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(Orthoptera:Acridoidea) in Quebec.

ABSTRACT

The egg pods, eggs and nymphal instars of Melanoplus borealis

‘borealis (Fieber), M. femurrubrum femurrubrum (De Geer), M. 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 nymphél instars in all species are presented. Morphological
detail, colour pattern and morphometric 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 ]ife

history are also included.

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

Mélénoplus borealis borealis (Fieber), M. femurrubrum;femurrubrum(De Geer),

M. sanguinjp§s sanguinipes (Fabricius), Chortophaga viridifasciata

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

sont décrits et illustrés. Des clefs menant aux esp2ces, 1'une basée
sur les oeufs et 1'autre sur les nymphés ainsi qu'une clef menant aux
stages nymphaux sont présentées. Dans chacune des.espeﬁes, 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 Ibng 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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M. Sc. M. 0'c. Guibord Entomology

A-study of the immature stages
of some grasshoppers

(Orthoptera:Acridoidea) in Quebec.

ABSTRACT

The egg pods, eggs and nymphal instars of Melanoplus berealis

‘borealis (Fieber), M. femurrubrum femurrubrum (De Geer), M. 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 all spec}es 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 ]ife

history are also included.

RESUME
Les masses d'oeufs, les 6eufs et les stages nymphaux de

Melanoplus borealis borealis (Fieber), M. femurrubrum femurrubrum(De Geer),

M. sagguinipés sanguinipes (Fabricius), Chortophaga viridifasciata

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

sont décrits et illustrés. Des clefs menant aux espaces, |'une basée
sur les oeufs et 1'autre sur les nymphes ainsi qu'une clef menant aux
stages nymphaux sont présentées. Dans chacune des especes, des données
sur la morphologie, les patféns 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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INTRODUCT ION

The need of a better knowledge of the immaturé stages of grass-
hoppers, commonly found in Quebec, has been the basic motivation of this
study. The eggs and nymphs of gréssnoppers}naVeAreceived relatively . little
attention as is nnducated by the Iuterature rev;ew.n In Quebec :and 'in the
ad jacent provinces and states nothlng had been done prior to the present
study. A' .

The spec:es chosen for thlS study consnst of three commsn specnes

of the genus Melanoplus: femurrubrum femurrubrum (De Geer), the red ~legged

grasshopper; sangunnlpes,sanguanlpes (Fabr|c«us) “the lesser mlgratory

grasshopper; and borealis borealfs (Fieber) the northern grasshopper

Two oedipodine Speqies wefe atso stddiad:°'Ghortophaga-vxrrdufasclata

viridifasciata (De Geer), the northern green-strlped grasshopper, and

Encoptolophus sordudus sordldus (Burmeister)w

The principal obJect of the study was to make detalled descriptions
of each species, in each nymphal_stage;ltogether ‘with photographs, in co-
lour where this was found to beiusefui;vénd‘detéii@d_draWings of the stages

and colour patterns. Notes on théa}ifé bistofijéfe“alsd made.



REVIEW OF LITERATURE

The fnrst descript'on of a grasshopper egg pod was undoub y'méde

by Riley (1877) when he descrlbed the egg pod of Mﬂlan0plus spretus(Wa!sh)

Waloff (1950) publtshed a descrlptlon of the eggs .of ten Bratlsh Acrudldae.
and, later, R:chards and’ Waloff €1954) devised a key based upon the eggs

of the ten spec:es of'Brlthh Acrididae. Theudeschptyons pf Waloff sre;_
very detaiTed and are accompanied by excellent dréwings. Nd?imﬁortént wgrk '
was published on the egg’ pods of> the North-American grasshoppers until
Onsager and Mulkern (1963) grouped the egg pods into fcun,categorfes based
mainly on the dlstrlbuﬁlon of theofrothy»secretlonsAlnsude the egg-pad

The origin and nature of these frothy secrétions were dI§CUSSGd by Snodgrass
(1935), who stated that they are secreted in ;pes:al glanduler parts, of the
oviducts. The'number of ‘eggs per egg pod, as well as the number of Eo]umns_
in the pod, is reported by Onsager and Mulkerno(l963). éBgatchley (IQZB);L

Criddle (l9l8‘aﬁd 1933) and Parker (1957)- also give some potes on' the number

of eggs per pods. .

Uvarov (1928) was apparently the flrst to suggest that the eggs
could be |dent|f|ed on the basis of the chorlonlc sculpturlng. Tugk‘and
Smith (1939) publishéd the first extensive work on the descriptionfdf
North~American grasshopper eggs, getailed descriptionvgquﬁé_gens}él]ized
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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suéh a; ;IZE and wetght of eggg var* durlng deve]opmen£ fhe chorionic :
pattern does not change after ftts formation. - w

One of the first attempts in North-America to study the changes
during the grasshopper developmént was made By Ritey (1877) in:his sfudy
of M. spretus. Howard‘(l89h)‘was the first to give a description of each .

nymphal stage. The species so described was Schistecerca americana (Drury).

Herrick and Hédley (1916) publjshed a short descfiption of the nymphat
instarsof ﬂ-.i- sanéuiniges, accompaniedfby phetégrabhs; Morse (1921)made
an attempt at comparativé desc;iptlons of 5ymphs of M. s. sanguinigésg;ﬂ.
spretus and M. bivittatus. Criddlé'(l924,,1926, 1933) published the first
comprehen§ive papers on immature Orthoptera. His'descriptions were Based
mainly on cplcur patterns and were often accompan}ed by excellent drawings.
He also pointed out theAusefulngss 6f the male génita!ia in the later
instars. |

The'mest exteﬁsive morpho1ogicél study made on nymphs.of a single
species was done by Whnte (1926). H|s work uncludes detalled drawnngs of

all stages of both sexes of Camnu]a pelluc:da (Scudder) «

Handford (1946) publtshed a key and a descrlptlon of 21 Melanoglu
species uncludxng the three species of thls genus studied here. . This work
served as startung po:nt for the present study. )

On the study<of growth of parts_ Roonwal (1952) showed the general
growth pattern and*thé réfe.of a@ﬂitioﬁnof the’nymber of antennal segments
in Acrididae. Dirsh (1950):bublished 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.



Parker (1930), working on the effects of temperature and moisture

on the development of grasshoppers, noticed the occasional occurrence of an

extra instar. Shotwell (1930 and:1941) made éxcellent;déscriptions of the

extra instar together with descriptions of the other nymphal'instars. He
also. included measurements of'Structurés throughout'fhe'nyhphal development
in M. s. sanguinipes, M. f. fémurrubrum and other specues He dlfferentuated
the six nymphal instar cycle frem the regular five lnstar cycle and dls-
cussed the causes governing the numbér of instars. ln:laboratory rearings,
Shotwell observed that in a strain of M. f. femur rubrum f}am Moftana nearly
all passed through five.instars while a strain of tBe same sﬁgs]es-from
Tennessee, which is furtheér south, reared.under the-samexcoﬁéitionginearly
all passed through six nympha! instars. He'cq@clugedvthat the‘p@Pufat{on
with six nymphal instars wés adapted to a climate hawfﬁg a 10ng¢r-gﬁowing
season. | |

Roonwal™ (1946), worked out rules governing,thé correlation bétween
the wing pads reversal and the occurrence-of: the eitragin;tééﬂ .pVa?ov |
(1966) reviews the different theories advanced on this sﬁbjgct; Thq theory
of hormonal control of the instar number has‘reéentiyiséqqﬁgggﬁﬁéfai]Y‘

accepted« {Joly, 1958).



MATERIALS .AND METHODS .’
Rearings. e *’j - vwﬁ." ”.. ;-gﬁ _ f T
Adults were collecied-?hnfhe'fiebd in the Morgan Arberetum

Macdonald Colliege, Ste.Anne de BellevUe Quebec, tdentqfied and brought D

o

to the laboratory They were: placed in wopden cages, 35 cm. deep, 36 cm.,f::ff_

wide, 49 cm. high, with a screened false floor placed at 13 cﬁ from theifV;

. true floor, a screened air vept on one waII a 25 watt bulb en the h:nd J}-i"'

wall operated by a twme swu?( h set at a-l12 hrs daylengtk, a(glass front o

wall and a-lS X. 15 ¢m. doot on the removable top.. -Jars of sterillsed

moist. sand, at Ieast 5 cm. deép were place onm the screened fleer, te pre—:i

vide the females:with a.depositing meédium. The insects. were fed on. Iettuce, .

and-during the summer season. occasiorally on grasses.'- e
After a number of egg pods had been l&id, in the jars, the jars

were removed and replaced by new ones. Those containifig, egg pods were

-placed: in an incubator at a temperature of 27° 2;29@.“fof apptoximatejy;twof,,

months. During the first year nearly all of the eggs-werenlcst through“: -
dessication, so that the following - 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 8° * 2°C. for at least sixfweeks,

After six weeks (or more) of cold treatment, the eggs were kept
at a temperature varying between 22 and 25°C. until they hatched, usually
in about 9 days.

