WI G 

LEFT 40 7 3 44 8 4 
RIGHT 6 6 7 4 

LEFT 40 7 3 0 45 7 4 
RIGHT 6 . 3 8 

LEFT 41 7 4 45 6 4 
RIGHT 7 4 7 3 

LEFT 41 7 4 46 8 
RIGHT 6 4 8 4 

LEFT 44 5 3 46 8 4 
RIGHT 7 4 8 4 

LEFT 45 6 4 50 7 4 
RIGHT 6 3 7 3 

LEFT 45 6 3 51 6 3 
EIGHT 6 3 6 4 

LEFT 45 6 3 51 6 3 
RIGHT 6 3 6 3 
LEFT 47 6 3 52 _ 	6 4 
RIGHT 6 4 6 3 

LEFT 48 6 4 52 6 
RIGHT 6 3 6 3 

Fig.25. Table showing the variation in the number of Rs 
branches in the wings of Locusts migratoria. 



of Re  branches and the length of the .orjnv. 

TIE MhMIA (M) 

The tpe nf this Vein is closely applied to the radius 

ir most Acridid fore wings; in the Bumap.tacidae ;,nd the ecridid 

subfamily Oharilainae (e.g, Cherile.us), however, it is often 
(Fkg 26a) 

rather more separate. In the 4'ore wings of Syetella/and 

Trironapteryx the media ie fur 	for part of its length to the 

radius. This condition is also found in the Aales of 
(R040 

Yecoetethus_frocsus (Linnaeus) in the females of this species 

tLe fusicql is less well-marked. 

In the Lind wing the base of the media is always 

fused to the radius. The point of eepi-ration is usually in the 

proximal half of the wing, but may be in the eistal half in 

more specialized erings (e.g. nyrmeleotettix maculatue). 

hortly after leaving the radius, the media is 

typically divided into two eoually developed }ranches (TA and 

IT) in the fore wing. In the ecrididae this is eoually true 

of the hind wing, but the media is unbranched in Bumaetacid 

hind wings. In the more specialized wings of the Acridinae 
!way be 

the media -jefeuneivided in the fore wing (E3.k. 0,flooestus 

viridulus), or in the lind wing (e.g. Yerreeleotettix eaculetus), 

or even in both pairs of wings (e.g. Chorthirinus eoeallelus  
Fig. 2c 	 (Ffg-• 25c1 

(Zetteretedt),\. In the fore wings of PauliniaLeA is fueed to 

the radius for part cf its length. The media is 3arely three- 

'branched (:.g. Aphantotropis; Parossa bimeculate (Giflio-Toe), 
Ftg.ese 

fore win. 
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The application of the terms MA and nT to the medial 

branches is discussed under the lJneumoridae (p. 69 et seg.). 

THS CUBITUS (nu) 

The cubitus arises from the base of the media in the 

fore -wing, and from the common base of the media and radius in 

the hind wing. Qlose to its origin it divides into two 

branches (Uul  and Uu2) in both pairs of winEs. In each case 

..42 ].  is developed mere stroncly than Uu2, especially in the 

neridiefee. It is clear that one of the -1:eatures oi the ncridid 

line of evolution has been the suppression Of Ou2. 

In the Acridid fore wing ijni is typically bifurcate 

cistally at about the some level as the bifurcation of the 

media, and the anterior branch usually divide again in the 

Latantopinae, Oedipodinae, and ixridinae. In the Ommexechinae 

and Eumastacidae, however, Oul  is unbranehed, and is sometimes 

eo in the kyrgomorphinae. Gut  rarely has more than three 

branches in the fore wing; an example of this is Choroedocue., 

in which it is four-branched,in many cases. 

The three typical branches of Cul are referred to in 

this work ne la' Culb, and Oule, beginning anteriorly. 

• In the hind. ving Lul is almost always unbranched, 

running in a straight line to the wing-uargin. It tends to 

be two-branched, however, in the larger species of Lamarckiana. 

Cut  is always straight and. unbranched in ioth pairs 

of wings. In the fore wing it lies directly anterior to the 
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anal fold and probably functions as a support for this line of 

weakness. In the hind wing. Cu7 lies reore or less in the first 

anal fold and is generally degenerate, not reaching the distal 

bient vein. In reduced hind wings Cu9  may be absent. 

Cul  may be convex or concave in the fore wink_; it is 

always concave in the hind wing. Cu2 shows no tendency in this 

respect in the fore wing, but in the hind wing it ie rather 

concave (lying in the first anal fold). 

It should be pointed out here that from a etudy of the 

.hcrid.idae and ,euneeetacidae alone it would be euite feasible to 

regard 0122  as a econdary vein end eui as the complete cubitus. 

Its weak development (compared with Cul ) and the lack of the 

Cut trachea in many nymphs would support this view. Also, the 

etrove conee,vity of Cul in the hind wing would fit in Letter 

eith it being the complete cubitus. In the Pneumoridae, 

however, Cul and Cu2 are convex and concave, seem ctively, iri 

the fore wing; in the hind wing Cul is rather concave. As the 

correspondence between these veine is mite clear, convexity and 

concavity cannot be relied upon in these families, as was found 

ith the media.  

It is riot eifficult to fin -  a possible explanation for 

the present convexities and concevi. ties, if one assumes thet 

mechanical factors require the primary veins to be alternately 

convex and concave, and that when during evolution two veins 

become closely approximated they re functionally equivalent to 
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one. (It should be realised that the account given below is a 

hypothesis ,..nu is only put forward as a tentative suggestion.) 

In a Palaeoaietyopteran such as etenodictya (and it seems 

erokable that rn insect of this type eas nceetral to the 

Pneumorid - Locuetopsid 	Eumastacid - Acridid line of ,volution) 

the media divides at the same level PS the division of the 

radius into B1 and a s. kA is convex 'because it comes 

nediately posterior to the concave radial sector, which in 

turn follows the convex al ; the latter is well separated from 

the mado stern of Rs. In the Acridid line the stem of the radial 

ecter moved towards al . It could thus remain concave no 

longer end became convex alongside R1. This convexity was not 

very strong, as in the same process RI lost some convexity to 

se In order to fit in with the increased convexity of as, MA 

had to become less convex and finally e .eeie concave - the 

condition found in most Acrididae. This process prooahly began 

at the base of kA, and 	as the distal half of the wing became 

flattened, there was no need for the convexity of this vein 

to spread to the wing-margin. JeP then became convex and Cu1 

concave, as the process spread posteriorly. The Pneumorid fore 

wing shows an intermediate stage: MA has lost jts convexity, 

but Gui still retains it. 

In the hind wing a similar process occurred. In this 

case, however, it was accelerated by the moving outwards of 

the orieie of Hs  and the migration of the civision of the 

towards t e '' rid,-base. This brought the origin of MA into a 
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position immediately behind the strongly convex main stem of 

th radius, 1-1d thus it became concave. 	L)  became convex and 

Cul  concave, as in the fore wing. This is well illust:fated in 

the kneumoridae, and there is a slight tendency for Cu7  to 

become convex near the base. In the Acrididae any convexity 

which may have been acquired by Cu in the hind wing has been 

obscured by the occupation by this vein of the first anal fold. 

In most Pneumorids the base of the Litem of R5  has 

actually fused with hi, so that the asal branches of Rs.  

arise from What appears to te the (,iain stem of the radius, but 

is in fact 111+- Rs. (These basal branches of Re are regarded by 

Leuner (1942) as a detached part of the mdia, which he there-

fore considers is a specialized vein in the Pneumoridae) R1 
and the main stem of Rg  are completely fused together in the 

Acridid subfamily Trigonopteryginae. 

From the above account it is clear that the Acridoidea 

illustrate well the limitations to using convexity and 

concavity as criteria in identifying wing-veins. The (;up trachea 

in tne .eneumoridae Lma aany of the Acridiaae and ;umastacidae 

confirmsthe view that it is a primary vein. 

T1ti ASALB 

Fore wing. 

There are almost always two anala (1A and 2A) in the 

fore wing, lA runs just poterior to Cu2  for the whole of its 

length, terminating at the ambient vein. It gives rise to 
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tre first anal accessory vein (which supports the posterior 

-ice of the anal hinge) near its oases  

2A is a shorter vein, generally less than half the 

leneth of 1A. It is sometimes very feebly developed (e.g. 
Fig. 24 

.21rianthus versicolor BrunneM. 

Rind win. 

As under the Pneumoridae (see p. 72). 4A and all the 

anals posterior to it each have an accessory vein arising 

anteriorly from their basee; these eceeeeeey veins form the 

concave ribs of the anal fan, the convex ribs of which are 

formed by the anal veins themselves. 

B. Secondary veins. 

Intercalaey veins. 

The 2umastacidae never have well-defined 

intercalary veins. Those of the Acrid.idae will be tree -tee in 

turn, beginning anteriorly. 

Yore wing. 

.1-10.1COST 	IIMA 

In the ,,cridinRe an6 Oedipodinae there is often a 

precostal intercal'ry (IPC) between AA and C. 

k.XSTAL AMA 

There is sometimes a costal intercalary (/C) between 

U and bc in the more specialized wings. 

hnDIAL AMA 

There are nearly always intercalary veins etween the 
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tranches of ks  r.nd between 1 nd LA. 

jLtL AA 

here is almost always an intercalary vein (IMA) 

between th( branches of M, and generally another (IMP) between 

hP and Cul. 

There may be a medial intercLlary (IM) between the 

main stem of the media and the main stem of Cul. This is 

characteristic of the Oedipodinae, in which it is ecui), )ed 

with pegs for stridulation. hecostethus is similz-r in this 

respect. A uedial intercalary (without pegs) is occasionally 

found in other forms (e.g. some species of Euerepocne 	is). 

vihere it is used as a stridulatory rib IM is strongly convex. 

,..AllsITAL AREA 

There is usually an intercalary (ICuia ) between Cull  

and Gun; there is also another (ICuib) in some Acridid rjr4s 

between Cult  and Cub. There may be one (ICul ) between the 

.ain .stem of Cul  and Ou2, 

ANAL AREA 

Occasionally this area has an intercalary. 

Hind wing. 

RADIAL hRILA 

'then the branches of the radil 7ecter are well-

developed, there are nearly alway ilqt_3rcalaries between them. 

There is usually :.,nother (IR) between R and MA. 

.LEDIAL AREA 

An anterior medial intercLlary (IMA) is usually 

developed. 



Ai 

In the larger forms there are freouently intercalaries 

between the primary anal veins and their accessory branches. 

i.ccessory veins. 

These will be described in turn, beginning 

antei(jarly. 

Fore wing. 

ACCESSORY (lila) 

This is a straijat vejn lying just posterior to the 

anal hinge. It arises anteriorly from the 1aee of IA, and 

follows the Lnai fold for most of its lencth, 

hind wing. 

Th 	ANALACCSOkY 

ee p. 62. 

This SOUND ANAL ACCESbORY (2Aa) 

This arises poste 	rly from the base of 2A. It 

earaost always divides into two branches in the proximal half of 

the wino', the anterior one of which is always the more strongly 

developed. Rarely 2A is unbranched. 

THE FOURTH AW) R6kAll,inG AEAL ACC68SORIS (4/ta, bAa, etc.) 

Practically au  the anal veins from 4A onwards have 

accessory veins, one arising anteriorly from the kase of each. 

(iii) The cross-veins. 

The only cross-vein which requires special 

attention is that connecting l or A2 to Cula+b in the Acridid 
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fore wing, near the bifurcation of M, thus closing the medial 

area. This cross-vein is often more strongly developed than 

the others, sometimes having the appearance of a longitudinal 

vein. '''hen it is absent the medial area is either open 
Fi8.255- 	,Fig, 251. 

(e.g. the elumastacidae; Lamarckianq  Teratodel or closed by 
,Rgeet 

ft end Cu (e.g. Chorthippus bicolor (Charpentier). 1  

This medio-cubital cross-vein is here given the symbol mcu, 

when strongly develoeed, though this name could apply to any 

cross-vein connecting 	and Cu. 

(iv) The archedictyon. 

The relation between the archedictyon end the cross- 

veins ie isoussed under the Pneumoridae (p. 74). 

in the more primitive fore wings (e.g. Lamarckiana, 
Fig, ei 

Teratodes; Chorotypusd the archedictyon covers practically the 

koie of the area of the wing; in the most specialized forms, 

however, there are a very few small areas of archedictyon in 

the basal and post ,rior parts of the wing (e.g. mo t of the 

ecridinae; erianthus). A(4).ny of the Oedipodinae (e.g. Oedipoda  

coerulescens (Linnaeus)) show an intermediate stage. 

The hind wing is almost invariably devoid of 

archedictyon; one exception to this is Lamarckiana, which has 

a 	distal area of rrchedictyen in the hind win:. 

the branches of 
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Fig.25f. The wings of Lamarckiana. 



Cull, Cul, IA 2A 

MP 

C Sc R M 

3 
4A 3A 

IA 
2A 

2Aa 

S M R Rs MA 

C S RMRM 

‘i\ik 	'111 2ACLL2  \ 2Aa  
I 1 	4  3A 

6A 5A 4A a 

Yig.25n. The wings (left) and wing-pads of Teratodes. 



C Sc R+M M R Cu/  Cu. Rs 

/ 	\ 6A 5A  5A0.4A 4A, 3A  

Fig.25j. The wings of Chorotmas. 



ACRIDOIDEA - TETRIGIDAE 

1. INTRODUCTION 

The earliest -ork on the homolopies of the wine of 

Tetrit, id wings is that of Hancock (1902). This author describes 

and illustrates the wine-venation of Paratettix cucull tus ore, 

Tettieidea parvipennis Morse, and Tettix gibbosus Hancock, 

basing his views largely on tracheae 'een in the adult wings. 
3 

ilcrbes (193t) Oyes a labelled drawing of the wings of 

TettiEidea species, and Carpentier (1936) has repeated these 

observations on fecrydium subulatum Linnaeus. 

The views of there authors, and those of Handlirsch 

(Schroeder, 1C25) are tabulated in Fir. 26. 

No fresh nymphe were availeble, kut the Ilne-traceeation 

could be seen in preserved ny:iphs and in some adult wings. 

2. THE SHAPE AND AREAS OF THE WINGS 

(a) Fore wing. 

The fore wings, When present, are slwaye reduced to 

small, rather heavily eclerotized, structures, ehich are 

partly concealed by the backward prolongation of the pronotum. 

Their normal shape is lobiform, but occasionally they are 

elongate and relatively narrow (e.g. Otumba Morse). 

(b) Hind wing. 

The hind wings are usually well-developed nd often 

extend beyond the apex of the abdomen; when flexed they ere 
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-1.1 .  TIS AJRK 
SII130L 

(1902) 
LIAIOURSCH 
(1925) 

FORBES (1933) & 
CARTELTIR (1)36) 

Costa C Costa Costa Costa 

Subcosta Sc Subcosta Subcosta Subcosta 

Radius R Radius R 
ilidius 

.edia :..:i :edia Rs 

Cubitus-one Cui Cubitus Ledia iiiedia 

Coitus-two Cut First Anal Cubitus ii + Cu 

d.r.st anal lik Second plical 

6econd anal 2A 

26. Co:Tarative table showing the nomenclatures used by v.ricus 
authors for the veins of Tatrizid hind wings. 



shielded dorsally by the pronotum. The extended hind rilW has 

the normal erthopterous shape, with a relatively enormous anal 

area. The pre-anal part of the wing is reduced to a narrow 

anterior band. 

The veins of Tetrigid wings may be classified in the 

same way as those of the Pneumoridae, and the various types 
that 

are defined under tieio family (see p. 66 et see.). 

The typical venation of Tetrigid wings is illustrated 

in pig. 27. 

(a) The longitueinal veine. 

(i) Primary veins. 

TI-De 008TA (le) 

There is no costa in the fore wing. 

In the hind ring the costa is well-developed and lies 

along the anterior margin. 

TEle LAIVCOSTA (so) 

in the fore wing there is often a weakly developed 

subcosta in the central region of the wing. 

The subcosta runs parallel to the costa in the hind 

wine; it often fuses rith this vein before reaching the apex of 

the wing. 

Mee RADIUS (10 

The radius runs just behind the subcorta in the fore 

wing. This is also tree in the t ind wing; the teo veins are 

closely p resse4 together for a large part of their length, 
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Sc 

IA 

Fig.27. The wings of Eugavialidium. 



becoming separated in the distal part of the wing. In the 

radial stem is also incorporated the media, which, however, 

often separates at tee wing-apex. 

Jee;DIA (10 

There is no media in the fore wing. 

In the hind wing the media is comoletely fused to the 

radius for all or nearly all of it e leneth. 

THE CUBITUS (Cu) 

This vein is absent from the fore wine:. 

In the hind wing the cubitus ie divided from the -ease 

into two sterns, Cul  and Cu2. Cut  is a short vein, often less 

than a ouarter of the wing-1 ngth; it freouently bends nosteriorly 

and runs into Cu2  at its extrenlity. Cu2  is not very etrengly 

developed but reaches the apex of the wing, running narallel to 

R M. 

TH_Le ANAL'S 

In. the fore wing there is a feebly developed first 

anal (1A) 61ad additional anal veine are sometimes visible. 

The first anal vein is strongly developed in the hind 

wing, etere it is oloeely pressed against Cu2 for almost the 

whole of it length. Tea two veins tend to separate slightly 

at the apex of the leinle. The anal fan is rupeorted by numerous 

radially-arranged veins in the usual yeanner. No definite 

homologies can be ascribed to them, and they are here called 

2A, 3A, etc., consecutively, for eescriptive purposes. 
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(ii) Secondary veins. 

The only secondary veins in Tetrigid wings are the 

intercalary veins between the primary veins supporting the anal 

fan; they form the concave ribs of the fan, alternating with 

the convex anal veins. -Bos other definite convexities or.  

concavities are ftown by Tetrigid wing-veAns. 

(b) The cross-veins. 

Cwing to the extreme reduction of the venation, there 

are no well-developed croes-veine in the fore wings, though 

there are freouently a number of very reduced ones in the 

posterior half. 

11 the r- real of the hind wings are supported by 

numerous well-develoed cross-veins, especially in the larger 

species. 

(c) The erchedictyon. 

The anterior part of the fore wing is supported by an 

arehedictyon of thick, heavily sclerotized veins, and there is 

a tendency for this to develop in parts of the ,posterior rod ion 

of the wing. It is proleeble that this archedictyon is a 

eecondary structure, arising; from the extrceee reduction of the 

fore wings. 

There ie no archedietyan in the hind wing. 
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:..1.1"011)()IA 	CONGIAJTON3 

On the whole the Acridoidea have an extremely uniform 

wing-venation. The only exception to thin; is found in the 

Tetrigidae Where the wings are highly Lodified and bear little 

resemblance to the norrial Acridoid form. The other four 

families will therefore be considered first, and the Tetrigidae 

will be treated later. 

The wings of the Locustopsidae, Pneumoridae, Acrididse, 

and i!kimastacidae, are characterized by the following features:- 

1. The close approximation of the moy.e proximal regions 

of 0c, R, and M (but not Ou) in the fore winc. 

2. The basal fusion of and M in the hind wing. 

3. A tendency towards the reduction of Ju2. 

The Pneumoridae ,ave a more primitive wing-venation 

than the other three 	ilies, as shown by the following 

features:- 

1. The ,:,-rchedictyon i iitore extensive, especially in the 

hind wing. 

2. ,,,u1  and Ou,,, retain their primitive convexity and 

concavity in the fore wing. 

3. The bifurcation of Ou is rather more distal. 

It ohould also be mentioned that the anal lObe of the 

Pneumorid hind wing is developed only to half the extent of 

th,7;.t of the other three families, and there is no anal hinge in 
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the fore wing. 

4_cridid wings are more specialized than thoee of the 

,,umastacidae in the followin,y reenects:- 

1. 60, R, and M, ;,re tore Mosel, approximated in the 

fore wing than in most Bumastacidae. 

2. intercalary veins are enerally better-developed. 

3. 2 18 
 further reduced in the hind wing. 

4. f 1  and the rain stem 	R,b  are more closely 

approximated, especially in the fore ITAng. 

The vumastacidee, on the other 1-and, show some 

venational features which are specialized when compared with 

the Acrididile:- 

1. is unbranohod in the hind ring. 

2. Cu1 is reduced in the hand 

3. There is a posterior ambient vein along the margin of 

the anal lobe of the Kind wing: this is probably a specialization. 

,n imoortant diagnostic feature of the Eumastacid 

fore 'Ting is the unbranched Oul. Thie vein is almost always 

two- or three-branched in the crididae 	Loeustopsidae. 

,e there -es l',cen 	dnuLt 	to -hether the 

Locustopsidae is allied to the hcrididae or not (see 

lirech, 1939; Zenner, 1942), a list is given below of 

venational features of the fore wing which are common to both. 
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1. The subarginal costa. 

2. The pectinate radial sector. 

5. The has p 1 bifurcation of the cubitus. 

4. The reduced Cut. 

t. 	intercalary veins in the distal half. 

6. The Exchedictyon towards the base. 

7. 'Aae three-branched Cul. 

L”. 

 

the nature of the convexities 	conca,vities. 

Of these features, Los. 1 - 3 are Saltatorian, No. 4 

is Acridoid, and the rest, in combination, suggest that the 

Locustopsidae are more closely related to the Acrididae than 

to any other Acrid id fc-Aly. 

The venation of the Locustoprid fore wing dif'f'ers from 

that of the Acrididae in the following respects:- 

1. The media is three-branched (This is the case in some 

members of the Aoridid Eubfa ily Ommexechinae, but here the 

branching is elf a different nature.). 

2. The submarginal part of the costa is shorter. 

3. ch,c, it, and M, are more separate from each other near 

the base. 

4. The anal area is comparatively smaller. 

b. Ri  and Re  are wider apart. 

Also, the wing-length:body-length ratio is very much 

greater than that of moat Acrididae. 
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The first of these features surgeets that the 

Locuetopsidae were not directly ancestral to the Acrididae. 

The remaininc frelily to be considered, the Tetrigidae, 

is typified ly a uniform but very modified wing-venation which 

LL ,.9 practically nothine in common with the ether ncridoid 

fe Lilies. The only signifie,,nt feature of Tetrigid venation 

which is found in the remaining families is the fusion of R 

and M in the hind wing; this is therefore a universal cridoid 

feature, though not a diagnostic one. The e3413 eereteres by 

which the Tetrigidae differ fron the remaining ecrideidea are 

as follows:- 

1. The invariable reduction of the fore wings to heavily-

scleretized, punctured flaps. 

2. The reduction of the pre-anal part of tho bind wing, 

none of the pre-anal veins being branched (ignoring the basal 

division of Cu into Oul  and Cu2). 

3. The reduction of Cul, which does not extend into the 

distal half of the hind wing. 

4. The close approximation of Cu2 and lA in the hind wing. 

b. The close approximation of Sc and R n in the proximal 

half of the hind wing. 
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TRIDACTYLOLUSA ?R1DACTYLIDAF1 

1. INTRODUCTION 

The hiehly specialized wing-venation of this family 
3 

ha e received little attention in the past. Forbes (1e4) 

considered teem to be a further development in the line of the 

reetrigidae. The only work on the homologies of the veins. is 

that of Carpentier (15)36), who gives a labelled drawing of the 

wings of Tridactyluo thoracicue Gu6rin-Mereeville end describe 

the venation of this and other species of Tridactylieae. ITo 

tracheation studies have so far been carried out on Tridactylid 

elege and as no nymphs were available for the present work the 

eecount given hero is brief and merely descriptive; the veins 

are named to facilitate the description and the homologies 

suggested euet be regarded -s tentative until the tracheation 

of the wing::: has been investigated. 

,L comparison between the nomenclature used here and 

that of Carpentier is given :Ln Fi. 28. 

.2. 	THE SHePE AND AREAS. OP THE WI MIS. 

