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ABSTRACT 

Entomology 

The egg pods, eggs and nymphal instars of Melanoplus borealis 

borealis (Fieber), ~. femurrubrum femurrubrum (De Geer), ~. sanguinipes 

sanguinipes (Fabricius), Chortophaga viridifasciata viridifasciata 

(De Geer) and Encopt010phus sordidus sordidus (Burmeister) are described 

and i11ustrated. Keys to spècies, based upon eggs and upon nymphs and a 

key to the nymphal instars in a11 species are presented. Morph01ogica1 

detai1, c010ur pattern and morphometric data are recorded for each species. 

Studies of growth of parts through the successive nympha1 instars, dura­

tion of the instars, and notes on the tata1 nympha1 deve10pment and 1ife 

history are a1so inc1uded. 

RESUME 

Les masses d'oeufs, 1es oeufs et 1es stages nymphaux de 

M~1anop1us borea1is borea1is (Fieber), ~. femurrubrumfemurrubrum(De Geer), 

~. sangulnipes sanguinipes (Fabricius), Chortophaga virldifasciata 

viridifasciata (De Geer) et Encopt010phus sordidussordidus (Burmeister) 

sont décrits et i11ustrés. Des c1efs menant aux espèces, 1'une basée 

sur 1es oeufs et 1 'autre sur 1es nymphes ainsi qu'une c1ef menant aux 

stages nymphaux sont présentées. Dans chacune des espèces, des données 

sur 1a morph010gie, 1es patrons de c010rationet 1a. morphométrie sont 

notées. Sont aussi inc1uses des études sur 1a croissance de certaines 

stuctures.tout au 10ng du déve10ppement nymphal, sur 1a durée des stages 

ainsi que des observations sur 1e déve10ppement nympha1 entier et 1e 

cyc 1 e vit a 1 . 
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M. Sc. M. O'c. Guibord 

A,study of the immature stages 

of sorne grasshoppers 

(Orthoptera:Acridoidea) in Quebec. 

ABSTRACT 

Entomology 

The egg pods, eggs and nymphal instars of Melanoplus borealis 

boreal is (Fieber), ~. femurrubrum femurrubrum (De Geer), ~. sanguinipes 

sanguinipes (Fabricius), Chortophaga viridifasciata viridifasciata 

(De Geer) and Encoptolophus sordidus sordidus (Burmeister) are described 

and illustrated. Keys to species, based upon eggs and upon nymphs and a 

key to the nymphal instars in aIl species are presented. Morphological 

detail, colour pattern and. mcrphometric data are recorded for each species. 

Studies of growth of parts through the successive nymphal instars, dura­

tion of the instars, and notes on the total nymphal development and life 

history are also included. 

RESUME 

Les masses d'oeufs, les oeufs et les stages nymphaux de 

M~l~noplus borealis borealis (Fieber), ~. femurrubrum femurrubrum(De Geer), 

~. sanguinipes sanguinipes (Fabricius) , Chortophaga yiridifasciata 

viridifasciata (De Geer) et Encoptolophus sordidus sordidus (Burmeister) 

sont décrits et illustrés. Des clefs menant aux espèces, l'une basée 

sur les oeufs et l'autre sur les nymphes ainsi qu'une clef menant aux 

stages nymphaux sont présentées. Dans chacune des espèces, des données 

sur la morphologie, les patrons de coloration et la morphométrie sont 

notées. Sont aussi incluses des études sur la croissance de certaines 

stuctures.tout au long du développement nymphal, sur la durée des stages 

ainsi que des observations sur le développement nymphal entier et le 

cycle vital. 
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INTRODUCTION 

The need of a better knowledge of the immature stages of grass-

hoppers, commonly found in Quebec, hasbeen the basic motivation of this 

study. The eggs and nymphs of gra~s~oppershave ~eceived relatively,little 

attention as is indicated. bythe literature review.,'lri Quebecandin the 

adjacent provinces and statesnothing hadbeenc;lone:prior to the present 

study. 
. .' .. ' 

The species chosen forthiscstudy çon~jst" qf three common species 

of the genus Melanoplu,s:femu-rrubrum femu,r.rubrum, (De" Ge'erL ,t'he rèd-legged 
. G . 

grasshopper; sangu in ipessansui n ipes (Fabr ie i us),'tne tè'sse~' ,migratory 
. . . 

grasshopper; and boreal i s boresl r~s (F ieberL thé~o,rthe,rn' gr~sshepp~r. 
.. . . ."... 

Two oedipodine spec,ies w,ere also studied:' Chortopha9a vir'rdif~sc,iata 

vi r id ifasc i ata (De Geer), thenorthern gr,een:-str i ll.e4,grasshopper; and 

Encoptolophus sordidus sordidus ('Bt!rmefste,r~~) 

The principal object of the srtudy was to ,make de.taned descriptions 

of each species, in each nymphal st'age',tocgeti;\erwlthljhotographs, in co­

lour where this was found'to be useful, anddetJailed drawings of the stages 

and colour patterns. Notes on the lifè l1istorywer.e'also made. 
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.. REV 1 EWOF'LIT.ERATUR~.· 
:', 

,:.' . . .' .. 

The fi rst- descr.lpt-io~ ofa gr~sshoppet- e9g-p~~ .was-~~.dO!Jb7.~F ~ade 
" ' .. :: . 

by Riley (18n) when he describedthe~ggpod .. of !!elanOplùssRret.us(W~lsh). 

Waloff (1950) publ ished a description of the eggsof tenBr:Î,t.ish ~rid.i.d.ae .' 

and, later, Richards andWaloff (1(954) d!!ûv ,t5ed a key·balied upon the eggs 

of the ten species of Briti,sh Acrfdidla~. The de'scriptions'of WalsH aré': 

very deta i led and are accompra'n i ed by excet 1 ent draw i ngs. Nô' import'ant werk 

was publ Lshed on the egg.' pods of:> the No.rtl:l-Ameriç,an grasshoppersùntfl: ' " 
o 

Ons ager a:lild Mu 1 ke,rn (1963) grouped the eg9 'p'Ods i nto feniro c:ategor res ~: ~~sed 

ma i n ly on t'he di str ibut'ion oi theo frothy, secret ions ins ide the egg. pod. " 

The origin and nature of these fr?thy secrêtions we're di§é'ussedby .Snodgrëiss 
o 

(1935), who statec;t. t'hat th~y ar'e 'sec~ete-d im spl!cl,al ,gl'anàufrar. par-t~, of the 

" oviducts. Thenumber of',e.ggs per egg pod, as wen as the, numbe<r of êolumns 

in the pod, is reportedby Onsé!.ger:; and Mulkern, (1963). cB~atchley {192'O), 
o v 0 0C\ ~ L 

Criddle (1918 and 1933) and Parker (1957)° also give somé' ,t;1otes on' the) number 
" 

of eggs per pods. 
o 

Q 

Uvarov (1928) was appârent 1 y the ,fi rst to suggest that theeggs 

could be identified on the basis of the chorionic' stulptuffng~ Tuck and 

Smith (1939) published the first extensive work on _the description of 

North-American grasshopper eggs, detailed descriptionof<thegenerallized 

egg with a key and descriptions of eggs of 48 species of mid-western 

grasshoppers. Onsager and Mulkern (1963) later published a key and des-

criptions of eggs of 65 species, together with photographs of the post-

erior part of the eggs. Roonwal' (1954) has shown that while features 
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such as size and weight of egg~ vary during development~ thechorionic 
o 

pattern does not change after Hs format ion. 

One of the first attempts in North-America to study the chang~s 

during the gra~shopper development was made by Ril'ey (1877) in his study 

of ~. spretus.. Howard .(1894) wàs thefirst to give a description of each 

nymphal stage. The speci~s 50 described was Schistocerca americana (Orury). 

Herrick and Hàdley (.J~16) publ.ished a short description of the nymphal 

instarsof t! • .!. sanguinrpes f accompanied. by p.hGtographs. Morse (192l)made 
• 1.. 

an attempt at compa.rativè descriptions of nymphs of M • .!. sanguinipe-st;t!. 

spretus and t!. bivlttatus. Criddle (1924, 1926, 1933) published> the first 

comprehensive pspers on immatur4! Orthoptera. Hi s descr i pt ions were based 

mainly on coleur patterns and were often accompanied by ~xcel1ent dr~wings. . . 

He al 50 po i ntect out the usefu 1 néss of the mal e gen i ta" i a i n t~l'e 1 ater 

instars. 

!-he. oost extensive morpholog·ical study made on nymphs of a single 

species was done by White (1926). His work includes detailed drawings of 

aIl stages of both sexes of Camnula pellucida (Scudder). 

Handf0~d (1946) publishe-d a key·and a descript'ion of 21 Melanoplus 

species includi·ng the thr~e specfes of this gerius studied here. This work 

served as starting~ojn~ for the pr.esent study. 

On the studyof growth of. parts~ Roo~wa'" (1952) showed the general 

growth pattern and, the ·rate. of adQi t i,on _of thenumber of antenna 1 segments 

in Acrididae. Dirsh (1950)" published a description with drawings to diffe-

rentiate the two sexes of Locusta migratoria migratorioides (R. and F.). 

The general pattern of his work has been applied to almost every species 

studied since then. 
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Parker (1930), working on the effects of temperature and moisture 

on the development of grasshoppers, noticed the accasianal occurrence ef an 

extra instar. Shotwell (1930 and 1941) made excellent ,.descriptions of the 

extra. instar together with déscripti~ns of the other nymphal inst,ars. He 

also included measurements of'structurés throughaut,thenympbal development 

in !! . .!. sanguinipes, !!. i. f~murrubrum and other specie's. He d'i'fferentiated 

the six nympha 1 instar cyc 1 e fram the regular fi ve, ,i nstar ê:,yc~le and ;,<:\ i 5-
. ". , 

cussed the causes governing thè number ef instars. In laboratory' re~rings, 

Shotwell observed that ln a strain of M. f. femurrubr:Ulll f'rom MOht,an'a nearly 
, , . 

aIl passed through five instars while a strainof the same specles fram 

Tennessee, which Is furth~r south, reared.under the sam~ condttion~ nearly 

all passed through six nympha~ instars. He concluded that tpe PQPl:llatien 

with six nymphal instars was adapted to a c.limate ~ing a longer.g.rowing 

season. 

Roonwal" (1946), worked out rulès governing the cqrrelàtion bètween 

the wing pads reversaI and the occurrence"ef,,;,thè extra ins~ât. Uva~ov 

(1966) reviews the different theories advanced ,an thJs subject. The theory 
, , . 

of hormonal control of the instar number has recently,become·generally 
,- -.', .. 

accepted~ (Joly, 1958). 
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MATER ,1 ALS .AND METHODS 

Rearings. , ' 

" 

Adults were col1ected in .. th~fJeLd, ln tt'1~ ~r9an.;·Arbâret.tJm,:., 

Macdena 1 d Co II ege , Ste. A'ane ' de' B~ Il eVlle, Qu~bec.,' t deittci ft ed, and, brought 
'. :. 

to the 1 aborator,y ~ l.hey w~re" pl aced -J n wopden cag_es; -$5:' ~:m~ . ~eep ,:' 3.~: ëm'. '.. ,'."._ 

wide, 49 cm. high:, with a screened f\cllse fl~r p,laced:'at)3·crfi.- frË>m the' . '.­

true floor, a screened ,air ve!'lt on ORe 'w~f1, a :25;'watt:buTè .(;ln: thè:'hi'nd 
, ~ 

wall opera't~d by a t'ime swieh'cset at a o l2 J1rs daylêngt.I)·,· a cg,less·front· 
. . 

wall and a ,15 X 15em. doo'" onthei removable top., " Jar~ of ster-l(rsed . .-
o . . ; . 

molst sand, at least 5 rÇm .. deêpweroe pla~ 0/1) th~ 5creene'd':fle,0F"; te pre-

vide the females with ~<)deposi.tIJilg, ~ctitlm. The insects. were f~d on. lettuce. . . 

and, durl ng 'the -summer sé'ason. oc:cas i ona 11y on graS'ses.' .. " 
o 

After a number of egg pods h'ad been', hr'Î-9o iri the jars, the jars 

were removed andrep laced 'by new ones. These conta i n i'ii9:, egg pods wer.e 

placed in an incubator at atemperature ,of '1/10 ;t.2°,C." for approximate.1ytwo·. 

months. Dur i ng thef 1 rst year, near,!y ail of Ith~ e,ggs were, lost through 

dessl:catlon, 50 that the followi,ng "year the sand, in) the Jars was kept 

continuously moist. After the initial two months, the eggs were placed 

in a cold room at about 80 + 20 C. for at least sixweeks. 

After six weeks (or more) of cold treatment, the eggs were kept 

at a temperature varying between 22 and 250 C. until they hatched, usually 

in about 9 days. 

The newly hatched nymphs were checked each day and were placedin 
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small individual rearing cages. These cylindrical cages, 10 cm. in 

length and 3 cm. in diameter, were made of a celluloid sheeting which 

·was glued along the length of the c~inder. The ends werecoveredwith 

cheeseclotli, the bettom ene being rètained by an elastic band and the 

upper ene made in a sort of lid by an adhesive cellulose tape bordering 

the cheesecloth. 
. . 

The cages were pl aced. in an incubator at a' temperature of Z7°= zOe. 

and a day 1 ength of· 12 hrs ~ .A pi eceof stem .wasi rit roduced in.. the cage, for 

the nymph te cl imb lIp0!1: ,~anç. te .. gras·p· ·.çluri n9 . the .mou'l ~ing process. The 
. . . . -. . , . 

. .. . 
nymphs were fed regurlarly'With. l~ttuc~. , 

A comp 1 ète·rt!lCQ,r~. of. . t~~ dev:el.opmen~ ·?f:\·h~. 'n~mp'h ~t.n ;èach cage was 

noted as i t pragressed;' the date the ,eggs:' w~r~ 1: ai:a;, the ' da't~ :th,e nymph 

hatched, and the date ofeach moulting wasrecorded. ,Each.day'the cages' 
'. '. " . . " . 

were exam i ned for mou) ted sk i ns,and if there was one il"! acagei t was 

removed, the date of moul ti ng: ~a's recorded, and: the ,nymph was exam i nedto 

diagnose the main ch~r,acterrstics ef. the· i.nstar~ 

ApproximatelylOO nymph~'6f e'aëi1 of the speCies studied, were reared 
. .' -' . ,', ., ", . 

in this way. In each nyinpha,l, st~g~, at ~'east ten: in,~ivi'duals were ki lIed 

for purposes,ofphot'ography, descriptianand measurement .. 

Photography. 

At least one nymph of eachinstar,of each of the species studied, 

was killed by short exposure 'in a cyanide bottle. Immediately, so as to 

minimize the chances of colour changes, the nymphwas laid on the right 

side in the proper position on a black background to be photographed. 
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The photography was madethrough a Wild M.5 stereomicro$cope equipped 

with a Micro-Photoautomat"electronic exposure cal·culatorL. ·The.·nymphs of 

the Me 1 anap 1 us :spec i es and the fi rst i nstiilrnymp.hsi"Qf· ·the ·twq . oed':ipQd irie 
..... 

spec i es were'photographed onèN: 17 ''un i veis.a r;outd~er;.l·i:ght:: :Â~;f~ce.t~~r:: "" i 

fi lm. Two lamps were used on a bigh volt-ase .tr·aFisformer :se:,.as· .t& gi,ve-:t~é 
r • ~ . 

c0rrect wavelength and obtain.·the.: colours as:,aecu~ately.as passible·.::·The·· 
','. ; ": ," . '., ',' '. '.' . 

: .,: 0 ... 

nymphs of the two eedipodinespecies' where .phatographe,d. in the: s~mé.m$IiIAer.~.~ 
. . . . .' .. '. . .. . . .' '.' . 

on. a wh i te wax backgrou~d ta .el i m j ~.ateshadQWs •. ·,tn· eaç~;'~~'sè; é,sf.lec.irite'n. : ' .. ". 

representat ivè of ·the species and' i'nsb:ir w~~··ch~~e~, as:'car'~fiJlly âs:pasSÎ~': " 
.' . ..'. . '.' '.' '" " 

ble. The eggs were .. phoÙ)graphect·thr~ugha·Ni.koh èemp.eun·dmicrescep~" .::" .. : 

equ ipped' ~n aut(ml~t:ic "sh~t~~r ~ystem~" and~tr.i~ diaphragms· .~ntheebJeç~ .. :··: ".: . 
. , '. . ". " . . . . 

':.. ," 
" " 

tives 1.2X, 2Xand 3X, .SC) as to augment the êlepth·af·field.· 

Methods of Study. . . .:.::.: .... : .... :.~., 
Drawl ngs were made. with an M ··S·. st~re~mi·crGSC0pe.~qU.ipped9l!f·a: ... 

Wi Id M 5 drawlng tube. The:structures and c~10ur pattern.were first' drawn .' 

with the ald of thedrawingtùbe; after~hiê'h the qetailswer~.fiiled:.in 
. ". . '. 

by direct observatien throughtheM 5,'stereemicroseepe •. ' 

Fresh 1 y k i Iledspec:im~ns 'were' used. :for drawi.rigs· ef the. 1 ateral 
. . . . ~. 

views of the whole nymphs,. of each instarin,each·speêi:es. Specimens' were· 

k i II ed by short exposureto hydro-cyan 1 ~ acidgas, 50 asto e limlnate 

possible colour changes causedby killingagents suchas·Çllcohel. 

1) Wild Micro-Photoautomat comprising M Ka4camera, MEL l3control unit 

and Asahi-Pentax SP camera back. 

2) NIkon compound microscope model FUC-KE and Microflex AFMB automatic 

unit. 
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. : . '.~ . 

'" , 

.. ;'. 

,:! ,', 

. ,', "" ..... , :' . 
,.' , ", '. 

The' maie ~~~md ·.·femalé:·: ~eni i:à 1: '~ppë ~.da:g~swe:r~· ·~r~wn:.~frenl ::.s~~c.i:men~;·k~:Pt·:·.i n'":· 
- , .. '.. .-':,: -' ', ... ' ... " " ,'::',' .',. 

", " . ,'. ", " 

a.lcGhe.t .·.:F0r bath, ~yp~s: 0t'd~awi ng; .. aI1·sp·eçjme.fls.efthe· g,r0up ·~re··.studie:ë 
.' , ' . " , ,,'. ,."., . , '..'. 

,·:50 a~ te· chease themost ~epre~entativespecime,,"fereach greup. ·The .... ;·.· 

· .. nyrilphSand .the genital appendages were each drawn te the same scale S0 as 
. . . 

t~ 'provide an'illustration ef size relationship as weil as comparisonef' . 

: structUre •. : 

. Many st ruct ures were i nvest i gated but on 1 y' the pronotum, the w Îrlg 

pads,the metathoraclc femur, the female ovipositor valvulae and the male 

subgenital plate.lobe were fina11y util ised for measurements, together 

withthe number of antennal segments. 

The epiphallus was investigated but proved to.be.of no he.1p since 

ft was unsclerotized. 