The newly hatched nymphs were checked each day and were placed:in



small individual rearing cages. These cylindrical cages, 10 cm. in

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

-was glued along the length of the cyglinder. The ends were.covered with

cheesectoth, the bottom one being retained by an elastic band and the
upper one Made in a sort of lid by an adhesive cellulose tape bordering
the cheesecloth. - |

The cagesvwere*placed;in‘anrincobatOr‘at'aztemperatnre of 27°% 2°cC.
and a daylength of-lZ hrs. A piece of stem was. nntroduced in the cage.for
the nymph to climb upon and to«graSp -during the moulting process. The

nymphs were fed regurlarly WIth lettuce. }

A complete record of the deveiopment of the nymph in each cage was - uj_‘

noted as. |t progressed the date the eggs were land _the’ date the nymph
hatched, and the date of each moultung was recorded Each day the cages
were examined: for moulted sklns, and |f there was. one ln a cage ut was |
removed, the date of moultlng was recorded and the nymph was examlned to
diagnose the maln characterfstics of-the-rnstar; '.' .
Approx:mately IOO nymphs of each of the specles studled were reared
in this way. . In each nymphal stage at !east ten |ndlvrduals were kllled

for purposes.of- photography, descrjptnon,and,measurementg

Photography.

At least one nymph of each-fnstar,'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 nymph was laid on the right

side in the proper position on a black background to be photographed.



The photography was made. through a Wild M:5 stereomicroscope equipped
with a Micro-Photoautomat’ electronnc exposure calculator'.u The nymphs of
the Melanoplus species and the flrst |nstar nymphs of the two oedlpodlne
species were: photographed on CN-17 unlversal outdoor llght Agfacolour
film. Two lamps were used on a hlgh voltage transformer s0. a8 to glve the -
correct wavelength and obtaln the colours as accurately as. possxbie. TThef“
nymphs of the two oedlpodlne specles where photographed in the same mahner;:
on. a white wax background to elumlnate shadows rn each case a speclmen.
representative of the speCIes and lnstar wasg: chosen‘as carefu}ly as possi-:h
ble. The eggs were. photographed through a kaon compound m:crascope

2.

equipped ai-an autematuc shutter system and rrrs dtaphragms en the obJec-;f'u:"

tives 1.2X, 2X and 3X, S0 as to augment the depth of fleld.

Methods of Study.’ '

Drawings were made wuth an M'S stereomlcroscope equ:pped-c¥ a
Wild M 5 drawing tube. The structures and colour pattern were flrst drawnAtp
With the aid of the draw:ng tube, after whcch the details’ were. fllled in ; .
by direct observatlon through the M 5 stereomicroscope N | -
Freshly. kllled speclmens were used for drawrngs of ‘the. Iatera]
views of the whole nymphs, of each |nstar in. each species Specnmens weref
killed by short exposure~to hydro-cyanuc ac+d-gas. so‘as to'elimfnateu;fiJ
possible colour changes caused by knlllng agents such 35" alcohol..d“ )
1) Wild Mlcro-Photoautomat compr15|ng M Kah ‘camera, MEL 13 control unit
and Asahi-Pentax SP camera back.
2) Nikon compound microscope model FUC-KE and Microflex AFMB automatic

unit.



' The male and female-genltal appendages were drann fremispec:mens kept 1n
alcohol.i Fer both types ef drawlng, all specrmens ef the greup were stud?ed
--:Jse as to choese the most representatlve specumen for each group Trbé.;;'
;nymphs and the. genutal appendages were each drawn to the same scale se ae
'to provude an ullustratlon of size relationship as well as cemparuson of
istructure,a . |
| 4'-:,Many'structures were investigated but only. the. pronotum, the wing .
: z'pads;the metathoracic femur, tne female ovipositor valvulae and the male
' spbgenital plate lobe were finally utilised for measurements, together
; w}fhdthe number of antennal segments.
. . ‘The epiphallus was investigated but proved to:be of no'help since
;it was unsclerotized. o
| The length of the antenna was reJected as a p055|ble practlcal mea-
',surement because lt is frequently bent in an awkward pesition and alsoe
"because:they are sometimes lost in whole or in part through the nymphal-
'Lsfages. |
| The pronptum.was measured along the median carina, as shown in Fig.
1. " The wing pads were-measured in the instars which had wing pads poeinting
downward, from‘thenline of junction of the notum and the pad te-the furthest
point of the marginqu the pad-in a vertical line, as shown in Fig. 2.
,Fig..3ﬁindieates-the measurement which was made of the upturned
hind wing pad. Tnevdelimiting'ppints wene the upper end;of“fhe metapleural
sulcus, where the hind wnng pad orlginates, and the apical margin.

The metathoracnc femur was measured from tlp to. tlp as shown in

Fig. 4.
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o

) The lobes of the Iewer valvulae of ovsposxtor in flrst and second

A cnstar females wgre measured at the greatest length as were  the upper

,'v31vu1ae (Figc 5).

2
o

In instars three aﬁd«later,ethe:lewet valvulae of the female ovi-

posntor were measured eleng the greatest Iength in Iongutudlnal line wuth

e

the bedy, as shown in Fig. 6.

The male subgenital'plate-iebes wete-meaeqredﬂfnom a ventral view
in the first nymphal ‘instar, ‘aleng the greatést Ienéth‘of either lobe
(Fig. 7), and in the other ihstats where the twe lobes ate uaﬁted, the me~
dian. length was taken frem a line traced between the:two lateral incisione,"
marking the origin point of the lebes; te‘the msd?aﬁ‘apieal margin.

El

(Fig. 8).




=10~
o oRESUTST.

" THE EGG PODS -

Examination of the egg pods deposited by each 9F7thé species con-
cerned proved that there were no significant'différénceg betwégh'them.

However, it was noted that the pods of Me]aﬁdplus borealis tended to

be somewhat shorter than the averagé Iength of the pods of M. sanguinipes,

M. femurrubrum and Encoptoiophus sordidus sofdidus, while‘those of

Chortqghéga viridifasciata were generally, élthough not always, larger than

the pods of the above mentioned species. This'differehcé'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'podsiof the species concerned

all 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 20° and 50° with the cap end downward, is enclosed

in 8 network of lamellae of frothy secretion which also

surrounds each individual egg.

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

pod jusf below the soil surface.

The secretions form a very loose network between the apical

pad and the egg mass as well 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 type two of 0nsager and Mulkern(l963)

Fig. 10 shows an example of th:s type of pod
i ﬁjf::TH?._T_,"'EGG”S.;{ PR

The grasshopper egg,‘produced tn a. panotstic.type of ovary,_is
an oblong, sllghtly curved cylinder taper:ng to roundly b!unted ends(an.
11). The. anterlor or cephallc end. (AE) which |s uppermost when |n the egg
pod exhlblts lnttle or.no dtfference |n nts chorionlc sculpturung |t s
through thls end that the nymph wull emerge after development |s completed.
However, in the Acrldndae at least the posteruor or caudal end (PE) forms
a characterustlc.structtre named the cap The cap us anterlorly dellmnted
by the mlcropyles whlch are arranged ln a row around the egg, and in the
three species of MelanoEIUS, by an unsculptured band precedlng the mlcro-
pyles. The cap is nelther anologoushor homologous to the operculum of the
eggs of some other |nsects (Tuck and Smlth 1939) ’5|nce |t is not a-lid
nor an opening. The mlcropyles ensure only the penetratlon of the sperm
into the egg, and do not provide for a breaklng llne, thCh 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 eggs of
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the species studied‘two regions will be considered; these are the cap,
and the body which covers all the surface of the egg anterior to the 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_ofnthe chorion; other characters, such
as the color of the_egg, éts ]ength and'diameter,.may.proyefusefu]‘fOr
identification butvone‘hasfto keep in mind.that euch‘charactere WiliguarYME
depending on the stage 5? embryonic development{,(ﬁuarou;_1966;fRoonWa};h
1954)" | | e -

" The chorioniC'sculpturing iS'molded‘by‘the:ep}the1}51i¢élis, thatfi*th

secrete the chorion, whlle the egg is in the ovnduct Therefore the sculp;‘fpv.
turing is a permanent character Wthh shows no change throughout the deve-i,j;h

lopment of the egg and could even be utlllzed after the nymph has hatched ciah”

1 a -~ Body Scu!ptured ---e-----f-?+-f--éféggf;Jflf;gjaée—%-ffeéeeﬁjfﬁ'ﬂl'f;;‘;
b - Body unsculbtured --i-------Q-;---;;-;QJE-7--?F??Fééfééﬁf-ﬁhzi}]i':'
2 (1b)

a - Cap sculptured on distal half.

Encoptolophus sordidus sordidus:

b - Cap unsculptured, found only in summer months.

‘Chortophaga viridifasciata viridifasciata
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Cell outlihes~darker than. intraceilular areas, cap-region darker
than body, cap cell outllnes very deep .