Tridactylid fore wings are reduce.) to short, elore or 

less elliptical lobes. They are fairly neavily sclerotized and 

are alee.t devoid of venation. 

ehe hind wines ere often well-developed. The area 

anterior to Gut  is well-eclerotieed, especially in ehipipteryx, 
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NOMENCLATURL; 
IN THIS WORK SY_LL IOL C.ARlaiTEM 

(1936) 

Subeosta Sc Subcosta 

Radius R 
.cidius 

edia  
-- 

First anal 'IA i:L:dilary 

(a) ubre winL. 

NOMENCLATURE 
IN THIS IORK S 	L 

CARRIIVTD2 
(1936) 

Subcosta So Subeosta 

Liedia II 

Cu1 

Radius 

liedia Cubitus-one 

Cubitus-two Cu2 Cubitus 

First anal 1A '-cond 
piical 

(b) Hind wing 

Fig. 28. A ooiaparison between the nomenclature used in 
this work for Tridaetylid wing-veins, and that 
of Carpentier (1936), 



the remainder of the wing 7being membranous. In ohape, the 

extended hind wing is like a fan, and when at rest folds in the 

usual Orthoptereue manner. 

3. 	VI INS 

The venation of each wing will ue .een-ieed cepereteiy. 

(a) Yore wing. 

The fore wing has lost most of its venation (see rig. 

29), but two veins can generally be dictinguiebed. The first 

these runs close to the anterior wine-riarein at its lie, 

then curves down towards the centre of the wing, and finally 

bends upwards toward e the wing--ereir again. Yt is vere 

likely that this vein is the subcosta end it Is regarded as 

such here. In the males of some species of Tridectvles Se hears  

a number of ventral stric.'ulatory teeth. Behind the outcoeta 

le e vein runejrec ,lone the longitudinal axis of the wing, here 

regarded as the radius. 

In Nhipiepteryx teese cJre tic only two veins visible 

in the fore wing, 	1 in Tridactylus there is often a feird vein, 

arising a short distance behind 11 and diverging from it towards 

the posterior wing-margin. This vein is regarded here as the 

first anal. 

(b) aind wing. 

There is a feebly developed costa supporting the basal 

part of tee anterior margin of the hind wing. In Trid ctelus  

a rudieientare subcoete is visible at the laze of the wine, just 
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IA 

C Sc Cu2  Cui  R Cul i-Cu2  IA 

C R M IA Cu2  

Fig.29. The wings of Trio.otylua thoracicue (above) 
and Rhipipteryx chopardi Willemee. 



behind the wing-margin. K, NI, and Cul, are all fused or 

lusely associated t the base of the wing, separating z:.bout 

a third of the :ay plon it. The radius occupies a submarginal 

position in Tridactylue, but supports the distal part of the 

nterior wing-liargin in Rhipipteryx. The media becomes 

obsolete in the more distal part of the wing. Cul  has 

disappeared in RhiDintervx, but in Tridactylus it bends sharply 

c.own to fuse with Cu2. The latter vein forms the posterior 

boundary of the unfolded, unlerotizad, part of the hind wine. 

2' 	ually converging with 

it in TridaotTlus, but rapidly becomihg obsolete in Rhipiptervx. 

The remainder of the hind wing is supported by the radially-

arranred anal veins of the anal fan. 

There are no accessory veins in Tridactylid wings, but 

intercalary veins are found alternating with the anal veins 

the EJial fan. Ambient veins are not developed, and cross- 
(cle..cept -crr a single low irA. Eke anal, cliA_) 

veinsLare only found in Tridactvlus, where there are often a 

few between It and Cui+Ou2, and between Cu2  and 

The above description applies only to ;4ecies in 

which the hind wings are fully developed; brachyptery is common 

and 	accompanied by reduced venation. 
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XIII. TZTTIGONIOIDEA PROPHALAVGOPSIDAE 

1. IIITHODUUTION 

The wing-venation of this family has been dealt with 

fLArly fully by 4euner (1939), but, as the homologies 

,ttributed to the veins oe this author differ slightly from 

those in t;eis ";o .k, a brief account of Proohalany)peid wing-

venation is :iven here. The relations ipe of the 'Massie 

Geinitziinae are uncertain and this vroup is not treated here, 

The Prophalangopsidae, as deli,ilitee 	'e'euner (op. cit.), 

ie elmost entirely a fossil family, there being only three 

living species, ProphalanFopsis obecura, Cynhoderris eionstrosa  

Uhler, end  	Hebard. Of the-e three eeeciee, P ctscura 

is fully-winged end the Cyphoderris species Ore > rachyptereue in 

the male and edcroalate in the ferale. Only one specimen of 

1,rophalengopsie is known; this is a rtale, about P hundred yet rs 

old, and In had condition. It was f:unI in India end presented 

to *le British 74useum in 1861. 

a. comparieon between the nomenclature used in this 

,cork and that of Zeuner (op. cit.) in Rivera in Fig. 30. 

2. THE TRACHEATION OF Tii1,3 NYMPHAL WING-PADS 

No fresh nymphs of Cyphoderris were available, but the 

tracheation could be seen Jr, the adult wings. 
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ACA.MaJidITRE 
IA THIS 4URK 

SYMBOL 
(1939) 

SAUSSURE 
(1898) 

Costa C Costa or 
Costa secans 

Subcosta Sc Subcosta .traeral 

Radius R Radius 

Radius-one Ri Discoidal 

Radial sector Rs  Zsedian 

iedia id ;dedia bluer 

Cubitus-one Cut Cubitus 

Cubitus-two Cu2  - 
First anal 

- 
First anal 1A Second anal 

Second anal 2A Third anal 

Pig. 30. A comparison between the nomenclature used in this work 
for the veins of the fore wings of Propalawopsis and 
those of Zeuner (1939) and Saussure (1898). (In the 
hind wing Zeuner's views are identical with those 
expressed in the present work; Saussure gave no 
nomenclature for ProphalanLopsid hind wings.) 



3. THM 311A1,  AND AREAS OF TH] 1I11G8 

(a) Fore wing. 

The fore wings vary in shape from being relatively 

in and earrow. ,s in havla rracilis (about four tines longer 

than broad - see Fig. 31), to le inc 	;e in Pro-

lail lalizl!R1EL2Laiangt  (eee Fig. 32), or almost circular, EM in 

Oeehoderrjssee Fig. '133). 

"'he arose of the' fore wings F.:0V eazily named using the 

eoustnek-Needham System (see Fig. 34). 

(b) hind wing. 

The only complete fully-developed hind wing known is 

that of Prophalanropsis, but whet fragment:- remain of fossil 

vings eugvest that the shape found in thisgenus is typical of 

the family. As in the fore wing the urea s ere eerily named and 

are shown in Yi . 34. 

4. THE VEINS 

The veins of Prophrlancopsid wings may be classified 

in the sale way es thane of the Pneumoridrie, and the various 
wit 

types are 6efined under this family (see p. 66 et sect.). 

(e.) The longitudinal veins. 

(i) Primary veiner. 

THE COSTA (0) 

In the fore eines afOrphoderris no well-developed 

costa is present, but the most proximal of the anterior branches 

arising from the eubcoeta have a tracheal supply from a short 
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2A IA  
Cu2 cui 

Cup Sc M R MP MA 

Male fore wing. 

R Sc Rs R1  MA I  MA2 MP 

R M MA mP  MA MA2 R Rs 

Female fore wing. 

Pr t of the hind wing. 

Fi .31. The vinge of Helgla  proklis , 



MAI  

MA2  

CU2 
\ 

\ 
IA 

• 3A 2 
4A 

MA 
MA2  
MP 

Cue 

C Sc Cu, M R MP 

Fig.32. The wings of Prophalanoosis obscura. 



R1 

Fig.33. The fore wing of 
Cyphoderries  

> 2A 41t, MAs  
IA 

Cuth tkOi  
Cu2 	 MP 

\ 	Cul  
IA Cu2 



FIRST ANAL AREA (IA) 

SECOND CUBITAL AREA (Cu2) 
FIRST CUBITAL AREA (Cul  ) 

RADIAL AREA (R) 	FIRST RADIAL AREA (R I ) 

MEDIAL AREA (M) 

COSTAL AREA (C) 

AREA MAI  

AREA MA2 

POSTERIOR MEDIAL AREA (MP) 

SUBCOSTAL AREA (Sc) 

RADIAL AREA (R) SUBCOSTAL AREA (Sc) 

COSTAL AREA (C) MEDIAL AREA (M) FIRST RADIAL AREA (RI ) 

AREA RS 

SECOND CUBITAL AREA (C U2 ) 

FIRST CUBITAL AREA (Cu) ) 

AREA MA2  

POSTERIOR MEDIAL AREA (MP) 

AREA MA I  

FIRST ANAL AREA (IA) 

AREA RS 
PR ECO STAL AREA (PC) 

..34a. The areas of the wings of Prophalaazapaa. 



FIRST ANAL AREA (IA) FIRST CUBITAL AREA (Cul) 

COSTAL 

MEDIAL AREA (M) 

PRECOSTAL AREA (PC) 

AREA (Se) 

FIRST RADIAL AREA (RI) 

AREA (C) 	SUBCOSTAL 

RADIAL AREA (R) 

AREA Rs 

ANTERIOR MEDIAL AREA (MA) 

POSTERIOR MEDIAL AREA (MP) 

SECOND CUBITAL AREA (Cup) 

Fig.34b. The areas of the fore wing of CarRhoderris. 



common trunk separate from the subcostal trachea, suggesting 

tLet thesv! branches represent the costa. In tie Prophalansis  

fore wing there is v rtrongly developed lonv,itudinal vein in 

.;;e area nterior to the subcosta; it ir p ssitle that this is 

tL costa, but in the ebsence of tracheation ctudies it is 

imeossible to be ouite corLein that it is not an accessory vein, 

especially as it i apparently crossed by the subcostal accessory 

branches. 

In the fossil forms it is probable that the cotta is 

represented by the moat p rox1al eubcostal branches, as in 

kNphoderris. 

In all known Prophalangopsid hind wings there is a 

Lormally developed costa along the anterior margin, convex in 

Prophalancoesis. 

Tab.: SUBUOSTA (Sc) 

In the fore wing this vein always lies some distance 

Lehind the anterior margin; the area thus deliNited is supported 

by its numerous anterior accessory branches. 

In the hind wing the cubcorta rune just behind the 

costa. 

The subcosta is normally concave in both pairs of wings. 

THE RADIUS (R) 

This vein runs just behind and parallel to the 

subcosta. It becomes divided, generally about midway alonE the 

wing, into two branches, 	and iis; the former bears a number 
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of anterior branches, and the latter e number of posterior ones. 

In the fossil forms the he  branches are more numerous than the 

blanches of it1; in Prophalangopsis, however, the reverse io the 

ea e. 

' le radius is convex in both pairs of wings. 

( 
	

) 

The media lies just posterior to the radius. It 

divides into teo branches, MA and NP, and the anterior one 

typically divides again (forming; Al and aA2 ). This branching, 

usually occurs in the proximal part of the wine, but in 

Cyp.hoderri..s the media divides at a central point; in this 

genus, rhich has e reduced venation, :4A is unbranched. In the 

fore wing 141' normally becomes fused for part of its lenrth to 

Cul  or euan ; in tile . Lind wing this is probably also true of 

ParqphFopis me.cuL:ta (eee Jig. 3d), and possibly so in 

Prophalangopsis (see below), but ;::P and Cu, appear to be cuite 

free in iiapelayracilis. 

The media and its branches eChow no definite and 

constant convexities or concavities. 

THE GULITUL; (Cu) 

This vein divides at its base into tvo branches, Cut  

and i u2. In the fore wing Cul  gives rise to a variable number 

of further branches. In the hind wing it appears to be 

unbranched in Aagla graoilis,  but in Pamphagopsis maculata  

(according to Martynov's figure, reproduced in Fig. 36) Cul  

elves rise to an anterior branch (Cula ) -ehich fuses for part 
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Fig.35. Part of the hind wing of Hagla gracilis. 

Cul  M C MP MP+CuiaCuib  MAI 	MA2  

Fig.36. Part of the hind wing of Pamphagopsis maculates.  
Partly after Martynov (1925). 



of its length with LIP. This may also be the case in the hind 

wings of P_phalangoi,sie,where one of the apparent cross-veins 

between eu, Lilo the base of 	is rather iore strongly developed 

and oblicue than the others, and mey therefore be Cilia  (this 

vain is dlown in iig. 32). 

0u0 is unbrancheC in both pairs of wings. In the male 

'ore wing it forms the ftridulatory rib and bears a row of 

tenth on the underside. 

oul and 0 	tend to be convex and concave resnectively 

in the forsil fore 	in the fore wings of the modern forne 

these veins show no definjte convexities or concavities. Cul  

is concave in the hind wings of _roohal 	 

Ti1J, .:11.1A1U 

There are generally two or three anal veins in 

Prophalangepsid fore wings. The first anal (1A) sometimes 

forms the most posterior part of theAridulatory rib (e.g. 

kronhalarwonsis,  qynnoderris. Aboilus columnatus e.rtynov). 

In the hind wings of Prophalangonsis the anal vens 

are of the norrtal Orthopterous type: they are radially-arranged 

and support the anal fan. 

'117,e first anal is convex ii1 	fore wings of 

c_yrtophyllites, Pronnalagonnis,  -:tad ..jyohoderris, and in the 

And wings of Prophalanfonsis. 

(ii) Secondar:.: 

A. Intercalary veins. 

These veins are riot very common in ProphalannOpsid 
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wings. There is, howeeer, a tendency for their development 

between the branches of flu, 14  and Cu, in Zalmona brodiei (fore 

wing) ando accerding to kartynovls figure (Martynov, 1934, Fig. 

1963), there are intercalary veins between the branches of Rs  

and li in 4tboilus columnatue (fore wing). There are a few 

rather feebly developed intercalely veins in both fore and hind 

rings of .erophalaneoesis, again between the branches of Rs, M, 

and Cu. 

B. Accessory veine. 
is 

There arc elraec a num-ter of accessory veins in 

Prophalancopsid wings. In the :ere ring the eubcosta 

invariably gives rise to a row of :etor accessory branches. 

This also applies to 131  in both pairs of wings, and in some 

fore wings there are also eme anterior accessory branches 

arising from the main tem of the radius. 

In the fore wing Cu1 bears a number of accessory 

branches, and in qyphodereie this vein divides into E. definitive 

Oulland UUlb, is in the Tcttigoniidae. 

The anal veins are nornally undivided, but in 

Cyphoderris 2A sometimes bears an accessory branch. 

(1:) The cross-veins. 

The arrangement of the cross-veins iv very characteristic 

of most of tee fossil Prophelantopsidae. In many of the areas 

of the fore wing they are very numerous and cloce toecther, 

giving the venation a web-like appearance. This is particularly 
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true of the radial, medial, and cubital, areas. 

In the more advanced fossil form Zalmona tradiei this 

feature is not so prominent, and it has practically disapped 

in the modern 9pecies. 

In the known hind wings the cross-veins are developed 

normally. 

(c) The r.rciedictyon. 

There is no primitive 'rehedictyon in Prnpht-lenropsid 

rings, though there is a tendency towards its -econd,,,,,xy 

developlaent in the reduced fore wines of (;yphoderis. 

It is possitle 	t in the Prophalangopsidae the 

intercalary veins were formed from the cross-vejns and riot from 

the arcJedietyon. 
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AAV. UTTIGONIOLUEA GHYLLAOHIDIDAB 

1. MRODUUTION 

The wing-venation of this family has been studied by 

Karny (1925, 1930), and has been discussed more recently by 

Zeuner (1939); the present account rill therefore be brief, 

Itarny's nomenclature differing in no important respect from 

that used in this rorle. 

A comperinon between the opinions of y; rious authors 

is given in Fig. 37. 

2. THS TRACHEATION OF THE NYMPHAL WING-PADS 

The tracheation of the nymphal wing-pads of 01c-dis 

he bean fully dealt with by Karny (1925). Hie figures (see 

Fig. 38) show that the veins in the precoctal area of the fore 

wink can le regarded as accessory branches of the costa, ee 

their tracheae arise from the costal trachea. The tracheation 

also thaws clearly the fusions which have ta,  e place hotween 

R, k, and Uu. 

3. THE SHAPE AND AREAS OF THE WINGS 

Gryllacridid fore wings (see Fig. 39) normally take 

the form of more or less elongate lobes, often. only about 
Semi. -6 rou lar 

trice as long as broad. The hind wings are generally oyoloid. 

The areas of Gryllaoridid 7Tings are easily nand using 

the Cometock-Peedham System; an example is hown in Fig. 40. 
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NOMENCLATURE 
IN THIS WORK syion 

HANDLIRSCH 
(1925) 

It`RNY 
(1930) 

ZS-UN-ER 
(1939) 

°HMO 
(1949) 

Costa C Costa Costa secans Costa 

Subcosta Sc Subcosta Subcosta Subcosta Subcosta 

•dius-one R1 R R R R 

Radial sector Rs Rs Rs  R8  

iedia :4.edia i.ledia Media Media 

Cubitus-one Cu1  Cubitus 
Cu CuA Cup  

Cu 

Cubitus-two Cu2  CuS CUP 

First anal, etc. 1A, etc. Anals Anals Ana's _Anal, etc. 

(a) Fore wing 

NOMENCLATURE 
IN THIS 	ORK 

SYMBOL li.,DIJI SCH 
(1925) 

iCaNY 
( 930) 

PORBES 
(1933) 

0,107ARD 
. 194-9) 

Costa C Costa 

Subcosta Sc Subcosta Subcosta Subcosta 

adius-one R1 R R Radius-one II 

Radii sector  
Radial sector Media 

-edia k Media 

Cubitus-one Cut  ,,edia Cu M
1+2 Cubitus 

Cubitus-two Cu2  Cubitus CuS Cu 4134 Anal 

First anal, etc. IA, etc. Anals Ana's . irst plical, etc. Axillaries 

(b) Hind wing 

. 37. CoGiparative table showing the nomenclatures used by various 
authors for Gryllacridid wing-veins. 



Rs 
R Cul  M C 

Cu 

4A 3A 2A IA Cue  

IA 

Fig.38. The tracheation of the nymphal wing-pads of Grsrllacris  
signifera (Stoll). After Karriy (192b). 



2A 4A 	3A 

R+ MA Cup 
R MA R1 Rs Sc 

	— Cilia  
CUR:, 

Cut 

IA 

R+M+Cul  R+M Rs+ M C Sc R1 Rs 

Fig.39. The wings of Gryllacris. 



PRECOSTAL AREA (PC) COSTAL AREA (C) 	FIRST RADIAL AREA (R1) 

AREA RS 

AREA Cub:, 

AREA Cub 

SECOND CUBITAL AREA (Cu2) 

FOURTH ANAL AREA (4A) 

FIRST ANAL AREA (IA) 

SECOND ANAL AREA (2A) 

THIRD ANAL AREA (3A) 

SUBCOSTAL AREA (Sc) 	FIRST RADIAL AREA (R 1) 

SUBCOSTAL AREA (Sc) 	MEDIAL AREA (M) 

COSTAL AREA (C) MEDIAL AREA (M) 	 AREA Rs 

	,••••11 	/111 

FIRST CUBITAL AREA (Cul) 

SECOND CUBITAL AREA (Cu2) 

FIRST ANAL AREA (IA) 

SECOND ANAL AREA (2A) 

THIRD ANAL AREA (3A) 

Fig.40. The areas of Gryllacridid wings. 



4. THE VAINS 

The veins of (ryllacridid rings may be classified in 

the same may as those of the Pneumoridae, and the various types 

are 	
that 

defined under this fF-Illy (see p. 66 et seq.). 

(a) The ambient veins. 

There are no vrell defined riabiont veins in Gryllacridid 

,rings. There is often, however, a continuation of the costa 

round the apex of the hind wing, and this may be looked upon as 

a short ambient vein. A feebly developed vein of a similar nature 

is sometimes found in the fore wing. 

(h) The longitudinal veins. 

(i) Primary veins. 

TM COSTA (C) 

There is a well-developed submarginal costa in the 

fore wing; it reaches the anterior margin bout halfway along 

its length, or sometimes a little nearer the pex. The costa 

frequently beers a number of anterior access:,ry branches 

arising from near its base. 

In the hind wing the costa (rb.en present) lies along 

the anterior margin. It tends to be convex in both p: irs of 

wings. 

T}JJ ,t4'BUOU1A (So) 

This vein runs a short distance behind and parallel to 

the costa in both pairs of wings. It is often concave in the 

fore wing Lut usually shows no tendencies ii this respect in the 

hind wing. 
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THE RADIUS (R) 

In both pairs of wings this vein lies close behind 

the subco ta. It becomes divided into two branches, R1 and Rs; 

the former generally bears anterior accessory branches and 

the latter is normally brandhed in the usual posterior pectinate 

manner. 

The radius io often convex in the fore wing and 

sometimes tends to be oo in the hind wing. 

THE MEDIA (M) 

This vein is fused to the radius for pert of its 

length in the eore opecialized fore wings, usually at the base 

eut sometimes eith e Ihort length of Re. It is either 

unbranehed or bifurcate (rarely three-branched), Lnd the 

posterior branch (when present) often fuses eith Cul. On the 

basis of this frequent fusion, and the fact that M is only 

bifurcete in the less specialized fore wings, it is probable 

teat, when the media is a ;single stem, it only represents MA, 

lel) being completely lost or fused to Cul. This is regarded as 

being the case here (see p. 

In the hind wing the fusion of the media end radius 

is often even more advanced than in the fore wing: in the eost 

upecialized forms the media is completely fused to both the 

Lain stem of the radius end part of the stem of Rs, thus 

appearing to be the most basal of the Rs  branches. It is 

normally unbranched in the hind wing. 

The media shows no definite convexity or concavity. 

114 



'JUBITUS (Cu) 

In both pairs of wings this vein divides at the base 

into Gui and Cu. Cu is never Lranched, butu1  is frequently 

bifurcate in the fore wing. In the hind wing a certain amount 

of basal fusion between du1  and RtAi is common. 

The cubitus Shows no definite convexity or concavity. 

THE ANALS 

There are three or four parallel anal veins behind the 

cubitus in the fore wing; in the kind wing the uial veins are 

numerous, supporting .the extensive anal fan. 

The anal veins tend to be slightly convex in the fore 

wing. 

(ii) Secondary veins. 

A. Intercalary veins. 

There are often a few hort interciary veins 

in the fore wing, especially in the region of the edia and 

cubituS. in the hind wine: there ttre iritercaiary veins between 

most of the ribs supportin the cubito-anal fan. 

B. Accessory veins. 

The most characteistic accessory veins in 

Uryllacridid wings are tte anterior basal branches of the costa 

in the fore wing. Hi generally bears a fer flterier accessory 

branches at its distal end in both pairs of wings. Accessory 

veins elsewhere tre rare. 
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(c) Tie cross-veins. 

Well-devel,)ped cros vejus are found throughout both 

pairs of wings, supporting all t 	reas L,,tween the veins. 

(u) The archediotyon. 

There is iO tiue archedictyon in Gryll,tcridid wings. 
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XV. TETTIGONIOIDAA - TiliCANIDAE 

The wing-venation of this fossil family is ademately 

described in section VI (p. 50 et seq.), 
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XV/. TETTIGONIOLaIA =TI3,01UljA 

1. INTRODUOTION 

Very little work has been -published in the past on 

Tettigonlid wing-venation. Comstock and Needham (1899, and 

t;omtock, 1918) gave illustrations of the nymphal tracheation 

of Uonocephalus Thunberg and Scudderia Ltal, ut drew no 

conclusions regarding the adult venation. Vignon (1929) made 

some observations on TettigsrLid tracheation, giving diagrams 

of the nyuphal ving-pads of Tettiaonia, Ztillalochlora Stal, and 

leThippitvtha Audinct-Uerville. In 19 Mu-Lien Heueh published 

an illustrated pcTer on the tracheation and venation of 

GELpsocleis gratiosa, a trachypteruus species. A nuriber of 

obv,rvations are made by Zeuner (1939) on Tettigoniid venation, 

especially that of the fore wing, in which he distinguishes 

four basic venational types. This is the aost comprehensive 

and probably the most recent work on the subject. 