The length ~f the antenna was rejected as a possiblepractical mea-

surement because it is frequently bent in an awkward position and, also 

becausethey are sometimes lost in whole or in. part through the nymphal" 

stages. 

The pronotumwas measured along the Median carina, as snown in Fig. 

l~.rhe wing pads w~re measured in the i"stars which had wing pads peinting 

downward, from the llne of junction ef the notum and the pad to·the furthest 

peint of the margin:of the padin a vertical line, as shown in Fig. 2 • 

. Fig. 3- indic:;ates. the measurement which was made of the upturned 

hind wing pad. The delimiting points were the upper end:of the metapleural 

sulcus, wherethe hind wing pad origlnates, and the apical margin. 
. . 

The metathoràcic femur w.as meëisured from tip to tip as shown in 

Fig. 4. 
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. The. lobes of't"he· i0wé~'\;~lvulae:.0fàvip0~it0r in first and second 
c " 

1;nstM femal,eos
o 

w@re :measuredat ,t'he'9~e'âtest: Jengtn" aswere: the, Ul?pe"r 

vaH'u.Jae'. (F'lgo; 5) .,0' 

',' 

ln instars three a,ndlater, ,the.10wer valvulae of the female· 0\11-

posit0r were measured slang the greatest.,.len91:h in longitud:inal line with 

the b0dy, as shown i'n Fig. 6: 
The male subgenîtafplat-e'lebes were measuredJrom a ventral view, 

in the first nymphal 'instar, 'a19ng the greatè,st rength of either lobe 

(F i g. ]), and ! n the other i nstar:s where the twe lebes are uni tect, the me-

dian, lengthwas taken frem a 'ine t'raced between the' two lateral incisions," 

marking the origin point, of the lQbes, te the median ~pical margJn. 

(Fig. 8). 

,) 

. ~ . 
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. RESULTS 

THE EGG PODS 

Examination of the egg pods deposited.by each of thé species con-
. . 

cerned proved that there were no signiflcant differences betwéen them. 

However, i t was noted that the pods of Me.1 anop 1 us bore.a 1 i s tended to 

be somewhat shorter than the avera9~ lengt~ of the ~ods of !. sanguinipes, 

M. femurrubrum and Encoptolophus sordidus so~di~us, while those·of 

Chortophaga viridifasciata were general1y, although notalwaysilarger than 

the pods of the above mentioned species. This difference in size is reflect-

ed in respective smaller and larger numbers of eggs per pod. Such diffe-

rences might assist in the identification of eggs of the species studied 

here. 

Other than these differences, the egg pods of the species concerned 

aIl have the same basic structure, which is described as follows(Fig. 9): 

A mass of eggs (E) deposited in columns, at an angle varying 

between 200 and 500 with the cap end downward, is enclosed 

in a network of lamellae of frothy secretion which also 

surrounds each individual egg. 

The secretions also form an apical pad (P) which closes the 

pod just below the soil surface. 

The secretions form a very loose network between the apical 

pad and the egg mass as weIl as in front of the eggs. 
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This provides the hatching nymphs with a·passage through to 

the soil surface. 

This corresponds to the typetwo of Onsager and Mul kern (1963)~. 

Fig. 10 shows an examp 1 eof.th i.s type of pod • 

. THEEGGS~ •.•.. 
.' . . . 

. ', .. '~"" : 

The grasshopper egg,ptoduceClinàpanoistictypeofovar:y, is 

an oblong, sI i~ht ly' curved.· cyli ~dértaper(ng. to .• roundlY·b liJn~ed ehds(Fi g. 

\1). The anter i Ôr or cepha lie' end (AE) whl chi~i.ipperinost when ln ·the egg 

pod exhibits 1 ittle ornodifference in its c:horlonlc:: ·sculpturing.:ltts 
. .', . 

through this endthatthenymptiwi II .emergeafter dev~lopment.iscompleted. 

However , in the Acr id idaeat 1 east, the posterior orcauda l end (PE) forms 
. . : 

a character. i st icstructure namecl.thècap ... rhecap, i~ anteriorl y delimi ted 

by the micropyles, which are arràngèdinarowaround the e9g, and in the 

three species of Melanoplus, by anunsculptu'red band preceding the micro­

pyles. The cap is neither anologouslk>rhomologous .ta theopercLilum of the 
. . 

eggs of sorne other insects (Tuck and Smith, 1939), sinceit. is not a 1 id 

lIOr an opening. The micropylesensure onlythe penetration of the sperm 

into the egg, and do not provide for a breaking line, which would permit 

the cap to open as a.· lid. These micropylar openings appear as a shallow, 

V-shaped, depression of the chorion directed posteriorly. 

The surface of theeggs of most species show a pattern or sculptu-

ring produced by ridges in the different layers of the chorion. The 

sculpturing of the cap is often different from that observed on the rest 

of the egg. Therefore, in the description of sculpturing of the egg5 of 
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the species studied two regions will be considered; these are the cap, 

and the body which covers aIl the surface of the egg anterior tothe cap. 

Careful study of the eggs of the five species concerned has shown 

that they can.be identified with ~ relative facility. The most reliable 

characters lie in the sculpturing of· the chorion; other characters, such 

as the color of the egg, it~ length and diameter, mayproveuseful for 

identification but one has to keep in mind that such characters will vary 

depending on the stage of embryonic development. (Uvarov, 1966; Roonwal, 

1954). 

The ehorionic' sculpturing is moldedbythe epithelialc~ns, that; 

secrete the chorion, whi le the egg is in the oviduct. Therefore the scu.lp~ 

turing is a permanent character which shows no change throughout the deve.,. 
. ..' .' .. ~'. 

lopment of the egg and cou 1 d even be ut il i zedafter .. the nymph has ·hatched~ .... 

Key to eggs 
',' ,', 

a - Body scu J ptured -----------------.. ------..;-- .. ---------..;-.-.~ .. -:- .. l: .. 

b - Body unsculptured ----------------------;..-----.,..-------.. -~-:.2· 

2 (1 b) 

a - Cap sculptured on distal half. 

Encoptolophus sordidus sordidus' 

b - Cap unsculptured, found only in summer months. 

Chortophaga virldifasciata v~ridifasciata 
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3 (1 a) 

a - Cell outl ines -darker thanintrac~i;lurar aréas, cap.c.region darker 

th an body,~ cap ce 11 oU,t 1 i ne"s v~ry 'deep. -

'Melanep 1 us borea'Ui", borea] i s 

- .. . ~ ~, 

•.• Il 

b - Ce II outJ i nes ,no.t dark~r t~9ii i:ntrace l ,1 u!ar' ~r'eas; cap reg.i on .. '. 

same co lor 8,S .b?ëly, ca,p cé! Il ~.ut.1 i bes not sO· deep. -.':'"-~-"-.;..---4 
" ~ . . . ., : 

.. 
a - Mj~ropyles conspi~~o(Js ~s· V-'shaped brownisA d~p.ressÎon~:, o,r .mar.ks,' ... , .. 

as browl1.!-sh' row ar:ound.,bas~' ~f cap;. seven. or e.igt,lt rews of w!çle 

bordered cap cells. 
< , 

"Me 1 anoe lus' f-ëmurrubrum femurrubrum 

b - Micropyles. not apparent;. base of cap BS pal. as rest of 'body, 

ni ne or ten rows of cap ce 11 s < s.im i l.ar· te the body ce Il.s·; < out 1 i nes 

of cap cells net wider or deeper t~an on body cells .. 

Melanoplus~s.nguinipes sanguinipes 

Description of the eggs 

A few notes on egg pods havebeen included so as to assist in iden-

tification of the eggs. 

Encoptolophus sordidus sordidus 

Colour: light brown 

The body is completely devoid of sculpturing. The cap is sculptured, 
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mostly on the posterior half. The ridges of the hexagonal and pentagonal 

cap cells are inconspicuous by themselves but they contrast with the gra-

nulated intracelJular areas. The basal half of the cap, as weIl as the body 

of the eg9, is smooth. The micropyles are conspicuous, appearing as small 

V-shaped depressions .. ·The e99 pod contains an average of 16 eggs arranged 

in ·two·columns .• 

--'-.' " .. 
'" 

~ Chorto·ph~gavir.tdifasc.iata v'j'ridifasciata '. 

Co lotir.~· 1 i 9.ht brown .: . 
. . . 

' .. Both the cap ·and the body are devo i d of scu 1 pt uri ng . Howeve r , 

n'umerou~ sma n granules are scattered ove.r the two reg ions, be i ng more nu­

. merous 'ori the cap,. .The micrôpylss. appear i3S a prominent 'brownish ring of 

V~shaped holes at the.ba~e of. the granulated cap. The granules are very 
. . . 

smalt ·so. that t.he eg9 appears' as havtng an overal1 smooth surface broken 

only bythe micropyles.· These e9gs are deposited during the month of July 

and hatch'in the end of Augu$t and in September, so that one can find an 

eg9 of this species only in summer; The e99 pod ls larger thanthose of 

the other specfes described and usually contains 24 or more eggs whlch are 

arranged ln two or threecolumns. 

Melanoplus borealis borealis (Fig. 14) 

Colour: light-brown 

Body covered wlth hexagonal and pentagonal cells. The ridges of 

the cells are middle-brown while the intracellular area is much paler 

(Fig. 15). Micropyles are inconsplcuous but their position is indicated 
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by an unsculptured band, equivalent to three or four rows of cells, lying 

just anterior to them. The cap cells have much wider and deeper ridges 

which confer a darker appearance to this part of the egg. These cells 

occur in six to eight rows after which are a few rows of shallow bordered 

ceJls. leading to the apex (Fig. 16). The small egg pod contains an average 

of 12 eggs arranged in two rows. 

Melanoplus femurrubrum femurrubrum (Fig. 17) 

Colour: tan 

Body cells hexagonal and. pentagonal but no~ as regularly shaped as 

those of borealis and sanguinipes. Ridges and. intracellular areas are of 

the same colour and, shade. The cells near the anterior end tend to be 

smaller than those on the center and posterior part of body (Fig. 18 shows 

cells photographed on the posterior part of the body). 

A band of two to four rows of shallowly outlined cells immediately 

precedes the conspicuous; brownisho, V-shaped micropyles. On the basal half 

of the cap are seven or eight rows of wide bordered cells (Fig. 19) after 

which two or three rows of inconspicuous cells converge on the apex. The 

egg pod contains an average of 18 to 20 eggs arranged in two columns. 

Melanoplus sanguinipes sanguinipes (Figs. 20 and 23) 

Colour: pale tan or whitish 

The body is covered with almost regular pentagonal and hexagonal 

cells (Fig. 21). The ridges and intracellular areas are of the same colour 

and shade. The two.or three rows of cells preceding the inconspicuous 

micropyles have very shallow outlines. The cap cells are regular and 
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resemble the body cells, the only difference being in the ridges which are 

somewhat higher than on the body cel1s (Fig. 22). There are nine or ten 

rows of conspicuous cap cells but the apex is smooth. 

The egg pod contains an average of 16 eggs arranged in two columns . 

. " . 
", ,:.', ,,' 
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THE NYMPHAL INSTARS 

Number of instars 

Close observation of the nymphs throughout development revealed 

that they do not always pass t:hrough five nymphal instars but may some­

times pass throughsixinstars. In the three species of Melanoplus 

involved in this study the extra instar appeared after the third moult. 

It showed a stage of devèlopment intermediary between the third and the 

normal fourth instars.Theextra instar (which is c~lled the fourth ins­

tar of the six nymphal instar cycle in this text) is differentiated from 

the normal fourth (the fourth instar of the five instar cycle) mainly by 

the wing pads,which poiÎ"It downward, and from the third instar by the size, 

which nearly is as large as that of the fourth instar of the five instar 

cycle. 

ln ~. f. femurrubrum, the percentage of nymphs which had a cycle 

of six instars was 3J.4'%; in·!:!. ·.!:sanguinipes 25.9t%; and in ~. ~. 

borealis 12.8'%. In each of these species, the proportion of males and 

females of the six nymphal instar cycle nymphs was approximately equal. 

These results are quite different from those obtained by Shotwell (1941) 

in the case of M. f. femurrubrum. However, in the case of ~. 1. sanguinipes, 

the results agree with those of Shotwel1. The fourth instar of the six 

instar cycle is followed by a fifth andsixth instar which are similar 

in structure but larger than the fourth instar and the fifth instar of the 

five instar cycle, respectively. 
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ln the two oedipodine species no extra instar was observed after 

the thirdor the fourth moults, but did occur after the fifthmoult. 

AlI nymphs undergo a normal five nymphal instar cycle but then sorne moult 

to a sixth nymphal instar whileothers moult to the adult stage. In 

.92. ::!.. virid.ifasciata, 44.41% of the nymphs passedthrough the six instar 

cycle and thesewere 100% female&. AlI of the femalespassed through a 

cycle of six instar'swh,ile aIL of the males passed through a five instar 
. . 

cyc,le. Thissuggests:thatthe femaJes require this sixth nymphal instar 
" .' 

to enable them tOincrease"'nrsize, since the adultfemales ar.e larger than 

the adult males~ 

However, thÎs fs flot the< casëi with E • .!. sordi dus, .i n wh ich only 

40% of the specimens, in the sixth instarwere females, while 60% of them 

were males; in,t~isspeciê~ theadult femalesare a1so larger than the 

adult males •. Atotalof·33.3'% 6f' the nymphs passedthrough a cycle of 

six nymphal insta~i. 

ltiration of instars ~Mdof nymphal life. 

Tables· 1 to 5 give the mean duration in days of each nymphal instar 

and of the average duration of the nymphal development in cycles of five and 

of s'i x' i nsfars for each of the species stud i ed. 1 n each of the three 

Melanoplus species (Tables 1, 2, and 3), the patternis the same as fol-

lows: in the five instar cycle the duration of e.ach instar averages 

seven to nine days, withthe total duration of nymphal life about 40 days; 

in the six instar cycle, the first three instars have the same duration 

as the first three instars of the five instar cycle, while the fourth, fifth 

and sixth instars are each of slightly shorter duration th an the last 
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three instars of the five instar cycle. The total duration ef the nymphal 

life is three te six days longer in the six instar cycle. These results 

agree with' those obtained by Shotwell (1930) for ~. ~. sanguinipes. 

However, my results indicate longer average instar duration than found 

by Shotwe 11, al though' rear i ng cond i t ions appear to be sim il ar. 

Ch. ~. viridifasciata, Table 4, presents a completely different 

nymphal developmental duration, mostly in the last three or four instars. 

The first instar has an average duration of 9.6 days, the second 8.4 days. 
~q..a,-

t'he th i rdÂ 11 to 20 days, the fourth 15 to 35 days and the fi fth 20 to an 

undetermined maximum in the five instar cycle. In the six instar cycle 

the fifth instar lasted from 20 to 48 days and the sixth instar from 18 

days to an undetermined maximum. 

The reasonfor the extended duration of these instars is that 

Ch. ~. viridifasciata overwinters as a nymph a~d the diapause takes place 

during nymphal stages~ starting in the third or feurth instar. In the field 

the eggs are deposited. mostly during the month of July, and hatch during 

late August and early September. When col der temperatures come, around the 

middle of October, nymphs of this species will be mainly,in the third and 

fourth· instars. These enter diapause te. pass the winter and resume develop-

ment as seon as snow is melted in spring. In southwestern Quebec, in 

April, one can find nymphs of this species in the third, fourth and.later 

instars hopping around in grass just left uncovered by the melting snow. 

These nymphs then undergo their additional nymphal instars to become adults 

about the end of Mayor the beginning of June. 

ln the laboratory, the long duration of the later instars indicated 
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that diapause .is an obligate condition in this species. Some adults, 

matured from nymphs which did not have a cold period. These were never 

seen mating and the females did not deposit a single egg. ~.~. sordidus, 

which has diapause and overwinters in the egg stage, similar to the 

Melanoplus species, have a more regular pattern of nymphal development 

(Table 5). The instars average nine days in duration except for the second 

and sixth instars for which the duration is 7.4 and 7.7 days respectively. 

The total duration of nymphal life is evidently longer in the six instar 

cycle than in the five instar cycle, with th~ first five instars of the 'six 

instar cycle being of the same average duratton as in the five instar cycle. 

Study of Growth of Parts 

Antennae. 

The number of antennal segments counted in each nymphal instar of 

each species is listed on Tables 6 to 10. The general pattern appears to 

be 13 segments in the first instar, 16 in the second, 19 in the third, 20 

in the fourth instar of the five instar cycle, 21 in the fourth instar of 

the five instar cycle and in the fifth instar of the six instar cycle, 24 

in the fifth instar of the five instar cycle and also in the sixth instar 

of the six instar cycle. In the five nymphal instar cycle these results 

agree with those of Handford (1946), considering that in the second and 

third instars one division is often incomplete or in sorne cases externally 

difficult to observe. This pattern is seen in the three Melanoplus species, 

in Ch. v. viridifasciata and in the last instars of E. ~. sordidus, but 

in the second instar of the last mentioned species the number of antennal 
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segments is only. 14, and in the first and third. instars it tends to be one 

or twosegments less than the general number. This is also found in the 

three first instars of Ch. y. viridifasciata but less often than in E. s. 

sordidus. 

Pronotum. 

Tables 6 to 10 show the increase in Jength of the pronotum in each 

species under the appropiate heading. In the Melanoplus species the rate 

of increase is relatively constant throughout the nymphal development. In 

the six instar cycle the increase is slower in the last three instars .than 

in the last two instars of the five instar cycle. In the two oedipodine 

species the increase is approximately constant throughout the five and the 

six instar cycles. 

Wing pads. 

The measurements of the hind wing pad. in each instar are listed for 

.each species in tables 6 to 10. In the instars where the wing pads point 

downward (i.e. the first, second, third instars and in the fourth instar 

of the six instar c~cle1.the mean is also applicable to the fore wing 

pad since it has the same vertical length. In aIl species, the increase in 

length of the hind wing pad is greater between the third and the fourth 

instars and between the fourth and the fifth instars than between the other 

instars. (Figs. 148 and 149 show the difference in length of the hind wing 

pad in the IV and the V instar). In the Melanoplus species, this increase 

is more graduaI in the six instar cycle and the final length is greater than 

in the five instar cycle. 
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Methatoracic fémur. 
. . 

The 1 ength of the mètathorac i c femur proves -to be ag0od. measure-
.. ',' "', .:':. ,', ..... : . 

-ment of the di fference in 5 i ze between the. diffèrent ·inst~rsof"aspec i es; 
- . 

there i s a constant i ncrease in success ive i ns-tars. and ltis-eas il Y mea-

sured. Shotwell (1940.· made studiesofc~r~elationsbe~we~nmeasurements 
. . . . 

of the length of the metathoracic femurand ~therstruct~resand came to 

the conc 1 us ion that i t was the bestmeasurement· of the di ffèrence in 5 i ze 

between-specimens of the same species of grasshqpper. 

ln the Melanoplus species. thesix.instar cycle' shows in.its fourth 
. . . 
.' . 

and fifth instars, smaller measurementsth.:.h. i.ri,'the fourth .and the. fifth 

instars of the five instar cycle(Tables6~ 7. p'nd 'ah . " , " 

. .. . 