Melaneplus borealls boerealis

:Cell outllnes not darker than unfracelluJar areas cap reglon

N ;same color as body,_cap ce11 eutllnes not so deep f;‘f'*f**';“

4(3B)

MICFOPYIGS consp:cuous as- V-shaped brownlsh depressnons .or marks
as brownlsh row around base ef cap; seven. or edght rows of wude

bordered cap cells..'

“Melanoplus’ femurrubrum femurrubrum_

Micropyles, not apparent; base of cap as pale as rest-of'body,
nine or‘teﬁ rows of cap cells ‘similar te the body cells;. outlines
of cap cells not wider_or deeper than on body cells. -

Melanoplus. sanguinipes sanguinipes

Description of the eqgs

A few notes on egg pods have_been'ihcluded so as to assist in iden-

tification of the eggs.

Colour:

Encoptolophus sordidus sordidus

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 themselvés but they contrast with the gra-
nuiated intracelluiar areas. The basal half of the cap, as well as the body
of the egg, is smooth. The micropyles are conspicuous, appearing as small
V-shape& depréséions.‘;The egg pod contains an average of 16 eggs arranged

in two columns.

,: 'Chdrtbbhéga'vin}difasciata viridifasciata -

' Co}our. lught brown

Both the cap and the body are devo:d of sculptur:ng However,

numerous sma!l granules are scattered over the two regions, being more nu=

. merous on thg cap, The mocrepyles appear 8s a promsnent ‘brownish ring of

V-shaped holes at the.base of.the-granulated cap. The granules are very
sma]i‘sb.tﬁat tﬁe egg appears as having an overall smooth surface broken
only byxthé miéropy]es;‘ These eggs are deposited during the month of July
and hatch in the end of August and in September, so that one can find an
eégiof'thié‘spécies dnly in summer. The egg pod is largernthan“those of
the Stﬁer specieé described and\usdall* contains 24 or more eggs which are

arranged in two or three columns.

Melanoplus borealis borealis (Fig. 14)

Colour: light;brown
Body covered with hexagonal and pentagonal cells. The ridges of
the cells are middle-brown while the intracellular area is much paler

(Fig. 15). Micropyles are inconspicuous 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
cells leading to thé 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 not as regularly shaped as

those of borealis and sanqguinipes. 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,; brownish, 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 inéonspicuous 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 cells (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 péésvthf§ugh five nymphal instars but may some~
times pass thrdugh-six_ingtars. In the1fhree species of Melanoplus
involved in: this study-thevextra-instar appeared after the third moult.

It showed a_stagg.df'dévélopmenf'intermediary_between the third,and the
normal fourthviﬁstars.‘_The?extra ihstar (whidh.is célled the fourth ins-
tar of the six\nyﬁphal instéf cyci§ in this text) is differentiated from
the normal fourth (the fourth instar of the five~fnstar cycle) mainly by
the wing pads,fwhich poiht downﬁard, and from the third instar by the size,
which nearly isias large as that of the fourth instar of the five instar
cycle.

In ﬂ{ f..femurrubrum, the percentage of nymphs which had a cycle
of six. instars was 31.48%; inM.'s. sanguinipes 25.98%; and in M. b.
borealis 12.88%. 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 M. s. sanguinipes,
the results agree with those of Shotwell. The fourth instar of the six
instar cycle is followed by a fifth and sixth 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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In the two oedipodine species no. extra instar was observed after
the third or the fourth moults, but did'eccuf after the fifth moult.
All nymphs underge a normal- five nymphal instar cycle but then some moult

to a sixth nymphal instar while others moult to tHe adult stage. In

Ch. x.‘virfdifasciata, L4 . 4¥), of the nymphs passed through the six instar
cycle and these,were 100% females,'}ATl of the femaies-bassed_through a
cycle ef sixviﬁstarswhile ali'of'the males passed througﬁia five instar
cyele;- Thls suggests that the females requure thls suxth nymphal instar
to enable them te lncrease in s;ze, 5|nce the adult females are larger than
the . adult males,v;:;;fic a:‘ | | v |
>7.Howevef; tEfs‘fseﬁEt:theQease;wftﬁ E. s sordldus /in which enly
Lo% of the specnmens |n the suxth |nstar were- females whlle 60% of them
were males, in: th:s specues the adult females are also Iarger than the
adult males. A total of 33 3‘% of the nymphs passed through a cycle of

six nymphal instars.. _.7 -

“Derat}on e%;instéfsfeﬁdeqf nymehal'lffe.

Tables-l‘to_B-ine_fﬁegmean duration in days of each nymphal instar
and of the average:deration.bf‘the‘nymﬁhal develepment'inbcycles of five and
of six: instars for eash of the species studied. In each of the three
Melanopius species (Tables 1, 2, and 3), the pattern .is the same as fol-
lows: in the five~inster cycle the duration of each instar averages
seven to nine days, with the 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 than the last
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three instars of the five instar cycle. The total duration of the nymphal
life is thrée te six days lorger in the six instfr cycle. These results
agree with those obtained by Shotwell (1930) for M. s. sanguinipes.
However, my. results indicate longer average instar duration than found

by Shotwell, although rearing conditions appear to be similar.

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

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

The first instar has an average duration of 9.6 days, the second 8.4 days,
Mb&&"\‘

‘fhe thirdA 11 to 20 days, the fourth. 15 to 35 days and the fifth 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 reason.for the extended duration of these instars is that

Ch. v. viridifasciata overwintérs as a nymph and the diapause takes place

during nymphal stages, starting in the third or fourth instar. In the field
the eggs are deposited mostly during the month of July, and hatch during
fate August andveariy September. When colder temperatures come, around the
middlie of OGctober, nymphs of this species will be mainly..in the third and
. fourth instars. These enter diapause to. pass the winter and resume develop-
ment as soon 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 May or the beginning of June.

In 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 thch did ndt have a cold period. These were never
seen mating and the females did not deposit a single egg. E. s. sordidus,
which has diapause and overwinters. in the egg stage, similar to the
Melanoplus species, have a more regular pattérn 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 evidentiy longer in the six instar

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

instar cycle being of the same average duratfon 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 some 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. s. 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 two segments.less than the general number. This is also found in the

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

sordidus.

Pronotum.

Tables 6 to 10 show the increase in length 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 cYCIeL. ‘the meéan is also applicabie to the fore wing

pad since it has thé same vertical length. In all 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 gradual in the six instar cycle and the final length is greater than

in the five instar cycle.




-22-

Methatoracic femur.

The tength of the metathoracic femur proves to be a geod measure-

-ment of the difference in size between the dlfferent lnstars of a species;

there is a constant increase in- successuve‘|nstars and |t lS ea5|ly mea-
sured. Shotwell (1941), made studles of correlatlons between measurements
of the length of the metathoracnc femur and other structures and came to
the conclusion that it was the. best measurement of the dlfference in-size
between specimens of the same. specnes of grasshopper.:'_”:"v |

In the Melanoplus specnes the six. lnstar cycle‘shows in.its fourth
and Tifth instars, smaller measurements than in- the fourth and the fifth
instars of the five instar cycle (Tables 6 7 and 8) e

The metathoracnc femur measurements of the two-aedlpodune species

are listed in Tables 9 and 10. The nymphs of Ch v V|r|d|faSC|ata(Table'

9) show to be much bigger than those ofzgf'sb sqrdmdus,(Table 10), mainly

in the three last instars.

Female ovipositor and Male subgenital plate lobe._:'?” g

Lengths of the lower and upper valvulae of the femaievovup05|tor
in the first two instars, together with the length of the male subgenltal
plate lobe in the different instars, are guven 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 all
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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
Melanopius species), where it averages 0.3 to 0.4, in the fourth instar
(of the five instar cycle and the fifth of the six instar cycle in the
MelanoElus‘species)it averages 0.5 to 0.7, in the fifth instar (of the
five instar cycle of the Melanoplus species) and. in the sixth instar, it
is 1.0 or greater; the ratios show some specific differences, mainly in
the last. instar of both the five-and six instar cycles of the Melanoplus
species. M. s. sanguinipes has 2 greater ratio than M. f. femurrubrum,
which in turn has a greater ratio than M. b. borealis.

| The fifth fnstar'of the two oedipodine species show no signifi-
cant differences but the ratio in the sixth instar is slightly under 1.0

in Ch. v. viridifasciata and slightly over 1.0 in E. s. 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

In newly hatched nymphs the colour is whitish all 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. borealis, 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.

150). 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.showsvthat,

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

critarion.

Keys and Descriptions

The following keys, mainly the key to the species, are presented
primarily as quides 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 relation between the shades or tints of different

areas.
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Key to the nymphal instars

Wing pads pointing downward-~==--scwscccmoccmccmecccnacaaa— oo 2

Wing pads pointing upward =ee=eescccccaccancocrememenme e eccnnan 5

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 under 3.50 mm. ========== 3

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. ===--c-c-ccmcmmmmamcm e ecaace e L

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.

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 2.95. to

3.50 mm.

Second instar.
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L (2b)

a.- Number of antennal segments usually. 19, sometimes 18; in the
Melanoplus épecjes - wing pads length, 0.40 to 0.50 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 - In the Melanoplus species - the number of antennal segments,
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 - cycle, or extra instar.