The correspondence between the nomenclatures of various 

authors is chown in Fig. 41, 

2. TB TRACHEAT1ON OF TILJ DYMZiAL WING-Pa 

(a) Yore 'wing-pad. 

The wing-pad tracheation of Tettigonia viridissima  

Linnaeus (see Fig 42) may be regarded as typical of the faitily. 

A costal trachea is developed, extending less than halfway along 
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NOIENCLATEIRE 
IN THIS WORK SYMBOL 

COKSTOCK 
(1918) 

hANDLIRSai 
(1925) 

VISFON 
(1929) 

HSIEH 
(1938) 

allNER 
(1939) 

CHOPARD 
(1949) 

BRUNNER 
(1878) 

Costa C Costa Pseudocosta 	1 	Costa Costa Mediastinal 

Liubcosta Sc Subcosta Subcosta Subcosta Subcosta Subcosta Subcosta Anterior rAdial 

Radius R Radius Ra Radius Radius Posterior radial 

Radius-one R1  Radius-one R Radius-one R R 

Radial sector Rs  Radial sector Rs  Radial sector Rs  Rs 

Media M Media Media Media Media Media 

Anterior MA media  MA-  li
lt

2.  11A Media Anterior ulnar 

Pos teri Or
media  MP 3 33+4 HP 

Cubitus 

Posterior ulnar 

Cubitus Cu Cubis Cubitus Cubitus Cubitus 

cutitus-one Cut Cubitus-one t;u11 Cubitus-one 

Branches of 
Cubitas-one 

Ct. Ila  CuA1  CuA 

Cult, .0, la Cu Vena dividens 

Cubitus-two Cut  Cubitus-two cut' %;hbitus-tso First anal Anal 

First anal IA A First anal First anal Second anal 
Aitillartes 

Vena plicata 

Second anal 2A second anal Second anal 

(a) Fore wing 

Fig. ht. Comparative table shaving the nomerelatures used by various 
authors for TettLoniid wing-veins. 



IN THIS WORK 
NOMENCLATURE COMSTOCK STMBOL (1918) 

HANDLIRSCH 
(1925) 

VIONON 
(1929) 

ZEMER 
(1939) 

=WARD 
(1949) 

BRUNNER 
(1878) 

Costa C Costa Psoudocosta Mediastinal 

Subcosta So Subcosta Suboosta Subcosta Subcoeta Subcosta Anterior 
radial 

Radius Radius Radius Posterior 
mdMel 

Radius-one RI Radius-one I Radius-one R Radius 

Radial sector I:As Radial, sector.  Rs Radial sector R s Media 

Nadia 11 Nadia Media Media 

Anterior media MA Media 1142 MA Anterior 
ulnar 

Posterior media MP MP Postailor 
ulnar 

Cubitus Cu Cubitus Cubitus Cubans Cubitus 

Cubitus-one Cut Cubitus-one CuAI 
Cu dividers 

Branch of 
cubitus-ens pia 

CuA2 

Cubitus-two Cut Cubituetwo Cur Cup 

Venae  atillares First anal IA First anal First anal First anal Anal 

Second anal $A Second anal Malian,  

(b) Hind wing 

Fig. 41. Comparative table shOwift the nomenclatures used by various authors for Tettigened wing-velns (contd.) 



C  Cu 
R M Cup CuzCut  MP+CulaMA MP  RI Rs  

\ 
\ 	Cu Cu lb 

2A 
IA 	2  

3A 

Male. 

C 
Cu 

Cu M MP Sc R 

2A 	IA 	Cub  MP+ Cuict  

Part of the female fore wing-pad. 

Fig.42, The tracheation of the nymphal wing-pads of Tettigcnia viridiesima. 



the wing (as does the adult vein). The subcosal trachea is 

normal, reaching the tip of the wing-pad. These two tracheae 

ere fused at their bases, foriaink,:: a short common trunk which 

arises from the transverse basal trachea; they frequently bear 

anterior aucessory Oranches. 

The radial trachea is typically divided into Ri and a 

pectinate eco. the point at which this divisjon takes place 

varies, of course, in jut the same way ae in the edult wings, 

in the remaining part of the )-Irre wing-pad the 

tracheation is rather specialized. ?he medial trachea rives 

rise to a very small postetior branch near its base, 

representing .1Vik; this fuses directly with Cula  or Cu1. The 

remainder of the medial trachea, repIeeenting Ale, is normally 

well-developed, extending nearly to the wing-tip. It usually 

bears pusterior accessory branches. I4o trachea representing 

Ai' is Shown in Comstock's diagram of condc.A.tAtaa1us (Comstock, 

1C13, dig. 122) or Leunerls illuetrationsof Decticus albifrons 

Linnaeue (Leuner, 	kl. XI, Figs. 3 and 4) and Aeconoda 

eionFata Linnaeus (op. cit., P1. X, Pig. 2); it is poseible, 

therefore, that this rachea is eometimes aosent. It is always 

present in Tettigonia virieissima and Jiecticus verrucivorus  

(Linnaeus) (Fig. 42a). 

The cubitel trachea is divided near its base into Ou 

and eu9. Trachea Cu again divides forming Cu.L  and Culb' an 

the former of these branches ee joined by AP to form NP+Oula. 

Cult)  runs straieht to the wing-argin in the female, but in 

the male it Lends back towards the base of the wing-pad and 
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Left male fore wing-pad. 

cu2m mpmp+culiMA R R MR, Rs  

C 	 '414 

1 PI 	I• :o 	r r° 115 rri 
 

Vt glj'°111 

Right male fore wing-pad. 

Cu sc 

Cub 
Lu2 

\ IA 
3\A 2A 

Hind wing-pad. 

Fig.42a. The tracheation of the nymphal wing-pads of Decticus verruoivortas  



divides once more, these two branches forming the anterior and 

distal margins of the 'lairrori in the adult. Trachea Cue rune 

parallel to (eui and Guib to the wing-margin in the female; in 

the male it diverges posteriorly forming the proximal margin 

of the mirror in the right wing-pad, and representing the 

adult stridulayory rib in the left wing-pad. 

In all the wieg-pads examined the first anal trachea 

was unbranched, runn:inke parallel to Cu and Cu2. The remaining 

anals, of Which there are usually one or two and rarely elore 

than three, arise from a common stern. 

nind wing-pad. 

Ihe costal and subcoutal tracheae are of the usual 

altaton type: the former is much thorter than the latter 

and they arise at the Lase from a short common ...tere. The radial 

trachea is sinilar to that of the fore wing-pad, thow, h. 1er  

usually bears fewer branches. 

Trachea 	as in the fore wing-pad, •I•ivee.,  rise to a 

very reduced posterior branch representing UP, which normally 

joins an anterior branch (Cula,)  arising from Cul. The resultant 

trachea, when well-developed, gradually converges on to Cuib;  it 

.i'reeuently vi.ves rise ti an anterior accessory branch,7.01,Ta. 'The 

first and second cubital tracheae (Cu].  and Cu-) eenarate near 

the 1::atie of the wing-pad. Cum  and Cu )  are etronvly developed, 

tut Cul, is a small tie,chea and is probably not always present. 

The anal tracheae are typically Saltatorian, lA having 

a epate origin from the remainder, lehich arise from. a common 
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stem. 

The above account of Tettigoniid dracheation applies 

to its most typical arrangement, ut variatiene from this are 

frequent. AS these differences are always reflected in the 

venation, they are discussed later when the adult veins are 

described. 

ALF. VeIeATION OF Tile: AelULT eING.; 

(a) The Shape and areas of the wings. 

(i) Fore wing. 

Tettigoniid fore wings eary enormously in shape. 

This variation is largely the result of mimicry, leaf- and 

fruit-mimics generally having luee-like fore 	end grass-

stem-mimics having very elongate, narrow fore wing.. The normal 

shape or the fore wing is probably similar to that of Tettigonia  
44, 

vixidiseima (oee Fig. 44). 

One of the pest remareaele shapes is shown by Acridexena 

eewaniana 6leith (see /ig. 43). The fore wings of Tnliboscelas 

canellifolie Aludinet-L;eeviile (ceo Pig. 44) are inflated to 

form e eellooneliee sheath from which only die head, eronotum, 

and legs, erotruee (see Pig. 4o). Those ox eersimus form a 

flatter scale-like covering. 

In the male there is frequently a widening at the base 

of the fore wing to accoueoaete the Etriaulatory a7paratus; 

examples of this are shown by Welpancoehora (see Fig. 46), 

Prochilus (see Fig. 47), and .Decticus verrucivorus (see Fig. 40. 
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Fig.43. The right wings of Acridoxena hewaniana, male. 



MA 
C cU2 

CU M 

IA Cu  
b 

MP+CLAkt Right male fore wing. 

Left male fore wing. IA 

C Sc R M Cu, MA Cuib  MP+Cu MP Rs MPa RI 

ammms2 aggimmaw  

MP+Cui  
Cue  

IA 

3A 
A 

Cul  MP ,R MA 

2A IA Cut  Curb  MP+Culo. 

Female. 

Fig.44. The wings of Tettigonia viridissima. 



Fig.45. Diagrammatic lateral view of Thliboecelue camellifol'a. 



2A 

IA 

N 	MP+ Cul  
Cu2  IA 4A 3A 2A 

C Sc R M Cup  MA Rs MP 

Fig.46. The right wings of Tympanophora, uvarovi,  male. 



C Sc R M Cul  MP 	MA 

—IMA 

MP+Cui  
Cue 

IA 

2A 

3A 

4A 

Fig.47. The wings of Prochilus australis,  male. 



Right male fore wing. 

C Cue  Cu, M ScR MA R i  

Female. 

Sc M Cu, MP 	MA 

2A IA Cue  Cu%b MP+ Cul°. 

C Sc R Cu, M MA 
CuibMPI- Cuia. Rs mp  	a R1  

-4111  

Cue  Cu, M Sc R MA Ri  

1/1M/rte rjawrimwr_A" 
IA 	

MP+ Cu is  Curb  

Left male fore shlrF. 

Fig.48. The wings of Decticus verrucivorus. 



Apterous and brachypterous forms are common in the 

Tettigoniidae, as in other eeltatoria. The subfamilies 
(see F#g.48a) 

phippireerinae, Pycnogaetr4
L

nee, _radyporinae, Deracanthi e, 

and fietrodinae, are always erachypterous or apterous. 

The texture of the fore wings aloo varies a Great deal. 

Freouently they are Quite membranous (e.g. Mecopoda, Nexcentlus)e 

but many of the loaf-mimics have .fore wings of a rather 

leathery consistency (e.g. oomuLlutall Saussure, female). 
In some cases the pronotun covers a reiall mexibranous area of the 

fore wings, the remainder being tougher in consistency; this is 

typical of the Phyllophorinae. 

14o attempt has so far leen made to apply names based 

on the Comstock-Needham System to the areas of Tettigoniid wings.' 

A proposed scheme is shown in Fir. 49. 

(ii) Hind wing. 

The typical shape of Tettigonlid hire einge 
44 

shown by those of Tettigonia. (see Fig. 42). A oycloid shape, 

however, i:- typical of the subfamily PseudophyllirE)e, :rotip 

Acanthodini (rensu Zeuner, len, pp. 110 and 111) ( .g. Xero-

Tqw1loptereix, see Fig. 50). 

The hind wings are usually of the same length as the 

fore wings, end elongetion of the latter is normally accompanied 

tee same -.recess in the hind eirwe (e.g. Clonia wahihergi  

etal, see Fig. 51; Prochilus iuetralis Brulle, see Fig. 47). 

3r th lee:neropteTinae, however, the hind wings are typically 

ion, er than the fore wings (see Fig. 52). 
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Fig,51. The fore wing of Clonia wahlbergi, female. 

IA 	Cue 	 IA 	Cut 

Right. 

?ig.4Ea. The fore wings of Pycnogaster, male. 
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Fig.49. The areas of Tettigoniid wings. 
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Fig.50. The wings of Le...TD.o la.112zteryx, female. 
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Fig.53. The folds in the hind wing of Phaneroptera 
QuadriDunctata. 
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Fig.54e. The hind wing of Thlibosoelus oamellifolia. 



The areas of a typical Tettigoniid hind. vine are hown 

in elg, 4e. 

(b) Folding. 

The flexed fore wing is typically folded along a line. 

of weakness oetween Cul  and Gu2. This is an unusual ponitien 

for a fore wing fold, there being usually a hinge in the region 

of la. In the male, which has a wider area between Cul  and Cu2  

in the fore wing, the fold lies just behind Cul. 

The result of this fold, which may be called the cubital 

hinge, is to bring the urea of the fore wing behind Cul  into a 

roughly horizontal position over the abdomen, the remainder of 

the wing being roughly vertical, as a rule. Although typical 

of the family, this folding is not always well-marked and has 

been largely lost in .any leaf-mimics. 

In the hind wing (see 'gig. b3) the first fold occurs 

just behind eilaa. This fold is convex and is followed by a 

concave fold just anterior to Cue. The next fold is convex and 

lies just oehind IA. This is followed by a succession of 

concave folds alternating with the convex anal veins. There 

is often additional folding in the area between PAPa  and NI)+Cul 

(area a's) near the wing-margin. 

These folds enable the fan formed by the cubito-anal 

lobe of the hind wing to close neatly under the fore wing, when 

flexed. 

(c) The wing-base. 

At the base of each wing there is a flexible region 
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Which enables it to be extended or flexed. This consists of en 

axillary membrane bearing a number of axiliary ecleeites ehich 

intermediate Letween the Lases of the veins and the thorax. 

La Greco.' (1947) has made a otudy of this region of 

Tettigoniid wings, examining representatives of the subfamilies 

Phaneropteeinae, eopiphorinae, Tettigoniinae, and Decticinae. 

The account elven below is largely based on Tettigonia viri-

dipplima (see Fig. 54) and confirms his main conclusions. 

The base of each wing will be dealt with separately, 

(i) Fore wing. 

The first axilleey in in the usual position, between 

the aesonotum and second axillary. Anteriorly it articulates 

with the fused bases of the costa end Eubcosta. There is a 
a 

small teal/level-et the base of the costa. 

The second axillary is a large clerite, hinred on to 

the first axillary, and articulating laterally with the bases 

of the media and radius end posteriorly with the comparatively 

email third axillary. On the latter eclerite is inserted the 

flexor muscle of the wing. 
aceata 

The first  axillary, usually either .-all or absent, 

is normally well-aeveloeed in the Tettioniid tore wing. It 

is hinged with the aesonotua on one side end is connected with 

the third axiliary nd to some extent with the 'bases of the anal 

eins on the other. 

The median plates are poorly seveloped in the Tettigoniid 

aore wing. They cannot se distinguished in Tettieonia, but 
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Fig.54. 	 e right wing-bases of Tettigonia viridissima, male. 



may ometimes te present ao eli-ht thickenings in the axillary 

membrane. 

The pesterior ')art of the fore wing-base consiete of 

unsclerotized axillary earane. 

(ii) ijnd winr,„ 

The first Lxillary of the hind wine is in exactly 
a 

the same position as in the fore wing, end there is a teeuluee 

at the base of the costa. The second axillary hinges proximally 

INith the first axillary cind hays an anterior articulation with 

the base of the radius. 

The third axillary is larger than in the fore wing, 

;/ovi6iee en insertion for the much larger flexor muscle. The 

fourth exillery on the, other hand, is rather smaller; it 

ticulates distally with the third axillary. 

AS in the fore wine' the median plates are very poorlf 

eeveloned; they are sometimes represented by slight thiekenin, s 

in the axillary membrane. 

(d) The veins. 

The veins of Tettigonild wings may be classified in 

the same way es thoee of the Pneumoridae, and the various 
beet 

types are defined under this family (see p. 66 et seg.). 

(i) The ambient veins, 

ambient veins are a common feature of Tetticoniid 

fore winee. There is usually a continuous vein running round 

the whole of the margin of the fore wing, eecomine rather 
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developed towards the base of the wing. The vein may 

he cctually on the wing-margin, or a very 2hort distance from 

it. In Tettigona viridissimao  for example, the ambient vein 

iL; on the margin along the more distal tart of the leading edge 

of the fore wing, but a short distance from it elsewhere; in 

on the other hand, the ambient vein lies along 

the margin throughout its length. 

In the hind wing there 713 often no ambi3nt vein. 

oloetimes, however, a short ambient vein is developed round 

the distal extremity $f the wing, as a continuation of the 

cota. This is the cele in Tettii<onia, for exarnolc. 

(ii) The longitudinal veins. 

A. Primary veins. 

malg COSTA (G) 

In the Tettigoniid fore wing the costa is always 

submarginal and almost always pooIly developed. It rarely 

reaches more than halfway along tile wing, and is often very 

short. A typical costa is found in the fore wing of Tettigonia  

viridi sima, in which it attains ;..Cout a third of the length 

of the wing. In some forms the costa is absent in the fore wing 

(e.g. mares 

Only in the  

cupuala Walker, Mioacris exaltatus (Walker)). 
(see Fi.sr. 46 

subfamily TympanophorinaeLis a strOngly males of the 

developed costa found in the fore wing. 

The tip of the costa usually bends towards the anteriot 

margin of the fore wing, meeting it at an anle (when reaching 
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it et all), but it eoin2 it asymptotically in the Tympano-

phorinae; sometietes it bends back to join the subcoeta (c.c. 

Xeeophyllooterve). 

In tee e.ind wing the costa is almost invariably well-

eeveloped, running along the anterior margin. Lome exceptions 

to this are LAmodera ecutifolia Brunner, in which it is poorly 

developed, Lestna blanceardi lelongniart, in which it is very 

feebly developed, 131omona puous Pictet and Acridoxena hewaniouna, 

in which it is both poorly developed and submarginal, and 

Aerophylloetervx, in which it is absent. 

`Lhe costs is always unbranched in the mind wine, but 

often beers anterior accessory t_ ranches it the fore wine (e.E. 

Tettigonia). It is often sliehtly convex in the fore wing prd 

nearly always etronely o in the hind wing. 

THE SUBCOSTA (Sc) 

This vein is rleveys yell-developed in fully ringed 

peciee. In the fore wing it usually takes ihe form of c very 

tentle eigmoid curve, reaching the anterior margin at or near 

the tip of the wing. In &any of the leaf-mimics, however, it 

is curved up towards the ante]ior margin rather sooner than 

usual, takint on the eppearnce of a lateral leaf-vein (e.g. 
Fig,S4 b 

eycioptera lie culata Irunner 	and in Tyrepanophora it reaches 

the margin close to the pint at which the costa does. 

The eubcosta is usually some distance behind the 

anterior margin in the :.ore wing; sometimes nearly half th 

wing-area is in front of it. In some forms, however, the 
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Fig.54a. The wings of Lesina Blanchardi, female. 
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Fig.54b. The wings of Cycloptera speculata, female. 



costal and precostal areas are small (e.g. Clonia, Prochilus, 

Tympanophora). There are often a number of subcoetal accessory 
(Fig. 	codd) 

branches in the costal area L.g. Tettigonia, Hexacentrus0. 

In the hind wing the subcosta normally runs parallel 

to the costa and a short distance behind it. The coital area 

is rather larger than usual in some forms (e.g. Thliborcelue 
(Fig. 54e) 

esemellifolq Narea compacta, leimodera acutifolia). The 

subcosta does not normally touch the anterior eargin in the 

hind wing; an exception to this is Aerochvllopteryx, in which 

it reaches it about halfway along its lenth. 

The costal area is aleiost invariably rupported only 

by cross-veins, but in Lesina blanchardi accessory subcostal 

branches are developed in it. 

The cubcosta is typically concave in the fore wing and 

almost invariably so in the hind wing. 

THE RADIUS (H) 

The radius is situated immediately behind the subcosta 

in both pairs of wings. The ipace between these two veins (the 

subcoctal area) is normally the same width as the costal area 

in the hind wing, but varies a great deal in the fore wing. In 
(Pig ,  s4) 

the fore wings of PhyllophorE, for example, ;3c and R are closely 

approximated: this is often the case with leaf-mimics. In 
(Fig.S4g) 

Bathrophylliakthere is an extremely small suboostal area in the 
(F1,54k) 	OW-40 

fore wing; homorocorvphusLand leecopodtatehow a progressively 

larger one. 	In TetLigonia viridiesima the subcoetal area is 

of typical size, and has a elieht constriction in the region 

here the radius bifurcates - a common feature in the family. 
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Left. 

Fig.54c. The male fore wings of Hexacentrue. 
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Fig.54d. The wings of Iexacentru. s, female. 
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Fig.I5Tr.. The wings of Hornorocorrphus vicinus. 
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Fig.541. The wings of Mecopoda elonfr,ta (Linnaeus). 
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Fig.54f. The fore wing of Phyllophora. 

Fig.55. Part of the hind wing of Phyllophorella woodfordi. 



The radius almost invariably becomes divided into Rlo  

which is usually unbranched, and a peotinately branched radial 

sector Rs). In the fore wing this division usually occurs in 

the proximal half of the wing in the , ore generalized friembers 

of the fauily, but is about halfway alolv it in Aexacentz.us  
(N.5444 

(male), Lesina blanchardit and -io4cris exaltatus, ani2 is in 

the distal half in :cridoxena hewaniana Dionhanes, Tympanoptera, 

and Ohloro:,fllt, Cor example. The radial sector is sole times 

absent ic the fore wings of leaf-mimics belopteca  

Ilarea o-v(r)cta,  3tmodera,  ,cutiolia). In the hind wine the 

bifurcation of the radius is almost always in the distal half 

of the wing. The radial nectar is rarely absent in the hind 

wing (e.g. Thliboscrqus 	neiiIfo3a, Simodera acutifolia). 

it is almost always free in the fore wing, but in 

some forms with narrow wings it has fused for part of Its 

length with 11A (e.g. Clonia, Prochijqs, 	iorouuj. Mere i 

also a tendency f'or this to happen in the Coolphorinae. 

Occasionly the main stem of the radial sector becomes fused to 

R1  (e.g. Pachysmopoda abb late Taschenberg). In the hind wing 

ete  is almost invariably fused for a short length to MA or one 

of its hranchas. Lxceptions to this are Lesina blanhardi and 

)rocJ1to 	in vihich these two veins are completely free. 

The aain stem of 	takes the form of an oblioue cross-vein 

before fusing with MA. In some large hint winizs there are 

a)re than ome of these oblique cross-veins; a good example of 
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this Lay he seers  in the hind wings of some species of 

k4yllophorella (in P. woodfordi (Kirby), for example, there are 

three or four of these oblique cross-veins - see Fig. 55). They 

may be looked upon either as ranches of 	or as branches of 

kis  ari sink: from 

Hi is usually unbranched, but a branc ed Hi  is found 

in a number of forms, including Lesina  blanchardi,.ieLlomona  

pupus, and many of the khaneropterinae. In these forms the 

branches are directed towards the posterior !uargin, but ir 

the fore wings cr. Xerophylloptervx H1 has anterior accessory 

branches, so that the, radius is of the type characteristic of 

the Prophalangopsidae. 

The radial sector is normally branched in a pectinate 

fashion, the number of branches varying a great deal but 

usually being less than six; the number is not constant for 

any particular species. In many of the leaf-mimics the radial 

sector is unbranched (e.g. Mioacris exeltatus, Climacoptera, 

Uo;yeus jurinci) in the fore wing. There are often fever Rs  

branches in the hind wing than it the fore wind;. 

The main stem of the radius is usually -troncly convex 

in both pairs of 'Angs. hi is also often convex, .rat Rs  rtholors 

no definite tendencies in. thin r s oct. 