The metathoracic femur measurements.ofthetwooedipodine species 

are listed in Tables 9 and. 10. The nyniphs.of ch.:i.>:Viddifasciata(Table 

9) show to be much bigger than those of. E. s:.sordi.dus (Table 10). mainly 

in the three last instars. 

Female ovipositor and Male subgenital ·plate. lôbe. 

Lengths of the lower and upper valvulaeof the femaleovipositor 

in the first two instars. together with the lengthof the male subgenital 

plate lobe in the different instars, are given on the Tables 6 to 10. 

They show a continuous size increase, which can be used to determine the 

instar. 

Ratio of hind wing pad length to pronotal length. 

Figs. 173 to 177 show the ratios of the mean length of the hind 

wing pad to the length of the pronotum for each species studied. In aIl 
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species, the ratio is very low in the first three instars (of the five 

instar cycle plus the fourth instar in the six instar cycle, of the 

Melanoplus species), where it averages 0.3to 0.4, in the fourth instar 

(of the five instar cycle and the fifth of the six instar cycle in the 

Melanoplus'species)it averages 0.5 to 0.7, in the fifth instar (of the 

five instar cycle of the Mèlanoplus species) and in the sixth instar, it 

is 1.0 or greater; the ratios show sorne specific differences, mainly in 

the last, instar of bbth the five'and six instar cycle~ 6f the Melanoplus 

species. M. s. sanguinipes has a greater ratio than M. i. femurrubrum, 

which in turn has a greater ratio than M. b. borealis. 

The fifth instar 'of the two oedipodine species show no signifi-

cant differences but the ratio in the sixth instar is slightly under 1.0 

in f.!:!.. Yo. viridifasciata and slightly over 1.0 in,g • .!. sordidus. However 

this difference is not significant as the number of sixth instar specimenS' 

in E. s. sordidus was much smaller than in Ch. v. viridifasciata. 

Colour and Colour Pattern 

ln newly hatched nymphs the colour is whitish aIl over with red-

dish eyes, the colour pattern appears in about three to five minutes after 

hatching. An experiment was conducted to see if the late embryo or larva 

showed the specific colour pattern. The chorionic coverings were peeled 

off. an egg of M. b. ~~, which was nearly ready to hatch. Air 

could reach the larva through the serosal cuticle. After a few minutes 

the embryo showed the characteristic colour pattern of the species (Fig. 

ISO). The serosal cuticle was then removed to show a larva coloured in 
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in the same pattern as the first nymphal instar, Fig. 151. This showsthat, 

despite the variatron, the colour pattern of a species is quite a reliable 

criterion. 

Keys and Descriptions 

The following keys, mainly the key to the species, are presented 

primarily as 9uides to the descriptions. The descriptions must. be used 

together with the colour photographs (or black and white photographs of 

the oedipodines), the drawings of the instars, the drawings of the genital 

appendages of both males and females, and the tables and figures of ratios. 

The colour tints and shades mentioned in the descriptions are so 

used mainly to show the relationbetween the shades or tints of different 

areas. 
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Key to the nymphal instars 

a - Wing pads pointing downward-----------------------------------2 

b - Wing pads pointing upward -------------------------------------5 

2 (1 a) 

a - No sign of venation on the wing pads, length of the wing pads 

0.30 mm. or less; number of antennal segments not more than 

16; length of the metathoracic femur unde~ 3.50 mm. ----------3 

b - Signs of venation present as grooves and ridges on the surface; 

wing pad length more than 0.40 mm., length of metathoracic femur 

more than 4.00 mm. --------------------------------------------4 

3 (2a) 

a - Number of antennal segments not greater than 13; wing pads very 

short, not more than 0.10 mm. in vertical length; length of the 

methathoracic femur not more than 2.70 mm. 

First -instar. 

b - Number of antennal segments usually 16, sometimes 14, but not 

less (Encoptolophus sordidus sordidus); wing pads evident, 0.20 

to 0.30 mm. in length; metathoracic femur length from 2.95to 

3.50 mm. 

Second instar. 
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4 (2b) 

a- Number of antennal segments usually 19, sometimes 18; in the 

Melanoplus species - wing pads length, 0.40 toO.50 mm.; meta-

thoracic femur length, 4.00 to 4.50 mm.; in the two oedipodine 

species - wing pads. length, 0.56 to 0.85 mm.; metathoracic femur 

length, 4.65 to 5.20 mm. 

Third instar. 

b - ln the Melanoplus species - the number.of antennal segments, 

5 (1 a) 

20; length of the wing pads, 0.58 to 0.84 mm.; metathoracic femur 

length, 4.90 to 5.5 mm. 

Fourth instar of the six nymphal 
instar' ~ycle, or extra instar. 

a - Ratio of hind wing pad length to pronotum length (hwp/pron.) 

approximately 0.5, not over 0.7; number of antennal segments; 21 

or 22. 

Fourth instar of the five nymphal instar' cycle 
and fifth instar of the six nymphal instar' 
cycle of the Melanoplus species. 

b - Ratio of thehing wing pad length to the pronotum length (hwp/pron.) 

approximately 1.0 or slightly more; number of antennal segments, 

24. 

Fifth instar of the five nymphal instar' cycle 
and sixth instar of the six nymphal instar' 
cycle of the Melanoplus species. 
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Key to the species - First instar nymphs only 

a - General body colour uniform dar~brown, shiny, with no markings 

on the head, pronotum or abdomen; pleural area and sternum white, 

contrasting with the dark brown. -------------------------------2 

b - Body colour, including pleural area and sternum brown; markings 

occur on the head, pronotum and abdomen.------------------------3 

2 (1 a) 

a - Yellowish, dark to middle-brown. 

Encoptolophus sordidus sordidus 

b - Redd i sh- brown 

Chortophaga viridlfa~ciata viridifasciata 

3 (1 b) 

a - Very dark-reddish-brown; a conspicuous large white crescent on 

gena and pronotum; dorsal median white band along the thorax 

and abdomen, conspicuous; no other markings on pronotum; meta-

thoracic femur with outer and inner faces completely dark-brown. 

Melanoplus borealis borealis 

b - White crescent on gena and pronotum much attenuated and not cons-

picuous; pronotum with many small white markings.--------------3 
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3 (2b) 
":,',:' .. .>.' 

:', ,', " . 
'" . \, .. 

, " 

a - Body co lour rather ye llowi sh mi ddle-brown; whit~':èrea ,bej,:j:nd,the 

eye and below the dark band posterior to the eye:;'(~"ari(:streal<on 

outer face of metathorac ic femurnot even partlyb~okE!O: . .by ,~pale 

spot; two bands on the top of the metathoracic femur:,pa·le'o'r Oin-
.; .. ... . 

conspicuous; on the inner side the dark streak is,continu'oUs..:,,· 
, , . 

Me 1 anop 1 us femurrubrum,. femurrubrÜm 

b - No white area behind eye a:;d be:ow the dark band poster.ior.'to the 

eye, but a pale background area maculated with dark-brown spots; 

outer face of metathoracic femur with a dark streak'whlch Is eHher 

completely broken or broken only on the upper row of chevr,ons', by a 
. . . 

pale spot, two large conspicuous bands on the top contn:i'St with 

the pale to whitish areas between them; the inner face of, the meta-

thoracic femur with two dark bands contrasting with the white bands. 

Me 1 anop 1 us sangu i n i pes sangu'j n r pes 

...... 

:.' " 
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Key to species - AlI instars other than the first 

a - Body colour entirely grey, greyish brown or green; antenna short 

and dorso-vent ra lly fI attened .,·----------------------------------2 

b - Body colour brown with dark, pale, whitish or greenish markings; 

antenna longer and segments mostly circular in cross section.----3 

2 (la) 

a - Body colour pale grey but densely maculated with dark-grey to 

black markings; pronotum with a pale X-pattern dorsally. 

Encoptolophus sordidus sordidus 

b - Body colour uniform, either middle-grey, greyish brown or pale 

green with very few markings; top of pronotum without X-pattern. 

Chortophaga viridifasciata viridifasciata 

3 (1 b) 

a - Conspicuous white crescent on gena and pronotum, and no other white 

spot on pronotum; eye banded, lower half much darker than the macu­

lated upper half (Fig.145); dark streaks on inner and outer faces 

of metathoracic femur continuous and covering aIl, or almost aIl, 

of the chevrons area; no particular marking on top of femur; no 

dark bands or dark spots just above the leg sockets on the meso­

pleuron and metapleuron; posterior margin of male subgenital plate 
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not grooved; cerci slender, upper margin deeply concave and lower 

margin convex, apical width less than median width. 

Melanoplus borealis borealis 

3 a - White crescent not 50 conspicuous, often incomplete; pronotum 

always with whitish spots at least on the margins if not also 

4 (3b) 

on the lobe as weil as the white crescent and on the median carina; 

mesopleuron and metapleuron with conspicuous dark markings just 

above the leg sockets; streak on outer and inner faces of the femur 

does not coyer the whole chevron area, the inside streak never being 

complete and the outside streak convering not more than the whole 

surface of the upper chevrons plus the upper third of the lower row 

of chevrons. --------------------------------------------------4 

a - White area on the gena always present; subocular sulcus region 

dark; pronotum evenly coloured dark brown, punctuated only by the 

clear white markings (Fig. 146); median carina of pronotum whitish 

and contrasting with the colour of adjacent regions;no white spot 

in the axillary sclerites region of the upturned hind wing pad; 

fuscous _treakon outer face of metathoracic femur continuous over 

the upper row of chevrons; in the last instars male subgenital 

plate not grooved on the apical margin; cerci with upper and lower 

margins concave 50 that apical width is more than the median width. 

Melanoplus femurrubrum femurrubrum 
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4 b - White area on the gena absentj white crescent on the pronotum very 

small, often reduced to a narrow elongated white spot in the center 

of the pronotumj remainder of pronotum.pale and covered with mid-

dIe and dark brown maculations, no contrasting white median carina 

(Fig. 147)j conspicuous and contrasting white spot on the axillary 

sclerites region of the upturned hind wing padj subocular sulcus 

region not darker than adjacent areaSj metathoracic femur marked 

with two conspicuous dark bands on the inner face, the top and the 

outer face where they mayor may not be united on the upper third 

of the lower row of chevrons but are never united on the upper row 

of chevrons; in the last instars, male subgenital plate grooved 

media11y on the apical margin and cerci with a s1 ightly concave 

upper margin and convex lower margin, apical width less thanmedian 

width and cerci short and stout in appearance. 

Melanoplus sanguinipes sanguinipes 
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Descriptions of the nymphal stages of the species 

Melanoplus femurrubrum femurrubrum (De Geer) 

The measurements for aIl lnstars of this species are listed ,in Table 6. 

First instar (Figs. 24, 122 and 123) 

Antenna with 13 segments, those of the base of the flagellum, the 

scape and pedicel nearly circular in cross section whlle the six or 

eight terminal segments form a slightly pronounced club; scape~ pedi-

cel, and sometimes also the first segment of the flagellum, bearing a 

dar~brown marking on the ventral side, the three or four following 

segments very pale and with little or no markings; the six or seven 

terminal roundish segments are coloured middle-brown and bear no 

marking. 

The head is covered wlth brown dots on a whitish background; ma-

culations are more dense around the base of the antennae, on ,ther ,1 Qwer; 

labrum, below thd eyes, surrounding the subocular sulcus, and in the 

postero-ventral corner of the gena; behind the eye is a dark fuscous 

marking running posteriorly to thehi~d m~r9in"of theheèd; imme-

diately above this fuscous marking is a small whitish narrow streak 

which 1 ies just posterior to the eye; below the fuscous marking lies a 

large whitish band which begins below the eye, runs along the lower 

posterior edge of the eye posteriorly and upward"toward the hind margin 
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of the head (this whitish marking is quite important as it varies from 

one species to another); eye with a middle-brown background, maculated 

with pale dots which tend to be more numerous on the anterior upper half. 

The posterior margin of the pronotum shows an inflection· inwardly 

at the middle; the whitish median carina averages 0.75 nim. in length; 

area lateral to the carina coloured pale to middle-brown, and on the 

anterior border a whitish spot and dark fuscous markings continue the 

corresponding markings of the head; the main marking of the pronotum 

is the pronotal crescent, which in the species extends from the anterior 

margin backward for two-thirds of the pronotum fromwhence it continues 

as a thin, interrupted band; anterior part of th~crescent often inter-

rupted by brewn dots; below the crescent, thepronotum is dark-brown, 

except for the region adjacent to the postero-ventral corner; both fore 

and hind margins are ornamènted with eight to ten fuscous spots; the 

pre-epist~rnum is dark on its anterior part and whitish posteriorly. 

The mesonotum and metanotum appear as narrow transverse sclerites 

which are coloured middle-brown, except for a median whitish or pale 

carina and a dark fuscous spot near the anterior border at lateral edge 

of the sclerites, this spot marking the line of hinging of the wing pad 

on the notum; wing pads are very short and show as laterally-downward 

projecting lobes about 0.1 mm. in length. 

The metathoracic femur measures about 2.26 mm. in length; chevrons 

on the outer face are covered with a continuous fuscous streak; this 

marking is more pronounced along the median separation line of chevron 

rows; on the top of the femur are two large brown markings on either 

side of the carina; a third marking occurs near the distal end, mostly 
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inside the carina; the inner face bears a continuous fuscous streak· 

which covers ail of the chevrons. 

The abdominal tergites bear a median whitish line which narrows 

posteriorly; they are coloured middle-brown with a few dark-brown 

markings in rows along the posterior margins on each side of the carina 

and around the lateral edges; sternites are pale (as is the whole ven-

tral region of the thorax); genita~ appendages appear on the eighth arid 

ninth sternites ona female nymph and on the ninth sternite on a male 

nymph. 

ln the female (Fig. 53), the lower ovipositor valves appear as two 

small lobes projecting from the hind margin of the eighth ·~ternite, 

forming a transverse fold in the hind part of the sternite; the lobes 

measure about 0.08 mm. in length; the upper valves, measuring about 1.40 

mm. in length are a pair of lobes of the ninth sternite, nearly twite 

as long as the lobes of the lower valves, and about one-third of the 

length of the underlying paraprocts; these upper valves have rounded 

apices and are completely, or nearly separated by a deep incision. 

The male (Fig. 54) shows no appendage on the eighth. segment but only 

on the ninth segment; at the posterior edge of the ninth sternite is a 

projection consisting of two short obtuse lobes which are joined medially 

by a semi-circularly excised apex; the y cover only one-fourth to one-

third of the underlying paraprocts and measure about 0.10 mm. in length. 
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Second instar (Figs. 25 and 124) 

The antennae have 16 segments, the proximal six being pale and the 

remainder dark-brown. 

The head is covered with brown macular~0ns which gives it a middle-

brown appearance; the subocular sulcus region is darker; a fuscous 

band posterior to the eye lies just above a white band covering the upper 

part of the gena; the postero-ventral region of the head is maculated 

with brown spots; a small white spot lies just above the fuscous band and 

adjacent to the posterior margin of the eye; the eye bears numerous whitish 

maculations evenly scattered over the entire reddish-brown background. 

The pronotum measures 1.11 mm. in length; the median carina is whitish 

followed laterally by a middle-brown area Iying above the white crescent; 

the crescent runs across two-thirds of the pronotum and continues as a 

pale brown band to the hind margin; near the anterior margin the crescent 

is attenuated by brown maculations, it is not as white as shown in Fig. 

124. (the white patches on the gena, the anterior part of the crescent, 

and the femur, the postero-ventral area, are emphasized by light reflec-

tion); beneath the crescent are two short, dark-brown bands, one adjacent 

to the crescent and following posteriorly and upward to the middle of the 

pronotum, the other one beginning on the pre-episternum and running 

paraI leI to the first; between and behind these markings the pronotum 

is maculated pale-brown; the pre-episternum is fuscous except for tts 

posterior third. 

The mesonotum and the metanotum are similar in colour to the hind 

part of the pronotum, a whitish median carina below which is a middle-

brown area with dark spots on the hind border, and with a pale band 
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below across both segments, a continuation of the pale band of the pro-

notum; a dark fuscous spot, below the pale band, indicates the separa-

tion line between the notum and the wing pad; this spot is usually seen only 

on the metanotum as that of the mesonotum is usually concealed under the 

pronotum; wing pads show as lobes extending downward, with a very slight 

curve backward, approximately 0.20 mm. in length with no signs of vena-

tion; the tip pale-brown to whitish. 

The pleuron is marked with fuscous just over the mesothoracic and 

the metathoracic leg sockets. The metathoracic femur averages 3.02 mm. 

in length; the outer face is marked with a continuous fuscous streak 

covering the center line on the proximal third and then extending over 

the upper row of chevrons and just covering the upper third of the lower 

row of chevrons; two faint marks appear above, inside and outside the 

carina; the inner face is marked by fuscous spots on the first distal che-

vrons .. 

The ventral view of the terminal abdominal segments of the female 

nymph (Fig. 55) shows lower valvulae of 0.31 mm. projecting out of a 

semi-circularly excised posterior margin of the eighth segment; the lower 

valvulae are triangular, with rounded apices and with outer margins 

showing depression; the upper valvulae are elongated(0.45 mm.) covering 

two-thirds of the paraprocts, with,bluntly pointed apices, and are 

separated by a deep acute excision; 

The male subgenital plate (Fig. 56) covers about two-thirds of the 

paraprocts; length 0.32 mm.; the apex is in the form of a V-shaped exci-

sion, the sides showing light inflexions; the line of separation between 

the ninth sternum itself and the subgenital plate is indicated by two 

lateral incisions. 
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Third instar(Figs. 26 and 125) 

The antennae have 19 segments, dar~brown on the distal half and 

paler toward the base. 

The head is maculated with middle to dark-brown spots, more dense 

below the antennal bases and around the subocular sUlcus, forming darker 

areas; a dark fuscous band behind the eye extends backward to the poste-

rior margin of the head; below this is a white spot starting just below 

the eye and extending backward and upward so as to cut the posterior end 

of the fuscous band; the rest of the gena i's 'coloured 1 ight to middle-

brown. 

The pronotum has two large middle to dark-brown coloured areas, the 

upper one just lateral of the whitish median carina and above the whitish 

crescent which extends across, or nearly across, the side of the prono-

tum; the lower dark area is pierced by three white spots, from the lower 

part of the anterior margin to the center of this lower dark area; the 

postero-ventral area is also whitish; (the specimen shown in Fig. 125 is 

relatively dark coloured, nymphs of ~. femurrubrum are often found which 

are much paler than that shown in Fig. 125). The pre-episternum is fus-

cous, except for the posterior third which is whitish; the pronotum mea-

sures 1.69 mm. along its median carina. 

