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COMMUNICATIyE BEHAVIOUR OF THREE GRASSHOPPER SPEOIFrs' 
, , 
OF QUEB~C (ORTHOP~ERA, ACRIDIDAE, GOMPH~CERlNAE) 

.' 
\~ 

Genèral taxonomy and biology of Chorthippus cqrtipennis 

curtipennis (Harris), Orphulina speciosa (Scudder) and 

Chloealtis conspersa (Harris) are su.rnmarized. Â1'{ account of 

the'common signaIs of stridulatory grasshoppers is followed 

by the description, occurrence and comparison of the' visual 

and acoustical behaviour of the tl:J.ree spa.cies studied: 

Oscillogram analys~s of the stridulation indicated that 
., 

Chloealtis conspersa produced sound during the upstroke. A 

faint IItick 11 sound was made by Orphulina speciosa during 
l 

the downstroke of stridulaq,~n. Stridulation,oscillograms of 

Chorthippus ~. curtipennis are also presented and compared 

with three European species of Chorthippus~ \ --""-----=-"'--
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RESUME 
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M~Sc. Paul .,Hunt Entomologie 

, 

COMPOR1EM, NT DE' COMMUijICATION DE TROIS ESPECES DE SAUTERELLES 
.~ . 

!nu UEBEC (ORTHOPTERA, ACRIDID{Œ, GOMPHOdmINAE) 
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La po ition taxonomique et la biologie générale des 

\ -
esp~ces Chorthippus curtipennis curtipennis (Harris), 

, , 1 

Orphulina speciosa (Scudder) et Chloealtis conspersa (Harris) 

sont sommairement examinées: Un compte-rendu, des signaux 

communs des sau'terelles str:idulantes est su;ivi par la 

description ,l'occurrence et la comparison des comportements 
, > 

de conununication vi,suèlle et. acoustiq'ue des trois esp~ces 

étudiées. Des analyses d' oscillogramIi!es de la stridulation' 

ont démontré que ChI eal tis conspersafiroduit un---son penda:gt , ,. 
le mouvement ascénda faible "tick" est produit par 

, 

Orphulina specios~ p le mouvement descendant de la 

stridulation. Les os {llogrammes de la'stridulation de 
, . 

Chorthl.PPus E. curti ennis sOnt a1,lssi 'présentés, et comp?rés 
/ , 

avec trois esp~ces européennes d~Chorthippus . 
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"We take an insect, we pierce lt with a long ~in, 

we fix it in a cork-bottomed box, we place under its feet 

a label with a -Latin name and that is aIl there is to be 

said about i t. Th'{s method of understanding entomological 

history doesn't scttisfy me at aIl. There i5 no use telling 

me that such and such a species h~s sa many joints in its 

antennae, sa many wing veins ••• l do not really know the 

animal until l -cornprehend i ts way of li fe, l ts instincts, 

its habits". 

JULES MICHELET, l'Inpecte, 1859 

(after Hays, 1972). 
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INTRODUCTION 

Stridulatory organs and other devices known to pro duce 

l!iound have been describe~"for many arthropods, . incltiding 

practica11y ~ll insect orders (Busne1·, 1963) and in pèlrticu1ar 

the Orthopter a (Kevéj.n, 1955). 

The present study of three gomphpcerine acridid grass-

hoppers, Chorthippus curtip~nnis curtipennis (Harris), 

Orphulina speciosa (Scudder) and Chloealtis conspersa (Harris) 

describes and compares their common behavloural sequences in 

all possible combinatlons of male-female interactions. The 

stri~u1atory sounds of the three species are illustrated by 

means of oscil1ograms. 

Re1ative1y li ttle behavioural and acoustical work of 

a c~rnparati ve nature has been done concerning the, three .grass-

hopper species which form the basis of this study. 

SiQce only one species from each of the three genera 

has been studied, _generic narnes alone will sorrtetimes be used 

in the following account in place of full species ~es. 

, 

/ 
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LITERATUNE REVIEW 

Grasshoppers have interested man for centuries. Long 

before the times of AristoUe the song or stridulation 'of 

these insects was the subj ect of numerous 'dissertat10ns. 