THE 	( ) 

The fora of thi vein differs considerably in the 

fore and hind rings, and the two cases are therefore treated 
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separately. 

leore 

In the fore wing the media is situated a short distance 

Leeind the radius. It divides into two branches, IA and MP, 

near the base of the wine, the length of the main stem of the 

media generally being loss than a sixth of the total wing-

length. MA usually extends to near the tip of the ring whereas 

ell (which is often rather poorly developed in the feeale) 

generally fueee -ith Cula  and often reaches the posterior wine-

eargin in the proximal heel of the wing. uometimes Ml (or 

,P+Oula ) is much longer than this, almost reaching the wing-tip; 

this condition is found, for example, in Prooleilus,  and in 

eany Phaneropterines and Pseudoptyllines. 

kA typically bears a number of posterior accessory 

branches, though this is not invariably the case, especially 

when LP (or 11P+ "la)  is well-developed. MP (or kli+Cula ) is 

usually unbranched, but eten extended along the whole of the 

wing it often beers posterior cceseory branches (e.g. many 

Pseudophyllinee). 

The main stem of the media is often convex; a tendency 

towards this condition is rometimes shown by MP, but MA is 

generally neutral in this respect. 

Hind wing. 

The space between e and i (the radial area) is 	ually 

about the same width as the costal and subcostal areas. The 

heCia bifurcates near thebase of the wing into MA and MP; the 

former is generally better-developed than the latter. e 
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usually divides again at least once in to MA1  and MA2; as 

already mentioned MA1 almost invariably fuses for a ,-hort 

dictanee with 'Ao. The vlodial branches "arely reach the wing-

margin; they join on to LPa,  an anterior accessory vein 

arising from MP (e.g. Phaneropterinae, Mecopodinae), or 

occasionally IMA, an intercalary vein developed in the anterior 

,edial area (e.g. Prochilus auotralis). examples of MA and MP 

reaching the wing-margin are shown by balomona pupus, Cycloptera  

speculate„ Tympanophora . In forms with reduced venation MA 

is sometimes unl,ranallsd in the hind wing (e.g. !14omodera acuti-

foliet). 

The posterior ,leclia (WP) becomes closely applied to 

or (more usually) fused to (Jul  shortly after leaving the main 

stem of the media. before thin fusion takes place MP is 

usually joined by a rather weakly develoced anterior accessory 

branch (eal) arising from Cul; the free ,art of YIJ is 

therefore Tory short as a rule, the vein becoming MPteula  and 

then MPtOul. The free part VACula  normally appears in the 

adult merely as an oblicue cross-vein. 

An accessory vein (nPa) usually arises from MP or 

M14eulat and often extends to the tip of the wing. The 

develolment of thin vein is associated with the first anal fold 

of the hind ring, which runs jut behind it. In Thliboscelus 

ca_aellifolin 712a  cues not 	tend to the wing-tip, but rejoins 

.1.2,1  is absent in lialomonq MMus, Acridoxena hewaniana, 
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ac1.11212 a1e, Simodera utifolia, Tymp nophora, 

4erephyllonteryx, and many other ioms. 

ale main stem of he 	tends to be concave in the 
orN, 

hind wing; MA Shows no definite tendencies in this respect, 

out ALP+Oula  is often convex. 

-.during this account the terms anterior media and 

posterior media have been used in the Lameerian sense (Lameere, 

1U22). As has been discussed in Section VI (p. 46 et sec.), 

the Tettigoniid wing-venation can 'be easily derilv,:d from 

Protortkopteran forms such as Permacridites, via Aagla, Zalmona, 

clad Termitidium, and nowhere on this evolutionary line is 

there any reason to suppose that either kit or UP has been lost. 

CUBITtTh (Cu) 

As with Uhe media the cubituz has a rather different 

form in the fore wing to that in the hind wing, and the two 

will there ore be dealt with separately. 

nre wing. 

The cubitus (dvides at the base of the wing into Cul  

2* Cu1 
 is situated immediately behind the media; it 

son clivides into ;ula and Cuib, the former of which fuses with 

In the female (Allb runs straight to the wing-margin, just 

behind Uu14, but in the riale it is normally bent back sharply 

towards the lase of the wing and divides again forming the 

anterior and distal margins of the mirror in the :J 'ht wing 

or its equivalent in the left wing. 

Cut  lies just behind the cubital hinge in the female, 

and rano straight to the margin. In the male, however, it is 
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bent in a posterior direction, forming the stridillatery rib 

in the left wing and the proximal border of the mirror in the 

right wing. 

winc. 

As in the fore wing the cubitus is divided from the 

base into Cul  and Cu2. There is a tendency in some hind wings 

for Cu. to become fused to the main stem of the media for a 

short distance near the base of the wing; this has happened 
and 	coresta ikalassikum.  (CalYticiu (Fit 5574 

with .11ammaaamax7, for example, and the two veins touch in 

several forms (e.g. Platycleis). 

Cul  usually divides into Cu",  and Cuib;  the former 

immediately fuses with MP and the latter generally does 

likewise more distally. Cu2  is a straight unbranched vein, 

usually rather weakly developed at its base. 

Cu t Shows no definite convexity or ooncxity, but 

Cu2 tends to be concave towards its base. 

TUE 4b.414 

In the fore wing there are generally two anal veins 

(1A and 2A). In the female they are normally traight and 

pc.lrallel, but in the male the courses of these veins are 

rather sinuous and much shorter, due to the presence of the 

itridule,tey apparatus. Sometimes a third anal vein is 

developed (e.g. Rexacentrus, female). lA Generally becomes 

fused to Cu2  in some forms (e.g Tettipnia). In leaf-mimics 

the anal area oi tLr fore wing is often mucl4educed (e.g. 

Sathrophvllia, Cxclontera, Simodera, 
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Fig.55a. The wings of Meconema thalassinum, female. 



In the hind win the develoement of the eubito-anal 

lobe has caused a considerable proliferation of veins in the 

anal area. There is little eoubt that the etronly developed 

vein running posterior end parallel to Cut  is the first anal 

vein (1A), but it is impossible to be definite about the 

homologies of the remaining veins in the anal area (see pp. 45 

and 2S), of which there are ,generally between six and twelve. 

B. Secondary veins. 

Intercalary veins. 

In Tettigoniid fore rings the .paces between 

the primary veins and their branches are filled with archedietvon 

and croes-veins: no intercalary veins are normally developed. 

The only fore wings examined which showed definite intercalary 

veins were those of Teelpanophora uvarovi Zeuner, in which they 

are develozed between some of the -ol•alchek', of 1.13  :end A. In 

another efecies of the same genus, T. pellucida White, they 

ere not found. 

In the Lind wings intercalary veins are cults common, 

being largely associated vrith the folding of the cubito-enol 

lobe. The most anterior of them occur in area MA2. Occasionally 

,<1,6L  is replaced by :1_ interceltry vein, IMA2; exeeples of thi!:; 

are shown by Homorocorynhus vioinue ('L,11-cr), Copiphora cultri- 
is 

cornis Pictet, and Prochilus eustrolis. There arc often a 

number of small intercalary veins in the area MPa. Intercalary 

veins are very frquently developed between the branches of the 
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cubitus and between the anal veins. 

Accessoly veins. 

These veins are exceedingly common in Yettif7oniid 

fore wings, due to som 'xtent, no doubt, to the prevalence of 

leaf-imitation in the family. The coota often has accessory 

branches, and they are a common fe:ture of the eulecoet. The 

cross-veins between 111  and Ra  arc often very oblique in the 

fore wing, eaad could in these cases be looked u2on as accessory 

branches of R. R1  sometimes gives rise to accessory branches 

of a more definite nature at its distal extremity, ae, for 

example, in Leoina blanchardi, Tetraconcha fereetrata Yeerech, 

Balomona upus, Xeronheilceeteeeex, and many Phenerontcrines. 

Jeccesseey branches are again a very common feature of 

MA in the fore eeug, and IP (or MP+Cula ), when well-develo)ed, 

frequently bears posterior accessory branches (e.g. many 

Peeudophyllines). 

In the hind wing accessory veins are not so common. 

The costa never has any accessory branches. The eubcoota 

normally has none, but there is occasionally a tendency for 

their development (e.g. Lesina blanchardi). 

R1 sometimes has accessory branches near the tip of 

the wing (e.g. JLcridexena hewaniana, Lesina blanchardi, and 

many Phaneropterines), JA occasionally has accessory branches 

in addition to its two .Jain branches (which eay be regarded as 

prienary). MP (or ei.P+Cula ) almost invariably gives rise to 

an anterior accessory branch: this feature is constant enough 
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to warrant the use of a separate name - Milae  As mentioned 

above !ePe  is occasionally replaced by an. intercalary vein, Iee. 

-IND definite accessory veins are feune in the cubito-

anal lobe, apart from °lila  and -Cum: these (and their counter-

parts in the fore wing) are regarded as pseudo-primary veins 

(see p. 28) and are ealt with accordingly. 

(iii) The cross-veins. 

In the evolution of most insect wings the formation 

of crose-veins is accompanied by the reduction and disappearance 

of the primitive archedictyon. Although this is largely true 

of the Tettigoniid hind wing, in the fore wing the formation 

of cross-veins has not resulted in the loss of the archedictyon: 

both ere typically found together in the spaces between the 

longitudinal veins. This is no doubt correlated with leaf-

mimicry, as the resulting pattern resembles closely the arrange-

ment of veinlcts typical of many deciduous leaves. 

TL,e,  most strongly developed cross-veins in the fore 

wing are generally found in the subcoetal, radial, first radial, 

and anterior medial, areas. They are also freeuently developed. 

in areas 0, lie, and A. 

In the hind wing the memerane between tee longitudinal 

veins is generally supported entirely by cross-veins, but there 

is a tendency in some forms for these to be replaced by 

archedictyon towards the distal extremity of the wing (see below). 
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(iv) The archedictyon. 

In the Tettigoniidae the rxchedictyon 'enerally 

extends over the whole of the fore vying (except for pr- rts of 

the stridulatory apparatus in the AJ,le). Representative types 

of Tettigoniid archedictyon 	nLo'n in Fig. b6. 

The hind wing usually has no archedictyon, Lut in 

tome forms a erall area of it 1.2; f und towards the distal part 

of the wing. This is characteristic of the sutfamily 2h,,nero-

pterirme, in rhich this part of the hind wing normally protrudes 

from. under the fore wing 7:hen the wings are at rest. 

Archedictyon j- leo found in the hin,' 'iings of Saloniona pupus, 

acroxil7iu$, ..-xridoxena hewaniana, liexacentrus, and  athro-

,dhyllia.  
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Tettigonia viridissima. Mecopoda elongata. 

Sathrophvllia. 	Homorocorvphus vicinus. 

yig.56. Types of Tettigoniid fore wing arcredictyon. 



XVII. UTTIGONIOIDEA - SCHIZODACTYLIDAE 

1. IVTROelUOTION 

TIo -fork has previoasly been published on the homologies 

of the wing-veins of 'achieodactylus, the only -ringed enue in 

this fa-ily. '":he Geseription below refers to the fully-winged 

species of this genus. 

re nymphs were available, tut the tracheatien could be 

seen in the adult wings. 

2. THE SHAPE AND AREAS OF THE WIL60 

(a) Fore wing. 

When flexed the wings of 2chizouactylus are folded in 

such a way that their more distal regions form a spike which 

is rolled upwards into a tight spiral over the apex of the 

abdomen. Idecause of this unique feature the venation of both 

pairs or inge (see 'ig. .`,7) is very teuch eiodified. As in the 

aryllidae the fore wings form a box-like cover for the hind 

wings, their riore basal regions being folded lonvitudinally for 

this purpose along the centre (in the region of the radius). 

bore distally this fold runs into the enormous Nedio-cubital 

fan, the base of which acts in the same ray as the median fan 

of the Gryllidae, allowing the fore wings to cloee in over the 

tapering abdomen. 
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Cu, 

Fig.57. The wings of §chizodactylue. 



a; in the Gryllidae the areas of the fore wing cannot 

be labelled satisfactorily using the Comstock-Needham System. 

An alternative scheme is shown in Fig. 58; further subdivisions 

are probably unnecessary. 

The texture of the lateral and dorsal fields of the 

fore wings of SoLizodactvites is rateer tough (very similar to 

that of many large Gryllie Lure wings); the medio-cubital fan, 

on the other hand, is thin and membranous. 

(b) Rind wing. 

The hind wings of  hizodactelus only differ from the 

usual Orthoptoe.coue shape in having the pre-anal pert ereatly 

enlarged, so as to be about ecual in area to the anal lobe. 

The eiore distal region of the pre-anal area forme a spirally-

rolled spike when the wing is flexed. 

The areas of the hind wing are shown in Fig. b8, 

labelled on the basis of the Comsltock-Needham System. The 

costal and subcostal areas are very reduced; area M is !reatly 

enlarged. 

.1eLDiee 

It is the uniaue nature of the medio-cubital fan e 

'tee fore wing (ead the way in which it is folded ehich has led to 

-Lae extreme modification of the venation of eoeizodactylid fore 

wings. The baee of the 1ore wing folds into two halves in the 

uryllid fashion, but in the position occupied by the ,Ileeian fan 

in the uryllidae en enormous awtgrowth has taken place, rerultine 

in the development of the extensive distal lobe, supported by the 
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LATERAL FIELD 

AREA Cula  

AREA Culb  

SECOND CUBITAL AREA (Cu2) 

FIRST ANAL AREA (IA) 

MEDIO-CUBITAL FIELD 

DORSAL FIELD 

FIRST RADIAL AREA (R1 ) 
	 MEDIAL AREA (M) 

Fig.58. The areas o-P Schizodactylid wings. 



media and anteritr accessory branches of Cul. This ;edio-

cebital fan ie pleated lone,itudinally, there being concave 

folds b_tween the primary LnO interceJezy veins, iticle are 

both convex. The basal part of the fan function in the same 

way cs the Gryllid median fan; the ,,,ore dirtel part folds into 

a long spike, from which s formed the characteric tie roll et 

the back of the folded wings. 

The Lind wings fold in a manner similer to those of 

the uryllidae; the resulting spike, however, ie lolled upwards 

as in the fore wing. 

4. ThE VEINS 

The veins of L;chizodectylid wings nay be clascified in 

the same way as those of the Pneumoridae, and the various types 
tit 

are defined under this family (see p. 66 et seq.).  

(a) The ambient veins. 

In the fore wings of bohisodactylus an ambient vein 

is developed proximally, just behind the anterior margin. 

Lore distally the anterior margin becomes supported by primary 

veins. There is also an ambient vein close to the peeterior 

margin of the dorsal field. These two veins .uy i.e referred to 

as the anterior ambient vein (AA) and posterior arent vein 

(PA), respectively. The posterior ,eargin of the nedio-cubital 

fan is unsupported. 

There are no ambient veins in the: hind wing. 

(b) The longitudinal veins. 

(i) Primary veins. 
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T1[1 COSTA (C) 

The more proxi el of the supporting veins in the 

lateral field of the fore wing receive tracheae from a stem 

separate from that giving rise to the tracheae supplying the 

remaining vein in this field. It is pedbable that these two 

groups correspond to the costa and subcosta, respectively, and 

they are regarded as such here. 

In the hind wing a rather feeble costa is developed 

along the eeeterior margin; its function is taken over distally 

by the subcoeta, radius, and media, in turn. 

The costa is slightly convex in the hind wing, but 

chows no tendencies in this respect in the fore wing. 

Tn3 SUBCOSTA (Sc) 

In the fore wing this vein lies well tac from the 

anterior Largin and gives rise to a number of anterior accessory 

branches, supporting the more distal part of the lateral field. 

In the hind wing the subcoeta runs just behind the 

costa in the most basal part of the wing, but soon replaces it 

on. the wing margin. 

The eubcorta tends to t:e 	conceve in the fore 

wing and is more definitely so in the hind wing. 

THE RADIUS (R) 

In the fore • :Ting the radios runs parallel to and a short 

distance behind the subcoota. It divides near the Lase of the 

wing into two branches, R1  and R 	R1 runs directly to the 
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wing-margin; Rs  immediately fuses to the most anterior of the 

medial branches for part of its length, separating again before 

reaching the wing-margin. The free lease of Rc, has the 

appearance of nn oblinue oross-vein. 

The radius is very similar in the hind wing, but here 

R1 runs much closer to 8o and is nnbranched. 

R and R1  tend to be convex in the fore wing and are 

markedly so in the bind 'sting. 

TI 2 MgDIA (11) 

In both pairs of rirus the main stem of the media is 

very short; it divides near the wing base into three or four 

parallel branches. These support the anterior part of the 

zedio-cleital field in the fore wing and an eouivalent area 

in the hind wing. 

The branches of thn nodia are convex, lying along the 

convex riduee of the medio-cubital fan. 

THE CUBITUS (Cu) 

As in other Orthoptera this ven divides at its base 

into t-o irrinches, Cul  and Cut. In the -pore wing Ctrl  is highly 

modified 6ue to the development of the -edio-cubitai fan; it 

0.ver rice to a number of accessory branches on boAh sides, 

-.1.1pnortim, the posterior lnrt of the medio-cubital field ano 

the more distal part of the dorsal field. 

In the hind wing Cu1 is divided near the lase of the 

into t7o ecunlly Oeveloed branches, Cula  and Curl,. 

euz  is unbranched in Ioth pairs of wings. In the -1 
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wing it is very feebly developed, becoming obsolete towards the 

wing-margin. 

The anterior accessory branches of 11/4;111  in the fore wing 

lie along the convex ridges of the medio-cubital fan. In the 

hind wing 6ul.  and Gum  are also convex, occupy in; similar 

positions. 	shows no definite tendencies in this respect 

in either wing. 

Vide A.NALS 

In the fore wing there era- a number of parallel anal 

veins, of which the most ant(?,lor probably corresponds to 1A in 

other Orthoptera. They support the more proximal part of the 

dorsal field. 

The anal veins of the hind wing are of the usual 

Orthopterous type. The most anterir one (1A) is the most 

strongly developed and runs parallel to Cu,). The remaining 

anals are arranged radially and support the anal fan. The 

exact determination of their homologies is impossible (see pp. 

4b and 28). 

(ii) becondary veins. 

A. Intercalary veins. 

• There are numerous Intercalary veins in the wings 

of AgPizodactvius, always associated with the folding of the 

medio-cubital or anal fans. 

In the fore Iping there are intercalary veins between 

the - ranches of M, and between the anterior branches of Cul. 

This is also true of the hind wing; here there are also 
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intercalary veins between the anals. 

lhese intercalary veins are all convex, and, together 

with the imazy veins with Which they alternate, form the 

convex ribs of the eiedio-cubital and anal fans. The concave 

folds between these ribs are not supported by veins. 

B. iiccesoory veins. 

These veins are numerouo in Cchixouactylid fore 

wings. The costa and subcoeta give rise to oeveral ecceseory 

branches supporting the lateral field. R, has one accessory 

branch in ichizodatylu, and Gut  bears a large number of both 

anterior and posterior accessory branches supporting parts of 

the medio-cubital nd dorsal fields. The veins behind 1A in 

the fore wing must be partly of an acceeeoey nature as they are 

more numerous than was primitively the case. 

There are no accessory veine in the hind wine other 

than of the pseudo-priwary type (see p. 28). 
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XVIII. TTT/GONIOIDRA - CONCLUSIONS 

The Tettigonioidea are a very diverse troup, and 

there is no diagnostic character of the wiag-venation common to 

all the winged families. The most characteristic feature is 

the fusion between Cut and MI', especially in the rore wing. 

This is fund in the Prophfaanc;opsidae, Tettioniid,7,e, and 

some Gryllacrididae. The Schizodactylidae are suite independfnt 

from the remaining Tettigonioidea, and there are characters in 

their wings which -uggest that they are more rel: ted to 

Grylloid stock than to the Tetti,:onioidea. The following 

characters of Schizodactylid ings are found else-,here among 

the Orthoptera only in the Crylloidea:- 

1. The characteri stic folding of the fore wing ;:long the 

score 1,-i1 regions of N, M, and Cu. 

2. The development of the Taedian fan in the fore wing. 

3. The extension of the 	folding Io the most 

anteri - r branch of N in both pairs of wings. 

4. The spike formed by the distal end of the flexed hind 

(coiled in Schizodactvlus). 

5. The basal division of Cu1  into two branches (which 

remain separate) in the hind wing. 

These characters tend to suggest that the Schizo-
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dactylidae originated from early Gryll id stock, ,before the 

fourth tarsal 	nent was lost. There does not, however, appear 

to be eny other morphological support for this. 

as discussed in Section VI, the early Proohalan, opeidae 

were probably ancestral to both the remaining Tettironioidsa 

and the Orylloidea. The numerous anterior acceseory branches 

of ec in the fore wince of this family ere also found in the 

Grelleidea, .3chizodectylidael  and, to a rather less extent, 

Tettiaoniidae. 

The fossil family Elcanidae also has a distinctive 

wing-venation, though here the differences are mainly of decree 

only. The most interesting feature of the fore wing is its 

primitive corrueation; the unaltered convexities and concavities 

are much more extensive than in any other Tettigoninid family 

(see p. 50 et seq.). Other distinctive features of the Pacanid 

fore wing are the enormous radial sector (occupying about half 

the wing-area) and the well-developed posterior media, ,ehich 

is quite free from Cul. There is little doubt, even on the 

evidence supplied by the fore wings alone, that the facanid 

line was quite distinct from that of the remaininc Tetti-

conioidea and suite possibly even of their immediate 

Proterteopteran ancestors. The free posterior media and 

primitive corrugation are of great significance, making it 

almost certain that the Elcanidae have been (-elite independent 

from the Prophalancopeidae. 

Gryllacridid wings do not present any features of 
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outetaffire imoortance. The veins of the fore wing are 

characterirtically rrenp-ed ir parallel longitudinal lines, 

this probably being asrocioted -5th the rappinrr. function of 
15 

the wing when flexed. There5....ge often an unusually large number 

of anal veins. In the hind rings the fusion between R, M, and 

Cv1  has advanced to a unique extent. 

The wings of the Prophalangopsidae are of greet 

interest in providino a link between Protorthopteran stock and The 

Tetti'onfidoe, oxd in ohowing the gradual evolution of the 

otridolo,ting organ. 7n the fore wing the acce0000y brunches of 

the oubcoota are charocterirtically numeocus, and the closely 

parallel orrangement of the crosn-veins in the fossil forms is 

unique. The hind wing is a rather more primitive version of 

the Tetticoniid hind wing, lacking the futon between Rs  and M 

(which, however, is not an invariable feature in the Tetti- 

coniidae 	see p. 120. Propm,an-opF;:!s  ha 	rather more 

advanced fore wing than the foosil formn, especially in the 

structure of the -tridulatinc organ and the arrangement of the 

cubital branches. 

The Tottigoniid venation is of the Prohalangopsid type 

with the following additional specializations:- 

1. The development of the mirror in the rtridulatory 

apparatus. 

2. The complote Oiotal fusion of MP with the most anterior 

branch of the oubitus. 

3. The fusion between Re  and MA in the )-.ind wing. 
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4. The development of the cubital hinge in the :fore wing. 

',there is little doubt, however, that the two families 

are closely related, the following charact_rs being common to 

both and not normally found in other Tettigonioidea:- 

1. The alary etridulatoxy organ. 

2. The partial fusion of MP with the most anterior branch 

of the cubitue. 

3. 'the development of Cu,l  in the hind wing. a 
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XIX. GRYLLOID&A GRYLLIDAB 

1. INTRODUCTION 

Previous work on the homologies of the wing-veins of 

tee Cryllidae is scanty. Comstock and Leedham (1899, and 

Comtock, 1918) described and illustrated the tracheatin of 

Oecanthus, but did not correlate this with the adult venation. 