The mesonotum and the metanotum bear the same colours as found on 

the pronotum, and in the same order; a few dark spots marks the posterior 

border of the sclerites as on the pronotum; the white pronotal band con-

tinues through these two nota but in general is more attenuated, than 

shown in the photograph (Fig. 125); the lower dark spot indicates the 
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region of the line of separation of the notum and the wing pad; wing 

pads average 0.43 mm. in vertical length; the fore wing pad tends to be 

more pointed than the hind wing pad which presents a circular margin; 

both point downward and backward and ·show a few grooves pointing in the 

same direction which are indications of venation; the mesopleuron and 

metapleuron have fuscous markings just above the leg sockets and those 

spots contrast with the whitish upper part of the pleuron; the metathora-

cic femur is 4.36 mm. in length;its outer face is marked with a con-

tinuous fuscous streak which covers the upper third of the lower row 

of chevrons and the whole surface of the upper row of chevrons except 

the region adjacent to the proximal upper corner; on the top of the femur 

are two pale markings inside and outside the carina; the inner face of the 

femur bears a fuscous streak which is broken by white coloured chevrons 

in the proximal third. 

The abdomen is coloured middle-brown on the dorsum and paler on the 

venter; from ventral view, the terminal abdominal segments show, in the 

female (Fig. 57) triangular lower valvulae of 0.40 mm. in length, bluntly 

pointed and showing a depression on the outer margin. 

The upper valvulae coyer three-fourths of the paraprocts and are 

half covered by the 10wer valvulae. They appear as elongated and bent 

inward. 

The male subgenital plate (Fig. 58)measures about 0.42 mm. in 

length; the apex is trilobed, covering two-thirds of the paraprocts. 
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Fourth instar of the six n m hal instar 'c cIe, or extra or intermediar 
instar. Fig.126)-

The dark antennae have 20 segments. 

The head is maculated middle-brown except around the subocular sul-

eus and in the band posterior to the eye which like the mandibles are 

dark fuscous; below the dark eve-band and posterior to the eye is a white 

mark covering the upper half of the gena; the eye is maculated with light 

spots on a middle-brown background. 

The pronotum measures 1.92 mm., is ornamented with two middle to 

,dark-brown patches above and below the whitish crescent; the upper patch 

lies just below the whitish medlan carina, the lower patch is partly 

separated by a broken whitish streak originating in the antero-ventral 

corner of the pronotum; the anterior thirds of the two patches are some-

what darker; the white crescent is attenuated toward the posterior third 

of the pronotum and on the posterior margin is covered with brown spots; 

the pale or whitish postero-ventral region may be very smal1 50 as to 

cover only the border of the adjacent corner or may be large as that 

shown in Fig.126; the pre-episternum is dark fuscous except on the pale 

posterior third. 

The mesonotum and metanotum show a narrow pale band which is the 

continuation of the white pronotal crescent; below this band liès a 

black spot marking the future point of inflexion of the wing pad; the 

wing bads are largely pale coloured with dark bases, pointing downward 

with a pronounced angle backward; the fore wing pad is a narrow elongated 

lobe while the hind wing pad is triangular in shape and measures 0.71 mm. 

in vertical length; both fore and hind wing pads bear numerous veins 
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paraI leI to the direction of the pad. 

The metathoracic femur is 5.06 mm. long; its outer face is marked 

with.a continuous fuscousstreak covering the upper third of the lower 

chevrons and the whole of the upper chevrons except in the region ad­

jacent to the proximal upper corner; the top is marked with two pale 

bands; the inner face is covered with dark to fuscous spots on the 

distal third and near the proximal end they correspond more or less to 

the position of the marks on the top. 

The abdomen is middle-brown coloured bearing ventrally the genital 

appendages in a stage of growth similar to those of the regular fourth 

instar, but tending to be a little bit shorter; the lower valvulae of 

the female ovipositor,measure 0.61 mm. and the male subgenital plate lobe 

measures 0.57 mm. 

Fourth instar of the five nymphal instar cycle (Figs. 27 and 127) 

The antennae have 21 segments, those on the distal half being dark 

and the proximal ones gradually becoming paler near the base. 

The he ad is covered with middle-brown maculations except in the re­

gion of the dark subocular sulcus, the fu~cous band, posterior to the 

eye and a whitish area, covering the upper part of the gena; eye with a 

middle to dark background maculated with pale spots which are more or 

less evenly scattered coyer the whole area. 

The pronotum is 2.68 mm. long; two large brown areas colour the 

side; the upper area, just below the whitish median carina, forms a 

large middle to dark-brown band continuing the fuscous band of the head; 

below it lies the whitish crescent which continues across the pronotum 
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(the photograph (Fig. 127) shows some light reflectiQns in this region, 

as weIl as in some others, which should not be misinterpreted as mark-

ings, since the crescent appears more clearly than it really is); the 

lower brown patch is punctured with pale areason its antero-ventral 

corner, near its center and, along the ventral and posterior margins; 

the pre-episternum is fuscous, except for its posterior third which is 

pale. 

The mesonotum and metanotum are concealed behind the upturned wing 

pëids~,the f()re wingpad appears as an elongated lobe pointing backward 

andanQled upward, its distal half hidden behind .. thetriangular hind wing 

pad; the hind wlng pad F which is 1.6 mm. long, converges with the one of 

the other side. so that at"the tip, and only at the tip the two hind wing 

pads meet or nearly meet; the hind wing pad is mainly dark-brown, except 

that on the upper' margin~there ts'a pëile barid which broadens toward the 

tip; both . the fore wtng pad and the hind wing pad show distinct vena-

tion network and a basal axillary region (Figs.127&,148); the mesopleuron 

andmetapleuron are pale coloured, cream or pale-brown, on their upper 

two-thirds whi le the lower third is coloured dark-brown to fuscous. 

The metathoracic femur, 6.18 mm. in length, bears a continuous fus-

cous streak on the outer face covering the upper third of the lower che-

vrons and the whole of the upper chevrons, except an area adjacent to 

the upper proximal corner; light-brown above with two slightly darker 

bands running across it; the inner face is marked with fuscous spots 

on distal chevrons down for about two-thirds of the length; the under-

side of the femur is pale-brown to whitish as in the other nymphal 

stages. 
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ln the female (Fig. 59), the lower valvulae are elongated structu-

res, 0.72 mm. long, their outer margins depressed on the distal half; 

they are bluntly pointed and show no or little sign of formation of 

teeth at the tip; the posterior margin of the eighth segment has a 

median projection between the bases of the valvulae; the upper valvulae, 

which cover almost the whole length of the paraprocts have rounded tips. 

The male subgenital plate lobe (Fig. 60) measures approximately 0.60 mm. 

in length and covers more than half of the paraprocts; the posterior mar-

gin shows two rounded lobes, separated by a semici.rcular depression. 

Fifth instar of the six nymphal instar cycle (Figs.28 and 128) 

The antenna has 21 segments, those of the distal half being dark 

and the proximal cnes being paler. 

The he ad is maculated middle-brown except on the fo'lowing areas: 

around the subocular sulcus and on the band posterior to the eye, which 

are dark fuscous; on the upper half of the gena, which is pale to white. 

The eye is middle-brown and densely maculated with evenly scattered pale 

spots. 

The pronotum, which measures 2.96 mm. in length, is coloured by 

two large middle to dark-brown patches separated by the white crescent 

which crosses or almost crosses the pronotum; the lower patch is broken 

on its anterior half by two or three pale, whitish spots and the postero-

ventral corner region is also very pale or white; the pre-episternum 

bears a fuscous to dark-brown spot covering approximately the anterior 

two-thirds, the rest being very pale. 

The wing pads are oriented upward and backward,dark-brown, except 



-43-

for the upper third. which is pale brown to white; the hind wing pad 

concealing the forewing pad is triangular in form but more elongated 

than in the normal fourth instar. (fourth instar of the five nymphal 

instar cycle) although it is not much longer, measuring. 1.74 mm. in 

length~ 

The mesopleuron and metapleuron are pale to white on their upper 

two-thirds while the lower part is coloured with fuscous. 

The metathoracic femur, 7.0 mm. in length, bears a continuous 

fuscous to dark-brown streak along the outer face, covering the upper 

third of the lower row of chevrons and the whole upper row of chevrons 

except for a region adjacent to the upper proximal corner; the dorsal 

area is crossed by two pale to middle-brown marks, these marks are con­

tinued.by fuscous spots. in 1 ine with them, on the chevrons of the inner 

face. mostly at the distal end. 

The female has ventrally, weIl developed ventral ovipositor valvu­

lae (Fig. 61); the lower valvulae measure 1.0 mm. in length, bearing 

sclerotized, tooth-like structures and with their outer margins present­

ing a shoulder-like projection near the tooth; the upper valvulae. which 

are longer than the paraprocts. terminate in tooth-like apices. 

The male subgenital plate lobe (Fig. 62) is much elongated, about 

0.80 mm. and nearly covers the whole length of the paraprocts; the 

posterior margin appears slightly depressed at the center between the 

two raised sides. 
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Fifth instar of the five nymphal instar cycle (Figs. 29 and 129) 

The antennae have 24 segments, the distal ones being dark-brown or 

fuscous and the basal ones paler. 

The head is coloured for the most part with middle-brown macula­

tions, except for the dark region of the subocular sulcus and the fus­

cous band posterior to the eye, and the gena,.which is whitish on the 

upper half and middle to pale-brown below. 

The pronotum bears two large middle-brown to fuscous markings, 

separated by a neat white crescent; the lower marking is pierced by 

white spots on the anterior half; the region near the postero-ventral 

corner is spotted with white; the pre-episternum is partly dark coloured, 

the posterior third being whitish; the length of the pronotum is 3.59 

mm. 

The hind wing pad is very much elongated (Fig. 149), measuring 3.73 

mm.; it is always longer or at least as long as the pronotum; fuscous to 

dark-brown except for an upper white band broadening toward apex; both 

wing pads are a definitely pointing backward; touching those of the 

other side along their entire iength; venation is developed. 

The mesopleuron and the metapleuron are mainly pale coloured except 

near the le9 sockets where they are middle-brown to fuscous. 

The metathoracic femur, 7.97 mm. in length, bears a continuous 

fuscous streak on its outer face covering the upper third of the lower 

row of chevrons and the whole of the upper row of chevrons except for a 

small patch in the upper proximal corner; the dorsum is crossed by two 

markings while on the inner face fuscous marks cover the chevrons of the 

distal half. 
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The female shows, ventrally (Fig. 63) ovipositor valvulae which 

are nearly grown to the adult shape. The lower valvulae measure 1.0 

mm., have a sclerotized pointed apex, and bear two basivalvular scleri­

tes which cover about half their length; they cover more than three­

quarters of the upper valvulae, atso p6inted with a heavily sclerotized 

apex (the lateral view is shown in Fig. 64); the upper valvula is bent 

upward, but less so than in Melanoplus sanguinipes, and is bluntly tip­

ped; the 10wer valvulae shows basally the upper and lower basivalvular 

sclerites, following the upward bend of the upper valvula with its apex 

on the underside. 

The male subgenital plate lobe measures about 1.2 mm.; its poste~ 

rior margin, in ventral view, presents a more or less rounded appea­

rance (Fig. 65); in lateral view (Fig. 66) it appears as a lateral 

elevated rounded lobe which then lowers posteriorly to a semi circular 

apex as shows in posterior view (Fig. 67); there is no path or groove 

in the middle; cerci shows with the distal part larger than the middle 

portion; both upper and lower sides are concave, a feature which can 

also be seen to some extent in the fourth.'instar. 

Sixth instar of six nymphal instar cycle 

The antenna, head, pronotum, and metathoracic femur show the same 

colouration pattern as the fifth instar of the five nymphal instar 

cycle. The genital appendages also shown the same developmental stage 

as the later mentioned ipstar: The lower valvulae measures 1.16 mm., 

and the male subgenital plate lobe is 1.27 mm.; the pronotum is 3.81 

mm., the femur 8.71 mm., and the wing pad ;s 4.11 mm. in length. The 

antenna has 24 segments, as in the fifth instar of the five instar 

cycle. 
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Melanoplus sanguin~ sanguinipes (Fabr.) 

The measurements for ail instars of this species are listed on Table 7. 

First Jnstar (Figs. 30, 130 and 131) 

The antenna is composed of 13 segments which are dark coloured. 

The head is mqculated dark-brown to fuscous, with dark areas at 

the base of the front, on the lower part of the gena and behind the 

eye; posterior to the eye margin is a small white spot lying just above 

a large fuscousband; upper and lower parts of the gena are patched 

wïth dark-brown to fuscous; there is no white or pale streak; the eye 

is dark to reddish-brown and covered with pale spots which are larger 

on the upper half of the eye. 

The pronotum is 0.67 mm. in length along the whitish median carina, 

coloured middle-brown with darker regions near the anterior margin, at 

the level of the dark band of the he ad and, near the antero-ventral 

corner; the whitish crescent is greatly reduced and broken by dark­

brown spots, consisting only of two or three whitish spots, one at the 

anterior margin followed by a few brown maculations before the second 

white spot in the middle, thus it does not proceed further than 

two-thirds or less of the length of the pronotum; two narrow white bands 

are found on the anterior margin at the level of the white spot on the 

head; the posterior margin is pale, maculated with dark spots; the 

~re-episternum is dark on the anterior third and pale on the posterior 

two-thirds. 
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The mesonotum and metanotum are coloured middle-brown with a pale 

median carina, posterior margin pale and maculated with dark spots and 

a dark marking on their anterior two-thirds which marks the line where 

the notum and the wing pad join; wing pads are mainly dark coloured, 

measuring about 0.10 mm. in length and show no sign of venation. 

The mesopleuron and metapleuron are dark, more JO near the leg 

sockets. 

The metathoracic femur is 2.14 mm. long, its outer face coloured 

with a dark-brown streak broken for aIl its width or only. in half its 

width by a pale spot; the dark streak covers nearly aIl of the lower 

row of chevrons, when it is not cut by the light marking, and the 

three or four chevrons anterior to the pale spot together with the 

chevrons distal to the pale spot; the dorsum of the femur presents four 

dark-brown markings, the proximal one being small, and two larger ones 

which are more constant, aIl crossing the carina and can be seen on the 

inner side of the top; the distal end also has a dark spot seen from 

above (Fig. 131), showing as three white spots between the four dark 

markings along the top of the femur; the inner face is crossed by two 

dark-brown to fuscous bands in line with those on the top; the distal 

end of the femur is also dark corresponding to the top and the outer 

face; the underside of the femur is completely dark. 

The abdomen is marked by a pale line on the median carina and is 

maculated aIl over the sides with small and large spots of dark-brown 

colour, while the underside is paler. 

On the ventral side, the female presents appendages on its eighth 
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and ninth segments, which are respectively the lobes of the lower and 

upper valvulae (Fig. 69); the lower valvulae appear as small lobes post­

erior to a fold in the eighth sclerite; the upper valvulae are a pair 

of triangular lobes separated by a large inflexion, their inner sides 

concave and the ti~quite tapering; the lower valvulae measure 0.08 mm. 

while the upper valvulae measure 0.18 mm. in length and the latter are 

equal to about half the length of the paraprocts. 

The ninth sternite of the male (Fig. 70) is prolongated by two 

short obtuse lobes separated by a semi circular median inflexion; the 

lobes measure about 0.08 mm. in length and cover less than one-third of the 

length of the paraproct. 

Second instar (Figs. 31 and 132) 

Th~ antenna is dark and consists of 16 segments. 

The head is pale, as is the rest of the body, the only dark marking 

being the fuscous band behind the eye which runs horizontally from the 

posterior margin of the eye to the posterior margin of the head; the 

rest of the he ad is maculated with light- brown spots, more or less 

evenly scattered; the whole area below the dark band on the upper part 

of the gena is maculated and without a white patch; the eye is of a 

middle-reddish-brown background colour maculated with pale spots which 

are more numerous on the upper half. 

The pronotum which is 1.04 mm. in length bears small middle to 

dark markings; in 1 ine with the fuscous band of the head are three to 

four spots on the anterior margin of the pronotum and posterior to them 

is a small area, coloured middle brown and bordered with a dark-brown 
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band on its lower border; a few dark markings lie in the center of the 

pronotum side; separated from the upper set of dark markings by the 

white crescent, which is a narrow band running from the anterior margin 

for the two-thirds of the pronotal length, irregular and interrupted by 

dark spots on its anterior part 50 that often it appears as a white 

longitudinally elongated spot in the middle of the sidë of the pronotum; 

the upper third of the lateral area of the pronotum is coloured light 

to middle brown, maculated with dark spots, while the lower part is very 

pale and marked by a very few dark spots mainly along the posterior mar­

gin. 

The mesonotum and metanotum are pale-brown in colour with a few 

dark maculations; toward their lower margins is an anterior fuscous 

marking, which delimits the line of origin of the wing pad; both wing 

pads appear as lobes pointing downward and very slightly posteriorly, 

pale with a few middle -brown spots on the posterior parts, behind a 

fuscous marking; they measure about 0.30 mm. in length and show no sign 

of venation; the mesopleuron and metapleuron are pale above but bear 

large fuscous bands just above the leg sockets. 

The metathoracic femur measures 3.13 mm.; its outer face bears a 

fuscous streak which issometimes completely divided by the white area, 

as shown in Fig. 132, or may be broken only on the upper row of che­

vrons 50 that a narrow fuscous band joins the two spots through the 

upper third of the lower row of chevrons; the proximal part of the 

streak begins on the median line and on the upper third of the lower 

chevrons and then extends over the whole surface of two or three 
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chevrons just anterior to the white patch; the distal part covers both 

the upper and lower rows of chevrons; distally is a pale trànsverse 

band, anterior to the dark coloured distal end; thedorSUin of the femur 

bears two dark bands in line with the two parts of the streak.on.the 

outer face, also a small band on the proximal part and a dark. ~~gion 

at the distal end; the inner face bears three large dark bands .corres-

ponding to the three main bands onthei dorsum and on the outer·face. 

ln the female (Fig. 71), thelower valvulae showastriangular 

lobes, 0.21 mm. in length, withrounded apices and concave outer margins; 

the upper valvulae are elongatedstructures showing a cylindricèl distal 

half, theirbases not completely separated; on each side,the beginning 

of differentiation of basivalvular sclerites can be seen, they are 0.32 

mm. long, - and cover slightly less than half of the paraprocts. 

ln the male (Fig. 72), the. lobes of the ninth sternite are quadran-

gular structures separated in the middle by a suture or a depression; 

the apical margin appears as a concave obtuse ang]e; the lobes measure 

0.25 mm. in length and cover half of the paraprocts. 

Third instar (Figs. 32, 133 and 134) 

The antennae consist of 19 segments and are coloured dark to 

middle-brown. 

The he ad is nearly evenly maculated with pale to middle-brown spots, 

the only exceptions being a small white area above the dark band post-

erior to the eye; the eye is middle-brown and maculated with pale spots 

which ~re more numerous in the upper portion (Fig. 134); the colour of 

the eye in Fig. 133 is a result of change after death. 
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The pronotum bears a narrow whitish band from its anterior margin 

to the middle of its length, the posterior part being attenuated with 

pale brown and darker spots; above this ts a middle-brown coloured area 

covered with darker maculations and below is a small dark marking border-

ing the whitish band in the center, and middle-brown maculations disper-

sed over the pale lower half; thepre-~pisternum is coloured middle-

brown on the anterior half and is paleposfer'iorly; pronotallength 

i sI. 64 mm. 