5 (1a)
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

General body colour uniform dark-brown, shiny, with no markings
on the head, pronotum or abdomen; pleural area and sternum white,

contrasting with the dark brown. =----c-ccccccmmcmcaccmnceaeeo 2
Body colour, including pleural area and sternum brown; markings

occur on the head, pronotum and abdomen.=====cccccccacccaaacaaa. 3

Yellowish, dark to middle-brown.

Encopto]ophus sordidus sordidus

Reddish=brown

Chortophaga viridifasciata viridifasciata

Very dark-réddish-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

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

picuous; pronotum with many small white markings.-----=======cx 3
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a - Body colour rather yellowish mlddle-brown whlte area behlnd the

eye and below the dark band posterior to the eye, dark streak on
outer face of metathoracic femur not even partly broken by a pale
spot; two bands on the top of the metathoracnc femur pale or |n-
conspicuous; on the inner side the dark streak is. contlnuous.,'

Melanoplus femurrubrum”femurrubrum

b - No white area behind eye and beiow the dark band poeterior”fo the
eye, but a pale background area maculated with dark brown spots,
outer face of metathorac:c femur with a dark streak which is either
completely broken or broken only on the upper row of cheVrons by a
pale spot, two large conspicuous bands on the top contrast wnth
the pale to whitish areas between them; the inner face of the meta-
thoracic femur with two dark bands contrasting with the whlte bands.

Melanoplus sanguinipes'sanguinipes
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Key to species - All instars other than the first

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

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

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

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

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

Encoptolophus sordidus sordidus

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

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

Chortophaga viridifasciata viridifasciata

Conspicuous white crescent on gena and pronotum, and no other white
spot on pronotum; eye banded, lower half much darke; than the macu-
lated upper half (Fig.l45); dark streaks on inner and outer faces
of metathoracic femur continuous and covering all, or almost all,
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



3 a-
L (3b)
a-

-30~

not grooved; cerci slender, upper margin deeply concave and lower
margin convex, apical width less than median width.

Melanoplus borealis borealis

White crescent not so conspicuous, often incomplete; pronotum

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

on the lobe as well 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 cover 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. =====c=mmccccmeco o cnee oo cnecac e cea 4

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-fhe colour of adjacent regions; no white spot
in the axillary sclerites region of the upturned hind wing pad;
fuscous gtreakon 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 so that apical width is more than the median width.

Melanoplus femurrubrum femurrubrum
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White area on the gena absent; white crescent on the pronotum very
small, often reduced to a narrow elongated white spot in the center
of the pronotum; remainder of pronotum.pale and covered with mid=-
dle and dark brown maculations, no contrasting white median carina
(Fig.147); conspicuous and contrasting white spot on the axillary
sclerites region of the upturned hind wing pad; subocular sulcus
region not darker than adjacent areas; metathoracic femur marked
with two conspicuous dark bands on the inner face, the top and the
outer face where they may.or 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
medially on the apical margin and cerci with a slightly concave
upper margin and convex lower margin, apical width less than median

width and cerci short and stout in appearance.

Melanoplus sanquinipes sanguinipes
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Descriptions of the nymphal stages of the species

Melanoplus femurrubrum femurrubrum (De Geer)

The measurements for all instars 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 while 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
dark-brown marking 6n 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 with brown dots on a whitish background; ma-
culations are more dense around the base of the antennae, on:the-lower
labrum, below the 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 the hind margin of the head; imme=
diately above this fuscous marking is a small whitish narrow streak
which lies 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 nm. in length;
area lateral to the carina coloured pale to middie-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 spe;i¢§ exfends from the anterior
margin backward for two-thirds of the pronotﬁm from whence it continues
as a thin, interrupted band; anterior part of the crescent often inter-
rupted by brewn dots; below the cresceAt, the'ﬁronotum is- dark=brown,
except for the regian adjacent to the pestero-véntral corner; both fore
and hind margins are ornamented with eight to ten fuscous spots; the
pre-episternum 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 all 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); genital appendages appear on the eighth and
ninth sternites on a female nymph and on the ninth sternite on a male
nymph.

in the female (Fig. 53), the lower ovipositor valves appear as two
small lobes projecting from the hind margin of the eighth'sternite,
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 twice
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; they cover only one-fourth to one-

third of the underlying paraprocts and measure about 0.10 mm. in length.



Second instar (Figs. 25 and 124)

é The antennae have 16 segments, the proximal six being pale and the
remainder dark-brown.

The head is covered with brown maculations 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 méasures 1.11 mm. in- length; the median carina is whitish
followed laterally by a middle-brown area lying 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 patéhes 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 baﬁds, 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
parallel to the.first; between and behind these markings the pronotum
is maculated pale-brown; the pre-episternum is fuscous except for its
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. projectingvouf 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 sterpum 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, dark-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 is coloured: light to middle'v
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 areé; the

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

. relatively dark coloured, nymphs of M. 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




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 fuscsus 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 whife co]oured 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 segménts 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 cover three-fourths of the paraprocts and are
half covered by the lower 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.



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 fuscbus 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 whife co]oured 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 sﬁéw, 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 valvhlae cover three-fourths of the paraprocts and are
half covered by the lower 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.



Fourth instar of the six nymphal instar -cycle, or extra of intermediary

instar. (Fig.126)"

A

The dark antennae have 20 segments.

The head is maculated middle-brown except around the subocular sul-
cus ‘and in the band posterior to the eye which like the mandibles are
dark fuscous; below the dark eye-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 median carina, the lower patch is partly
szparated 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 small so 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 & narrow pale band which is the
continuation of the white pronotal crescent; below this band lies 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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parallel to the direction of the pad.

The metathoracic femur is 5.06 mm. long; its outer face is marked
with.a continuous fuscous streak 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 fuséous spots on the
distal third and near the proximal end they correspond more or less to
thé 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 2] segments, those on the distal half being dark
and the proximal ones gradually becoming paler near the base.

The head is covered with middle-brown maculations except in the re-
gion of the dark subocular sulcus, the fuscous band, posterior to the
eye and a whitish area, covering the upper part of the gena; eye with a
middle to dark baﬁkground maculated with pale spots which are more or
lTess evenly scattered cover 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 reflectians in this region,
as well 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 areas on its antero-ventral
corner, near its center and, along the ventral and posterior margins;

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

The mesonotum and metanotum are concealed behind the upturned wing
padsfgfﬁé féfe wing pad appears as an elongated lobe pointing backward
and‘"an'gl"eé upward, its distal half hidden behind'the triangular hind wing
pad;.thelhfhd wing pad, which is 1.6 mm. long, converges with the one of
the 6thér.sidéfso-that'at'the tip, énd.dnly at the tip the two hind wing
pads meet or ﬁearly meet; the hind wing pad is mainly dark-brown, except
thatl§ﬁ the upper'margiﬁ’fhere.iéla pale band which broadens toward the
tip; botﬁ fthe forevwing,pad and the hind wing pad show distinct vena-

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

and metapleuron are pale coloured, cream or pale-brown, on their upper

twoéfhffds wHiIe the lower third is coloured dark-brown to fuscous.

Thé 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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In 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 semicircular 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 ones being paler.

The head is maculated middle-brown except on the following 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
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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 preximal corner; the dorsal
area is crossed by two pale to middie-brown marks, these marks are con-
tinued by fuscous spots, in line with them, on the chevrons of the inner
face, mostly at the distal end.

The female has ventrally, well 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 mate 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 leg 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 Qhole 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, also pdinted 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 lower 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 thé 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 instar: The lower valvulae measures 1.16 mm.,
and the male subgenital plate lobe is 1.27 mm.; the pronotum is 3.8]

mm., the femur 8.71 mm., and the wing pad is 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 sanguinipes sanguinipes (Fabr.)

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

First instar (Figs. 30, 130 and 131)

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

The head is maculated 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 fuscous band; upper and lower parts of the gena are patched
with 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 ;arina,
coloured middlie-brown with darker regions near the anterior margin, at
the level of the dark band of the head 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 margfn at the level of the white spot on the
head; the posterior margin is pale, maculated with dark spots; the
pre-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 so near the leg
sockets.

The metathoracic femur is 2.14 mm. long, its outer face coloured
with a dark-brown streak broken for all its width or only. in half its
width by a pale spot; the dark streak covers nearly all 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, all 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 all 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 ére 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 tips 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 semicircular 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)

The 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 head 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 middie to
dark markings; in line 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
pronoctum side; separated from the upper set of dark markings by the
white crescent, which is a narrow band running from the anterior margin
for thevtwo-thirds of the pronotal length, irregular and interrupted by
dark spots on its anterior part so that often it appears as a white
longitudinally elongated spot in the middle of the sidé of the pronotum;
the upper third of the lateral area of the pronotum is coloured 1ight

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 is sometimes completely divided by the white area,
as shown in Fig. 132, or may be broken only on the upper row of che-
vrons so 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-palé.tfénsverse
band, anterior to the dark coloured distal enﬁgfthefdorsdh.bf_thé femur
bears two da}k bands in line with the two parts 6f‘tﬁe‘9treak.oﬁtthe
outer face, also a small band on the préximal parf andiauda?k.regfon.
at the distal end; the inner face bears three large.dafk-béndglqo};es-
ponding to the three main band§ On.tﬁé'dérsﬁm ana on.the outetﬁfécé.'