Forbes (1C)33) published diagrams of the female adult wings of 

ilemoblus fasciatu Ole Geer) and Oecanthus., partly being his 

conclusions on the nymphal tracheation of Licapteriscus didactylus 

(Latreille), a member of the Gryllotalpiaae. In 1930, Leuner 

gave an account of the venation of the :COL:2il (A7yllidae and. of 

Bragiatapes (of which he also gives a figure of the nymphal 

tracheation); his conclusions were ;esed mainly on fossil 

Chopard (1940) applied a nomenclature similar to th t of the 

Comtock-Needham t3ystem to Cryllid fore wings and attempted to 
wuk 

correlate the male v'2nation4A)- that of the female. Unfortunately, 

this author made no use of the nynmhal tracheation, which, as a 

result, conflicts with his views. Later (in Graseg, 1C.49) 

Chopard putliehed an interpretatien of Uryllid venation 

differine, fundamentally from .is earlier conclusions. 

The correspondence between the nomenclatures of 

vezious authors is shown in Fig. 59. 
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1101112C1„ATURE 
IN THIS W aYMBOLORK 

COMSTOCK 
(1918) 

FORBES 
(1933) 

LONER 
(1939) 

Cii01ARD 
(19/.9) 

bRUhNER 
(1882) 

SAUSSURE 
(1870) 

Subcosta Sc autcosta Subcosta aubcosta autcosta Radial Nediaatiral 

Radius R Radius R. dies Radius Radius 
Anterior 

ulnar Humeral 

Media 11 Media Media Media Media Posterioraledian 
ulnar 

Cubitus-one Cu1  Cubitus-one 
Taird 
,;,1101)1?  aubitus Cubitus 

Vena 
dividers Discoidal 

•41131tus-two Cut  Cubitus-two Anal Vena 
alicata 

Second 
discoidal 

Anal First anal 1A First anal 

axIllaries Second anal 2A Axillarles 

Third anal 31 

(a) Female fore wing 

NOMENCLATURE 
IN THIS WORK 

1 
SYMBOL 

COMaraaK 
(1915) 

LEUNER 

(933) 

CHUFaaa 

(1%9) 

rlitilkiER 
(1882) 

S-MaaURE 
(1870) 

aubcosta Sc Subcosta Subeosta 

Radius 

 Subcosta Radial Medtastinal 

is kaaial Radial Radial Anterior 
ulnar aumeral 

Media M Mecia Media Meaia Poaterior 
ultair 

aedian 

Cubitus-one , 	Cu l  aubitus-one Cubitus Cubitus Vena 
dividers Discoidal 

aubitus-tao a u. 2 
. Cubitus-two First aral itnal al 

Vena  
icata discoidal 

First anal 1A First anal Second anal 

Axillaries 

Anal 

second anal 2A Third anal 
axillaries 

Third anal 31  Fourth anal 

(b) Male fore ring 

Fig. 59. Comaarative table showing the nomenclatures used by various authors for urallld 
wing-veins. 



NOMENCLATURE 
IN THIS WORK SYABOL COMSTOCK 

(1918) 
FORBES 
(1933) 

BRUNNER 
(1882) 

SAUSSURE 
(1870) 

Costa C Mediastinal 

Subcosta Sc Subcosta Subcosta Anterior 
radial 

- 	Radius R Radius Radius 
Middle 
radial 

Radius-one Ri Radius-one 

Radial sector Re  Radial sector 

Aedia it 1:Jedia Media Posterior 
radial 

Anterior 
media 141+2 J=eral 

7Josterior 
media 

iti 
3+4 edian  

branches of 

Cubitus-one 

Cuia Cubitus-one 
Cub- tusone Anterior 

ulnar Discoidal 

Cui b  Cubitus-two 
2osterior 

ulnar 
* 

Cubitus-two Cu 2 Cubitus-two First plical yea 
dividens 

First anal IA First anal Second plical Verna 
plicata 

Anal 

(c) hind wing 

Fig. 59. Com.parative table showing the nomenclatures used by various 
authors for Cryllid wing-veins (contd.). 



2. TH6 Tkii:.4'iTIOr OF THE NYMPHAL WING-Pi-  ° 

(a) Fore wing-pad. 

A short costal trachea with several accessory branches 

is present in Acheta and Lrachytrypes, but is probably not a 

usual feature outside the eryllinae. 

The eubcootal trachea is well-developed end usually 

hears a number of enterior accessory branches. There is an 

unbranched radial trachea. 

The medial, cubital, and anal tracheae ere closely 

associated at their bases. Trachea N: is often bifurcate. The 

cubjtal trachea is normally divided into Cul  and Cu2; its 

nature is usually very different in the two sexes. In the 

female fore wing-pad Cul  has typically several posterior 

accessory branches towaree its diet- 1 extremity; the Cu2  trachea 

has several acceseoey branches in the Gryllir±ee enu usually two 

in the other vubfamilieo. The Cul  trachea of the ale fore 

wing-pad supplies the mirror, the antcri,r end ictal borders 

of the harp, nd in 1..any Uryllines and Oecanthines it has in 

addition a number of posterior accessory branches at its 

extremity. The Cu:; trachea supplies the posterior border of 

the hcrp, and is usually unbraecned. There ere usually three 

anal tracheae. 

(b) Hind wing-pad. 

I small costal trachea is sometimes present (e.e. 

deeheto Le, -Ptica Linnaeus, Fig. 60). The subcostal trachea is 

en ranched, Trachea H is usually divided into e1 and es, but 

may be unbranched. As in the lore wing-pad, the medial, 

11)1 



Sc Cui  Cu,M 

R 

Cu 

3A 2A IA 

3A 
2A 

U'a 2A IA r ue  
IA c  
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Fig.60. The tracheation of the nymphal wing-pads of 
Acheta domestics, male. 

Sc R M 

Fig.63. The male fore wing of Eneoptera. 



cubital, Lnonai tracheae arise at the same point on the 

transverse Laaal traeaea. IL is typically divided into a and P. 

Cu is invariably three-branched, the branches being Cula, 

and Q112. AZ 1,f; usual in Orthopteroid insects, the first aral 

trachea has an origin distinct from Lhat of the retaining anal 

tracheae, wbioh are often numerous. 

3, Tat; VEDATION OF THE ADULT WINGS 

(a) The shape and areas of the wings. 

(i) Fore wing. 

When  at rest Gryllid fora wings typically form a 

box-like cover for part of the hind wings and all but the 

ventral -part of the abdomen. -For thie purpose they fold 

longitudinally near the centre, where there are a number of 

closely parallel main veins. Allowance is normally made for 

the tapering shape of the abdomen by means of another (fan-like) 

fold in the Listal part of the wing; this occurs along the 

branches of the neeia, - nd may be called the median fan (see 

Fig. 61). The consistency of the fore wing is usually tough 

end leathery, and in some forms the membrane is fairly heavily 

eelorotized (e.g. TriLpnidium). 

The shape of the fore wing varies considerably, but is 

not typically more than three times longer than it is broad, 

unlike the normal condition in most other Orthoptera. In the 

,ales of 2haeophilacris the fore wings are lobe-shaped with a 

constricted base. Brachypterous and apterous forms are common 

in the family. 
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UNFOLDED PART 
OF LATERAL FIELD MEDIAN FAN 

CORDAL 
AREA 

MIRROR 

APICAL AREA 

SUBCOSTAL AREA (Sc) FIRST 

COSTAL AREA (C) RADIAL AREA (R) 

RADIAL AREA (R1 ) 

AREA (Rs) 

ANTERIOR MEDIAL AREA (MA) 

POSTERIOR MEDtAL AREA (MP) 

AREA Cuia  

AREA Cult, 

SECOND CUBITAL AREA (Cu2) 

LATERAL FIELD 

DORSAL FIELD 

Flg.61, The areas of Gryllid wings. 



It is impossible in the -ele and difficult in the 

female to name the areas of the pore wing satisfactorily using 

the Comstock-Peedham System. An alternative evetom for the 

male (partly based on ystems used in tee past) is shorn in 

Fig. 61. Owing to the way in which the flexed fore wing is 

folded, it may be clearly divided into dorsal and lateral fields. 

It is the dornal field of the )1ale fore wine which has become 

modified for etridulation in most forms. This region ray be 

eivied in the male into five eubdivisione: 

1. the basal area 

2. the harp 

3. the mirror 

4. tee cordal area 

b. the apical area 

Of these the first four ere codified for etridulation, the laCt 

l';eing unaffected. The apical area is sometimes practically 

absent (e.g. Oecanthus) and is usually very reduced in brachy-

pterous for::s (e.g. the brachypterous species of Cryllodes). 

The harp is typically ,bout twice the area of the mirror, leAt 

in Paraeryllus temulentus Saussure the two areas are eppreximstely 

eoual, and in Homeorryllus the mirror is slightly larger than 

the harp. 

The female Pore wine generally has a well-developed 

median fan, but the dorsal field id never modified for 

stridulation. 

(Ii) hind wine. 

Gryllici )eind wings are typically Orthopteroue, being 
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In the form of a foldable fan with the main veins arranged 

radially. The length of the hind wings is typically greater 

than that of the fore wings: sometimes twice their length (e.g. 

Nemobius fasciatus; Auscyrtus), or even up to four times longer 

(e.g. some species of Paranemobius). 

The areas of Oryllid ind wings are easily named using 

the Comstock-Needham System; a proposed scheme is given in 

Fig. 61. 

(b) Folding. 

The folding of the fore wing, as mentioned above, is 

typically such that it forms a box-like cover for the proximal 

part of the flexed hind wings and the dorsal and lateral parts 

of the abdomen. Additional folding occurs at the distal end 

of the lateral field, forming the median fan; this fan is 

normally shorter (in comparison with the wing-length) in the 

isle than in the female. The arrangement of these folds is 

shown in Fig. 61. 

The hind wings fold up in a similar way to those of 

the Tettigonioidea, but the foldirw is rather more complete, 

extending up to the anterior margin of the wins. The folds 

are usually supported by veins. 

(c) The wing-lsase. 

In the axillary region of each ring is a number of 

sclerites connecting the bases of the wing-veins to the thoracic 

tergum. The wing-base of Acheta domestica (see Fig. 62) may 
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Fig.62. The wing-gases of Acheta domestica. 



be regarded es tenical of the family; the base of each wing 

is described separately below. 

(1) Fore wing. 

The first axillary scierite, situated between the 

mesonotum and second axillary, articulatee with the base of 
a 

the subcorta. Just :ulterior to it is a small tee:ea-Lem. The 

second axillary is very large and provides an articulation for 

the base of the radius. Protruding from under this sclerite is 

a small third axillarY,, inserted, on which is the flexor muscle 

of the fore wing. 

As in the Tettigoniidac there is a well-developed 

fourth axillary, connecting the posterior part of the wing-base 

to the mesonotum. 

There are no etedian plates. 

(ii) Hind wing. 

In the hind wing the first axillary is a very large 

oclerite, erticulatine with a large part of the metanotum. The 

costa is fueed at the base with the subcosta, radius, and media, 

and has lost its connection with the first axillary. As in the 
a 

ft fore wing there is a tegul 	the 	 tdduie at "- anterior eztremity of 4/,4 

eclerite. 

second axillary is normally developed and provides 

an articulation for the fused bases of C, So, R, and M. 

The anal veins are supported at the base by the third 

axillary, which bears the flexor muecle of the hind wing. 

Between this zolarite and the posterior extremity of the first 



axillary is a emall but well-developed fourth axillary. 

rihe median plates may be repreeented by small 

thickenings of the axillary meMbrane. 

(4) The vine. 

The veins of Cryilid wings eiay be classified in the 

same way ae those of the Pneumoeidee, nO the various types are 
beat 

defined under thire  family (see p. 66 et see.). 

(i) The ambient veins. 

No constant ambient veins occur in the Gryllidae, 

though a tendency towards their formation is 'shown by the fore 

wings of 1,any members of the family. There are never any 

ambient veins in the hind wing. 

In the fore wing feebly ueveloped ambient veins are 

eometimes found near the margins of the lateral field and 

towards the apex of the dorsal field. In the former position 

the ambient vein is usually formed by the tips of the numerous 

z,cceosory veins arieing from the costa (when present) and 

eubcosta, and in the latter position by the accessory branches 

of Cul  and Cu2  (Cul  only in the wale). Ambient veins of this 

tpe are developed to fome xtent in the male fore wings of 

Eneoptexa (see Fig. 63). In pales of the genus °acanthus (see 

Fig. 64) extensions of 1A and 2A round the cordal area and LErp 

have taken p en ambient position. Ambient veins are develoleed 

in the reduced core wings of TrlF.onidlum (Fig. 65). 
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Fig.63. The wanks of Eneol)tras  female. 
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(ii) The longitudinal veins. 

A. Primary veins. 

T}1 COSTA (c) 

In the fore wings of most eryllies the costa is either 

absent or incorporated in the subcosta. eometimes, however, 

the first apparent eranch of the eubccsta is much eore etronely 

developed than the remainder, and is erobably the costa. This 

condition is found in iechetie, domestics (see Fig. 60). 

The costa forme the whole or, eore usually, the 

proximal part of the leading edge of the hind wing. Towards 

the distal part of the wing it is eeeletimee replaced or 

reinforced by the vubcoeta (e.g. notej, TrieonidP.,W).  'ken 

the costa extends over the whole of the anterior margin of the 

hind wing (e.g. Oecanthus Pelllecens (eeopoli)) it is convex. 

More usually, izowever, its tendencies in this roseoet are very 

feeble. 

THE SUBOCOTA 

The eubcosta is the first normally developed erimary 

vein ih the fore wing. It l.es well behind the anteriir 

elargin, tho area between the two being supported by its 

accessory branches, which are often numerous. 

In the hind wing this vein runs just behind the 

costa, frequently fusing with or replacing it dirtally. 

The suhoosta shows no eefinite convexity or concavity 

in the fore wing. Then the costa is well-developed in the hind 

wing (e.g. Oecanthu  p llucene) the eubco:ta is concave; 
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Female. 

Male fore wing. 

Fig.66. The wings of Acheta domestics. 



usually, however, this concavity is lost and a tendency towards 

convexity is shown, especially' in the distal part of the wing. 

ThE RADIUS (R) 

In the fore wing this vein runs just behind the 

subcosta and is always unbranched. An unbranched radial sector 

(Rs) is, however, normally present in the hind wing, where it is 

typically fused to LA for a variable distance. The division 

of the radius into R1 and Rs  is normally about halfway to the 

epax or in the proximal half. 

The radius tends to e convex in both pairs of wings. 

MADIA (M) 

The media lies just behind the radius in the fore 

wing. It typically gives rise to a variable numbe of branches 

Which suppoet the folds of the median fan. 

In the hind wing the media normally divides into two 

equally developed branches in the proximal half. The anterior 

breach is eenerally fused with ne  for a ,ereater or lesser part 

of its length, and frequently the media or its anterior branch 

is fused to the main stein of the radius. 

The nature of the leeCia and its branches (i.e. whether 

it 	en enteric r, pofJterior, or complete media in the 

Lameerian venee (Lameere, 1922)) is Cincuesed on pp. 5 and 59. 

CUBITUS (Cu) 

The cubitus is divided at or very near the Inse into 

two branches, Cul and Cut. In the fore wing these branches 

normally show marked sexual dimorphism, being much modified for 
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stridulation in the male. In this sex Cul  runs parallel to i 

to a region near the base of the median fan, where it divides 

forming a number of accessory branches. The more distal of 

these support the apical area, when present, and the remainder 

delimit the mirror and form the eoundary between the cordal area 

and harp. Gu2 rune roughly parallel to Cu1  for a short distance 

and then abruptly bends towards the hind wing-mrgin. Pear the 

letter it fuses with lA and 2A, this region being known as the 

node. These veins then separate to form the three cords which 

E characteristic of Jeale Gryllid fore wings. In the eryllivae 

Cù, and lA commonly form en enclosed loop in the cordal area. 

The stridulatcry teeth occur on tle part of Cut  anterior to 

the node, on the underside of both fore wings. They vary in 

number considerably throughout the family: there are about 40 to 

50 in Oecf,nthue and Cneoptera, and about i(0 in Acheta domeotica. 

The female fore wing shows no epecializetion for 

stridulation. Cut  passes straight down the )ongitudinal e.xis 

of the wing, typically giving rise to posterior accessory 

branches towards the apex. In Oecanthes oellucens Cut  may be 

unbranched in the fea,ele fore 1\inL. Cu.,)  runs close behind Cul; 

it is often bifurcate (e.g. Enecptera; Trieonidium eumbertieamm 

(Sauseure)) but tends to give rise to e number of eosterier 

aucceeoey branches in the r:rryllinae. 

In the hind wing Cu is divided ;t its lase into two 

parallel, equally developed branches (Cula  and Cuib);  these 

run etraieht to the wine-margin. The more distal part of the 



area between them (area Cu ) is ni 	n eeeted in eany species. la 	,  

Cu shows a tendency towards reduction in Uryllid hind wings. 2  
It is always feebly developed towards the 'ease, and only the 

distal part reeeene in Trigontdlueehertianum. 

THE AVALS 

As the 	are completely different in the two pairs of 

wings, they will ee dealt with seperately, 

gore wing. 

There are noemelly taree anal veins in ceryllid fore 

wings (lAs  2A, and 3A), As with the cubitue they show sexual 

dimorphism. in the vale lA and 2A fuse with Cue  at the node 

and then separate again forming the second and third cords. 

3e runs closely Lehind 2A, reaching the eosterior wing-margin 

just before the node. In the female the three veins run 

parallel to the wing margin; 2A and 3A may be fused at the base. 

In the fore wings of Trieonidium humbertianum  there 

are only two anal veins. 

hind wing. 

The first anal (IA) is a very strongly developed vein 

in the hind wing. It runs parallel to arid just behind Cu2  to 

Lee wied-margin. 3ometimee this vein has poeterior accessory 

branches (e.g. Acheta domeetica), 

the second and remaining anal veins can be given no 

definite homologies (see pp. 45 and 28). They are more namerous 

than in the Tettieonioidae and Acridoidea, and vary considerably 

in number: there are about seven in Oecanthus and about twenty 
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in tee larger species of Geyllue Linnaeus. 

secondary 

Interceeeety veins. 

ehere are frequently no intercelary 'vine in 

eryilid fere wines; in eome of tee larger (ore4p, however, there 

,ere a few intercalary veins eeveloped in the median fan 

,neoeteea), 

intercaeary veins are nearly always developed in the 

kind win, teoueh usually confined to aleas :e elP Cu,' CU2' 

and le. 

Accessory veins. 

These veins are usually.  profusely developed in 

Cxyllid fore wings. The subcosta almost invariably gives rise 

to a number of anterior accessory branches supporting the 

lateral field. In tee female Cul  frequently beers several 

posterior accessory branches towards tee Oietal part of the wing. 

This is almost invariably so in the male fore wing, where these 

branches support the apical area, the mirror, the distal margin 

of tee harp, and tee anterior margin of the cordal area. 

Cut  is often bifurcate in the female fore wing, forming 

two ecually eel/eloped pseudo-primary veins (see p. 20; sometiees, 

eeeever, it elves rise to a number of posterior accessory brambef 
ve'r -rav-03 

(e.e. many eryllinae). In the male fore wing Cut  is never 

branched. 

The anal veins are freauently unbranched in the,  fore 

wing, but sometimes one of them bears one or two accessory 



branches (e.g. 3A in Actota domestica, female). 

In the hind wing there are no accesoly veins in the 

	

pre-oubital part of the wing. az1 	divided into to-/o pseudo- 

primary veins (see p. 28). Some of the veins supporting the 

anal fan (particularly 1A) may give rise to ron-tracheated 

acteasmyveine. 

(11.1) 	cross-veins. 

These veins 're abundantly develooed in ;•,ry lid hind 

wings and female fore wings, but in a number of .alc fore wings 

there are remarkably few. In the fore wings of male Bch to 

domestica, for example, the cross-veins in the lateral -ield, 

anal area, and cordal area, are very few and poorly developed; 

the only strongly developed crosP-veins are the three or four 

forming the tatrings1  of the harp, one in the olirror, and a 

number in the apical area. There are even fewer in the male 

fore wings of °acanthus, the apical area being absent. Cross-

veins also tend to be poorly developed in the female fore wings 

of come small species. 

(iv) The archedictyon. 

There is never much archedictyon in Gryllid Tinge: 

it is normally found only as a trace near the wing-bases. 

Oceasionfally, 'norever, a small amount of archedictyon persists 

in the distal part of the dorsal 	(e.g. 1neoptera). In 

rome forms there is no archedictynn (e.g. Oeoanthus pellucens; 

Trigonidium_hurnbertianurn) 



XL GiaLLOIDEA GRYLLOTALPIDAB 

1. INTRODUCTION 

Practically no work has been published in the past on 

the homologies of Gxyllotalpid wing-veins. Cometock and Needham 

made no mention of the family. Forbes '(1933) eueliehed 

diagrams of the wings and wing pads of Ocapteriscus, rut hi 

text gives them no more than a passing reference; this work 

is the only published instance of wing-tracheation etudies in 

the family. Zeuner (1939) has discussed the wing-venation of 

the Uryllota0 dae, eut his conclusions were based on Gryllid 

and fossil wings lather than on tradheatien. 

A comparison 'between the views of these authors, 

together eith Martynovin nomenclature for the hind wing of 

Gryllotalpagrylictalea (Linnaeus) (Martynov, 1925), is given 

in Fig. 67. 

2. zio TRACHEATION OF TU3 NYMPHAL WING-PADS 

Where the tracheati -)n of Zcapteriecus is mentioned, the 

conclusions are rawn from thc eineraeve of Yorbee (1933), which 

are reproduced in Fig. 6$. 

(a) Pore wing-pad. 

In Ocapteiecus there is a short trachea arising from 

the base of trachea So Which is probably homologous with the 
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NOMENCLATURE 
IN THIS WORK SY/BOL 

FORBES 

(1933) 

ZEUNER 
(1939) 

BRUNNER 
(1862) 

&XS-SURE 
(1870) 

Subcosta So Suboosta Subcosta Radial ediastinal 

Radius R R and 114•A Radius Ulnar Humeral 

Media M 

{Cul 
A and Cu2 

1P1 
,• edia Vena 

dividens 
-dedian 

Cubitus-one Cut 
1 iv. 

zix ( Cuoitus 
Discoidal 

Anal 

Cubitus-two Cu2  First anal 

Axillaries 
First anal IA Second anal 

Second anal 2A Third anal 

Third anal 3A Fourth anal 

(a) Fore wing 

NOMENCLATURE 
IN THIS WORK SYMBOL 

MARTYNOV 
(1925) 

FORBES 
(1933) 

Suboosta Sc Suboosta Subcosta 

Radius R Radius 

Radius-one R1 Radius Radius-one 

Radial sector Rs  

14edia 

Radial sector 

Anterior 
media MA MIA- 2 

Osterior 
media MP M

. 

Branches of 
Cubitus-one 

Cula  Cu Cubitus-one 

Culb Cusp Cubits-two 

Cubitus-two Cuo  
'. 

Ai  First plical 

First anal IA A2 Second plical 

(b) Hind wing 

Fig. 67. Comparative table showing the nomenclatures used by various 
authors for Gryllotaloid wing-veins. 



2A IA Cue  

Ulb 

Fig,68. The tracheation of the nymphal wing-pads of 
Scapteriscus didactylus (Latreille ), female. After 

Forbus (1933). 



costal trachea of the Gryllidae (when present). It tears 

several ecceosory branches. Geyllotalpa (see Fig. 69) I 	no 

costal trachea in the fore wing-ped. 

The subcoetal trachea resertles that of typical 

Cryllidae; arising from it are a number of anterior accessoey 

ranches. The radial trachea is either unbranched or bifurcate 

distally. 