The mesonotum and metanotum show the same colouration as the upper 

part of the pronotum, with the dark fuscous spot ori theanterior part 

of each notum deI imiting the wing pad, generally pal~ coloured with 

some darker maculations; the fore wingpad is taperedwith a rounded 

apex pointing downward and backward, while the hind wingpad) pointing 

in the same direction" has convex margins and. is roundish overall; both 

wing pads show signs of venation as longitudinal ridgesand grooves; 

they measure about 0.45 mm. in length;the mesopleuronand metapleuron 

are pale on the upper part but bear dark spots or bands just above the 

leg sockets. 

The metathoracic femur is 4 • .33 mm. long; its outer face bears two 

large dark bands, either joined or not joined through the upper third 

of the lower row of chevrons but always separated in the upper row by 

a whitish area; the dorsum of the femur bears two dark bands in line 

with those of the outer face; at the distal end is a dark region which 

is also found on the outer and inner face; the inner face is crossed 

by two large dark bands corresponding in position with those on the 
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dorsum. 

ln the female (Fig. 73), the lower valvulae have elongated to 

0.40 mm. and conceal most of the second valvulae, of which only the 

tip is visible; the upper valvulae are long tapering structures, but 

still with rounded tips, covering about two-thirds of the paraprocts. 

ln the male (Fig. 74), the lobes have united to form a large 

plate, 0.53 mm. long, on which the apical margin shows two prolonga­

tions separated by an inflexion or groove; the subgenital plate lobe 

covers nearly the entire length of the paraprocts. 

Fourth instar of the six nymphal instar cycle (Figs. 33, 135 and 136) 

The dark antenna consists of 20 segments. 

The head is maculated aIl over with pale to middle-brown spots, 

except for the dark band posterior to the eye and a small whitish area 

above it; the maculations on the eye are somewhat more numerous on the 

upper half, making the lower part appear a bit"darker., 

The pronotum, 1.95 mm. long; laterally)with an almost centrally 

situated elongated white spot surrounded with dark markings, mainly 

above. 

The mesonotum and metanotum have the same colouration as the 

upper part of the pronotum which is pale to middle-brown with dark 

maculations; the wing pads still point downward but also definitely 

backward; the wing pads have a pale background with middle-brown marks 

along the veins, and a dark spot at their upper anterior corner; the 

hind wing pad measures 0.80 mm.; the mesopleuron and metapleuron are 
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pale above but bear dark bands just above the leg sockets. 

The metathoracic femur, 5.40 mm. in length, is marked by two 

fuscous bands on the outer face, the top and inner face. 

The genital appendages show development similar to those of the 

fourth instar of the five nymphal instar"cycle; the female lower val-

vulae measure 0.61 mm. in length and the male subgenital plate lobe 

measures 0.85 mm. in length. 

Fourth instar of the five nymphal instar cycle (Figs. 34 and 137) 

The antenna is composed of 21 segments, the proximal ones having 

a pale colour dorsally and a dark colour ventrally. the distal ones 

being dark-brown. 

The head is entirely maculated with middle-brown spots. olus a 

few small dark ones on the front, except for the dark band oosterior 

to the eye and the small whitish region above it; the eye is reddish-

brown in colour and maculated with paler spots which are somewhat more 

numerous on the upper half, tending to be banded as in Fig. 137. 

The pronotum, 2.58 mm. in length, has ~ dark band in line with that 

of the head posterior to the eye which does not always extend comple-

tely along the length of the pronotum; just below it is a narrow 

whitish band, often reduced to a central longitudinally elongated 

spot, the anterior and posterior regions often being coloured and 

maculated; below the white central spot is an irregular dark marking 

which always 1 ies just at the lower border of the central white spot; 

the lower half of the pronotum is pale coloured sometimes with dark 

irregular maculations. 
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The wing pads are reversed,.pointing upward, appearing as trian-

gular lobes, 1.68 mm. in length; a white spot occurs in the region of 

the axillary sclerites, and is surrounded by a fuscous region, of 

variable width, to a maximum asshown in Fig. 137; the upper margin and 

the tips are pale; distinctvenation can be seen on both of the wing 

pads; the fore wi~ pads are elongated lobes directed backward and 

concealed under the hind wing pads which nearly touch the one of the 

other side at the tip. 

The mesopleuron and metapleuron are pale-brown with dark spots 

just above the leg sockets. 

The metathoracic leg is marked with two large bands on the outer 

face, the top and the innerface; on the outer face, the proximal band 

is extended along the middle line and on the lower part of the upper 

row of chevrons then expands covering two or three entire chevrons of 

the upper row; the second band covers aIl of the last upper chevrons 

and part or aIl of the last lower chevrons, the two bands may or may 

not be united by a dark band on the upper row of the lower chevrons 

below the whitish patch; the distal end of the femur is ringed by 

dark-brown colour. 

ln the female(Fig. 75), the lower valvulae have elongated to 

0.70 mm., with the tip heavily sclerotized,still rounded; the basi-

valvular sclerites begin to differentiate; the upper valvulae which 

coyer more than the three-fourths of the paraprocts, are heavily scle-

rot ized at the tips. 

ln the male (Fig. 76), the subgenital plate lobe is elongated 

to 1.00 mm. and straight lateral margins lead to an apical margin 
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which is incised with a central groove which runs upon the posterior 

part of the lobe; the lobe is now much longer than the paraprocts. 

Fifth instar of the six nymphal instar ,cycle 

This instar is very similar to the fourth instar of the five 

nymphal instar cycle, except as follows: the pronotum measures 2.92, 

the wing pad 1.86, the femur 6.82, the lower valvulae of the female 

ovipositor 1.05, and the male subgenital plate lobe 1.21 mm. in length. 

Fifth instar of the five nymphal instar' cycle (Figs. 35 and 138) 

The antenna, which has 24 segments, is dark on the distal part 

and becomes paler toward the base. 

The he ad is entirely maculated with pale to middle-brown spots 

except on the dark band and on the narrow white band posterior to the 

eye; ,the eye is dark reddish-brown, maculated with pale spots which 

are more numerous on the upper half; banding across the eye is evident 

(Fig. 138) at the level of the white and dark levels posterior to the 

eye. 

The pronotum bears laterally a longitudinally elongated white spot 

which is the remnant of the white crescent, this may on some specimens 

be more complete and appearing as a narrow white band starting at or 

near the anterior margin and extending to the middle of the pronotum; 

in each case, the central white spot is bordered above and below by a 

dark spot, the remainder of the pronotum being maculated pale to middle­

brown; pronotal length is 7.82 mm. 

The hind wing pad is a large, fan like, elongated lobe 4.15 mm. 

in length, venation is elaborate and is covered in part on in whole 
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by dark patches; a white spot surrounded by dark markings is present 

at the base of the veins; the hind wing pads meet along nearly their 

whole length; the fore wing pad is a narrow elongated lobe concealed 

behind the pronotum and the hind wing pad a part,of its veined sur-

face can be seen above the anterior part of the hind wing pad. 

The mesopleuron and metapleuron are maculated light-brown, except 

just above the leg' sockets, where they are slightly darker to much 

darker. 

The metathoracic femur, 7.82 mm. in length, is marked by two 

large bands running across the outer face, the top and the inner face; 

on the outer face the two bands may be united on the lower row of che-

vrons below the pale patch (Fig. 138), or be completely separated by 

the white patch. 

ln the female (Fig. 77), the lower ovipositor valvulae measure 

1.23 mm. in length; they show distinct basivalvular sclerites and the 

outer margin curves abruptly so that the narrow tip appears as a tooth-

like process; the upper valvulae curve upward (Fig. 78)more than those 

of M. femurrubrum, and are about of the same length. The tip is more 

acute than in M. femurrubrum. 

The male subgenital plate lobe ï's 1.41 mm. long; it has an elon-

gated apical part with the apical margin depressed in the middle by a 

groove which runs in the external surface of the apical part (Figs. 

79,80 and 81). In lateral view, the prolonged apical portion appears 

as two digit-like structures separated by a groove; the cerci have 

the upper margin concave but the lower margin is convex; the apical 

width is much smaller than the median width. 
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Sixth instar of the six nymphal instar cycle 

The antenna has 24 segments, the eye, the head, the pronotum, the 

wing' pads, the femur and the genital appendages correspond to the 

description of the fifth instar of the five nymphal instar cycle, ex­

cept for some differences in size, as follows: pronotum 3.82; hind 

wing pad 4.76, hind femur 8.58mm., lower valvula of the female 

ovipositor 1.35, and the male subgenital plate lobe is 1.52 mm. in 

length. 

Melanoplus borealis borealis (Fieber) 

The measurements of aIl instars are shown in Table 8. 

First instar (Figs. 36 and 139) 

The antenna is dark-brown and is composed of 13 segments. 

The head is very dark-brown aIl over even on the front (it is 

not pale as the light reflection on Fig. 139 may suggest); exceptions 

to the dark coJour are the large weIl defined white crescent from the 

antero-ventral corner of the gena to its upper posterior margin, 

passing by the lower posterior margin of the eye, and a narrow white 

band dorsal to, and separated from the crescent by a dark band, just 

above and posterior to the eye; the eye is reddish-brown colour with 

pale maculations on the upper half, banding is evident at the level 

of the upper border of the dark band posterior to the eye, this 

banding turns ventrally toward the anterior edge of the eye. 
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The pronotum, 0.78 mm. in length, has a white median carina but 

lateral1y is very dark-brown except for a large, clearly defined white 

area, a continuation of the crescent of the gena, which crosses the 

pronotum from the anterior margin for three-fourths of the length; 

on the posterior fourth, it still can be seen but is tinted light­

brown. 

The mesonotum and the metanotum are very dark-brown except for 

the white median carina; the line of origin of the wing pads on the 

nota ïs indicated by a darker fuscous spot on the anterior part of 

each notum; the wing pads are entirely very dark brown and show as 

short downward-pointing lobes about 0.10 mm. in length; the mesopleu­

ron and metapleuron are entirely dark. 

The metathoracic femur measures about 2.24 mm. in length; the 

outer face is completely covered, chevrons and distal end, by a dark 

fuscous streak; the dorsum is irregularly coloured pale or middle­

brown inside and outside of the carina; the chevrons of inner face and 

the distal end are completely covered by a dark fuscous streak; the 

femur is also dark fuscous beneath. 

The abdomen is entirely very dark-brown except for·a contrasting 

median carina and some pale areas lateral to the median carina on the 

caudal abdominal segments; 

ln the female (Fig. 82), the lower valvulae of the ovipositor 

appear as short lobes of 0.10 mm. in length, posterior to a fold in 

the eighth sternite; the upper valvulae are distally tapering lobes 

with round tips and are separated by a deep incision; they measure 

0.18 mm. in length and cover less than half the length of the para­

procts. 
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The male bears two pointed lobes 0.10 mm. long, as projections 

of the ninth sternite (Fig. 83), separated by an acute incision; they 

cover less than half the length of the paraprocts. 

Second instar (Figs. 37 and 140) 

The antenna is composed of 16 segments, coloured middle-brown, 

paler near the base. 

The head is middle-brown on the front and On the vertex; on the gena 

a clear, weIl defined, large, white crescent occurs from the antero~ 

ventral cornerto the upper posterior margin; a dark band borders the 

white crescent anteriorly, on the subocular sulcus region, and passing 

througA the eye and posterior to the eye as a dark fuscous band; the 

genal portion posterior and below the white crescent is also coloured 

very dark-brown; the eye is banded, the upper half being maculated 

with numerous pale spots and the lower part,with very few pale spots, 

appears darker. 

The pronotum, 1.17 mm. in length, is crossed by a large weIl 

defined white crescent from the anterior border reaching or nearly 

reaching the posterior margin; above and below this white crescent is 

a dark-brown to fuscous region as wide or wider than the white band 

itself, the rest of the pronotum is coloured pale to middle~brown 

with dark-brown maculations scattered about. 

The mesonotum and metanotum show a whitish median carina and a 

paJe-brown to whitish band continuing the pronotal crescent; dark 

areas above and below the pale band are similar to those on the pro­

notum; the lower dark region corresponds with the dark spot marking 
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the line of origin of the wing pad: the remainder of these segments, 

and the wing pads, are coloured middle-brown; the wing pads are 0.25 

mm. long, show no sign of venation, point downward, and have rounded 

margins; the mesopleuron and metapleuron are of the same colour, 

entirely middle-brown. 

The metathoracic femur is 3.16 mm. long; its outer face is co-

vered by a continuous unbroken fuscous streak which completely covers 

the chevrons; the inner face bears the same kind of streak covering 

aIl of the chevrons area; dorsally, there are some pale and middle-

brown areas irregularly distributed. 

The abdomen is middle-brown with darker markings on the sides, 

the underside is middle to pale brown. 

ln the female (Fig. 84), the lower ovipositor valvulae, which 

are 0.20 mm. long, have grown as two triangular lobes joined at the 

median margins; the upper valvulae are more pointed than the lower 

ones and their distal parts are largely separated; they measure 0.31 

mm. in length and cover more than half of the paraproc~s. 

The male subgenital plate lobe (Fig. 85) measures 0.32 mm. in 

length and its apical margin has two rounded projections separated 

by an uniformly incised median border; the lobe covers about the two-

thirds of the paraprocts. 
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Third instar (Figs. 38 and 141) 

The antenna is composed of 19 segments. 

The head is coloured middle-brown on the front and vertex and the 

postero-ventral region of the gena; the white crescent is large and 

weIl defined from the antero-ventral corner of the gena to its upper 

posterior margin; the subocular sulcus, the lower half of the eye, and 

the dark band posterior to the eye border the white crescent anteriorly. 

The pronotum, 1.68 mm. long, is crossed by the large, weIl defined, 

white crescent from the anterior to the posterior margin; a dark region 

lies just above the crescent and also below it in the anterior part; 

the rest of the pronotum is pale to middle-brown. 

The mesonotum and metanotum are pale to middle-brown and bear a 

whitish band, a continuation of the pronatal crescent; below thè band, 

anteriorly, is a dark spot marking the line of origin of the wing pad; 

the middle-brown coloured pads point downward but show a definite angle 

backward, and rudiments of venation; they measure 0.40 mm. in length; 

the mesopleuron and metapleuron are pale to middle-brown; even near the 

leg sockets they bear no dark marks. 

The metathoracic femur, 4.34 mm. in length, is covered on the whole 

chevrons area of the outer and the inner faces by a dark fuscous streak; 

there is no particular marking dorsally. 

The abdomen is pale brown with large band of middle to dar~brown 

markings on the side. 

ln the female (Fig. 86), the lower ovipositor valvulae, 0.41 mm. 

in length, are long triangular lobes with large bluntly rounded apices, 

basivalvular sclerites have begun to differentiate; the upper valvulae, 
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ln the male (Fig. 87), the subgenital plate lobe has a slightly 

concave distal margin and covers nearly the whole length of the para­

procts; it measures 0.41 mm. inlength. 

Fourth instar of the six nymphal instar cycle, (or the extra instar) 

(Figs. 39 and 142) 

The antenna is composed of 20 segments. 

The head is coloured middle-brown on the front, vertex and on the 

postero-ventral region of the gena; a large white, weIl defined crescent 

runs from the antero-ventral corner of the gena to its upper posterior 

margin; the subocular sulcus, the lower half of the eye and the dark 

band posterior to the eye border the upper margin of the white crescent; 

the eye is banded, the upper half being maculated with pale spots which 

render it paler than the lower half. 

The pronotum, 2.21 mm. long, bears a large, weIl defined white 

crescent from the anterior to the posterior margin; a few dark markings 

border the crescent anteriorly but the rest of the pronotum is pa~e to 

middle-brown. 

The mesonotum and metanotum are middle-brown and bear a pale narrow 

band, a continuing of the white pronotal crescent; the pale coloured 

wing pads are deI imited by a dark spot below the anterior part of the 

pale band; the narrow fore wing pad is pointing downward, and is marked 

by ridges and grooves which are the indications of venation; the hind 

wing pad which is larger, also points downward and also bears signs of 
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a definite venation pattern; both measure about 0.62 mm. in vertical 

length; the mesopleuron and metapleuron are middle-brown coloured and 

bear no dark markings above the leg sockets. 

The metathoracic femur which is 5.10 mm. long, bears a continuous 

dark streak covering the whole chevrons area on the outer and inner 

faces; dorsally, the femur bears no characteristic marking and is co-

loured pale-brown. 

The abdomen bears dark-brown bands on the sides along each of its 

tergites, the ventral area is paler. 

ln the female, the lower valvulae have grown to 0.56 mm. and their 

apices begin to exhibit a heavily sclerotized structure; the upper 

valvulae are elongated structures, barely shorter than the paraprocts. 

The male has a large subgenital plate lobe nearly as. long as the 

paraprocts, about 0.51 mm., and having the apical margin slightly con-

cave. 

Fourth instar of the five nymphal instar cycle (Figs. 40 and 143) 

The antenna is composed of 21 segments, the.distal ones being dark 

brown and the proximal ones paler. 

The head is coloured middle-brown on the front, the vertex and on 

the postero-ventral region of the gena; the weIl defined white crescent 

runs fram the antero-ventral region of the gena to its upper posterior 

margin; the subocular sulcus region, the lower half of the eye and the 

band posterior to the eye make a dark anterior border to the white cres-

cent; the eye is banded, the lower part being dark and the upper part 

covered with pale maculations. 
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The pronotum, 2.38 mm. inlength, bears a large weIl defined white 

crescent from the anterior to the posterior margin; the rest of the prono­

tum is middle-brown, except for a few dark spots above and below the 

anterior part of the crescent. 

The wing pads are turned upward; the fore wing pad is an elongated, 

veined lobe, concealed under the pronotum and the hind wing pad; the 

hind wing pads are rather triangular, dark-brown, except for the upper 

margins and the apices, which are pale, meeting only at the tips; 1.39 

mm. long; venation is distinct and axillary sclerites rudiments are 

visible. 

The mesopleuron and metapleuron are entirely maculated middle­

brown and do not bear dark markings near the leg sockets. 

The metathoracic femur, 5.44 mm. in length, bears a continuous 

dark fuscous~reak covering the whole, or nearly the whole of the che­

vrons areas on both outer and inner faces; no particular markings ap­

pear on the dorsum. 

The abdomen is marked by a broad dark band on each side, the rest 

being pale and maculated with middle-brown spots. 

ln the female (Fig. 88), the lower ovipositor valvulae measure 

0.71 mm. in length; their apices are heavily sclerotized in the form 

of tooth-like process; the upper valvulae are slightly longer than the 

paraprocts and are heavily sclerotized at the tips; basivalvular scle­

rites are distinct on the lateral side of th~ upper valvulae. 

ln the male, the subgenital plate lobe is extended to a length 

of 0.59 mm.; the apex is very slightly concave in ventral view (Fig.89), 
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in posterior view the apical margin shows a median semicircular inflec-

tion. 

Fifth i~star of the six nymphal instar cycle 

The description is the same as that of the fourth. instar of the 

five nymphal instar· cycle, except for the size of certain structure~ 

which are as follows: pronotum 2.60, hind wing pad 1.55, hind femur 

5.94, female lower valvulae 0.89, and the male subgenital plate lobe 

is 0.85 mm. in length. 