In the female (Fig. 7l),vthe~1ower'vélvulae show as trianéﬁlér_
lobes, 0.21 mm. in length, with:rounded_apices and éohcavé‘outer margins;
the upper valvulae are elongated_sfruciufes showing a-¢y1indEicé1'd}stal
half, their bases not completely separétéd; on ea#h side,-théiﬁéginning
of differentiation of basivalvular sclerites can bevseén,‘they afe 0.32
mm. long, . and cover slightly less than half of'fhe pafaproéts.

In the male {Fig. 72), the.lobes of the nintﬁ Sternite»afe quadran-
gular structures separated in the middle by a sﬁfurevor a depression;
the apical margin appears as a concave obtuse angle; 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 head 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 are 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; aboyeathis;is a middle-brown coloured area
covered with darker maculations:and baibw is a Smail dark marking border-
ing the whitish band in tha center, and'ﬁiddle?beWn maculations disper-
sed over the pale lower half;'the:prefapisternumjis.daloured middle-
brown on the anterior half and fs'béléaP0$t§fié;1¥}' br9n°ta] Tength

is 1.64 mm. ; ‘ ‘ '

The mesonotum and metahotum ahow the sahaTéolouratfon as the upper
part of the pronotum, with thé dark‘fuscdus apbt-dn:the,anterior part
of each notum delimiting the wing pad; genéfally;pare qbidured with
some darker maculations; the fore wung pad is: tapered wuth a rounded
apex pointing downward and backward, while the hlnd WIng pad ponntlng
in the same direction,. has convex margins and is round|Ch overall; both
wing pads show signs of venation as longitudinal ridges and grooves;
they measure about 0.45 mm. in length;:tha masopfeuron.and metapleuron
are pale on the upper part butibear'dark‘spots or bands just above the
leg sockets.

The metathoracic femur is 4.33 mm. Iang; its duter 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 tine
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



dorsum.

In 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.

In 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 all 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




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, plus a

few small dark ones on the front, except for the dark band nosterior
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 a 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 lies 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 as shown in Fig. 137; the upper margin and
the tips are pale; distinct venation can be seen on both.of the wing
pads; the fore wing 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 all of the last upper chevrons
and part or all 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.

In 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
cover more than the three-fourths of the paraprocts, are heavily scle-
rot ized at the tips.

In 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 head is entirely maculated with pale to middle-brown spots
except on the dark band and on the narrow white band posteriof 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 leveis 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 Iength 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.

In 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 fé 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 8]). 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 8.58 mm., lower valvula of the female
ovipositor 1.35, and the male subgenital plate tobe is 1.52 mm. in .

length.

Melanoplus borealis borealis (Fieber)

The measurements of all 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 all over even on the front (it is
not pale as the light reflection on Fig. 139 may suggest); exceptions
to the dark colour are the large well 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
lateraily 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 is indicated by a éarker 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;

In the female (Fig. 82), the lower valvulae of the ovipositor
appear as short lobes of 0.10 mm. in length, posterior to é 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, well 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
through 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 well
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
pale-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
all 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.

In 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 0.3l
mm. in length and cover more than half of the paraprocts.

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
well 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, well 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 pronotal crescent; below the 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 dark- brown
markings on the side.

In 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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covering about three-fourths of the paraprocts, are long, bluntly
pointed and have basivalvular sclerites.

In 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. in length.

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, well 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, well 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 pale to
middle~brown.

The mesonotum and metanotum are middle~-brown and bear a pale narrow
band, a continuing of the white pronotal crescent; the palé coloured
wing pads are delimited 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.

In 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 éegments, 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 well defined white crescent
runs from 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. in length, bears a large well 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,
vefned 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. longs venation is distinct and axillary sclerites rudiments are
visible.

The mesopleuron and metapleuron are entirely maculated middle-
brown and do not bear dark mafkings near the leg sockets.

The metathoracic femuf, 5.44 mm. in. length, bears a continuous
dark fuscousstreak 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.

in 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 the upper valvulae.

In 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 instar 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 structures,
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, well 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, 3.1} mm. in length, is crossed by a large, well
defined, white crescent from the anterior to the posterfér 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 well
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defined axillary sclerite region; it is completely dark -brown except

for the distal half of the upper fourth; the hind wing pad.ié 3.28
mm. long, and conceals the distal part of the long, narrow-shaped
fore wing pad; the mesopleuron and metapleuron are maculated middie-
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 areaj} 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.

In 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 M. sanguinipes, and have
acute apices; the upper valvulae are shorter than those of M.femurrubrum
and M. sanguinipes.

In 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 pésterior 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.,
Tower valvulae of the female ovipositor 1.22, and the male subgenital

plate lobe 1.18 mm. in length.

Chortophaga viridifasciata viridifasciata (De Geer)

Measurements for all 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 steranite; 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, 0.11 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 head is pale~grey, with markings of scattered Harker grey spots,
as on the rest of the body; the colour may also be completely dark bei-
ge or brown all 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

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 énd 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. |

In 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,0.20 mm. in length, the apical margin of which is medial-
iy depressed or concave, and which covers about half the length of

the 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-grey 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 mesgnotum; the co=
lour of the pronotum, as on the whole body, is pale-grey with slightiy
darker scatteredimaculations.

The wing pads point downward but also with a clear tendency to
grow backward; they show signs of venation by parallel longitudinal

‘grooves and ridges; the wing pads measure 0.81 mm. in vertical length.

The metathoracic femur, 5.06 mm. in length,is not marked on’ its outer
face but dorsally bears two small 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.

In the female (Fig. 99), the lower valvulae of the ovipositor mea-
sure 0.52 mm. in length and have tooth-like sclerotized apices; the
upper valvulae still cover about half of the length of the paraprocts.

In the male (Fig. 100), the subgenital plate lobe is 0.32 mm.
in length; its narrow apical margin is concave; the tateral margins
converging sharply.

Fourth instar (Figs.45 and 155

The short, dorso~ventrally, flattened antennae have 2! 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, while the upper half is maculated middle-grey near the top



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. 4.32 mm. long; the median carina is

crested and the upper median region is prolonged posteriorly over 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 venationj: the hind wing pads are - large triangular
lobes, 2.47 mm. long, and meet only at tips.

The metathoracic leg, 6.98 mm. long, bears markings only.on the
dorsum and on the inner face; dorsally 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.

In the female (Fig. 101), the lower ovipositor valvulae are 0.81
mm, long, and the distal part is narrow and heavily sclerotized; the
upper valvulae show distinct basivalvular sclerites, have heavily
sclerotized apices, and cover nearly the whole length of the paraprocts.

In the male (Flg. 102), the subgenital plate lobe is 0.73 mm. long
and is nearly semicircularly shaped except for.a small, stightly con-

cave apical margin; it covers about four-fifths of the paraprocts.

Fifth Instar (Figs. 46 and 156)

The short dorso-ventrally flattened antennae are composed of 24
segments, although often anly 23 segments can be distingulished.
The vertex of the head is crested; the head is crossed from the base

of the antenna to the pronotum by a narrow pale band bordered below



by a dark region; 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 large, upturned and backward oriented lobes
which meet along nea;ly all 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 the inner face; on the inner face the more proximal
band extends over the whéle proximal half of the chevrons area.

In the femaie (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 vaivulae
are bent upward (Fig. 104) and the lower margins are angulate at the
apices.

In the male (Figs. 105,106 and 107), the subgenital plate lobe is
0.96 mm. long, canvex all around its margins and has no notch, groove
or concave curve on the apical margin in posterior view (Fig. 107);
in lateral view (F}g{'IOBO, the apical :portion is bent away
and the apical margin lies anterior to the most posterior point of

the lobe.



.Sixth instar (Fig. 47)

The short antennae are composed of 24 dorso-ventrally flattened
segments.

The head is 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 nearly their entire length.

The metathoracic femur bears small dark marks dorsally which 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.



Encoptolophus sordidus sordidus (Burmeister)

Measurements for all instars are given in 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 laterally but becomes dark
fuscous dorsally; the eye is middle-brown without markings.

The pronotum, 0.82 mm. in length, is dark fuscous dorsally becoming
gradually yellowish middle~brown  laterally; the mesonotum and metanotum
are similarly coloured; the wing pads are short brown lobes, 0.10 mm.
in length, attached to the ventral margins of the nota; the pleural
areas and the prothoracic and mesothoracic legs are white.

The metathoracic leg is 2.31 mm. long; the outer face is marked
with two diffuse light-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 outside 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-
middle-brown laterally; both the thorax and the abdomen are whitish
ventrally.

In the female (Fig. 109), the lower ovipositor 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.