Infeeepteriecus the medial trachea is eharply bent 

about halfway along, its length; here It rives eiee to a feebly 

developed anterdim branch, which runs oblicuely toward the 

radial trachea. The remainder of the :.e al trachea then 

eividee into two or three parallel tranche which extend to 

the iargin of the wing-pad; this applies to the female only - 

in the hale the remainder of trechea e_ is probably unbranched. 

In Gyllotalp the medira trachea is either unbranched or 

bifurcate at the tip. 

As in all typical Orthoptera, the cutital trachea gives 

rise to an uneivided posterior branch (Cu 	near its base. 

Trachea Cu: is always branched. 

There are usually three anal tracheae. 

(b) Hind wing-pad. 

There was no costal trachea in the nymphs examined. 

The subcontal trachea is normally develored and 

unbranched. Trachea B is divided into Ri  and an unbranched 

radial sector (He). The medial trachea is simply bifurcate 

into MA and MP. 
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2A IA 

Fig,69. The traoheation of the nymphal wing-pale of 
Gryllotalpa eryllotalpa, male. 



As in ell Grylloidea the cubital trachea is divided 

into a bifurcate ;eiterier branch (Oul) and an undivided nosterior 

tranch (0u2); the resulting three tracheae run parallel to the 

argin of the -zing-pad. 

The first anal trachea has an independent baseOfrom 

the remaining anal tracheae, which are numerous. iIone of the 

anal tracheae is branched. 

3. iii VENATION OF THE ADULT WINGS. 

(a) The shape and areas of the wings. 

(i) Fore wing. 

Gryllotalpid fore wings are lobe-like and generally 

cover only the basal part of the abdomen and hind wings. In 

some species of Scapteriscus, eowever, the fore wings almost 

reach the tip of the abdomen. Th.c texture of the fore wing is 

fairly soft, but not so membranous and transparent as that of 

ti.e hind wing. 

AS in the Gryllidae the fore wing may be divided into 

dorsal and lateral fields, the media forming the dividing line. 

The Gryllid median fan is not found in the Gryllotalpidae. A 

harp of the olyilid type is developed in the dorsal field of 

the male fore wing, but other subdivisions are better named 

using the Oomstock-Veedham System (see Fig. 70). 

(ii) hind wing. 

As in other Orthobtera the hind wings take the 

form of a fan, folded when at rest. They are longer than the 
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11, 	AREA Rs 

III,  

•=110117171P.'''  
AREA Cul, ANAL AREA 

SUBCOSTAL AREA (Sc) 

COSTAL AREA (C) 	 RADIAL AREA (R) 

AREA RS 

MEDIAL AREA (M) 

FIRST ANAL AREA ( IA) 	FIRST CUBITAL AREA (Cul) 

SUBCOSTAL AREA (Sc) FIRST 

COSTAL AREA (C) 

RADIAL AREA ( R1 ) 

AREA RS 

_---4---- 
ANTERIOR MEDIAL AREA (MA) 

POSTERIOR MEDIAL AREA (MP) 

AREA Cully  

AREA Cult, 

SECOND CUBITAL AREA (Cu2) 

FIRST ANAL AREA (IA) 

LATERAL FIELD 
	 .A. 	  

SUBCOSTAL AREA (Sc) 

COSTAL AREA (C) 	RADIAL AREA (R) 

SECOND CUBITAL AREA (Cu2) 	MEDIAL AREA (M) 

HARP (AREA Cul) 

DORSAL FIELD 

LATERAL FIELD 

FiE.70. The areas of 
Gryllotalpid wings. 

Male fore wing. 

SECOND ANAL AREA (2A) 	SECOND CUBITAL AREA (Cu2) 
•	  

DORSAL FIELD 

:Female. 



tore wingsnd often extend beyond the tip of the abdomen. 

propoed scheme for naming the areas of Gryllotalpid 

hind wings, using the Comutock.liesdham 4stem, io shown in Fig. 

79. 

(b) Folding. 

The flexed fore wings are folded rather obtusely along 

the region of thcl,  media. Although there is no foedian fan, 

additional folding does tend to take place at the distal 

wing-margin, especially betwen as  and M. 

The hind wings are folded in the Gryllid fashion, 

areas Lio and Uula  being dorsally exposed and therefore pigmented. 

(o) The veins. 

The veins of Gryllotalpid 	be classified in 

the same way a3 those of the 1-4numoridae, and the various types 
Litat 

are defined under this family (sue p. 66 et see.). 

(i) The ambient veins. 

klo definite ambient veins are eve' , ,ed in (ryllo- 

t,lpid winNs. lhere iu, however, sometimes a tendency for 

tne tips of some of the accessory subco4a1 branches to bend 

over along the anterior 	rgin of the wing and join with each 

other, thus forming a short marginal support which could be 

looked upon as an ambient vein. 
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(ii) The longitudinal veins. 

A. Primary veinc. 

THS COSTA (0) 

c normally deeeloped eoeta is found in Gryllotalpid 

fore wings. In 'ece;pteriecus, however, the first reflexed 

branch arizihe from the eubcostal stem is probably homologous 

vtith the Cryllid costa. 

In the hind wing a reduced costa is developed along 

the liore rroximal part of the anterior reargin. The remainder 

of the leading edge of the wing ie supported by the subcosta. 

'Lae; LAJBOOLAA (se) 

This is tie first fully devele •ed primary vein in the 

fore wing. /es in the eryllidee it lies well behind the anterior 

margin and gives rise c.o a Yow of accessory branches supporting 

the anterior part of the wing. 

in the hind IA.ng the subcosta runs close behind the 

costa In the Froxinial peat of the wing and replaces it on the 

anterior margin distally. liormally moee than half of the 

leading edLe of the hind wing is supported by the subcosta. 

The subeoeta is rather concave in the hind wing, but 

shows no definite tendency in this respect in the fore wing. 

TM; RAD/US (L) 

This vein runs parallel to and a short distance behind 

the subcosta. In the fore wings of Grvllotaloa (.,ee 'vig. 71) 

it becotLes eivieea eietally into two branches, k1  and lie, which 

eun parallel with each other to the wing-margin. In 



Male fore wing. 

C 

Female fore wing. 

Cue 

Hind wing. 

Fig.71. The wings of Gryllotalpa gryllotaipa. 

CU!  
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ecapteeiscue, however, Az  i reduced in the male and absent 113 

the female (see rig, 72). 

In the hind wing the bifurcation of the radius takes 

.:lace near the wing-base. hs becomes fused to MA for a short 

distance, ets in the cieyllidas. 

eee radius ehowe no convexity or concavity in the fore 

win, iut in ehe hind wing H and R1  are convex and Re  tends to 

be eonceve, 

TeeWeldA (L) 

This vein nee juet behind the eadiue. In the fore 

wing the media is sharply bent at one place elone its length. 

At the point where this tend occurs (usually in the eistal half 

of the wing, tut nearer the base in females of ecapteriscue) an 

anterior branch leaves the media and joins the radius. This 

branch has the appearance of a longitudinal vein tut is actually 

a cross-vein. At tee second part of the bend (where the media 

resumes its longitudinal course) another cross-vein connects it 

to Cul. After tele double bend tee media runs etraieht to tee 

wing-margin. It is unbeenched in the fore rings of Gryllotalea  

and male esepteriecus, but in tee females of ecenteriscus the 

media becomes divided into two or three branches. 

In the hind ring the media is of the Gryllid type, 

being divided near the base of the wing into two eaually 

developed branches (eek and LP). It snows no definite convexities 

or concavities in either pair of wings. 
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The viringe of Scaaerisoue.  



The branches of the media in the Gryllotalpidae 

undoubtedly have the same status as those of the Gryllidae; the 

remarks on pp. 58 and L9 concerning the nature of the Gryllid 

medial branches (sensu Lameere, 1922) also apply, therefore, 

to the uryllotalpidae. 

OUBITU (Cu) 

As in other Orthoptera tie cubitue elviees at or near 

the wing--ease into Oul  and eu2. In the fore wing these -eranches 

snow a eieilae Pexual dimorphism to that found in the eryllidae. 

In both sexes Cut runs parallel to M and a e/aort distance 

behind it, becoming divided into teo or three branches; these 

branches arise nearer to the base in the female than in he 

male. The eost proximal branch in the male is reflexed, and 

forme the distal boundary of the harp, as in the Gryllidae; the 

remaining branches support the apical region of the wing. 

u2  is unbranched and runs parallel to the last 

branch of Cut  in the female fore wing, but in the eal this 

vein becomes bent towards the posterior wing-margin forming 

the proximal boundary of the harp and bearing the etridulatory 

teeth; it then continues towards the apex of the wing. 

In the hind wing the cubitus ie of tae Gryllid type: 

(Ju1 is divided near its base into two ecually developed branches, 

Uula  and Uulb, and Cut  is unbranched, running straight to the 

wing-margin. Area uula  is pig?eented or darkened distally, as 

in some Uryllidae. 

The cubitus Chows no definite convexities or 

concavities. 
A. 



There ere normally three nnal veine in uryllotalpid 

fore wings. In the male, at least lA and 2A fuse with. Cu2  at a 

paint corresponding to the feryllid node; they then separate and 

run parallel to each other to the wing-margin. In the female 

no fusion ta::os niece, though in some species Cue and 1A are 

closely approximated at the wing-base. 

io the anal veins of the hind wing the same remarks 
made alsbut 

apply as those elven for the Gryllidae (see p. 160). 

B. Seconeary veins. 

Intercalary veins. 

The only intercslary vein in the Gryllotalpid 

fore wins is situated between M (or its most Posterior branch) 

and Cut. It is probable that it originated as an accessory 

branch, as there ere often signs of a reduced base connecting 

it to M or 

In the hind wing intercary v-inc 	--)ite common. 

In ,_icapteriscus there is en intercalary vein in retie of the areas 

1,A, and M2; these are replaced by accessory veins in Grellotalea. 

Thera are elways intercelery veins in -roes Cull)  end Cu,). In 
tH 

ey.11otelaa there are intercalary veins between the anal veins, 

tat in &elellatealmenal they are very feebly developed or absent. 

Accessory veins. 

In the fore wing the subcoste. 'eears a number 

of anterior accessary veins in the same way as in the Geyllidae. 

Cu1 Leeomes divided into two or three pseudo-primary brancnr; 
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p. 2L) in the female; in the male this vein gives rise to 

acceco2y branches which form the boundaries of some 

of the reEmnalit Lre4.Lz used in stridulation. The apical region 

oi:he LIO fore wing is also partially supported by branches 

of eu1' 

LJome of the otlique veins running across the harp are 

supplied with tracheae arising from Cu2; these could, therefoxe, 

be regarded as accessory veins. 

(iii) The cross-veins. 

There are numerous cross-veins in both fore and 

hind. wings. 

(iv) The archedictyon. 

In Gryllotalpid wings the archedictyon is only found 

as a trace at or near the bases of both pairs of 'ins. 
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,A1, URY1,1,U1v6A L,WiL,LUIluh0 

is clearly Lefined and shows no 

great diversity of ;cm. The following featiires of the wings 

are characteristic:- 

1. the development of tae harp and associcted structures 

in the tAridulatory organ. 

2. The numerous, closely parallel, sinuous, anterior 

ccessory branches of the subcosta in the fore wing. 

The reduction or complete absence of the costa. 

4. The division of Ou into two free brances in the 

hind wing, und the frecuent sclerotization or loss of trans-

parency between them (developed .facRuse of t,1,1 char ctr)ristic 

metaod of folding). 

b. The method of foldinL the hind rings r,0 s to form a 

:pike, generally nrotrudinc beyond the fore wines. 

6. The close approximation of Sc, H, M, and Cul, along 

the mid-longitudinal line of the fore ring. 

It should be noLec:t that features 2, 3, and 5, are not 

ouite diagnostic in the 6altatoria as they are also found in 

the Schizodactylidae (see p. 146). 

1. 7 2 



The Gryilotalpidaffe represent an offshoot fro; ;I the 

-)eoializea for burrowing and a subterranean 

.,00e of life. They do not possee the mirror and cord of 

Gryilid wine, and the median fan i only very 

developed. 
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XII. DICWOPTERA INTRODUCTION & BLATTOMA 

/1. INTRODUCT/ON 

Although much work has been done on cockroach wings, 

/ A,antold wing-venation has been almost completely ignored in the 

pat. Comstock and teedham (1899, and (;omotock, 1918) described 

rid illustrated the adult venation of Phyllodromia gerxranica  

(Linnaeus)—and the wing-pad tracheation of some unnamed cockroach 

nymphs. Ennulirsch (19C6) has publiched labelled drawings of 

the wings of various klattoid and antoid epeciee. —atynov hLr 

iven illustrations of the hind wing of Elatta orientalis  

Linnaeus (Martynov, 1937) and the fore wing-base of a Mantoid 

species (Martynov, 1925). Por},es (1933) illustrates wings of 

various cockroaches and a mantis, and proposes modifications to 

the Jomstock-lieedham terminology. Chopard (in Grasse, 1949) 

gives diagrams of luattoid and antoid venation. Rehn (1951) 

givee a comprehensive comparative account of cockroach venation, 

mainly using Yorbes ,  nomenclature. The most recent work on 

Dictyopteran venation iv that of Jmart (1951), who describes 

and illustrates tee venation and tracheation of l'eriplaneta  

americana (Limneus). 

Tracneation nas been extensively used in studying 
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Blattoid wing-venation, but there has apparently been no 

previous work on flantoid tracheation. The present account is 

a mere summary in the case of the Plattoi(9ea, and no more than 

an introduction to the tracheation and venation of the Lantoidea, 

The rest of this f:cction i devoted to the former 

ruperfamily, while -Cie antoidea are dealt with in section 

2. ;ANONYAY 

A comparison between the vein terminoloa of various 

authors i 	J:veL by Omart (1951). The nomenclaturee of lorbes, 

Rehn, ana the pre-Comstock vetematiets are, however, omitted 

from this comparison; these are tabulated by Rehn (1V51) (Rohm's 

nomenclature aiffers from that of Forbes only in being more 

detailed). The nomenclature in the present work (which 

corresponds exactly with Comstock and iFeedham's views on 

cockroach venation) cTiffers from that of Lenart (op. cit.) only 
MOvve5 

in that the pontcubitus and vannal veins proposed by Snodgrass, 

1935) are all regarded as anal veins (see p. 73). 

C. THE TRACHEATION OF THE NYMPHAL WING-PADS 

This h.f.t; been dealt with by Comstock and. leedham (1699, 

Lead Comstock, 1918), Beck (1920), and Smart (n51). 

The transverse basal trachea is apparently eot always 

present. The coetal trachea is poorly ecveloeed or absent. 

Otherwise, the tracheation is quite normal, corresponding 

closely with the adult venation. A diaram ehowing the typical 

form of Blattoid wing-pad tracheation is given in Fig. 73. 



R  Cul  Cue  
IA 

Cu 

R Cul  Cut  

Cu 

Fig.73. The typical form of Blattoid wing-tracheation. 



4. THE VEITATI01,1 OF THR Amyl,  wmaa 

fiae,ram representing the venation of typical Plattoid 

wings i given in Fig. 74. 

Me costa lies along the leading edge of both pairs of 

wings, but is very:educed and possibly absent in some forms. 

The subcosta is enerally well-developed and may bear pnterior 

Iccessory branches. A strongly develored radius is aiwsys 

prevent; in the fore wig this vein gives rise to a 

characteristic row of accessory branches r,ppporting a large area 

(area So) in the anterior pert of the ring. A posterior branch, 

which poesibly represents Re, is developed in the more primitive 

fore wings, but is often reduced or absent in the more 

specialized groups. In the hind wing the radius has a similar 

form; the radial F,ecto::' my le represented either by the small 

posterior branch, 1-hich is only developed in the 'lore primitive 
NIL* 

wings, or bykthe most proximal of the anterior branches, which 

tends to have an appearance rather distinct from the remainder. 

The media is normally developed and dichotomously 

branched in primitive Blattoids, but becomes reduced to a sinrle 

•-tem in the nore advanced forms. 

The cubitus divides ut its bane into Cu and Cu2. n -131 

is normzlly much I. ranched, covering a large area, but in some 

hind wings it is reduce,' to a sinule stem. Cu2  (the 'first 

plical' of Forbes) is normally unbranched; in th2. fore WiPg At 

is poorly developed, rorming the bind margin of the cubital 

furrow Oplical furrow' of Hehn; 'posterior unsclerotized line' 
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C Sc Cul  Cue  IA R M 

Fig.74. The typical venation of Blattoid wings. 



of Smart). 

The first anal vein 

fore wing, being situated in 

part of the anal area, just behind Cut. In the hind 

(tile Iseconu plical' of Porbes) is well-developed in 

4t;en.. invisible 
i2 44bt nermally 

the heavily sclerotized 

in 

e,nterior 

wing lA 

the :Dere 

primitive -forme, but in the more advanced groups it often 

becomes very reduced, especially towards the wing-margin. 

In the fore wing there are several anal veins in the 

anal area; the may be looked upon ac 2, 3A, etc., but their 

exact houv:ioa Je impossible 
(Ake `46yd phcae of Fovbes) 

of the hind winLtiki quite di 

feature very eLlaractorietic 

wing no definite homologies 

to deteraine. The second anal vein 

stinet from th remainder, a 

of Blattoid wines. As in the fore 

can be aecA.bed to the veins of the 

anal area (see pp. 45 and 28). 
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AXIII. .i)/OTYOPTILRA - kANTOIDEA 

1. aNONUY 

No work on the trackleatien of antoid nymuhal ing-pad 

and no detailed work on the adult venation has apparently been 

done in the paet, but various authors have expressed views on 

the latter ind these are tabulated in leig. 

2. T1[ TRA=ATION 02 TL A NYUPHAL WING-PADS 

The tracheation of the wing-pads of Ameles hel,reichi 

iirunner (Fig. 76) and Jphodromantis viridis (Porskal) (Fig. 77) 

ware examined and the following remarks apply to these two 

epecieo. 

There is no costal trachea. The subcostal trachea is 

well-developed and normal. The radial trachea is normal and 

divides distally into Hi  and Hs. This bifurcation is much 

nearer the base in the hind wing-pad than in the fore wing-pad. 

The medial trachea is either unbranohed or bifurcate distally. 

The cubital trachea becee4es divided near the baue into 

Cul  and Cu2. Trachea Gui  is branched, especially in the fore 

wing; trachea Cu2  is undivided. The first anal trachea has an 

independent origin from the remaining aria's, which arise from a 



NOMENCLATURE 
IN TS WORK SYY. 

HANDLIRSCa 
(1925) 

MARTYNOV 
(1925) 

CHOPARD 
(1949) 

BRUNEI 
(1882) 

SAUSSURE 
(1871) 

Costa C Costa Costa 

Subcosta Sc Subcosta Subcosta Mediastinal idediastinal 

Radius R Radius Anterior 
radial Humeral 

Radius-one 

Radial sector , 

iedia 2 Media 
Posterior 
radial Median 

Cubitus-one Cul 
Cu 
Cup 

AnteriorCu ulnar Discoidal 

Cubitus-two Cu2  Al  Anal 
Posterior 
ulnar Anal 

First anal IA A2 
Vena 
dividens tkaillaries 

Second anal, 2A, A3 Axillaries 
Vena 
plicate 

(a) Fore wing 

NWENCLATURE 
IN THIS WORK SYIE3OL 

CHOPARD 
(1949) 

BRUNNER 
(1862) 

SAUSSURE 
1871) 

Costa C Costa 

Subcosta Sc Subcosta nediastinal 

Radius R Hume r al 

Radius-one Ri R Anterior 
radial 

Radial sector Rs  R s  Middle
radial_ 

Media 14 Media Posterior 
radial Median 

Cubitus-one Cut Cu AnteriorDiscoidal ulnar 

Cubitus-two Cu2  Cup Post erior 
ulnar Anal 

First anal 1A Anal Vena 
dividens 

Second anal, 
etc. 

2A, 
e tc.  

Axillaries Axillaries 

(o) Rind wing 

Fig. 75. 	Comparative table showing the nomenclatures used by various 
authors for antoid wing-veins. 



Cul  
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Fig.76. The tracheation of the nymphal wing-pads of Ameles heldreichi. 
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7ig.77. The tracheation o.2 the nymphal wing-pads of 
Sphodromantis viridis. 



common stem. 

THE. VENATION OF THE ADULT WINGS 

The account given here of liantoid wing-venation is 

largely based on an examination of species belonging to the 

genera Sohodromantis (Fig. 78), Amelee (Fig. 79 	Bolbena, 

Ealpusa, and Iiivetina. An inspection of the British Museum (:dat. 

Hist.) Collection suggests that other genera do not differ 

fundamentally from the 

-WE COSTA (0) 

This vein is strongly developed alonethe anterior 

margin of both pairs of wings. In the fore wing,it 	oTten 

slightly submarginal towards the base of the wing. The costa 

is convex in the hind wing and often tends to be so in the fore 

wing. 

THE SUlk:OSTA (6c) 

The subcosta, which runs behinc2 and parallel to the 

costa, is unbranched and tends to be concave, especially in tIle 

hind wing. 

ufli RADIUS (R) 

This vein runs closely behind the subcosta. In the 

hind wing it divides near the wing-base into Ri  and Rs, which 

run parallel to the wing-apex. In the fore wink; this bifurcation 

is much acre distal, and in some forma does not take place at 

all. The radius is convex in the fore wing; in the nind wing 

h- is convox -nd hs  concave.. 
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Fig.78. The wings of Sphodromantis viridis. 



2A 
	IA 

Fig.79. The wings of Ameles heldreichi.  



raa =IA (X) 

The media is situated just posterior to the radius, 

to which it is basally fused.in most hind wings. It is 

sometimes a single stern in both pairs of wings, Out is "requently 

two- or three-branched in the fore wing, and occasionally 

bifurcate in the hind -wing.  This vein tends to be concave in 

both pairs of wings. 

TAB CUBITUO (Cu) 

This vein takes the usual Orthopteroid form, being 

divided at the "ease into a branched Cul  and an undivided Cut. 

In the fore wing Cul  is freouently divided into two nrincipal 

stems, the anterior one giving rise to posterior pectinate 

Lranches, and the other to anterior pectinate branches; sometime 

Cu
1 

is simply bifurcate in the fore wing. In the hind wing 

(sal  is not so profusely branched and is occasionally undivided. 

Cul  and Cut are convex and concve, respectively, in 

the hind wing. In the fore wing Cut is concave, but Cul  shows 

no definite convexity or concavity. 

THE ATIALS 

The first anal vein is rather distinct from the remainkw 

in Loth pairs of wings. In the fore wing it freouently 

terminates before reaching the wing-margin. -J.o definite 

homoloLiec can be ascribed to the remaining anal veins, as they 

normally exceed the supposed ancestral number (three or four, 

including 1A), and it is impossible to tell in ghat way the 

edditional veins have arisen. In the fore wing these veins are 
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Amply labelled IA, 2A, 3A, etc. In the hind vying, 'however, 

the position is complicated by the first vein behind 1A bearing 

a variable number of posterior reccssory veins: in the a ult 

wing it is often iupossible to tell -There these accessory 

branches are succeeded by distict anal veins. AJ-1 the:re is 

apparently nothing to be gained by applying a nomenclature to 

these veins, they ar,,  not named here. 

At the base of the fore wing is a snail anal lobe 

which is folded beneath the remainder of the init when nt rest. 

This lobe is supported by the distal ends of one or more of the 

most posterior anal veins. The anal lobe is ilevelopod in the 

usual Orthopterous manner in the hind wing. 

1A is nornally a convex vein in the fore wing and 

often tends to be so in the hind wing. There is usually a 

tendency for the reidaining anal veins to he convex llso. 

1 A. 



XXIV, G. I 11AI, CONCLUSIONS 

1. THE SALTATORIA 

Although generally conforming to a certain pattern 

of external appearance, the Saltatoria are by no means a 

uniform group, and their diversity is particularly apparent 

in the wings. The latter show their most marked divergence at 

superfamily level, thus providing the Acridoidea, Tridactyloidea, 

and Grylloidea, with fairly clear definitions on the basis of 

their wing-venation alone. In the Tettigonioidea, however, the 

differences are most evident at family level and this group is 

impossible to define using the wings only (see p. 146). The 

most diagnostic features of the wing-venation of the other three 

superfamilies are set out below. 