Fifth instar of the five nymphal instar cycle (Figs. 41 and 144) 

The antenna is composed of 24 segments, the distal ones being 

dark-brown and the proximal ones paler. 

The head is coloured middle-brown on the front, the vertex and the 

postero-ventral region of the gena; a large, weIl defined white crescent 

runs from the antero-ventral region of the gena to its upper posterior 

margin; the subocular sulcus, the lower half of the eye and a band 

posterior to the eye make a dark border anterior to the crescent; the 

eye is banded, the upper part being maculated with pale spots and thus 

appearing paler than the dark lower part. 

The pronotum, 3.11 mm. in length, is crossed by a large, weIl 

defined, white crescent from the anterior to the posterior margin; dark 

markings border the white band above and below its anterior half, the 

rest of the pronotum being coloured middle-brown. 

The hind wing pads show·as large, elongated' triangular lobes, 

upturned and pointing backward; they meet, or nearly meet, for nearly 

their whole length; venation is elaborate and originates from a weIl 
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defined axillary sclerite region; it is completely dark~rownexcept 

for the distal half of the upper fourth; the hind wing pad is 3.28 

mm. long, and conceals the distal part of the long, narrow-shaped 

fore wing pad; the mesopleuron and metapleuronaremaculated middle-

brown and do not bear dark markings near the leg sockets. 

The metathoracic femur is 7.26 mm. long; its outer and inner fa-

ces are nearly or entirely covered by a continuous dark fuscous streak 

on the chevrons area; dorsally, it does not bear any particular marking 

and. is coloured pale to middle-brown. 

The abdomen bears a very broad dark band on each side, the rest 

being pale with middle-brown maculations. 

ln the female, (Fig. 90)the lower ovipositor valvulae show dis-

tinct basivalvular sclerites and tooth-like apices; they measure 1.10 

mm. in length; the upper valvulae appear in lateral view (Fig. 91) to 

be bent upward, but not·to the extent as in~. sanguinipes, and have 

acute apices; the upper valvulae are shorter than those of M.femurrubrum 

and ~. sanguinipes. 

ln the male, the lobe of the subgenital plate, in ventral view 

(Fig. 92), appears as long, narrowing toward the apex with a slightly 

convex apical margin; it measures 1.0 mm. in length; in lateral view 

(Fig. 93), the apex is somewhat elevated and shows a very shallow me-

dian depression which is more obvious in the posterior view (Fig. 94); 

the cerci (in side view (Fig. 93» are narrower apically than at the 

middle, with the lower margin convex and the upper margin much more 

concave than in M. sanguinipes. 
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Sixth instar of the six nymphal instar. cycle 

This instar is essentially the same in appearance as the fifth 

instar of the five nymphal instar cycle except for the following 

measurements: pronotum 3.5, hind wing pad 3.62, hind femur 7.87 mm., 

lower valvulae of the female ovipositor 1.22, and the male subgenital 

plate lobe 1.18 mm. in length. 

Chortophaga viridifasciataviridifasciata (De Geer) 

Measurements for ail nymphal instars are listed in Table 9. 

First instar (Figs. 42 and 152) 

The clubbed antenna is composed of 13 segments, maculated with 

dark-brown spots and is flattened dorso-ventrally. 

The head is completely coloured dark-reddish-brown (which is also 

found on the dorsal parts of the thorax and abdomen); the eye is uni-

formly a clear reddish-brown in colour. 

The pronotum, 0.89 mm. in length, is dark reddish-brown without 

any other markings; the mesonotum and metanotum are also completely 

dark-reddish-brown; wing pads are not delimited by a darker spot; wing 

pads measure approximately 0.10 mm. or less; the pleural and sternal 

areas are whitish. 

The metathoracic femur is 2.46 mm. in length; its outer face 

marked by two diffuse middle-brown areas on the center and distal part 

of the chevrons, and with a dark fuscous distal end; above are two 
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dark bands corresponding to the positions of the diffuse marks on the 

outer face, and a series of dark spots on the carina; the inner side 

shows a dark fuscous apical end and two coloured areas corresponding 

to those on the outer-face and on the dorsum. 

The abdomen is coloured dark reddish brown on its dorsum, the 

ventral side being whitish. 

The female shows ventrally (Fig. 95)appendages on the eighth and 

ninth sternites, the lobes of the lower and upper valvulae, respectively; 

the lower valvulae are small lobes, about 0.10 mm. long, seen poste-

rior to the fold of the eighth sternite; the upper valvulae, about 0.21 

mm. long, are lobes on which the distal halves diverge toward the apex 

due to a large incision between them; they cover nearly half the length 

of the paraprocts. In the male (Fig. 96) small lobes, O. Il mm. in,length, 

occur either side of the apical margin of the ninth sternite, covering 

one-third of the length of the paraprocts. 

Second instar (Figs. 43 and 153) 

The antennae have 16 segments, but often only 15 can be seen 

readily; the segments are dorso-ventrally flattened and are grey in 

colour. 

The he ad is pale-grey, with markings of scattered darker grey spots, 

as on the rest of the body; the colour may also be completely dark bei-

ge or brown aIl over the body or, mostly in females, may be completely 

pale green. 

The eye is banded by a white streak from the base of the antenna 

~'-~;t: 
c:,,' --------------______________ _ 

to the anterior part of the pronotum; the darker maculations are more 
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numerous .. in the region below the white streak. 

The pronotum is 1.54 mm. in length and on its upper anterior 

part bears a banding under which is a denser maculated region. The 

wing pads are 0.25 mm. long; point downward, show no venation and are 

coloured grey, as are the nota to which they are attached. 

The metathoracic femur is"3.42 mm. long; its outer face bears no 

marking; the top is marked by two small dark spots inside and outside 

the carina; the inner face is marked with dark bands crossing the che-

vrons, one near the end of the chevrons and the other covering the 

chevrons from the middle to the proximal end. 

ln the female (Fig. 97), the lower valvulae of the ovipositor are 

0.18 mm. long, appearing as lobes with small apical points; the upper 

valvulae are 0.32 mm. long, pointed, and are separated by an acute in-

cision; they cover a bit less than half the length of the paraprocts. 

The male subgenital plate lobes (Fig. 98) have united to form 

a single lobe,O.20 mm. in length, the apical margin of which is medial-

Iy depressed or concave, and which covers about half the length of 

th~ paraprocts. 

Third instar (Figs. 44 and 154) 

The short antenna has 19 segments, but often only 18 can be seen; 

the segments are dorso-ventrally flattened and are very short. 

The head is uniformly coloured grey with slightly darker spots; 

the only other marking is banding from the base of the antenna to the 

anterior part of the pronotum, passing on the eye; the region just 

below the pale banding is densely maculated with dark~rey spots, thus 
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the lower half of the eye is dark-grey and the upper half has a pale 

band" 

The pronotum is 2.71 mm. long; the median carina is elevated and 

the median posterior region is prolonged over the mesonotum; the co· 

lour of the pronotum, as on the whole body, is pale-grey with slightly 

darker scattereJ maculations. 

The wing pads point downward but also with a clear tendency to 

grow backward; they show signs of venation by paral1el longitudinal 

'grooves and ridges; the wing pads measure 0.81 mm. in vertica1 length. 

The metathoracic femur,5.06 mm. in length,is not marked onOits outer 

face but dorsally bears two smal1 dark spots which correspond to two 

bands on the inner face, of which the distal one is narrow and crosses 

the chevrons while the other covers the proximal half of the chevrons 

area. 

ln the female (Fig. 99), the 10wer valvulae of the ovipositor mea-

sure 0.52 mm. in length and have tooth-like sclerotized apices; the 

upper valvulae still coyer about half of the length of the paraprocts. 

ln the male (Fig. 100), the subgenital plate lobe is 0.32 mm. 

in length; its narrow apical margin is concave; the lateral margins 

converging sharply. 

Fourth instar (Figs.45 and 155 

The short, dorso-ventrally, flattened antennae have 21 segments? 

although often only 20 can be counted. 

The head is marked by banding from the base of the antenna to the 

anterior upper part of the pronotum, colouring the eye dark on the low-

er half, white the upper half is maculated middle-grey near the top 
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and very pale Just above the dark-grey. 

The banded pattern of the head Is also found on the anterior part 

. of the pronotum; the pronotum is~.32 mm. long; the median carina is 

crested and the upper medlan region is prolonged posteriorlyover the 

mesonotum and the metanotum; the elongated fore wing pad is concealed 

under the pronotum and the hind wing pad; both wing pads are upturned 

and bear complex venatton;' the hind wing pads are . large triangular 

lobes, 2.47 mm. long, and meet only at tlps. 

The metathoracic leg, 6.98 mm. long, bears markings only·on the 

dorsum and on the Inner face; dorsal1y there are two or three narrow 

dark bands and the Inner face is marked by a band corresponding in 

position with the most distal dorsal band, and also a large dark patch 

covering the chevrons from the proximal end to the second dorsal band. 

ln the female (Fig. lOI), the lower ovipositor valvulae are 0.81 . 
mm. long, and the distal part is narrow and heavily scterotize~i the 

upper valvulae show distinct basivalvular sclerites, have heavily 

sclerotlzed apices, and cover nearly the whole tength of the paraprocts. 

ln the male (FIg. 102). the subgenital plate lobe is 0.73 mm. long 

and is nearly semlcircularly shaped except for.a small, slightly con" 

cave apIcal margln; it covers about four-fifths of the paraprocts. 

Flfth Instar (Flgi. 46 and 156) 

The short dorso-ventrally flattened antennae are composedof 24 

segments, although often only 23 segments can be dlstlngulshed. 

The vertex of the head ls crested; tHe head fs crossed from the base 

of the antenna to the pronotum by a narrow pale band bordered below 
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by a dark reglon; the eye is coloured in the same way, the upper half 

being maculated at the top, pale near the center and darker below. 

The pronotum, 4.93 mm. in·length, has a crested carina, which 

extends posteriorly in an acute lobe, covering the mesonotum and meta-

notum; on the anterior half the pronotum bears a continuation of the 

banding of the head. 

The hind wing pads are làrge, upturned and backward oriented lobes 

which meet along nearly aIl of their length; the pads show definite 

venation with an axillary sclerite region and are middle to dark co-

loured; the length is 4.97 mm. 

The metathoracic femur. 8.15 mm. in length, bears two dark bands 

dorsally and on theinner face; on the inner face the more proximal 

band extends over the whole proximal half of the chevrons area. 

ln the female (Figs. 103 and 104), the lower ovipositor valvulae 

are 1.22 mm. long and show clearly defined basivalvular sclerites and 

have large sclerotized tooth~like apical processes; the upper va~vulae 

are bent upward (Fig. 104) and the lower margins are angulate at the 

apices. 

ln the male (Figs. 105,106 and 107), the subgenital plate lobe is 

0.96 mm. long, canvex aIl around its margins and has no notch, groove 

or concave curve on the ~pical margin in posterior view (Fig. 107); 

in lateral vi~w (Fig: 1060, the ~pic~1 :portion is bent away 

and the apical margin lies anterior to the most posterior point of 

the lobe. 
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.Sixth instar (Fig. 47) 

The short antennae are composed of 24 dorso-ventrally flattened 

segments. 

The headis banded from the base of the antenna to the pronotum 

by adjacent white bands above, and a dark region below; the eye is 

similarly coloured, the upper half being crossed by the pale band and 

the lower half is dark; the head has a high crested vertex. 

The pronotum is 5.93 mm. long and its posterior lobe is prolonged 

over the mesonotum and the metanotum; the median carina is crested and 

slightly cut by a sulcus; the hind wing pads, 5.82 mm. long, are large 

triangular veined lobes which meet for nearlytheir entire length. 

The metathoracic femur bears small dark marks dorsallywhich cor-

respond in position with large dark bands on the inner face; the proxi-

mal band covers the proximal half of the chevrons area. 

The lower ovipositor valvulae of females are 1.53 mm. long (Fig. 

·108); both lower and upper valvulae being like those of the fifth instar 

except for the increase in size. 
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Encoptolophus sordldus sordldus (Burmelster) 

Measurements 'for aIl Instars are siven ln Table 10. 

First instar (Figs. 48 and 157) 

The clubbed antennae are composed of 13 segments, which are co­

loured pale-brown. 

The head is coloured middle-brown laterallybut becomes dark 

fuscous dorsally; the eye is mlddle-brown without markings. 

The pronotum, 0.82 mm. in length, is dark fuscous dorsally becoming 

gradually yel10wish middle-brown laterally; the mesonotum and metanotum 

are sim.ilarly coloured; the wing pads are short brown lobes, 0.10 mm. 

in length, attached to the ventral marglns of the nota; the pleural 

areas and the prothoraclc and mesothoracic legs are white. 

The metathoracic leg is 2.31 mm. long; the outer face is marked 

with two diffuse Iight-brown spots on the chevrons; apically it is 

spotted dark brown and fuscous; there are several small dark spots 

on the dorsal carina, two of which are enlarged and cover the inside 

and outslde face of the carina; the inner face is marked by three large 

dark-brown bands and the 'apical end is also dark. 

The abdomen is dark fuscous above and gradually becomes yellowish­

mlddle-brown laterally; both the thorax and the abdomen are whitish 

ventrally. 

ln the female (Fig. 109), the lower ovlpositor valvulae appear 

as short lobes, 0.07 mm. in length, posterior to a fold in the eighth 

sternite; the upper valvulae are lobes of the ninth sternite, 0.13 mm. 
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in length, and are separated by a semicircular inflexion; they cover 

about one third of the paraprocts. 

ln the male (Fig. 110), the ninth sternite bears two short rounded 

lobes separated by a V-shaped inflexion; the lobes measure 0410 mm. 

and cover less than one third of the paraproct. 

Second instar (Figs. 49 and 158) 

The short antenna is composed of only 14 visible segments. 

The he ad is covered by dark grey or blackish maculations over a 

pale grey background; the eye is grey and crossed by the pale band 

extending from the base of the antenna to the pronotum; posterior to 

the eye, dark regions border the pale band above and below. 

The pronotum, 1.25 mm. in length, is marked with grey maculations 

and a pale band extends from the anterior margin, a continuation of that 

of the head, to the middle of the carina and then downward toward the 

posterior margine As seen from above (Fig. 172), this pale marking 

is X-shaped; the rest is grey. 

The mesonotum and metanotum are coloured grey and each bears a 

dark spot on the median carina; the wing pads are short lobes, 0.22 

mm. long, and show no signs of venation. 

The metathoracic femur is 3.16 mm. long and the outer face is 

marked by two pale bands on the whitish chevrons and darker markings 

at the distal end; dorsally, there are three or four small dark bands 

mainly toward the apex; the inner face bears no particular markings. 

The abdomen is grey with a dark spot on the dorsal median carina 
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of each segment. 

ln the female (Fig. lIT), the lower ovipositorvalvulae are short 

lobes, 0.12 mm. in.length; the upper valvulae are pointed lobes, 0.22 

mm. in length, separated by an acute inflexion, and covering'less than 

one-third of the paraprocts. 

ln the male (Fig. 112), the two lobes of the subgenital plate of 

the first instar are united into one large lobe with a concave apical 

margin; it measures 0.21 mm. and.covers about half of the length of 

the paraprocts. 

Third instar (Figs. 50 and. 159) 

The antennae are short, dorso-ventrally flattene~and are composed 

of 19 segments, although often only 18 segments are distinguishable. 

The head is grey. maculated with dark spots on the lower part and 

banded latera.lly with a white band on the upper part, passing through 

the eye, so that the upper part of the head and the eye appear paler. 

The pronotum Is 2.22 mm. long and shows the pale X dorsally; apart 

from this marking the entire pronotum is maculated with grey spots. 

The mesonotum and metanotum are grey, with dark spots on their 

median carinae, and bear the wing pads which point downward and back-

ward; some venation is indicated: the wing pads are 0.60 mm. in length. 

The metathoracic femur is 4.71 mm. long and is diffusely marked 

on the outer face by three dark bands the dorsum is marked by numerous 

dark spots, but three of these corresponding to those of the outer and 

inner faces, are larger; the inner face is banded in three places and 

at the apex. 
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The abdomen is grey; and each segment bears a dark spot on the 

median carina. 

ln the female (Fig. 113), the lower valvulae of the ovipositor 

are trlangular lobes, 0.26 mm. long, and the upper valvulàe are elon­

gated lobes, 0.36 mm. long, covering about haH of the p·araprocts. 

ln the male, (Fig. 114), the lobe of the subgenital plate is 

0.38 mm. long and the converging sides 'ead to a narrow transverse 

apical margin. 

Fourth instar (Figs. 51 and 160) 

The antenna is composed of 21 segments, dorso-ventrally flattened, 

and grey in colour. 

The head is pale above, becoming darker below a band extending 

from the base of the antenna to the pronotum·passing by the eye. 

The pro~otum is 3.14 mm. long and bears the white X dorsally; the 

rest is maculated grey. 

The hind wing pads are 1.89 mm •. long, upturned, bear elaborate 

venation and an axil1ary sclerite" reglon; they·meet only at tip; the 

fore wing pad is also an elongated veined' lobe, upturned and pointing 

backwards, but it l's concealed under the pronotum and the hind '1ling 

pad. 

The metathoracic femur is marked by two or three dark bands on 

aIl sides, darker on the rnne~ side; ~n the proximal half of the che-

vrons area which are completely dark; the femur measures 6.08 mm. in 

Jength. 

The abdomen is covered by grey maculations and the median carina 
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of each segment bears a dark spot. 

ln the female (Fig. 115), the 10wer ovipositor valvulae have 

highly sclerotized apices~ they measure 0.80 mm. in lengthj the upper 

valvulae are elongated structures with bluntly rounded apices and 

nearly cover theparaprocts. 

ln the male (Fig. 116), the subgenit~l plate-lobe is 0.66 mm. 

long, and its converging 1ateral margins are united by a convex apical 

margin; it almost comp1ete1y covers the paraproct. 

Fifth instar (Figs. 52 and 161) 

The grey antennae are composed of 24 segments. 

The head is banded from the base of the antenna to the pronotum 

by a pale band delimiting a dark coloured region just below; the rest 

is maculated with middle to dark-grey spots. 

The pronotum, 3.72 mm. in length, is marked dorsal1y by the X­

shaped pale bands; the remainder is grey, becoming darker grey tate­

rally; the median carina is crested and is cut by a sutcus. 

The hind wing pads are long triangular lobes, upturned, veined, 

meeting for nearly their entire tength, grey in colour, and 3.93 

mm. in length. 

The metathoracic femur is marked by two or three dark bands on 

aIl aspects; the bands are darker dorsally and on the inner face, where 

the proximal half of the chevrons face is entirely dark; the length 

is 7.33 mm. 

The abdomen is grey, with each segment bearing a dark spot on the 

median carina. 
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ln the female (Fig. 117) the lower ovipositor valvulae are 1.32 

mm. long and show distinct basivalvular sclerites; each bears a large 

flat tooth-like sclerotized process at the apex; the upper valvulae 

are much longer than the paraprocts and, in lateral view (Fig. 118), 

are bent upward and have pointed apices; the 10wer margins of the 

upper valvulae are bent in a circu!ar way,and show no angle near the 

apex of the 10wer valvulae. 

ln the male, (Fig. 119), the subgenital plate lobe is 0.89 mm. 

in length, longer than the paraprocts; in lateral and posterior views 

(Figs. 120 and 121) appears as an emarginate spoon; in which the apical 

margin presents no points, depressions or processes; the cerci (Fig. 