In the male (Fig. 110), the ninth sternite bears two short rounded
lobes separated by a V-shaped inflexion; the lobes measure 0.10 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 head 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 margin. 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.

tn the female (Fig. 111), the lower 6vipo$itor~Valvulae are short
lobes, 0.12 mm. in. length; the upper valvulae are pointed Jobes, 0.22
mm. in length, separated by an acute inflexion, and covering-less than
one-third of the paraprocts.

In 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 0.2} mm. and.covers about half of the length of

the paraprocts.

Third instar (Figs. 50 and.159)

The antennae are short, dorso-ventrally flaftene@,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 laterally 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

t the apex.
a
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The abdomen is grey; and each segment bears a dark spot on the
median carina.

In the female (Fig. 113), the lower valvulae of the ovipositor
are triangular lobes, 0.26 mm. long, and the upper valvulae are.elon-
gated lobes, 0.36 mm. long, covering about half of the paraprocts.

in the male, (Fig. 114), the lobe of the subgenital plate is
0.38 mm. long and the converging sides lead 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 proqgtum 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 am axillary sclerite region; they meet only at tip; the
fore wing pad is also an elongated veined lobe, upturned and pointing
backwards, but it is concealed under the pronotum and the hind wing
pad. |

The metathoracic femur is mafked by two or three dark bands on
all sides, darker on the inner sidei.én the proximal half of the che-
vrons area which are completely dark; the femur measures 6.08 mm. in
length,

The abdomen is covered by grey maculations and the median carina



of each segment bears a dark spot.

In the female (Fig. 115), the lower ovipositor valvulae have
highly sclerotized apices: they measure 0.80 mm. in. length; the upper
valvulae are elongated structures with bluntly rounded apices and
nearly cover the paraprocts. |

In the male (Fig. 116), the subgenital plate-lobe is 0.66 mm.
long, and its converging lateral margins are united by a convex apical

margin; it almost completely 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 dorsally by the X-
shaped pale bands; the remainder is grey, becoming darker grey late~
rally; the median carina is crested and is cut by a sulcus.

The hind wing pads are long triangular lobes, upturned, veined,
meeting for nearly their entire length, grey in colour, and 3.93
mm. in length.

The metathoracic femur is marked by two or three dark bands on
all aspects; the bands are darker dorsaliy 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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In 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 sclerotizeéd process at the apex; the upper valvulée
are much longer than the paraprocts and, in lateral view (Fig. 118),
are bent upward and have pointed apices; the lower margins of the
upper valvulae are bent in a circular way . and show no angle near the
apex of the lower valvulae.

In the male, (Fig. 119), the subgenital plate lobe is 0.89 ﬁm.
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 margin.

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 .16 mm., in. length.
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THE ADULTS

As the subject of this work is on the immature stages the adults
have not been closely studied. However, so as to have the series of each
species complete and to provide a supplementary basis for the comparison
of the studied species, colour photographs of the female and the male. of

each-species are included as follows:

M. f. femurrubrum - Female Fig. 162
" " -~ Male Fig. 163
M. s. sanguinipés -~ Female Fig. 16k
" " ~ Male Fig.. 165
M. b. borealis - Female Fig. 166
" " -~ Male Fig. 167
Ch. v. viridifasciata~ Female Fig. 168
" 1" - Male Fig. 169
E. s. sordidus ~ Female - Fig.. 170
H H - Male Fig. 171

1 tr i
1" " Dorsal View.of Pronotum Fig. 172

Déscriptions of adults of these species, have been given by

Biatchley (1920), Brooks (1958) and Vickery (1961).
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NOTE REGARDING 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 any particular
nymph would undergo a five nymphal instar cycle or a six nymphal instar

cycle.

In Tables 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 any 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 necessary

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 M. f. femurrubrum.

Instars: B 1 m I LA '} VI Total nymphal
1ife duration

Five instar

cycle: : 8.2 7.6 7.9 9.1 8.7 -- L1.5 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 M. s. sanguinipes.

Five instar

cycle : 8.6 7.3 8.1 8.2 7.5 - 39.7 days

Six instar

cycle it 8.6 7.3 8.1 7.8 6.9 7.1  45.8 days
TAELE 3

Mean duration of instars in days and nymphal life duration, in the five=and

the six instar cycles in M. b, borealis.

Five instar

cycle : 7.0 8.5 9.1 8.2 7.8 -- 40.6 days
Six instar
cycle : 7.0 8.5 9.1 7.9 6.8 7.5 46.8 days



TABLE 4

Mean duration.of instars in days and.nymphal life duration, in the five and

the six instar cycles in Ch. v. viridifasciata.

Instars: 1 1 111 v v Vi Total nymphal
' lifé duration

Five instar

cycle : 9.6 8.4 11-20 15-35 20-? . --- 6L4.2 to T days

Six instar

cycle : 9.6 8.4 11-20 15-35 20-48 18-7 82.2 to ? days
TABLE 5

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 structures of M. f. femurrubrum nymphs. € n=10)

Instars
Structure NOo. of
instars 1 11 R R v v Vi
_in cycle
Number of ) .
antennal 3 13 16 13 21 24 o
segments 6 13 16 19 20 22 24
Length of: o .
Pronotum 5  Mean 0.75 1.11  1.69 2.68  3.59 ==
stoDo 0!06 -‘0 ' 002] 0023 0.25 m———
6 Mean 0.75 . 1.11 1.69 1.92 2.96 3.81
st.D. 0.06 0.10 0.21 0.24 0.26 0.31
Hind wing pad 5 Mean 0.10 0.20 0.43 1.61 3.73 ————
St.D. 0.01 0.02 0005 0.10 0.30 mmmee
6 Mean 0.10 0.20 0.43 0.71 1.74 4.1
st.D. 0.01 0.02 0.05 0.06 0.19 0.30
Metathoraclic 5 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
2 Lower L .
Valvulae 5 Mean.. 0.08 0.31 0.40 0.72 1.00 ———
o 6  Meen 0.08 0.31 0.0 0.61 ' 1.00 1.16
¢ Upper
Valvulae 5 Mean 0.14 0.45 ———— e me=- ———
6 Mean 0.l4 0.45 ———— ———— ——— ——
JSubgenltal
p‘ate 'obe 5 Mean 0-‘0 0'32 00"}2 0060 1020 halmndnsiad
) Mean 0.10 0.32 0.42 0.57 0.80 1.27



TABLE 7

Measurements of structure of M. s. sanguinipes nymphs.Cl7=’0>

instars:
Structure ND. of .
. instars 1 1 111 1V v Vi
_in cycle :
Numb f
a:rtr:‘ei;a(l) 5 13 16 19 21 2 --
segments 6 13 16 19 20 21 24
Length of:
Prenothm 5 Mean 0.67 1.04 1.64 2.58 3.42 Rp—
St.D. 0103 0-]7 0008 . 00]8 0-28 -2
6 Mean 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 L.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 0.1 0.23  0.50 0.57 ———
6 Mean 2.4 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
2 Upper
Valvulae 5 Mean 0.18 0.32 ——— -~ ———— Cmm———
6 Mean  0.18 0.32 ===  =m=m  mm;e —mee
Jgubgenital.
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

Measurements of structure of M. b. borealis nymphs. ZJseloJ
Instars
Structure NO. of
instars 1 11 111 v v Vi
.in.cycle
Number of v
antennal 5 13 16 19 21 2k -
segments 6 13 .16 19 20 21 24
Length of:
PFoHo?um 5 Mean 0.78 1.17 1.68 2.38 3.1 ——
StoDo 0-]0 0005 0-]3 0-22 0-2 m————
6 Mean 0.78 “1e17 1.68 2.21 2.60 3.51
St.D. 0.10 0.05 0.13 0.06 0.18 0.29
Hind wing pad 5 Mean 0.10 0.25 0.40 1.39 3.28 ————
St.D. 000] 0-02 0-03 0.]2 0.]9 mmame
6 Mean 0.1 0.25 0.40 0.62 1.55 3.62
St.D. 0. 0.02 0.03 0.05 0.14 0.22
Metathoracic 5 Mean 2.24 3.1 L.34 5.544 7.26 ————
femur st.D. 0.19 0.1 0.20 -0.46 0.41 ————
6 Mean 2.24 3,16 k.34 5.10 5.94 7.84
StoDo 0-]:9 0‘]] 0.20 0-09 0-12 0-49
? Lower s
Valvulae 5 Mean 0.10 0.20 0.41 0.71 1.10 ———-
6 Mean 0.10 0.20 o.41 0.56 0.89 1.22
2 Upper ,
Valvulae -5 Mean 0.18 0.31 ——— - mm-- Cm— ————
6 Mean 0.18 0.31 cmma mm-- ———— ————
d'Subgenital
plate lobe 5 Mean 0.10 0.32 0.41 0.59 -1.00 ————
6 Mean  0.10  0.32  0.41" 0.5I 1.18