ACRIDOIU4A 

1. The close approximation of the more proximal regions 

of So, R, and M (but riot Cu) in the fore wing. 

2. The fusion of h and M (at least towards the wing-base) 

in the hind wing. 

3. A tendency towards the reduction of Cut  in the fore wing 

TRIDACTYLOIDEA 

1. The reduction of the fore wings to smooth, sclerotized, 

lobes. 

2. The narrow, well-sclerotized, pre-anal part of the 

hind wing, forming a band along the anterior edge. 
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GRYLLOIDEA 

1. The development of the harp and associated structures 

in the stridulatory organ. 

2. The close approximation of Sc, R, M, and Cul, along 

the mid-longitudinal line of the fore wing. 

3. The division of Cut into two free branches in the hind 

wing, and the frequent scierotization or loss of 

transparency between them. 

In spite of the diversity within the group, there are 

several features of the wings which ere common to almost all 

Saltatorian insects. The most distinctive of these is the 

submarginal costa of the fore wing; when this vein is well-

developed in the present-day Saltatoria it is invariably 

submarginal, at leant towards the base of the wing. The more 

proximal part of the anterior margin of the fore wing is thus 

never supported by a primary vein; it is either unsupported or 

strengthened with a secondary vein. An ambient vein serves 

this purpose in the Acridoidea, Tettip,oniidae, and Schizodacty-

lidae, but in the Prophalangopsidae, Gryllacrididae, and 

Grylloidea, support is provided only by the tips of the 

accessory veins in the precostal and costal areas. It is 

possible that the costa is marginal in some fossil Saltatoria 

(e.g. fossil Prophalangopsidae and Gryllacrididae), as is 

normally the case in the Protorthoptera. 

Saltatorian wings are commonly modified for the 
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purpose of stridulation. This occurs in all the superfamilies, 

though the methods of sound production vary considerably. In 

the Acridoidea alary sound production is apparently confined to 

the Acrididae, though it is of course possible that it was also 

a feature of the fossil family Locustopsidae (especially as the 

fore wings of these two families are very similar). The usual 

method of stridulation in the Acrididae is friction between the 

hind femora and the flexed fore wings. In some cases there are 

teeth on the inner face of the hind femur; in others the femur 

merely has a ridge and the teeth are on the fore wing (usually 

borne by the medial intercalary vein, IM). Occasionally the 

hind tibial spines are used for the same purpose as the femoral 

teeth (e.g. Psectrocnemus  Henry). Many Acrididae can produce 

rattling sounds in flight (e.g. Stauroderus scalaris Fischer 

Waldheim); in these cases it is probable that the hind. wings 

alone are responsible. 

In the Tettigonioidea exclusively alary stridulation 

is found in the Prophalangopsidae and Tettigoniidae. In both 

cases a tooth-bearing stridulatory rib formed by Cut  in one 

fore wing is rubbed against the hind margin of the other fore 

wing. In the former family the left and right fore wings are 

identical and physiologically interchangeable, but in the 

Tettigoniidae the left fore wing always lies above the right one 

and the stridulatory rib of the former is always rubbed against 

the hind margin of the latter. A similar method of stridulation 

is used in the Grylloidea, though here again the wings are 
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interchangeable. 

Sone Tridactylids possess a structure in the f )re wing 

which is probably concerned with stridulation: this is a row of 

ventral teeth on the distal part of the subcosta. The length 

of the row varies in different species but is normally less than 

half the length of the subcosta; it invariably extends to the 

tip of the wing. The stridulatory function of this structure 

has apparently riot been proven; Carpentier (l936) suggests that 

the teeth are rubbed against the base of the radius of the hind 

wing. 

Stridulation in the Saltatoria is usually confined to 

the males, and the wings of this sex are often modified to act 

as resonators. Thus in the more advanced Acrididae the costal 

and medial areas of the fore wing are freeuently expanded in the 

male to form enlarged areas of 1,1ebrane (e.g. Stauroderus  

scalaris); in some cases other areas are involved (e.g. Brachy-

crotaphus trvxalicerus Fischer 'Paldheim, in which the costal 

and first cubital areas are expanded). In some forms areas of 

tte hind wings are also expanded; an extreme case of this is 

shown by Byalopteryx rufipennis Charpentier, in the male hind 

wings of which the first cubital area is enormously expanded. 

In the Tettigoniidae part of the first cubital area of 

the right fore wing is modified in the male to form the 

transparent Imirtorl, and a similar but less well-developed 

structure is often found in the left fore wing. The name area 
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of the male fore wing is used as a resonator in the Grylloidea; 

in the Gryllidae it has three subdivisions - the 'harp', the 

'mirror', and the cordal area (see Fig. 61) - but in the 

Gryllotalpidae the mirror is rudimentary and the cordal area 

undeveloped. 

In a few cases the female wings are modified in the 

same way as those of the male. This is the case, for example, 

in the brachypterous Tettigoniid subfamilies Ephippigerinae, 

Pycnogastrinae, Bradyporinae, Deracanthinae, and Hetrodinae. 

In these groups the female usually stridulates, though often 

to a less extent than the male, and frequently producing a 

different sound. A number of female Tettigoniids have 

developed an alary stridulatoey apparatus rather different from 

that of the males. This consists of teeth projecting dorsally 

from veins in the posterior part of the anal area of the right 

fore wing which are rubbed by a downwardly-curved part of the 

posterior margin of the left fore wing. The apparatus is 

described in more detail by Fulton (1933). Structures of this 

sort are found in Scudderia, Conocephalus, and many other genera; 

they have been observed in operation. 

Female stridulation occasionally occurs in the Acrididae, 

Here, the pegs of the male femur are normally represented in 

the female by rudimentary teeth or hairs in the same position 

and similar in number; where there is marked expansion of any 

of the areas of the male fore wing, the same areas are normal or 
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only elightly expanded in the female. In spite of these 

apparent handicaps, however, females are occasionally observed 

stridulating, and the sound produced is normally loud and 

typical of the species. For example, a female of Chorthippus  

bicolor, bred in captivity, chirped almost as frequently and 

rather more loudly than the males. A microscopical examination 

of the hind femora of this specimen alowed that the rudimentary 

hairs were no better developed than usual, and their appearance 

did not sugest that they would be of any use for stridulation. 

It seems pos ible, therefore, that well-developed femoral pegs 

are unnecessary for stridulation, and there is a suggestion that 

a slightly uneven ridge is ouite sufficient. 

The remaining features foued throughout the Saltatoria 

are less diagnostic. Ambient veins are common in the Acridoidea 

and Tettigonioidea, but are not so evident in the Grylloldea, 

where their function is largely taken over by the tips of 

accessory veins; ambient veins are not normally found in the 

Tetrigidae, Tridactylidae, or Gryllacrididae. There is commonly 

at least a small area of archedictyon in the fore wing, especially 

towards the wing-base. In most Tettigoniidae and many Acrididae 

the archedictyon covers the whole of the fore wing, but it is 

usually much less extensive, and is entirely absent from 

Tridactylid and Gryllacridid wings. 

Accessory and intercalary veins are a very widespread 

feature of Saltatorian wings. The former are only absent in 

the Tetrigidae, and the latter only in the Eumastacidae and 
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aacanidae; one or other type is thus found in all the families. 

It is interestinv to note that the anterior media (sense 

Lameere, 1422), which is probably lsent in most modern orders 

of insects, is almost certainly resent in the Baltatoria. In 

the TettiEonioidea, moreov r, there is a tendency towards the 

reduction of the posterior media, and in the Gryllacrididae it 

is very likely that it has been completely lost in most modern 

forms. It is possitle that this is also true of the Grylloidea, 

but insufficient evidence makes it impossible to draw definite 

conclusions. 

2. THE i3ICTYOPTi RA 

Blattoid wings are characterized by the arrangement of 

the anal veins in the hind wing. The two most anterior of these 

are typically free and unbranched; the remainder arise 

principally from two sterns, one just behind 2A and the other 

near the base of the wing. Some of the veins in the centre of 

the anal fan may be independent of these stems. As a result 

of this arrangement there are typically three closely parallel, 

unbranched, veins lying between the anal fan and the pre-anal 

part of the hind wing, namely Cu2, 1A, and 2A, and this feature 

is very characteristic of the Blattoidea. Occasionally, however, 

Cu2  has a few terminal branches (e.g. Polyphaga Brulle); rarely 

it is almost absent (e.g. Anaplecta Burmeister). lA is sometime 

reduced in the more specialized forms (e.g. Blatella Caudell); 

2A occasionally becomes basally fused to ,the branched stem 
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immediately posterior to it (e.g. Epilampra  Burmeister), 

Another interesting feature of Blattoid wings is the 

reduction of the first anal vein in the fore wing. This vein 

is frec.uently invisible (e.g. Periplaneta), especially when 

the anal region of the wing is heavily selerotized; in no case 

does it reach the wing-margin. lA is least reduced in the  

Pseudomopinae, where it is sometimes es well-developed as the 

remaining anal veins. The costa is also reduced in the fore 

wing, being usually represented by a mere thickening of the 

anterior margin. 

Tile regularly curved c bital furrow of the fore wing 

provides another diagnostic character; where it reaches the 

wing-margin the latter is often slightly indented. This 

furrow separates the anal area from the remainder of the wing. 

The fore wings of the Mantoidea are generally 

characterized by the small anal lobe at the wing-base. The 

contour of this lobe typically projects from that of the 

remainder of the wing, and it is generally less eclerotized; 

the lobe is folded underneath when the wing is flexed. The 

hind wings are distinctive in having the most anterior part 

supported by five parallel, unbrariched, veins (c, Sc, RI, Rs, 

and M), though the Nedia is occasionally bifurcate. This 

condition is only paralleled in the Phasmida, but in this 

group the more anterior part of the hind wing is much more 

heavily sclerotized and serves to protect the anal fan when 

the wings are flexed (the fore wings being much reduced). The 
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1anteidea further are the only insect group possessing both 

an extensive anal lobe in the hind wing and a well-developed 

costa alone: the whole of the anterior margin of the fore wing. 

There are a number of venational features which are 

common to both the Blattoidee and j'antoidea. The characteris-

tically curved Cu2  of the Blattoid fore wing is commonly found 

in the 11:antoidea, though the cubital furrow is not developed. 

Cu, frequently divides into two !pain branches in the fore wing, 

the anterior one giving rise to posterior branches and the 

other to anterior ones. The arrangement of the veins 

suppotting the anal fan in the lantoid hind wing is often 

identical with the arrangement in the Blattoidea, except that 

in the former group 2A is not separated from the more posterior 

anals; this resemblance can best be appreciated by comparing 

Figs. 74 and 78. 

3. eUlePAhLi011 OF THE 4,ALTATURIA ARO 1)I0TY0PTLI3RA 

Although bearing a superficial resemblance in general 

form and texture, the wings of these two groups have few 

venational features in common. The anal fan is of course common 

to the hind wings of both groups, and is also found in the 

Phasmida (and Plecoptera). The cubitus generally bifurcates 

at or very near the wing-base; Cu is almost always branched 

and Cu2 usually undivided. Beyond this there are no important 

resemblances and the wing-venation provides no strong, grounds 

for considering the two groups to be closely related. 
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4. EBY TOTHE MODERN, 'eINGED, FAIdLIES OF SALTATONIA, 

BABED ON THEIR  WING-VENATION 

The most distinctive characters of the wings of the 

Saltatorian sub-groups can perhaps be best expressed in the 

form of a key. It sh ,ulo be noted that only characters typical 

of each group are used, es the key is not of course intended 

for purposes of identification; forms with reduced or modified 

venation ere not taken into account. The Dictyoptera and 

Phasmida are included for the sake of completeness. 

1. Pre-anal part of the hind wing well-sclerotized for 

protective purposes and supported by at least four parallel, 

equally spaced, veins 	 PlIABMIDA 

-. Pre-anal part of the hind wing, membranous or, if 

eclerotized, not containing four parallel, equally spaced, 

veins 	 2 

2. Costa (when present) marginal in the fore wing; fore wing 

usually with a regularly curved Cu2  without stridulatory 

teeth and either a small, memoranous, anal lobe (folded 

beneath the flexed v ing) or a regularly curved cubital 

furrow. At least four anal veins in the fore wing 

DICTYOPTERA 13 

Costa (then present) oubmarginal in the fore wing, at 

least for part of its length; Cu2  often bearing stridulatory 

teeth (in the male) and not regularly curved in the fore 

wing, or, if regularly curved, fore wing with less than 
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four ane.l veins. Fore wing° with no anal lobe and the 

cubital furow either straight or absent 	BALTATORI 	3 

3. Cross-veino of the anal far of the hind wing confined to 

rein, le row 	TRIDACTYLOIDEA (Tridactylidae) 

Cross-veins of the anal fF,n (A.ffuce 	4 

4. 111,1-1),  oeveloped in the ;gale fore wing; Cul  (,ivided into 

two free LI:ancLes in the ziind wing and the area f,etween 

them fuscol,s 	 GRYLLOLDA 6 

o 'harp' in the 	fire wing; Jul  of the hind wing 

unUranched or the ilincfel 1.1) re again; area Cula, when 

present, colourleoo in the Lind wing 	5 

5. Fan of the Lind wirc limited, to the anal area duamoxasA 2 

Fan of the hind wing at ]eat includinF7 rreas Cul  and Cut  

TETTIGONIOIDEA 10 

6. Fore wins with a well cevelu ed median 1%n; 'mirror' and 

'cords' :present in the nale 	Gryllidae 

Fore wing ,A.ttout a median fan; 'cords' ::bent iAnd 

'mirror' only rodithentary in the male 	qryllotalpidae 

7. Pre-anal part of the hind wing t Mast e'ual in area to 

the .11a1 fan 	Pneumoridae 

Pre-nal part of the ,rind wing s tiler than the anal fan 8 



e. Fore wing lees than half the lanctb of the hind wing; 

hind win c without branched veins 	  

Yore wing approximately the same length Es the hind wing; 

hind wing with 	least one branched vein 	  

9. Cul  branched in the fore wing; hind wing without a 

posterior ambient vein 	 Acrididae 

Cul  unbranched in the -Tore wing; b.i.nd wing with a 

posterior ambient vein 	 Eumastacidae 

10. Medial 	ou'oital areas of both oairs of wings much 

expanded :into large foldble fans, forming a coil when 

the wings are flexed 	  ;chisodactylidae 

Medial and cubital areas not expanded in this way 	11 

11. 11-ale fore wing without , 9tridulatory organ; at least four 

anal veins in the fore wing. Media un'branc'ted 

Gryllacrididae 

Male fore wing with a stridulatory or.; ,n; less than four 

anal vein:i in the fore wing. Media branched 	 12 

12. Stridulatory apparatus without a mirror; distal part of 

MP free from the uiost anterior branch of Cu in the fore 

wing. Re  free from tA in tfte hind wing...Prophulanaopeidae 

Stridulatory apparatus with a mirror; distal part of IS2 
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fused to the most anterior part of Cu in the fore wing. 

Rs partially fused to part of LA in the hind wing 

Tettigoniidae 

13, Costa feebly developed or absent in the fore wing; fore 

wing with a cuhital furrow. Radius with numerous accessory 

branches, at least in the fore wine 	 BLATTOIDEA 

Costa strongly developed in the fore wing; fore wing 

without a cubital furrow. Radius never with, eere than three 

branches 	 eANTOIDAA 

5, PHYLOGEY ,B1) MLATIMBHIPS WITH OMR ORo:Rb 

While it is fully recognized that it is unsound to 

base phylogonetic studies on one character alone, the author 

nevertheless feels that the contribution of the ring morphology 

to the study of the evolution of the Orthorteroid orders is an 

important one and should be clearly presented. Moreover, the 

wings provide a large number of clear-cut, independently 

varying, structures, end when they become subject to adaptive 

changes (which is less r'reouently than with many other anatomical 

features) it is not r1r-ocrently of imeottance which vein is 

used for any wtheuirr 	more. Th.1E -Leans that convergence 

by adaptation is more unlike ly with wing-venation than with 

many other characters (e.g. Ttouthrts and, to a less extent, 

onitelia). 

This argument (floes not of course apply to the general 

appearance of the wing, but only to the nature of the primary 
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veins themselves. For example, the fore wings of both the 

Acrididae and Tettigoniidae are sometimes modified for leaf-

mimicry; this adaptation has clearly been evolved quite 

separately in the two families - it is in fact very likely 

that in the latter family it has evolved several times. If, 

however, the venation of the fore wings of a leaf-mimic of one 

of these families is examined, the arrangement of the primary 

veins (although modified to resemble leaf-venation) will leave 

no doubt as to which family is involved, or, if the venation 

is very reduced, the affiliations of the insect will easily 

be revealed by the hind wings, which only rarely undergo 

edaptations of this sort. 

The phylogenetic importance of Orthoptereid wings 

is mainly at family level and higher; there is often little 

generic or specific verietion, and in some roiroe (e.g. the 

.nt- ieea) even families are sometimes indistinguishable by 

their wings. 

The evolutionary history of the Acridoidea, Tettieoni-

oidea, and Grylloidea, has been edeeuately discussed in 

Section VI (pp. 23, 46, and 58, respectively); t e Tridactyloidee 

and Dictyoptera were not included for reasons which are made 

cleer in the introductory remarks to these groups (pp. 102 and 

175, respectively). The most likely phylogeny suggested by 

the wing-venation of the families studtked in detail is shown in 

Fig. 80. The broken lines represent slat: Lasted connections of 

which there is no fossil record; these connections are based 
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on tk:e z_rgwients presented in Section VI (loc. cit.). 

It will be seen that this arrangement in in almost 

complete agreement with modern views on the classification of 

the ',.altatoria (e.g. those of Anger, 1Y39, and Chopard, 1949). 

Wigg.-venation thus provides strong support for these views. 

Among the other Orthopteroid orders, the altatorian 

type of wing-venation is perhapd most closely approached by the 

Plecoptera. The most conspicuous feature which the wings 

of these orders (and, of course, those of the Dictyoptera and. 

Phasmida) have in common is the anal fan of the hind wing. 

Though usually relatively smaller than the Saltatorian counter-

part, this fan is well-develoeed in the more primitive 

Plecopteran hind wings (e.g. itusthenia Westwood; Pteronarcys 

vewman), and is supported by a number of anal veins; sometimes 

area Cu, is included in the fan, and there is often a marginal 

indentation near the tip of lA or Cu2. 1A is nearly always 

unbranched in both pairs of wings, as in the Ssltatoria, and 

ths is often true of the other anal veins. In the fore wing 

there is an anal furrow between Cu, and 1A, as in the Acridoidea; 

it is not, however, used as a hinge. The media is of the simply 

bifurcate, Jicridoid, type. When the radial sector has sufficient 

branches to show it, it is of the pectinate type; usually, 

however, it is branched only once or twice. The archedictyon 

is almost entirely lost in the Plecoptera, there tieing only 

traces of it in the wings of a few genera (e.g. Eusthenia). 
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On the other hand, intercalary veins are not develoeed. 

An important dietinctive feature of Plecopteren wing-

venation is the basal fusion between Re  and Id in the hind wing. 

The costa is, of course, marginal in both pairs of wings, and 

there is no modification for stridulation. 

There are several venetional features which are common 

to the _est primitive Isoptera (i.e. the l'etetotereitidae) and 

the Jictyoptera. Of these the most significant is the cubitel 

furrow of the fore wing, lying along Cu2; this furrow is, 

however, relatively much smaller than in the Blattoidea, being 

confined to the base of the wing. In :eastotermee Froggatt 

(and a few other primitive genera) the radius branches in a. 

similar fashion to that of the Elattoid fore wing, giving rise 

to a number of anterior accessory branches. 'la and Cu are also 

of the Blattoid type. Laetotermes as a small anal lobe in the 

hind wing, only part of the anal are. being involved; this 

relatively small size can be only partly due to reduction, as 

the remainder of the wing has undoubtedly undergone elongation 

in the evolution el.' the group. Tillyard (1931) has made further 

observations on tee phylogenetic significance of the 

Mastotermitidae. The higher Isoptera have a much reduced wing-

venation and furnish no additional information. 

The remaining Orthopteroid orders have no anal lobe in 

the hind wing. The wing-venation of the Psocoptera is rather 

specialized: the subcosta is much reduced, there ie only one 

anal vein, and cross-veins are often completely absent. No 

deductions of phylogenetic significance can be made from 
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Psocopteran wing-venation, and this also applies to the reduced 

Ting-venation of the Zoraptera and Embioptera. 

6. TAXONOia 

Wing-venation has already been widely used in 

taxonomic aI work on the Saltatoria, but hitherto there has been 

no uniform system of nomenclature available by which legitimate 

comparisons could be made between the wings of this group and 

those of other orders or between the various sub-groups of 

8altatoria. As most previous attempts to apply the Comstock-

heednam vein nomenclature to Aaltatorian wings have been confined 

to isolated species, it Las been aifficult and oi'ten impossible 

to apply these conclusion to species from other families; 

furthermore there has been insufficient agreement between the 

various views put forward for their universal adoption in 

taxonomic work. It is Loped that this situation will be 

remedied by the system presented here. 
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XXVI. SUMMARY 

1. Comstock and _Needham in their work on the homologies 

of insect wing-veins barely mentioned the wings of the 

Saltatoria, though briefly describing the tracheation of a few 

nymphal wing-pads. The author's intention has been to fill in 

the resulting gap in insect morphology, and thus to facilitate 

studies on the phylogeny and systematics of the Orthoptera. 

2. Over 600 Saltatorian genera were examined. These 

included representatives of all the winged families and of 

almost all the winged subfamilies. The wings of over 60 

representative species are figured. 

3. The criteria used in elucidating the homologies of 

the veins were those of tracheation, form, position, convexity 

and concavity, basal articulation, and macrotrichia. 

Palaeolontological evidence was also studied. 

4. From a consideration of these criteria, names based 

on the Comstock-beedham System are given to the wing-veins 

and wing-areas of all the winged Saltatorian families. In the 

case of the Tridactylidae the conclusions are only tentative 

as no nymphs were available for tracheation etudies. 

b. A brief account of Dictyopteran wing-venation is also 

given, the tracheation of representative nymphal wing-pads of 

the iJantoidea being examined apparently for the first time. 

6. The wing morphology of the Saltatoria throws much 
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light on the phylogeny of the group. The Acridoidea have 

clearly been suite independent of the remaining Saltatoria in 

their evolut!onary history and have probably had no direct 

connection with the Protorthoptera. The author suggests that 

the win-venation of the Pneumoridae (which is more primitive 

then that of any other Acridoid family) has been derived with 

little modification from Palaeodictyoptera of the Stenodictya 

type. 

7. The author demonstrates that the ante ior media (sensu 

Lameere) - probably absent in most insects - is almost 

certainly present in the SaltatoY7ia. 