120) are long tapering structures, with the upper margin bending down-

ward near the tip to converge more steeply toward the nearly straight 

lower margine 

Sixth instar 

The description of the fifth instar applies in every detail 

except for the size of structures as follows: pronotum 4.56, hind 

wing pad 4.72, hind femur 8.78, lower ovipositor valvulae of females 

1.53, and the male subgenital plate 1.16 mm., in· length. 
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THE ADULTS 

As the subject of this work is on the immature stages the adults 

have net been closely studied. However, 50 as to havé the series cf each 

species complete and to provide a supplementary basis for the comparison 

of the studied species, colour photographs of the fèmale and the male of 

each·species are included ,as follows: 

M. f. femurrubrum - Female Fig. 162 

Il Il .. M~le Fig • 163 

M. s. sanguinie~s .. Female Fig. 164 

1\ Il .. Male Fig • 165 

M. b. borealis ... Fema1e Fig. 166 -
Il Il - MaTe Fig. 167 

Ch. v. viridifasciata- Female Fig. 168 

1\ Il - Male Fig. 169 

E. s. sordidus Female Fig •. 170 

Il Il Male Fi g. 171 

Il Il Il 

1\ Il Dorsal Vi-ew. of Pronotum Fig. 172 

Descriptions of adults of these species, have bcen given by 

Blatchley (1920), Brooks (1958) and Vickery (1961). 



-81-

REFERENCES 

Blatchley, W.S. 1920. Orthoptera of Northeastern America. Nature Publish­

ing Co., Indianapol is, Ind. U.S.A., pp. 1-784, 246 figures. 

Brooks, A.R. 1958. Acridoidea of Southern Alberta. Saskatchewan, and 

Manitoba (Orthoptera). Cano Ent •.. Supp. 9, pp. 1-92. 

Criddle, N. 1918. The egg-laying habits of some of the Acrididaè(Orthoptera). 

Cano Ent. 50:145-151. 

_____ 1924. Notes on the Early Stages. of Grasshoppers. Cano Ent. 

56:49-53. 

1926. Studies on the Immature Stages of Manitoban Orthoptera. 

Trans. R. Soc. Canada (5), 20:505-525, 3 plates. 

___________ 1933. Studies on the biology of North American Acridid~e, 

development and habits. Proc. World Grain Exhib. Conf., Ottawa, 

Canada, pp. 474-494. 

Dirsh, V.M. 1950. A practical table for the determinat.ion of sexes of 

nymphs of Locusta migratoria ~gratorioides (R. and F.) 

(Orthoptera:Acrididae). Proc. R. ente Soc. Lond. (B)l.2.:136-

138. 



1 

Handford, R.H. 1946. The Identification of Nymphsof the Genus Melanoplus 

of Manltoba and adjacent areas. Sei. Agr. 26:147-180, 12 

.plates. 

Herrick, G.W. and Hadley, C.H., Jr. 1916. Thè Lesser Migratory Locust. 

Corne 1 1 Univ. agr. Exp. Sta. Bull. 378:1-45. 

Howard, L.O. 1894. Damage by. the American. J(j)cust. Insect Life. l=220-229. 

Joly, D. 1958. Les Corrélations Humorales chez les Acridiens. Ann. Biol. 

34:97-118, 15 figures. 

Morse, A.P. 1921. Orthoptera of Maine. Grasshoppers and related. instects. 

Maine agr. Exp. 5ta. Bull •. 296:J·36. 

Onsager, J.A. and Mulkern. G.B. 1963. Indentification of Eggs and Egg-Pods 

of North Dakota Grasshoppers. (Orthoptera:Acrididae). N. Oak. 

agr. Exp. 5ta. tech. Bull.·446:t·48, 7 plates. 

Parker, J.R. 1930. Some·effects of temperature and moisture upon Melanop1us 

mexicanus mexicanus Saussu~e and Camnula pel1ucida ,Scudder 

(Orthoptera). Univ. of Montana agr. Exp. Sta. Bull. 223:1-132. 

------ 1957. Grasshoppers, a new look at an ancient enemy. U.S. 

Dept. Agr.,. Farm. BulT. ~:1-40. 



Richards, O.W. and Waloff, N. 1954. Studies on'the biology and. population 

dynamicsof British grasshoppers. Anti-Locust Bull. 1l:1-182. 

Riley, C.V. 1877. On the material historyof the Rocky Mountain Locust, 

and.on the habits of the young or unfledged insects as·they 

occur in the more fertile country in which'wi11 hatch the pre-

sent year. U.S. ente Comm. Bull. 2.:1-14. 

Roonwal1, M.L. 1946. Studies in intraspecific variation. Il: New rules 

governing the correlationbetween normal and extra-mou1ting 

and directional reversa1 of the elytron-wing comp1ex.in·the 

de sert locust andother Acrididae (Ilrthoptera) I"dian J~ Ent. 

2:77-84. 

________________ 1952. Variation andpost-embryonic growth in the number 

of antennat segments in the Phadka grasshopper, (Hieroglyphus 

migrorepletus Bolivar), with remarks on the desert locust and 

other Acrididae (Insecta:Orthoptera) Proc. Nat. Inst. Sei. 

India, ~:217-232, 2 figures. 

_____________ 1954. Size, Sculpturing, Weight and Moisture content of 
c 

the developing eggs of the desert locust, ~istocercagregaria 

(Forska) (Orthoptera, Acrididae). Proc. Nat. Inst. Sei. India 

20:361-370, 2 plates, 2 figures. 



Shotwell, R.L. 1930. A study of the Lesser Migratory Grasshopper. U.S: , 

Dept. Agric. tech. Bull. 190:1-34, 13 figures. 

,1941. Life histories and habits of some grasshoppers of 

economic importance on the Great Plains. U.S Dept. Agric. tech. 

Bull. 774:1-47, 10 plates, 12 figures. 

Snodgrass, R.E. 1935. Principles of Insect Morphology. McGraw-Hi,11 Beok 

Co., New York and London, pp. 1-367. 

Tuck, J.B. and Smith, R.C. 1939. Identification of the Eggs of Mid-Western 

Grasshoppers by the Chorionic' Sculpturing. Kansas agr. Exp. 

Sta. tech. Bull. 48:1-39, 10 plates. 

Uvarov, B.P. 1928. Locusts and Grasshoppers. A Handbookfor their Study 

and Control. Imperial Bureau of Entom., London, pp. 1-~52, 9 

plates. 

1966. Grasshoppers and Locusts. A Handbook'of General Aerl-

dology. Vol. l, Cambridge University Press, Cambridge, pp. 1-

481. 

Viekery, V.R. 1961. The Orthoptera of Nova Seotia. Proe. N.S. Inst. 

Sei. 25:1-70, 45 figures, 24 maps. 



Waloff, N. 1950. The Egg Pods of British short-horned Grasshoppers 

(Acrididae). Proc. R. ent. Soc. Lond. (A) 25.:115-126, 10 figu-

res. 

White, R.M. 1926. The external anatomyof Camnula pellucida (Scudd.) 

in its various stages. Unpublished M.Sc. thesis, McGill Uni-

versity, pp. 1-25, 124 figures. 



NOTE REüARDING TABLES 1-10, FIGURES 173-177. 

It should be noted that, in Tables 1 to 3, 6 to 8, and in Figs. 173 

to 175, the data for the five and the six nymphal instar cycles were taken 

from the same group of specimens in each of the first three instars, since 

it was impossible to tell before the fourth instar whether a~ particular 

nymph would undergo a five nymphal instar cycle or a six nymphal instar 

cycle. 

In TabJ.es 5, 6, 9 and 10 and in Figs. 176 and 177, the data for the 

five and the six nymphal instar cycles were taken from the same group of 

specimens in each of the first five instars, since it was impossible to tell 

if a~ particular nymph would undergo a five nymphal instar cycle or a six 

nymphal instar cycle. 

In all cases, the nymphs were killed in order to take the necessar,y 

data, so no further progress of these specimens could be studied. 



TABLE 1 

Mean duration of instars in days and nymphal life duration, in the five and 

. the six Instar cycles in !:i. f. f~murrubrum. 

Instars: 11· nI IV··· V VI Total nymphal 
life duration 

Five instar 
cycle: 8.2 7.6 7.9 9. 1 8.7 41.5 days 

Six instar 
cycle 8.2 7.6 7.9 7. 1 6.8 6.5 44.1 days 

TABLE 2 

Mean duration of instars in days and nymphal lifé duration, in the five and 

the six instar cycles in !1.:. l' sanguinipès. 

Five instar 
cycle 

Six instar 
cycle :: 

8.6 

8.6 7.3 

8. 1 8.2 

8. 1 7.8 

TASLE 3 

7.5 39.7 days 

7.1 45.8 days 

Mean duration of instars ln days and nymphal llfe duratlon, in the five2and 

the six instar cycles in M. b. borealis. 

Five instar 
cycle 

Six instar 
cycle 7.0 

8.5 9. 1 

8.5 9. 1 

8.2 7.8 40.6 days 

6.8 7.5 46.8 days 



TABLE 4 

Mean duration of instars in days and.nymphal lifeduration, in the five and 

the six instar cycles in Cb. v. viridifasciata. 

Instars: 

Five instar 
cycle 

Six instar 
cycle 

9.6 

9.6 

11 

8.4 

8.4 

111 

11-20 

11-20 

TABLE 5 

IV V VI Total nymphal 
1 Ife duration 

15-35 20-1 64.2 ta 1 days 

15-35 20-48 18-1 .82.2 to 1 days 

Mean duration of instars in days and nymphal life duration, in·the five and 

the six instar cycles in E. s. sordidus. 

Five instar 
cycle 8.8 7.4 9. 1 8·7 9.3 43.3 days 

Six instar 
cycle 8.8 7.4 9.1 8·7 9.3 7.7 51.0 days 



TABLE 6 

Measurements of structuresofl;1.!. femurrubrum nymphs. (n"./O) 

Instars 
Structure NO. of 

Instars Il 111 IV V VI 
. fn cycle 

Number of 
antennal 5 13 16 . 19 ~1 24' 

segments 6 13 16 19 20 22 24 

length of: 

Pronotum 5 Mean 0.75 1 • Il 1.69 2.68 3.59 
St.D. 0.06 O., 0 1 0.21 0.23 0.2S 

6 Mean 0.75 . 1. Il 1.69 1.92 2.96 3.81 
St.D. 0.06 0.10 0.21 0.24 0.26 0.31 

Hind wfng pad 5 Mean 0.10 0.20 0.43 1.61 3.73 
St.D •. 0.01 0.02 0.05 0.10 0.30 

6 Mean 0.10 0.20 0.43 0·71 1.74 4.11 
St.D. 0.01 0.02 0.05 0.06 0.19 0·30 

Metathoracfc S Mean 2.26 3.02 4.36 6.18 7.97 
femur St.D. 0.40 0.26 ·0.35 0.26 0.59 

6 Mean 2.2~ 3.02 4.36 5.06 7.00 8.71 
St. D. 0.40 0.26 0.35 0.43 0.68 0.52 

~ I.ower . 
Valvulae S Mein •. ·0.08 0.31 0.40 0.72 1.00 

6 Mean "0.08 0.31 0.40 0.61 1.00 1. 16 

S Upper 
Mean 0.14 0.45 Valvulae S 

6 Mein 0.14 0.45 

a Subgen' ta 1 
plate lobe 5 Mean 0.10 0.32 0.42 0.60 1.20 

6 Mean 0.10 0.32 0.42 0·57 0.80 1.27 

~ ~:~~r~; 
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,/ TABLE 7 

Measurements of structure of M. s. sanguinipes nymphs. C h= /0) 

Instars; 
Structure NO. of 

instars 11 111 lV V Vl 
. in c~cle 

Number of 
5 13 °alÎtennal 16 19 21 24 

segments 6 13 . 16 19 20 21 24 

Length of: 

Pronotum 5 Mean 0.67 1.04 1.64 2.58 3.4~ ...::.,.-_. 
St.D. 0.03 0.17 0.08. 0.18 0.28 ----:;.~ 

6 Méan 0.67 1.04 1.64 1.95 2.92 3.82 
St.D. 0.03 0.17 0.08 0.11 0.20 0.29 

Hind wing pad 5 Mean 0.10 0.30 0.45 1.68 4.15 
St.D. 0.01 0.02 0.04 0.15 0.48 

6 Mean 0.10 0·30 0.45 0.80 1.86 4.76 
St.D. 0.01 0.02 0.04 0.07 0.16 0.49 

Metathoracic 5 Mean 2.14 3.13 4.33 6.24 7.82 
femur St.D. 0.06 0.17 0.23 0.50 0.57 

6 Mean 2.14 3.13 4.33 5.40 6.82 8.58 
St. D. 0.06 0.17 0.23 0.44 0.61 0.69 

~ Lower 
Valvulae 5 Mean 0.08 0.21 0.40 0.70 1.23 

6 Mean 0.08 0.21 0.40 0.61 1.05 1·35 

~ Upper 
Valvulae 5 Mean 0.18 0·32 

6 Mean 0.18 0·32 

t1S ubgen i ta 1 
plate lobe 5 Mean 0.08 0.25 0.53 1.00 1.41 

6 Mean 0.08 0.25 0.53 0.85 1.21 1.52 

@ 



TABLE 8 

!1easurements of structure of ~.~. boreaJis nymphs. l1">~/o) 

Instars 
Structure ND. of 

instars 11 - 111 IV V VI 
-inc~cle 

Number of 
5 13 16 19 21 24 antennal 

segments 6 . 13 - 16 . 19 20 - 21 24 

Length·of: 

Pronotum 5 Mean 0.78 1 • 17 1.68 2.38 3 •. 11 
St.D. 0.10 0.05 o. 13 0.22 0.25 

6 Mean 0.78 -l.17 1.68 2.21 2.60 3·51 
St.D. 0.10 0.~5 0.1.3 0.06 0.18 0.29 

Hind wing pad 5 Mean 0.10 0.25 0.40 1.39 3.28 
St.D. 0.01 0.02 0.03 0.12 0.19 

6 Mean 0.10 0.25 0.40 0.62 1.55 3.62 
St.D. 0.01 0.02 0.03 0.05 0.14 0.22 

Metathoracic 5 Mean 2.24 3.16 4.34 5 1.1. ."T"T 7.26 
femur St.D. 0.19 0.11 0.20 -0.46 0.41 

6 Mean 2.24 3.16 4.34 5.10 5.94 7.84 
St.D. 0.l9 O. 11 0.20 0.09 0.1.2 0.49 

V Lower 
Valvulae 5 Mean 0.10 0.20 0.41 0·71 1.10 

6 Mean 0.10 0.20 0.41 0.56 0.89 1.22 

~ Upper 
Valvulae 5 Mean 0.18 0·31 

6 Mean 0.18 0.31 

d'Subgenital 
plate lobe 5 Mean 0.10 0.32 0.41 0.59 1.00 

6 Mean 0.10 0.32 o .J..l . 0.51 0.85 1. 18 

~~.r~~~. ~ '.:J.'~-
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TABLE 9 

Measurements of structure of Ch. ,Y.. viridifasciata nymphs. (h e / O ) 

Instars 
Structure Na. of 

instars 11 111 IV' V VI 
inc~cle 

Number of 
5 13 . 16 19 21 24 ahtennal 

segments 6 13 16 19 21 24 24 

Length of: 

Pronotum 5 Mean 0.89 1.54 2.71 4.32 4.93 
St.D. 0.10 0.15 0.21 0.28 0.35 

6 Mean 0.89 1.54 2.71 4.32 4.93 - 5;·.93 
St.D. 0.10 0.15 0.21 0.28 0.35 0.19 

Hind wing pad 5 Mean 0.10 0.25 0.81 2.47 4.97 
St.D. 0.01 0.02 0.05 0.17 0·37 

6 Mean 0.10 0.25 0.81 .2.47 4.97 5.82 
St.D. 0.01 0.02 0.05 0.17 0·37 0.16 

Metathoracic 5 Mean, 2.46 3.42 5.06 6.98 8.15 
femur St.D 0.20 0.18 0.32 0.28 0.58 

6 Mean 2.46 3.42 5.06 6.98 8.15 9.18 
St.D. 0.20 0.18 0·32 0.28 0.58 0.38 

!? Lower 
Valvulae 5 Mean 0.10 0.18 0.52 0.81 1.22 

6 Mean O. la 0.18 0·52 0.81 1.22 1.53 

~ Upper 
Valvulae 5 Mean 0.21 0.32 

6 Mean 0.21 0.32 

c?Subgen ital 
plate lobe 5 Mean o. 11 0.20 0·32 0.73 0~96 

6 Mean 0.11 0.20 0·32 0.73 0.96 

~ ~ ~f:'~;t;··~ 



TABLE la 

Measurements of structure of ~. s. sordidus nymphs. (hr: ID ') 

Instars 
Structure Na. of 

instars 11 111 IV V Vl 
. i n c·~c le 

Number of 
antennal 5 13 14 18 21 24 --
segments 6 13 14 18 21 24 24 

Length of: 

Pronotum 5 Mean 0.82 1.25 2.22 3.14 3.72 
St.D. 0.08 0.08 . 0.20 0.22 0.33 

6 Mean 0.82 1.25 2 .. 22 3.14 3.72 4.56 
St.D. 0.08 0.08 0.20 0.22 0·33 0.32 

.... ,; 
Hind wing pad 5 Mean O. la 0.22 0.60 1.89 3.93 

St. D. 0.01 0.02 0.04 0.17 0.27 

6 Mean 0.10 0.22 0.60 1.89 3·93 4.72 
St.D. 0.01 0.02 0.04 0.17 0.27 0.36 

Metathoracic 
femur 5 Mean 2.31 3.16 4.71 6.08 7.33 

St.D. 0.13 0.18 0.37 0.49 0·31 

6 Mean 2.31 3.16 4.71 6.08 7·33 8.78 
St.D. 0.13 0.18 0.37 0.49 0.31 0.73 

~ Lower 
Valvulae 5 Mean 0.07 0.12 0.26 0.80 1. 32 

6 Mean 0.07 0.12 0.26 .0.80 1. 32 1.53 

~ Upper 
Valvulae 5 Mean 0.13 0.22 

6 Mean 0.13 0.22 

Ji Su!>ge~!tal 
plate lobe 5 Mean 0.10 0.21 0·38 0.66 0.89 

6 Mean 0.10 0.21 0.38 0.66 0.89 1. 16 

~ " ... ';,;,~ 
~,,;,;:. ' 



Fig. 1 - Measurement of pronotum length (P.L.) 

Fig. 2.- Measurement of hind wing pad length (h.w.p.l.) 

in the instars where the wing.pads point downward. 

Fig. 3 - Measurement of hind wing pad length (h.w.p.l.) 

where the wing pads point upward. 