0.85



TABLE 9

Measurements of structure of Ch. v. viridifasciata nymphs. (f7=/°>

Instars
Structure No., of
. instars 1 11 (AR 1 v Vi
in cycle
Numb f
ag?ez;a? 5 13 .16 19 21 2k =
segments 6 13 16 19 21 24 2L
Length of:
Pronotum 5 Mean 0.89 1.54 2.71 4,32 4,93 —w--
StoDo 0-'0 00]5 002' 0‘28 0-35 wm———
6 Mean 0.89 1.54 2.71 4,32 4,93 . £.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  ce-=
St.D. 0.01 0.02 .05 0.17 0.37 ———
6 Mean 0.10 0.25 0.81 2.47 L.,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 =—=ea
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 .38
Lower
Valvulae 5 Mean 0.10 .0.18 0.52 0.81 1,22 ==--
6 Mean 0.10 0.18 0.52 0.81 1.22 1.53
2 Upper
Valvulae 5 Mean 0.21 06.32 - ———— ———— sm——
6 Mean 0.21  0.32  =mme meem meem mee-
d'subgenital 4
plate lobe 5 Mean 0.11 0.20 0.32 0.73 0.96 —---
6 Mean 00]] 0-20 0-32 0073 0.96 ————



TABLE 10

Measurements of structure of E. s. sordidus nymphs. {n=’C S
_Instars .
Structure Na. of S L
instars 1 1 AR TV v Vi
_in cycle
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 ===-
StoDo 0008 0:08 0020 0.22 0-33 C m———
St.D. 0.08 0.08 0.20 0.22 0.33 0.32
Hind wing pad 5 Mean 0.10 0.22 0.60 1.89  3.93 =---
St.D. 000] 0002 0004 00]7 0-27 -----
6 Mean 0.1 0.22 0.60 1.89 3.93 4.72
St.D. 0.0 0.02 0.04 0.17 0.27  0.36
Metathoracic
femur 5 Mean 2.31 3.16 L. 71 6.08 7.33 =e==
st-D- :]3 0-]8 0037 0049 0-3] wm—=
6 Mean 2.31 3.16 L. 7 6.08 7.33 8.78
St.D. 0.13 0.18 0.37 0.49 0.31 0.73
2 Lower
Valvulae 5 Mean 0.07 0.12 0.26 0.80 1,32 =wa-
6 Mean 0.07 0.12 0.26 .0.80 1.32 1.53
2 Upper
Valvulae 5 Mean 0.13 0.22 [ mm—— ————— ——m—— mm——
6 Mean 0.13 0.22 ——— m——— m——— m———
d' Subgenital
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.1.)

in the instars where the wing pads point downward.

Fig. 3 - Measurement of hind wing pad length (h.w.p.1.)

where the wing pads point upward.

Fig. 4 - Measurement of metathoracic femur length (M.F.L.)



Fig. 1

Fig. 3

Fig. 2

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.




Fig. 6
Fig. 5 ig

Fig. 8
Fig. 7 ig




Fig. 9 - Schematic drawing of egg ped, longitudinal section.

Fig. 10 - Egg pods of M. b. borealis. (Scale =1 cm.)
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Fig. " - Dr'awing of a grasshopper egg.

Fig. 14 - M. b. borealis egg. (20X}
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Fig. 15 = Sculpturing of M. b. borealis egg. (/32 0X)

Flg. 16 - Cap reglon.of M. b. borealls egg. (3§X)

©
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Fig. 17. - M. f. femurrubrum egg. ( 2 0X)

Fig. 18 - Sculpturing of M. f. femurrubrum egg. ( 120 %)






Fig. 19 - Cap region of M. f. femurrubrum egg. ( #§ X)

Fig. 20 - M. s. sanguinipes egg. ( &0%X)







Fig. 21 = Sculpturing of M. s. sanguinipes egg. (1aox)

Fig. 22 = Cap reglon of M. s. sanguinipes egg. ¢ 4¥0%)







_ | Fig‘. 23 - _t!i.. S. .sanguihiges egg_.ﬂ (30x>







Fig. 24 - M. f. fémurrubrum, first instar.

Scale: 1 mm. (same for figures 24 to 52 incl.)

Fig, 25 = M, f. femurrubrum, second instar.







Fig. 26 -« M. f. femurrubrum, third instar.









Fig. 27 - M. f. femurrubrum, fourth instar of five instar

cycle.






Fig. 28 = M. f. femurrubrum, fifth instar of six.instar

cycle.






Flg. 29 = M. f. femurrubrum, fifth Instar of flve Instar .=

cycle. -







Fig. 30 - _M__'_s_ sangni-h’i'ges“, .fir/St'. instar.

Fig. 31 - M. s. sanguinipes, second instar.







Fig. 32.- M. s. sanguinipés, third:instar.






Fig. 33 - M. s. sangulvnlges, fourth instar of six inster

cycle.






Fig. 34 - M. s. sanguinipes, fourth instar of five instar

cycle.






Fig. 35.- M. s. sanguinipes, fifth instar of five instar

cycle;







Fig. 36.=.M. b. borealis, first instar.

Flg. 37 - M. b, borealis, second. Instar.






Fig. 38 - M. b. borealis, third instar.







Fig. 39 - M. b. borealis, fourth instar of six. instar

cycle.







Fig. 4o - ﬂ. §. borealls, fourth Instar of five instar

cycle.







Fig. 41 - M. b. borealis, fifth instar of five instar

cycle.






Fig. 42 = Ch. v. viridifasciata, first instar.

Fig. 43.- Ch. v. viridifasciata, second instar.







Fig. bb - Ch, v. viridifasciata, 'th'trd-7insfér. |







Fig. 45 ~ Ch. v. viridifasciata, fourth instar.







Fig. 46 - Ch. v. viridifasciata, fifth instar.







Fig. 47 = Ch. v. viridifasciata, sixth instar.







Fig. 48 - E. s. sordidus, first instar

Fig. 49 --E; s. sordidus, second. instar.






Fig. 50 - E. s. sordidus, third instar.






Fig. 51

- E. 5. sordidus, fourth. instar.






'Figo 52 - E. s. -sordidus,,fyifth» instar. .







Fig. 563: = 'Vent'ral view of female genital appendages, first

instar nymph of M. f. femurrubrum.

Fig. Sl»_- Ventral view of male gen'ital appendages,v first
instar nymph of M. f. femurrubrum.

Scale: 1.mm., ‘same 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 genital' appendages, second

instar nymph of M. f. femurrubrum.







Fig. 57 = Ventral view of female genital appendages, third

instar of M. f. femurrubrum.

Fig. 58 - Ventral view of male genital appendages, third

instar of ﬂ f. femurrubrum.






Fig. 59 - Véhfral view of female genital appendages, fourth

instar of five instar cycle of M. f. femurrubrum.






Fig. 60 - Ventral view of male genital appendages, fourth

instar of five instar cycle of M. f. femurrubrum.







Fig. 61 - Ventral view of female genital appendages, fifth

of six instar cycle of M. f. femurrubrum.







F'ig. 62 ~ Ventral view of male genital appendages, fifth

_instar of six“instar cycl'é of M. f. femurrubrum.
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Fig. 63 - Ventral view.of female genital appendages, fifth

instar of five instar cyf:le of _fii fgmurrubrum.







Fig. 64 - Latera'l view of female ‘gehital appendages, fifth

instar. of five instar cycle of M. f. femur rubrum.







Fig. 65 ~ Ventral view of male genital appendages, fifth

instar of five instar cycle of M. f. femurrubrum.
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Fig. 66.- Lateral view of male gjénlgal appendages, fifth

instar of five instar c&ci@.dﬁ’ﬁ. f. femurrubrum. S,

Fig. 67 = Posterior view of male subgenital plate, fifth

. Instar of five Instar cycle-of M. f. femurrubrum.







Fig. 69 - Ventral view of female genital appendages, first

instar of M. s. sanguinipes.

Fig. 70 - Ventral view of male genital appendages, first

instar of M. s. sanguinipes.

Fig. 71 - Ventral view of female genital appendages, second

instar of M. s. sanguinipes.

Fig. 72 - Ventral view of male genital appendages, second

instar of M. s. sanguinipes.







Fig. T3 - Ventral view of female genital appendages, third

inster of M. 5. sanguinipes.

Fig. T4 - Ventral view of male genital appendages, third

inster of M. s. sanguinipes.







- .F-i‘g. 75 = Ventral view of female genital appendages, fourth

instar of five instar cycle of M. s. sanguinipes.

Fig. 76 - Ventral view of male genital appendages, fourth

instar of five instar cycle of M. s. sanguinipes.







Fig. 77 = Ventral view of female genital appendagesi, fifth

instar of five instar cycle of M. s. sanguinipes.

Fig. 78 - Lateral view of female genital appendages, fifth

instar of five instar cycle of M. s. sanguinipes.







Fig. 79 -= Ventral view of male genital appendages, fifth

~instar of five instar cycle of M. s. sanguyinipes.







Fig. 80 - Lateral view of male genital appendages, fifth

instar of five instar cycle of M. s. sanguinipes.

Fig. 81 - Posterior view of male subgenital. plate, fifth

instar of five instar cycle of M. S. sanguinipes.