E. A hypothetical 'stanuard foL,9A1 wings is constructed 

vikich satisfies all the requirements of the winp;s of a 

Saltatorian ancestor. 
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XXVW.APPENDIX - LIST OP GighlIIRA EXADILINED 

PNEUAORIDAB 

Bullet  Linnaeus 

Pneumora Thunberg 

Cystoeoelia Audinet-Serville 

3hortri4ea Peringuey 

Prostalia Bolivar 

LOCUSTUSIDAB 

Triassolocnota Tillyard 

Locustopsis handlirseh 

Brodiana Leuner 

Oonocephalella Strand 

ACHIJII)As 

eatantoninae 

Procolpia Stal 

Coryacris Rehn 

Catreia Uvarov 

Agriacrie Walker 

Colpolopha Stal 

4yleus Gistl 

Prionolopha Stal 
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Rhomalea Fischer 

Taeniapoda Stal 

k;hromacris Walker 

Zonioula metal 

ALA,,cris Scudder 

Scudder 

Lophacris bcudder 

.Wutropidacris liebLrd 

Tropidacris Scudder 

Dericorys Audinet Serville 

Diponthus Stal 

Bactrophora estwood 

Pristocorycha Karsch 

Pareuthymia 1i1lei se 

Aemlacris lalker 

Olonacris Uvarov 

Oxya  Audinet-Serville 

4u1ua Rairime 

i)ermius Stal 

Hieroplyphus Krauss 

Tristria btal 

Spathosternum Krauss 

Oraites Krauss 

Anoxyrrhepes Uvb,rov 

Oxyrrhepes tat 

Afroxyrrhepes Uvarov 
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Lutacris ialker 

Tropidopola Stal 

Calamiup Lenry 

4wanthoxia Lolivar 

Lutvemina Giglio-7o$ 

OxyLlepta Stal 

Inuria Oiglio-Tos 

Tetratcenia 

Ooploccra Eurmeister 

OerviOia Stal 

Corvphistes Ohr,ontier 

Beplessia Sjostedt 

AdroPPus bjostedt 

Ouparessa Bjor5tedt 

Xiphiola Bolivar 

Traulia Stal 

Paratraulidia 

Oollitera Sjostedt 

Adimantus tal 

4yi,ocliotron 2ehn 

Homaloanarus  iehn 

Pa illana ,jostedt 

Oaderia 6jostedt 

earinoconiaea Ojostedt 

&oniaea 

Oaproxa 3jostedt 
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Desertaria 3jostedt 

Peakesia L;Joutedt 

Uirphula Utal 

Macrolopholia -jostedt 

ilyotropis Brunner 

Terpillaria ::;jostedt 

&.tropis  

gumacrotona Z;jostedt 

Thizoicetrus Brunner 

heter -,cris 'aler 

Thisoicetrinuc Uvarov 

iuprepoenemis Stal 

TvlotroOdius  

Trooidiopsis Bolivar 

Uhoroedocue tolivar 

bibulus Eolivar 

Uataloious 

UyathoFternum Bolivar 

,RIPIArosopia Uvarov 

Ualli-otamuE Audinet-Oerville 

Ualoptenonsis Bolivar 

Bothrocara Uvarov 

,I.00rypha J!.rauss 

:Jphodromoras  

, etroerus Uvarov 

6phodronotus Uvarov 
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Paracaloptenus Bolivar 

Brachyxenia Kirby 

Caliiptamulue Uvarov 

a1iipzaajeu$ Uvarov 

Uvarov 

rtinezius 6varov 

AmblYphYmue Uvarov 

Suryphymus vital 

Aneurypyllius tivarov 

Pachyphymus L:varov 

Icrazelata Ujoetedt 

Uarlippia Ljostedt 

,xarna 'brunner 

ii7-elanoplue EAal 

iftrenephilug Ikonnikov 

Tonki9aoris Uarl 

Atrachelacris Giglio-Toe 

Leiotettjx Bruner 

Trigonothmus tal 

Oemilia L,tal 

6tauroolois Uvarov 

Uardenius Uvarov 

iWracrie Walker 

OxYcardonius Uvarov 

linthermus  

Uatantops :&chaum 
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TrichocatantePs Uvarov 

Orbillus  Stal 

Amaloropacris Uvarov 

:11-r)rocris Walker 

Stenocrobvlus Cerstaecker 

CrobvloFtenue Ramme 

Firithoicus Uvarov 

dlotriuLda iarsch 

Ischnansis Karsch 

Coptaopl Stal 

Euocritacra Bolivar 

Cvphocerastis Karsch 

Poecilocerasti iae 

4alacris Walker 

.iccageIi jolivar 

isaree Stal 

Eonachiddum Audinet-erville 

Antjpon Stal 

Teratodes Brulle 

Althaemenes, Stal 

Gerenia Stal 

ka,::hyacriS Uvarov 

Phyxacra Karny 

Acridodees Bolivar 

Anacridoderes Uvarov 

Bryophyma Uvarov 

Rhrtidacr3 Uvarov 
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Schistocerca Stal 

Anacridium Uvarov 

Orthaoanthaoris Kirsch 

Ootua Uvarov 

Adramitg,Dvarov 

Valanga Uvarov 

Patanga Uvarov 

Austraoris Uvarov 

rozadapriis  Uvarov 

Ornithacris Uvarov 

ii,oanthacy.i.s Uvarov 

Cyrtacanthacris Walker 

FincUna Uvarov 

Cristacl-idium '4111emse 

ehondraorie Uvarov 

Paulinia faanohard 

l'ampaainae 

Luforania Sjostedt 

-1-2rionotroois Ieieber 

EremoDeza  Saussure 

Ivanotmethie Uvarov 

Erekiotmothi  Uvarov 

Tuarega Uvarov 

Aremot;haris Saussure 

AtricriotmetLis Uvarov 

Asiotrlethis Uvarov 
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Pezotmethis Uvarov 

elanotmethis Uvarov 

Tmethis _Lieber 

Utuoius Uvarov 

Thrinctu  .Yiecher 

6trumiyex Zobowsky 

Eatrachotetrix lAirmeister 

TytthoVle curlier 

Aphantot.:ccrpis Uvarov 

kiuera  

.4dep4,g-L18 bausLiure 

Lamarokiana Kirby 

i'ortL,etiu audinet-Lerville 

rp riae 

Tapesia  ioiivar 

	 ,tal 

Aularches Stal 

Taphronota L5tal 

riutidoderes Westwood 

1,4yteumas Jolivar 

Phvmateue Thula-berg 

MaPilYeus Bolivar 

Zonocrus 6tal 

koeoilocerus tal 

uohrophieKma Lolivar 

riani a .bolivar 

kTrgomorpha  
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StenoxYphus Blanchard 

Tagasta Bolivar 

Atractomorpha ...jaussure 

Ummegechinae 

Ommexec"aa Audinet-Serville 

Parossa Bruner 

Trigonoptery6inae 

Trionootervx 0;-,arpontier 

Oystolla Westwood 

Charilainae 

Cnarilaus Utal 

Oedipodihae 

Aiolopus i?ieber 

	 Uvarov 

Lerinhia Uvarov 

2,nsoptolophus :Scudder 

CQ1e9 Saussure 

Hoillov)pternis Uvarov 

Dittopternis ._;aussure 

kternoscirta ,:aussure 

heteropternis  L)tal 

Cedaleus Fieber 

Gastrimargus liaussure 

Locusta Linnaeus 

Locu;tana Uvarov 

nippicus 12aussure 

Cratypedes ocudder 
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2ardalophora Laussure 

Xantl'inpus S'auu.s;ure 

Leprus SLucoure 

Arvulnaetus Scudder 

Psdphuc Pieter 

PYrgodera Fischer 

Hue Bclivar 

PYonodictva Ltal 

zonocrania Uvarov 

L;oni tica ',;aussure 

2venederue Uvarov 

Chloebora ausure 

Scintharista 6aussure 

Arphia Stal 

DissoVira Ocuader 

Saran :-oudaer 

Ueirtetica Saussure 

Lactf. ta 2aussure 

Morphcris Walker 

Qedipoda Audinet-,erville 

	 Dirsh 

Psinidia Stal 

etator McNeill 

Corozca Sauesure 

DerotTacliAa Scudder 

Th1dii:tal 
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Tmetonota au re 

kashjdia Uvarov 

Pseudotrimerotropis Rohn 

Trimerotropie Stal 

Circotetti?t, Scudder 

layodema Yieber 

Avaracris ]31-Bienko 

Aerochoreutes JeKn. 

Coemorrhipie ,;aussure 

ldtptettix L,oudder 

Peeudoceles Bolivar 

Thalnomena Saussure 

(.;hondronotus Uvarov 

Wernerella tarny 

Vosseleriana varov 

Hyalorrhipis Sauseure 

Leptopternie aussure 

Helioscirtus .1ussure 

SPhinFronotue Yiebor 

Tranelle, Uvarov 

Pusena livarov 

Pternoscirtus ;:auseure 

AorOtylus Yieber 

Heliaetue auseure 

Pvonostictus 6aussure 

n  t(e tti Uvarov 

217 



Anconia Scudder 

Uoniana Caudell 

eibolacris  hebarci 

Urnica ta1 

4.gnatiella Bolivar 

Acriainae 

Aerida Linnaeus 

Chromaerida Dirsh 

Ohromotruxalis Dirsh 

Yenia iiamme 

Acridarachnea 

Oxvtruxalie pirsh 

Trux4iis Yabriolue 

Golasorhinue Brunner 

Gonista Bolivar 

Uannula Bolivar 

Cilyphocionue Karsch 

kara A,alker 

Easiphimus Bolivar 

	 tat 

▪ 111.1ert1.ia Bolivar 

raparga  

Amphicremna harsch 

hyalooteryx Charpentier 

Oophulella Giglio-Tos 

Oomacris Bolivar 

Paracomacris Karsch 
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Sumba Bolivar 

Duronia Stal 

Eunrepontera Uvarov 

Orthochtha Karsch 

Oeraoris Walker 

puroniella Bolivar 

Ohirieta Karsoh 

qymnobothrup Bolivar 

Phloeoba Bergroth 

Holop2rcna Karsch 

Sikkimiana Uvarov 

Whaerocera Saussure 

Pvr7ophloeoba Miller 

Xeronhloeoba Uvarov 

Amblvtropidia Stal 

Cal - qrus Fieber 

Cale.phorp_ps Sjostedt 

Pootgttix Bruner 

BrEiphysrotaphue Krauss 

Ochri4dia  Stal 

PlatypIernodes Bolivar 

Mes,00sie Bolivar 

OhrvOochraon Fischer 

Ohjoealtis Harris 

Leva Bolivar 

Stenohinnus Uvarov 

Omocestus Bolivar 
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Gomphocerippue Roberts 

Aeropum uistl 

Myrmeleotettix Bolivar 

Stauroderus Bolivar 

Chorthippus Fieber 

$uchorthippus Tarbinskii 

Dociostaurus Fieber 

Lqoypt.era Audinet-Serville 

Ramburiella Bolivar 

Staurorhectus 

Eremotaryllus Krauss 

#eliaula Caudell 

Pnorists Stal 

Eleutherotheca Iarny 

)3'aureia Uvarov 

Peeudogmothela Karny 

Rhuhotittha Karsch 

AulacobPthrus Bolivar 

Awh5,tornu,s McNeill 

Bu.pl.!.ictrotettix Bruner 

Seyllina Btfal 

Chortcicetes }runner 

ARAIrolgetes Uvarov 

Anaecqopus Uvarov 

Caledia Bolivar 

Baracinema Fischer 

MeOestethus Fieber 

22.") 



V.araplou s Fischer 

Erey.iEpus Uvarov 

XerohtoPus Uvarov 

AJ1utASTI%0IDA3 

ruciinae 

Erucius Stal 

Chorotypinae 

Chorotypus ;2,erville 

ii:riantkus Stal 

ehininas 

China Burr 

Euschmidtiinae 

Euschmidtia Karsch 

Cymatoosuma Karsch 

TETRIGLDA:11; 

KlIsjaialislium Hancock 

oliinena Audinet-Zierville 

Eou,orphopus iiancock 

Paratettix Lolivar 

2uptettix Hancock 

Aoryaium Geoffroy 

I4edotettix Bolivar 

Tett4idea cudder 

TRIDACTYLIDAX: 

Tridactylinao 

Yriclactyluq Olivier 	
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Hhipipteryginae 

Rhip4.pteryx Audinet-berville 

PROPHALANGOPIDAB 

Haglinae 

liar,  Glebe' 

Prophalangopsinae 

krophalangopsie  iiartynov 

GYPhoderrie  Uhler 

Pal4phakopeis  ilartynov 

Zalmona  Giebal 

GRYLLACRIDIDA 

Palaeorahniinae 

Palaeorehnia  Cockerell 

Jurassobatea  Zeuner 

Stenopelmatinae 

Macrelcana  Karny 

Gryllacrinae 

yflacriB Audinet-Serville 

Paragrvliaoris  Brunner 

Licola  Walker 

EPacra  Brunner 

14CANIDA4 

Elcana  Giebel 



TETTIGONILDAS 

Termitidiinae 

Termitidium Goldenberg 

Ephippigerinae 

Ephippiger Berthold 

Aphippic:erida Bolivar 

Uromenus Bolivar 

Steropleurus Bolivar 

Callicrania Bolivar 

Platystolus Bolivar 

Praephippirerida Kirby 

Baetica Bolive 

Pycnogastrinae 

Pycnogaster Graells 

Bradyporinae 

Bradvporus Charpentier 

Deracanthinae 

i)eracantha Fischer 

Zichva Bolivar 

Hetrodinae 

Hetrodes Fischer 

Acanthoplus Stal 

Cosmoderus Lucus 

6nyaliopsis Karsch 

Acridoxeninae 

Acridoxena White 

PterophyllinafJ 

rterolkyllu, Kirby 	223 



Scopiorus Stal 

Thliboscelus Audinet-Serville 

Diophanes Stal 

Lophaspis Idedtenbacher 

Pterochroza Audinet-Serville 

Tanusia Stal 

Ommatoptera Pictet 

Mimetic  Pictet 

TyV0Phyllum Audinet-Serville 

Catasparatta Brunner 

Cycloptera Audinet-Serville 

Paracycloptera Vignon 

Pseudopbyllinae 

Mossula Walker 

Sexava Walker 

uUus  Stal 

Zabalius Bolivar 

Qratylus Stal 

Pseudophyllus Audinet-Serville 

id.oacris' Pictet & Saussure 

Onomarchus Stal 

Brunnea Brunner 

Climagoptera Redtenbacher 

ClAtandru Stal 

Rhomboptera Redtenbacher 

Promeca Brunner 

Phyllozelur Pictet & Saussure 
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Stenampyx Karsch 

Timanthes Stal 

Tympanoptera Pictet 	Saussure 

Yorsimus Stal 

Chondrodera Karsch 

Oymatomera Schaum 

Sathrophyllia Stal 

TftEra walker 

Sanaa Nalker 

Typhoptera Kirby 

XerophylloPteryx Rehn 

Tetragonomera Stal 

Polyclochin Karsch 

4Rem9diasma Brunncfr 

Diacanthodis Walker 

AnonistueWalker 

Pleminia Stal 

Licnenochlus Rarsch 

Acanthodis Audinet-Serville 

Platypnyllum Audinet-Serville 

Jwaaicana Brunner 

keroncidius Audinet-Serville 

kovenotus Karsch 

Adapantur Ktrsch, 

acrochiton hedtenbacher 

Diyllus Stal 

225 



Ieconeminae 

MeconemE?„ 

1,,ek-opodinae 

Li'.1crolyristes Vollenkoven 

lietralla Walker 

Mec000da Audinet-Serville 

Anoed000da Karsch 

Sthenar000da Karsch 

Pachvsmonoda Karsch 

Corycus Saussure 

Phylloohorinae 

Sasima Bolivar 

Sasimella Karny 

Phllophora Thunberg 

Phyllophorina  Kam* 

Phyllophorella Karny 

Siliauofera Bolivar 

Tettikoniinae 

Tettiaon1a, Linnaeus 

Hubbellia Hebard 

Glvphonotus Redtenbacher 

Amohiestris Fieber 

Decticinae 

ChloroLz-liuk-  Tepper 

Glampsocleis Fieber 

Drvmadusa Stein 

Capnobotes Scudder 
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Decticus Audinet berville 

Y_ontana Zeuner 

Pholidoptera Wesmael 

Platyeleis Fieber 

bphagniana Zeuner 

Saginae 

Terpandrus btal 

Saga Charpentier 

Hemiclonia Kirby 

Clonia Stal 

Salomoninae 

luacroxiphus Fictet 

Salomona Blanchard 

Aeraeciinae 

Subria Stal 

Agraecia Audinet-Serville 

Niceara Walker 

Copiphorinae 

Coyiphora Audinet-Serville 

Basileus Saussure & Pictet 

1xocephala Audinet-Serville 

Liostethus hedtenbacher 

Pseudorhynchus Audinet-berville 

Pyrf,ocorypha Stal 

Caulopsis hedtenbacher 

Conocephaloides Perkins 

Homorocoryphus Lamy 
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Conocephalinae 

Uonocephalue Thunberg 

Orchelimum Audinet-Lerville 

Anieoptera Berthold 

Listroscelinae 

Phieis  

Oerberodon  Porty 

hexacentrue  Audinet-Serville 

Lesina Walker 

Tympanophorinae 

Tympanophora White 

Phaneropterinae 

Lachima Brunner 

Dysonia White 

Oentrofera Brunner 

Paraphidnia Giglio-Tos 

Ephippitytha Audinet-Serville 

Torbia Walker 

Gaedjoia btal 

PantolePta Karech 

Acrornetopa Fieber 

Conchotopoda Karech 

Llimaea Ltal 

Exora Brunner 

Pseudophneroptera Brunner 

Ducetia 

Isotima Brunner 
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Letana 'dalker 

Himerta Brunner 

Hyperophora Brunner 

EnFonia Brunner 

Cosmophyllum Blanchard. 

Poecilogramma Karsch 

Scambophyllum Brunner 

Tylopsie Fieber 

Harposcepa Larch 

Arantia Stal 

Acripeza  Guerin-Meneville 

Zulpha Walker 

Leptoderes  Audinet-Serville 

Tetraconcha Karsch 

Drepenophyllum Karsch 

Catoptropteryx Karsch 

Weissenbornia Karsch 

Anc3zlecha Audinet-Serville 

Phygela Stal 

Molpa Walker 

Tapeina Brunner 

Arnobia btal 

Elbenia Stal 

Poecilopsyra iiohrn 

Psyra Stal 

Goetia Karsch 

Zeuneria Karsch 
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holochlara Stal 

SAmpaestra Brunner 

Tinzeaa Walker 

Elephantodeta Brunner 

Pharieroptera Audinet-ServiiiE; 

Tsopsera Brunner 

Pelerinv Bolivar 

Terpnistria 8t 1 

Dioltena Brunner 

Insara Walker 

Scuad ria Ste' 

Symmetropleura Brunner 

Ceraia Brunner 

Pneussia Kansa. 

Vellea Walker 

Chlorocj.rtus 3aussure & Pictet 

lAigyocentrum 2oudaer 

3teirodon Audinet-Serville 

Peucestes 2tal 

Posidippue Stal 

Xantia Lrunner 

Alliblyoory-oha tal 

3aopa Walker 

Eurycorvpha 6tal 

Vooska Erunner 

Plangia Stal 

Anaul000mera tal 
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Viadana Walker 

khj1loptera Audinet-Serville 

Ayperphrona  Brunner 

Phrixa Utal 

Pycnopalpa Audinet-Serville 

Topana Walker 

Diplophyllus Sauesure 

Orophue Saussure 

Philophyllia Stal 

Apoballa Brunner 

Byamorpha Brunner 

Proehilinae 

Prochilu Brulle 

Simoderinae 

Simodera Karsch 

orietinae 

liarea Walker 

SCHIZODACTYLIDAB 

Schizodaetylus Brulle 

GRYLLIDAB 

Protogryllinae 

Protogryllus Handlirsch 

-11.esoryllue Aandlirseh 

Gryllinae 

Nemobius Audinet-Serville 
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Paranemoloiue Sauseure 

:Rrachytlypes Agassiz 

Winscryllus Saussure 

Anurogryllus Saussure 

.kcheta Fabricius 

Grvllus Linnaeus 

Gryllulus Uvarov 

Tryllpde Saussure 

Eneopterinae 

EneRptera aArmeister 

Muscyrtus Guerin-2Aeneville 

Heterotrvpus Saussure 

Va4aPulallpa Walker 

9spcharis Uhler 

ARLIngmorphus Rehn 

Oecanthinae 

Hpmeo_vrzllus Ohopard 

Phaeqphilacris Walker 

Parap:ryllus GuerineneviJ.lD  

Oecanthus Audinet-Serville 

Trigonidiinae 

1rigonidium Audinet-Serville 

CaLLOTALPIDAE 

Cryllotalpinae 

Gry)39a1a Latreille 

Neocurtilla Kirby 

Scapteriscinae 
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Scapteriscus Scudder 

Arnelee Burmeister 

Sphodromantis tal 

Bolbena Giglio-Tos 

Hivetina Berland & Chopard 

Empusa Huebner 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90
	Page 91
	Page 92
	Page 93
	Page 94
	Page 95
	Page 96
	Page 97
	Page 98
	Page 99
	Page 100
	Page 101
	Page 102
	Page 103
	Page 104
	Page 105
	Page 106
	Page 107
	Page 108
	Page 109
	Page 110
	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116
	Page 117
	Page 118
	Page 119
	Page 120
	Page 121
	Page 122
	Page 123
	Page 124
	Page 125
	Page 126
	Page 127
	Page 128
	Page 129
	Page 130
	Page 131
	Page 132
	Page 133
	Page 134
	Page 135
	Page 136
	Page 137
	Page 138
	Page 139
	Page 140
	Page 141
	Page 142
	Page 143
	Page 144
	Page 145
	Page 146
	Page 147
	Page 148
	Page 149
	Page 150
	Page 151
	Page 152
	Page 153
	Page 154
	Page 155
	Page 156
	Page 157
	Page 158
	Page 159
	Page 160
	Page 161
	Page 162
	Page 163
	Page 164
	Page 165
	Page 166
	Page 167
	Page 168
	Page 169
	Page 170
	Page 171
	Page 172
	Page 173
	Page 174
	Page 175
	Page 176
	Page 177
	Page 178
	Page 179
	Page 180
	Page 181
	Page 182
	Page 183
	Page 184
	Page 185
	Page 186
	Page 187
	Page 188
	Page 189
	Page 190
	Page 191
	Page 192
	Page 193
	Page 194
	Page 195
	Page 196
	Page 197
	Page 198
	Page 199
	Page 200
	Page 201
	Page 202
	Page 203
	Page 204
	Page 205
	Page 206
	Page 207
	Page 208
	Page 209
	Page 210
	Page 211
	Page 212
	Page 213
	Page 214
	Page 215
	Page 216
	Page 217
	Page 218
	Page 219
	Page 220
	Page 221
	Page 222
	Page 223
	Page 224
	Page 225
	Page 226
	Page 227
	Page 228
	Page 229
	Page 230
	Page 231
	Page 232
	Page 233
	Page 234
	Page 235
	Page 236
	Page 237
	Page 238
	Page 239
	Page 240
	Page 241
	Page 242
	Page 243
	Page 244
	Page 245
	Page 246
	Page 247
	Page 248
	Page 249
	Page 250
	Page 251
	Page 252
	Page 253
	Page 254
	Page 255
	Page 256
	Page 257
	Page 258
	Page 259
	Page 260
	Page 261
	Page 262
	Page 263
	Page 264
	Page 265
	Page 266
	Page 267
	Page 268
	Page 269
	Page 270
	Page 271
	Page 272
	Page 273
	Page 274
	Page 275
	Page 276
	Page 277
	Page 278
	Page 279
	Page 280
	Page 281
	Page 282
	Page 283
	Page 284
	Page 285
	Page 286
	Page 287
	Page 288
	Page 289
	Page 290
	Page 291
	Page 292
	Page 293
	Page 294
	Page 295
	Page 296
	Page 297
	Page 298
	Page 299
	Page 300
	Page 301
	Page 302
	Page 303
	Page 304
	Page 305
	Page 306
	Page 307
	Page 308
	Page 309
	Page 310
	Page 311
	Page 312
	Page 313
	Page 314
	Page 315
	Page 316
	Page 317
	Page 318
	Page 319
	Page 320
	Page 321
	Page 322
	Page 323
	Page 324
	Page 325
	Page 326
	Page 327
	Page 328
	Page 329
	Page 330
	Page 331
	Page 332