Fig. 4 - Measurement of metathoracic femur length (M.F.L.) 



Fig. 1 Fig. 2 

rE--- M. 1=. L. --~ 

Fig. 3 Fig. 4 . 



Fig. 5 - Measurement of the length of the lower valvulae (L.V.L.) 

and of the upper valvulae (U.V.L.) in the first two 

instars. 

Fig. 6 - Measurement of the lower valvulae (L.V.L.). 

U.V.: upper valvula 

P. paraproct 

Fig. 7 - Measurement of the subgenital plate lobe (S.G.P.L.L.) 

in the first instar. 

Fig. 8 - Measurement of the subgenital plate lobe length (S.G.P.P.L.) 

in all instars except the first. 



Fi g. 5 Fig. 6 

Fig. 7 Fig. 8 



Fig. 9 - Schematic drawing of egg pod, longitudinal section. 

Fig. 10 - Egg pods oi~. b. borealis. (Scale = 1 cm.) 
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Fig. 11 - Drawing ef a grasshepper egg. 

Fig. 14 - M. b. borea1 is egg. (.10)(.) 
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.Ftg •. IS - ·Scu.lpturtng of 11 • .2,. boreal ts eg.g. (J ~ () X) 

FI.g, 16 - Cap reglon.of .t! • .2,', boreal ts egg .. (~S'.x) 
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Fig. 17. -!!. 1 .. femurrubrum egg. (~oJ{) 

.Fig. 18 - Sculpturing 0f M. f. femurrubrum egg. ( I~OX.) 
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Fig. 19 - Cap region of!. 1. femurrubrum·egg. ( 4~X) 

Fig. 20 - M. s. sanguinipes egg. (~Ox.) 





Fig. 21, - Scu,lpturlng of !i. 1. sangulntp'es egg. (IQO}l.J 

Fig. 22 - Cep reslon of !il 1. sangulnlpes egg. ( 'iO').) 
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Fig. 23 ~!. !.. sanguinipes e99· ('3 0 X) 
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Fig. 24,-~~ 1. f~murrubrumt first instar. 

Scale: 1 mm. (same for figures 24 to 52 incl.) 

Fig. 25 - M. f. femurrubrum, second Instar. - -
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Fi9. 26 - M. f. femurrubrum, third instar. 
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fig. 27 ~ H. 1. femurrubrum, fourth instar. of five instar 

cycle. 
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FIg. 28 - !.1. femurrubrum; fifth instar ef six. Instar 

cycle. 
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Fig .. , Zg· .. M •. ·· ,f. - - femurrubrùm, .flfth 1 nstaref fi ve. Il'Istar 

eycle. 





fig. 30 - .ri. s. - sangu in i pes, fi rst .. j nstar. 
Il 

fig. 31 - .ri. s. sanguinlpes, second instar. 
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Fig. 32. - !1 . .!.sansujnlpes, third· instar. 
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Fig. 33 -~. !. sangulnlpes, fourth· instar of slx,lnstar 

cycle. 





Fig. 34 - ~. ~. sanguinipes, fourth instar af five instar 

cycle. 
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Fig. 35- M. s. sanguinipes, fifth instar of five instar 

cycle. 
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. Flg. 36: -.!! • .!_ berea.l is, first .instar. 

Fig. 37 - !!.a.borealls, second. Instar. 
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Fig. 38 - H. ~. borealls, third instar. 
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Fig. 39 -!. k. barealis, faurth instar of six instar 

cycle. 





FIg. 40 - !. ~. borealls, fourth. Instar of flve instar 

cycle. 
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Fig. 41 - !i:. E,. boreal is, fifth instar of five instar 

cycle. 
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Fig. 42 -.9l. v. viridifasciata, first instar. 

Fig. 43- Ch. v. viridlfasciata, second instar. 
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Fig. 44. - 9l. ~. vlrldlfasclata, thlrdlnstar. 
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Fig. 45 - Ch. v. viridifasciata, fourth instar. 





Fig. 46 - Ch. v. viridifasciata, fifth. instar. 





Fig. 47 - Ch. v. viridifasciata,·~ixth instar. 
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Fig. 48 - E. ~. sordidus, first instar 

Fig. 49 - E. s. sordidus, second. instar. 





Fig. 50 - E. s. sordidus, third instar. 





Fig. 51 - E. s. serdidus, fourth. instar. 
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Fig. 52 - E. ~. sardidus, fifth instar. 





.Fig. 53: - Ventral view·ef female genital appendages, first 

instar nymph of M. f. femurrubrum. 

Fig. 54.- Ventral view of male genital appendages, first 

instar nymph of~~ i. femurrubrum. 

Scale:l· mm., S;:lme for Figs. 53 to. 121. Incl. 

.Fig. 55·- Ventral view of female genital appendages, second 

instar nymph of M. f. femurrubrum. 

Fig. 56 - Ventral view of male genltal appendages, second 

instar nymph of M. f. femurrubrum. 





.Flg. 57 - Ventrèl vlewef female genltal appendages, third 

Instar ef tl· i. femurrubrum. 

Fig. 58 - Ventral view of male genltal appendages, third 

instar of M. f. femurrubrum. 





Fig. 59 - .ven~ral view of female genital appendages, fourth 

instar of five instar cycle of.!:!. f.. femurrubrum. 





.Fi·go 60 - Ventral view of male genital appendages, fourth 

instar of five instar cycle of Mo fo femurrubrum. 





Fig. 61 - Ventral' view of female genital appendages, fifth 

ef six instar cycle of M. f. femurrubrum. 





Fig. 62 - Ventral view of ma1e genftal appendages, fifth 

. instar of 5 ix··instar cyc le of !:!. i. femurrubrum. 
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Fig. 63 - Ventral view.of female genital appendages, fifth 

insta~ of five instar cycle of M. f. femurrubrum. 
. - - .....,.. ---------





Fig. 64 - Lateral view of femalegenital appendages, fifth 

insta~ of five instar cycle of M. f. femurrubrum. 





Fig. 65 -Ventral view ef male genital appendages, fifth 

instar ef five instar .cycle ef M. f. femurrubrum. - -
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Fig. 66 .• · Latera' y'" of male '9~nlt.1 appendages, flfth 

Inlter ot fi". Instar cycf~' of.K. f. femurrubrum. 
. . .... -

FIg. 67 • Posterlor vlew of male subgenltal plate, flfth , 
1 nstar of f Ive Il'Istar e'le le': of !j. !. femurrubr.um. 
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Fig. 69'- Vëntral view ef female genital appendages, first 

instar ef ~. ~. sanguinipes. 

Fig. 70 - Ventral view ef male genital appendages, first 

instar ef M. s. sanguinJpes. 

fig. 71 - Ventral view ef female genital appendages, secend 

instar of ~ •. ~. sanguinipes. 

Flg. 72 - Ventral view of male genital appendages, second 

instar of ~. ~. sanguinipei. 
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Fig. 73 - Ventral view of female genital appendages, third 

insta.r of' H. !. sanguinipes. 

Fig. 74 - Ventral view of male genital appendages, third 

instar of' H. 1. sanguinipes. 
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.Fig. 75 - ·Ventral viewof female genital appendages, feurth 

instar of five instar cycle of M • .!. sanguinipes. 

Fig. 76 - Ventral view of male genital appendages, foul"th 

instar of five instar cycle of M. s. sanguinipes. 





Fig. 77 - Ventral view of female genital appendages, fifth 

instar of five' instar cycle of ~. ~. sanguinipes., 

Fig. 78 - Lateral view of female gernital appendages, fifth 

instar 0f five instar cycle of ~. ~. sanguinipes. 
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Fig. 79- Ventral view et. male genital appendages, fifth 

instar of five instar cycle of ~. ~.sang~inipes. 





Fi.g. 80· - Lateral view ef. male gerlÏtal appendages, fifth 

insta~ ef five' instar cycle of !. ~. sanguinipes. 

fig. 81. - Posterior view ef male subgenital. plate, fifth 

instar of five instar cycle of !~ ~. SanguiRipes. 
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Fi.g. 82.- V~ntral view of female genital appendages, first 

instar of M. b. borealis. 

Fig. 83, - Ventral view of male genital appendages, first 

instar of M. b. borealis. 

Fig. 84 -·Ventral view of female genital appendages, second 

instar of M. b. borealis. 

Fig. 85 - Ventral view of male genital appendages, second 

instar of M. b. borealis. 





Fig. 86 - Ventral view of female genital appendages, third 

instar of M. b. borealis. 

Fig. 87 - Ventral view of male genital appendages, third 

instar of M. b. borealis. 



" . 



.Fig. 88 - Ventral view.ef female genital appendages, feurth 

instar ef five 'instar cycle ef M. b. berealis . 

.. 
. Fig. 89 - Ventral viewof male genital appendages, feurth 

instar ef five instar cycle of~. ~._borealis. 
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Fig. 90 - Ventral view of female genital appendages, fifth 

instar of fiv~: instar cycle of M. b. borealis. 

Fig. 91 - Lateral view of female genital appendages, fifth' 

instar of five instar cycle' of M. b. borealis. 





Fig. 92 - Ventral view of female genital appendages, fifth 

instar of five instar cycle of M. b. borealis. 
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Fig. 93 - Lateral view of male genital appendages, fifth 

instar of five instar cycle of !! . .2,. borealis. 

Fig. 94.- Posterior view of malesubgenital plate, fifth 

instar of five instar cycle of M. b. borealis. 





Fig. 95· - Ventral view of female genital appendages, first 

insta~ of Ch. v. viridifasciata. 

Fig. 96- Ventral view of male genital appendages, first 

instar offh. v. viridifasciata. 

Fig. 97 - Ventral view of female genital appendages, second 

instar of B!..~. viridifasciata. 

Fig. 98 - Ventral view of male genital appendages, second 

instar. of Ch. v. viridifasciata. - .-
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Fi.g. 99· - Ventral. view of female genital appendages, third 

instar of Ch. v. viridifasciata. - -

Fig. 100 - Ventral view of male genital appendages, third 

instar of Ch. v. viridifasciata. 





Fig. 101,- Ventral view ef female genital appendages, 

feurth !Mstar of Ch. v. viridifasicata. 
~.-

Fig. 102 - Ventral view ef male genital appendages, 

feurth instar of Ch. v. viridifasciata. - -





Fi·g.103 -·Ventral view of female genital appendages, 

fifth instar of .9!. v. viridifasciata. 

Fig. 104.- Lateral view of female genital appendages, 

fifth instar of Ch. v. viridifasciata. 
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Fig. 105 - Ventral view 0f male genital appendages, 

fifth instar 0f fh. y .. viridifasciata • 

. Fig.106 - . Lateral view of male genitèl appendages, 

fifth instar of Ch. v. viridifasciata. - -

Fig. 107 - Posterior view of male subgenital.plate, 

fifth instar 0f fh. y. viridifasciata. 





Fig. 108 - Ventral view ef female genital appendages, 

sixth il'lstar ef Ch. ~. viridifasciata. 
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Fig.l09·- . Ventral V"iewef female genital appendages, 

first instar ef. E. s. serdidus • 

. Fig.l10 - Ventral view of male genital appendages, 

first instar ef E. s. serdi~us • 

. ' 
.Fig. 111 - Ventral view of female genital appendages, 

secend instar of E. s. sordidus. 

Fig. 112.- Ventral view of male genital appendages, 

second instar of E. s. sordidus. 
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Fig- 113 - Ventral viewef female genital appendages, 

third instar ef E. s. serdidus. 

Fig •. 114 - Ventral view of male genital appendages, 

third instar of E. s. sordidus. 





Fig. 115 - Ventral view of female genital appendages, 

fourth instar of E. s. sordidus. 

Fig. 116 - Ventral view of male genital appendages. 

fourth instar of E. s. sordidus. 
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Fig. 117 - Ventral of female genital appendages, 

fifth instar of E. s. sordidus. 





Fig. 118 - Lateral view of fema1e genita1 appendages, 

fifth instar of E. s. serdidus. 





Fig. 119- Ventral view of 6male genital appendages, 

fifth instar of E. s. sordidus. 

Fig. 120 - Lateral view of "male genital appendages, 

fifth instar of g. ~. sordrdus. 

Fig. 121 - Posterior view of male subgenital plate, fifth 

instar of E. s. sordidus. 
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Fig. 122 - M. f. femurrubrum, first instar, lateral 

v iew (15 X) 

Fig. 123 - !.!. femurrubrum, first instar, T~teral 

v iew (30 X) 
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F i.g. 124 - !!. i. femurrubru!!4, sec0nd, i l'Istar, 1 atera 1 

v iew(15 X) 

Fig. 125- ~.i~ femurrubrum, third instar, 1atera1 

view (1,5 X) 
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Fi.g •. 126 - li . .f.. femurrubrum, fsurth. instar ef the 

six, instar' cycle, lateral view (7.5 X) 

Fig. 127 - t! .. f.. femurrubrum, feurth instar. ef the 

five instar cycle, lateral view (7.5 X) 

,:A ,:W' 



( , 

( 

1 
1 

i 
1 

1 
1 
1 

1 

1 
• 
1 , 



Fig. 128 - M. f. femurrubrum, f·ifth instar ef the six 
. - -

instar cycle, lateral view (7.5 X) 

Fig. 129 - !. i. femurrubrum, fifth instar of five 

instar cycle, lateral view (7.5 X) 
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Fig. 130 - M. s. sanguinipes, first. instar, lateral 

v i ew (1 3 • 5 X) 

Fig. 131. - !! . .!. sanguinipes, first instar, d0rsal 

view (13.5 X) 





Fig. 132.-!. ~. sanguinipes, second, instar, 

1atera1 view (15 X) 

Fi~. 133 - !. ~. sanguinipes, third instar, 

1atera1 view (7.5 X) 





Fig. 134- H. ~. SangUiRJpes, third:instar, 

lateral view (15 X) 

.Fig. 135 - M. s. sanguinipes, fourth. instar of six 

. instar cycle, lateral view (7.5 X) 
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Fig. 136-.!1.!.. sanguinipes, feurth. instar ef six 

instar cycle, lateral view. (15 X) 

Fig. 137 - !. !.. sanguinipes, fourth instar ef five 

instar cycle, latéral view (7.5 X) 





~ig. 138 - ~. ~. sanguinipes, fifth instar of five 

instar cycle, lateral view (7.5 X) 

Fig. 139 - ~. ~. borealis, first instar, lateral 

view (15 X) 
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;Fig •. 140. - .t!. !a.boreal fS, secGnd' instélr,.lateral 

vièw (l5~) 

/ ' . :, .. 't 
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Fig •. 141 M. b. borealis, thirdinstar,. lateral 

view (15 X) 
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Fig. 142.- M. b. borealis, feurth· instar of six 

instar cycle, lateral view (7.5 x) 

Fig. 143 - !:!. ~. boreal is, fourth· instar of five 

instar cycle, lateral view (7.5 X) 





Fig •. 144·· !:!. ,2,. berealis, fifth instar of five 

instar cycle, lateral view (7.5 x) 

Fig •. 145 - !i. ,2,. boreal is, fourth instar· ef five 

instar cycle, head andpronotum, lateral 

view (30 X) 
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, Fig. 146 - M. f. femurrubrum, fourth, instar of five - -
Instar cycle, he ad and pronetum, lateral 

v iew (30 X) 

Fig. 147 - Ü. l. sanguinipes, fourth instar of five 

instar cycle, héad and pronotum, lateral 

view (30 X) 
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Fig. 148 - !!. i. femurrubrum, hind wing padef. feurth 

. ;nstar of five instar cycle, derso ... lateral 

v iew (65 X) 

Fig. 149 - ~. i. femurrubrum, hind wing pad of fifth 

instar of fivé instar cycle, dorso-lateral 

v iew (30 X) 
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borealls.' '.1 arva seen.tt1rè.~gh: the ','. 

serasal. cutic1e, 1ateralview (30 x) 
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Flg •. 151 ~ • .2,. borea1is, 1arva'pu11ed out ofegg 

showlng co1our pattern, 1atera1 view 

(30 X) 
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Fig. 152 - Ch. v. viridifaseiata"fi~st instar, ...... _. . 

1 ateral v.i ew (15 X) 

Fig. 153 - Ch. v. viridifaseiat8" second: instar, 
- - t 

1atera1 view (15 X) 
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V tri dlfase lata,: thtrd,Jris,tar .• 
>. > 

1 ateral v.l ew (7.S X) 

Fig. ISS- fh. i. vJrldlfaseJata. fourth instar, 

lateral vlew (7.S X) 
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Fig. 156 - Ch. ~. viridifasciata, fifth instar, 

JateraJ view (7.5 x) 

Fig. 157 - ! .. ~. sordidus, first instar, JateraJ 

vJew (15 X) 
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Fig. 158 - E. s. sordldus, second Instar, - -
1atera1 view (15 X) 

, . ',~ 

Fig- 159 - ~. ~. sordldus, third instar, 

1atera1 view (7.5 X) 
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· ./:. . Fig. 160-!. !.sordldus, :faurth· Instar~" 

leteral vfew. '(7.5 X) 

Fig. 161 - !. 1. sordid~s, fifth instar, 

lateral view (7.5 X) 
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Fig. 162 - .~~ t. 
lateral view (scale: 1 cm.) 

Fig .. 163 - ~. t. femurrubrum, adult male, 

lateral view (sc;ale: 1 cm.) 
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Fig. J64.~!1.!.sari9ufniéest a'~uJtfemai~t: . 

JateraJ vleW (scaiè:.1 cm.) 

Fig. 165 - M. s.sanguinipes, adult male, 
_.- i' 

lateral vi.ew (sçale: l' cm.) 
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FI,g.166,::~ !1~'!t~' boreells.· âdult,femah!, ":",' 
.... ,'.,' '" 1 • t... .1 

fatéra( v1ew",(ical~ :': 1 cm.) , . . .,' . '.'. . . < . . .., ; ,'." ' . " 
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fIg. 167 - .~. ~. borealis, adult male, 

lateral vlew (sc~le: 1 cm.) 
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Fig. 168 - Ch. v. vfl"fdifascfata, adult female, 
~ - li 

laterëtl view (scale: 1 cm.) 

Fig. 169 - Ch. v. viridifasciata, adult male, - - -
lateral view (scale: 1 cm.) 
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Fig. 17Q - E. s. serdldus, adult female, - -
lateral view escale: 1 cm.) 

Fig. 171 - !. !. sordidus, adult male, 

lateral view (scale: 1 cm.) 
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Fi.g. 172 -E • .!~' sordidus, ë;ldult; male, dorsal 

viewof pronotum ( 7 X) 
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Fig. 173 .. "Ratio pf the hind wing pad length to the pronotal length 
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Ratio of the hind wing pad length to the pronotal length 

in the nymphal instars of M. s. sanguinipes. 
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Fig. 175 - Ratio of the hind wing pad·length to the pronotal length 
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Fig. 176 - Ratio of the hind wing pad length to the pronotal length 

in the nymphal instars of Ch. v. viridifasciata. 
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Fig. 177 - Ratio of the hind wing pad length to the pronotal length 

in the nymphal instars of E. s. sordidus. 