Fig. 82 = V;e'ntral view of female genital appendages, first

instar of-ﬂ. b. borealis.

i

Fig. 83 - Ventral view of male genital appendages, first

instar of. ﬂ.' 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 of female genital appendages, fourth

- instar of five ‘instar cycle of ﬂ. b. borealis.

»

Fig. 89 - Ventral view.of male genital appendages, fourth

_instar of five instar cycle of- M. b. borealis.







Fig. 90 « Ventral view of female genital appendages, fifth

instar of five: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.







- Fig. 93 - Lateral view of male genital appendages, fifth

instar of five instar cycle of ﬂ: b. borealis.

Fig. 94 .- Posterior view of male subgenital plate, fifth

instar of five instar cycle of M. b. borealis.






Fig. 95. = - Ventral view of female genital appendages, first

instar. of Ch. v viridifasciata. -

Fig. 96 - Ventral view of m'ale genital appendages, first

instar of Ch. v. viridifasciata.

Fig. 97 - Ventral view of female genital appendages, second

instar of Ch. v. viridifasciata.

Fig. 98 - Ventral view of male genital appendages, second

instar. of Ch. v. viridifasciata.







Fig. 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 of female genital appendages,

fourth instar of _(_I_ll v. viridifasicata.

Fig. 102- - Ventral view of male genital appendages,

fourth instar of Ch. v. viridifasciata.
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Fig. 103 - -Ventral view of female genital appendages,

fifth instar of Ch. v. viridifasciata.

Fig. 104 - Lateral view of female genital appendages,

fifth instar of Ch. v. viridifasciata.







Fig. 105 - Ventral view of male genital appendages,

fifth instar of Eﬁ. v. viridifasciata.

Fig. 106 - -Lateral view of male genital appendages,

fifth instar of Ch. v. viridifasciata.

Fig. 107 - Posterior view of male subgenital.plate,

fifth instar of Ch. v. viridifasciata.







Fig. 108 - Ventral view of’female genital appendages,

sixth.instar of Ch. v. viridifasciata.







Fig. 109 =

Fig. 110 -

Fig. 111 =

Fig. 112 -

-Ventral view of female genital appendages,

.first instar of E. s. sordidus.

Ventral view of male genital appendages,

first instar of E. s. sordidus.

Ventral view of female genital appendages,

second instar of E. s. sordidus.

Ventral view of male genital appendages,

second instar of E. s. sordidus.







Fig. 113 = Ventral view of female genital appendages,

. third instar of E. S. .sordidus.

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.







Fig. 117 = Ventral of fe:male genital appendages,

fifth instar of E. s. sordidus.







Fig; 118 - Lateral view of female genital appe‘ndages,

fifth instar of E. s. sordidus.







Fig. 119 - Ventral view of #male genital appendages,

fifth instar of _I_E_. s. sordidus.

Fig. 120 - Lateral view of ##male genital appendages,

fifth instar of E. s. sordidus.

Fig. 121 ~ Posterior view of male subgenital plate; fifth

instar of E. s. sordidus.







Fig. 122 - M. f. femurrubrum, first instar, lateral

view (15'X)

Fig. 123.- M. f. femurrubrum, first instar, Tateral

view (30 X)
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~ Fig. 124 - M. f. femurrubrum, secend. instar, léteraj‘

view ~(IS X)

‘Fig. 125 - M.. f. femurrubrum, third instar, lateral

view (15 X)
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vFig..126.e.ﬂ,:i.»femurrubhum, feurth.instar.éfvthelb

*sixyinstar:.cycle,;lateral'view (7.5‘X)v.;

Fig. 127 - M. f. femurrubrum, fourth instar of the

five instar. cycle, lateral view (7.5 X)







Fig. 128 = M. f. femurrubrum, fifth instar of the six

‘instar cycle, lateral view (7.5 X)

Fig. 129 - M. f. femurrubrum, fifth instar of five

instar cycle, lateral view (7.5 X)







Fig. 130 - M. s. sanguinipes, first instar, lateral
view (13.5 X)

Fig. 131.- M. s. sanguinipes, first instar, dorsal

view (13.5 X)







Fig. 132 - M. s. sanguinipes, second. instar,

lateral view. (15 X)

o~

Fig. 133 - M. s. sanguinipes, third instar,

lateral view (7.5 X)







Fig. 134 - M. s. sanguinipes, third.instar,

lateral view (15 X)

Fig. 135.- M. s. sanguinipes, fourth instar of six

_instar cycle, lateral view (7.5 X)







Fig. 136~ M. s. sanguinipes, feurth instar of six

'inétaf cycle, lateral view (15 X)

Fig. 137 - M. s. sanguiniges; fourth instar of five

instar cycle, lateral view (7.5 X)
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Fig. 138 - M. s. sanguinipes, fifth instar of five

instar cycle, lateral view (7.5 X)

Fig. 139 - M. b. borealis, first instar, lateral

view (15 X)






- Fig.. 141 = M. b. borealis, third:.ihs_tar‘,: lateral

view (15 X)
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Fig. 142 - M. b. borealis, fourth. instar of six

_instar cycle, lateral view (7.5 X)

Fig. 143 - M. b. borealis, fourth instar of five

instar cycle, lateral view (7.5 X)
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Fig.. 14h.- M. b. borealis, fifth instar of five

instar cycle, lateral view (7.5 X)

Fig.. 145 = M. b. borealis, fourth instar. of five
instar cycle, head and pronotum, lateral

view (30 X)







© Fig. 146 - M. f. femufrubrum, fourth. instar of five
-instar cycle, head and. pronetum, lateral

~view (30 X)

Fig. 147 - M. s. sanguinipes, fourth instar of five
instar cycle, héad and pronotum, lateral

view.(30 X)
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Fig. 148 - M. f. femurrubrum, hind wing pad.of fourth
_instar of five instar cycle, dorso~-lateral

view (65 X)

Fig. 149 - M. f. femurrubrum, hind wing pad of fifth
instar of fivé instar cycle, dorso-lateral

view (30 X)
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' Fig..150.= M..b. berealis, larva seen:threugh: th

 serosal cuticie, Tateral view (30 X)

RO

Fig. 151 - M. b. borealis,. Ial‘-va-pulled.ou'.t of ‘egg
showing colour patfern, lateral viuew

(30 X)

i






'Fig. 152 - Ch. v. viridifasciata, first instar,

lateral v:iew (15.X)

Fig. 153 - Ch. v. vi.ridifascia'ta,. second: instar,

lateral view (15 X)
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L Flg 154 --Ch. v. v!rldlfasclata.-thifd instar, ki
o lateral view. (7 5 X) Lt

Fig. 155 = Ch. v. viridifasciata, fourth instar,

lateral view (7.5 X)






Fig. 156 - Ch. v. viridifasciata, fifth instar,

lateral view (7.5 X)

Fig. 157 - E..s. sordidus, first instar, lateral

view (15 X)
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Fig. 158 - E. s. sordidus, second instar,

lateral view (15 X)

Fig. 159 - E. s. sordidus, third instar,

lateral view (7.5 X)







 'Fig:z'éo“' §g §}'soﬁdldué.tfaurth<ihstéf;j'fl‘ 

' llaféral vi9W (?;§'x,

Fig. 161 = E. s. sordidus, fIfth instar,

lateral view (7.5 X)







Fig. 162 - ‘M. f. femurrubrum, adult female, .

lateral view (scale: 1 cm.)

Fig.. 163 - M. f. femurrubrum, adult male,

lateral view (scale: 1 cm.)
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F ig.: 164 = M, i‘ séhguiﬁig'gé.‘ adult @feniavl"’g‘_,': ,» .

lateral view (scale: ] cm.) =

Fig. 165 - M. s. sanguinipes, adult male,

lateral view (scale: 1 cm.)
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Fig. 166 - M 9_, borealls, adult female,

Iateral vlew (scalq. l cm )

Fjg. 167 - ‘M. b. borealis, adult male;

lateral view (scale: 1 em.)







Fig. 168 - Ch. v. viridifasciata, adult female,

lateral view (scale: 1 cm.)

 Fig. 169 - Ell.'!.'vl,ridifascia;a, adult male,

lateral view (scale: 1 cm.)






Fig. 170 - E. s. sordidus, adult female,

lateral view (scale: 1 cm.)

Fig. 171 - E. s. sordidus, adult male,

lateral view (scale: 1 cm.)







Fig. 172 -.E. s, sordidus, adult male,‘défsal

view of pronotum ( 7 X)
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Fig. 173 - ‘Ratio of the hind wing pad length to the pronotal length
in the nymphal instars of M. f. femurrubrum. (solid: five
nymphal instar cycle, broken line: six nymphal inStar cyclé.

The same applies to Figs. 174, 175, 176 and 177.)
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Fig. 174 - 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: Ie-ngthv to the pronotal length
in the nymphal instars of M. b. borealis.
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Fig. 176 - Ratio of the hind wing pad length to the pronotal length

in the nyrﬁphal instars of Ch. v. viridifasciata.
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177 - Ratio of the hind wing pad léngth to the prénotal length

in the nymphal instars of E. s. sordidus.