The second half of the nineteenth and the twentieth cent-

uries, however, brought a more scientific approach to the 

writings on the topie. Several early papers, notably ~y 

Scudder (1868a, 1868b, 1897), Allard (19LO, 1911, 1929) 

and Snodgrass (1924), gave accounts of the ec010gica1- and 

musical variation of numerous Northern Ameri.can species of 

grasshoppers. 

F.light stridulation or crepitation 'in American oedi-

podine acridids was studied particularly by lsely (1936). 

·2 

He concluded that sound was produced by the stiffened ·veins 

of the hind wings and not by the tegmina, as was previous1y 

thought. Isely showed that grasshoppers hear and react to 

flight stridulation. 

p';lmphrey and Rawdon-Sroith (1936a, 1936b, 1939) pub1.ished 

several pap~rs dealing with sound reception in various insects, 

espeocially acridids and gryllids. They proposed (Pumphrey and 

Rawdon-Smith,~ 1939) that the sound frequency of stridulation 
" ~ ~ . 

had no significanc~, but: r._ather that ~he temporal frequencies 

or impulses were of prime importance in stridu1atory signa11ing. 

" 
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, 
The e1ectronic recording and ana1ysing equipment 

developed during and after .World War II bega,n a new era, 
1 

attracting many workers into nurnerous" aspects of the field 

of animal communication . 

. 
,Following a symposium on orthopteran acoustics in 

1954 (Busne1, 1955) studies concerning sound production and 

reception, stridu1atory morphology and communicative be

haviour were published (JaCObs, 1955; Haske'l-l, 1956, 1957, 

1958; Alexander, 1957). Againhh.t was suggested that the 
~~ " 

ability to discriminate freque'ncies' or pitch -is 1ess impor-

3 

tant to grasshoppers than the ability to discrirninate temporal 

modula tion sound (Haske11, 1956,' 1961; Michelson, 1966; 

Uvarov, 1966). + 

By the 1960' 5 there was a considerable accumulation of 

.. 

information in the field of anima~ acoustics and communication. 

Several det~led texts on the subject were °re1eased (Lanyon 

and Tavo1ga, 1960; Haske11, 1961; Busnel, ],9.6-3; Sebeock, 1968). 

Bioacoustic terrninology was def ined by Broughton (1963). 

Techniques in recording sound for bioacoustica1 studies were 

described by Kellogg (1960) and the' ana1ysis of sound by 

Borror (1960) and Andrieu (1963). The texts i.n which the~e 

papers, appear dea1 with nUIJlerous soqnd-producing animal groups. 

Sound communication -in orthopteroids and cicadids was discussed 

" 
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by Alexander (1960) and the apparatus of sound emission 

and-the charact~ristics of the sound prod~ced were described 
1 

by Dumortier (1963). Communication in arthropods generally, 

was reviewed by Alexander (1968). 

More reqently, Otte (1970) published a major comparative 
j J 

study of communicatory behaviour in grasshoppers in which 114 

North American species were exarnined. Subsequent to this rnono-

graph more detailed studies of individua1 orth9pteroid species 

were mad~, both in North America and in Europe (Wi11ey and 

Wi11ey, 1971; Young, 1971; Alcock, 1972; Otte, 1972 t Pickford 

.and Gir1ott, 1~72a, 1~72b; E1sner, 1974; Hartmann and Loher, 

1974; Kerr, 1~74; Pickford, 1974; Steinberg and Conant, 1974; 

Steinberg and wil1ey~ 1974; Wi11ey, 1975; Samways and Broughton, 

1976) • 
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PART I. A GENERAL TAXONOMIC DESCRIPTION OF TRE GRASSHOPPERS 
Chorthippus curtipennis eurtipennis, Orphulina speciosa 
AND Chloealtis conspersa. 4 

There are fourteen established speeies of stridulating 

grasshoppers which occur in Quebec and the Atlantic Provinces . 
.. 

'(Viekery ~ S], 1974). AlI are members of the fa~iiy Acrididae 

and are grouped in two subfarnilies as follows: 

SubJarnily .OEDI,PODINAE' 

Chottophaga viridifasciata viridifasciata,(DeGeer) 
Encoptolophus sordidus sordidus (Burmester) 
Carnnula pellucida (Scudder) 
Paradalophora, apieulata (Harris) 
Dissosteira carolina (Linnaeus) 
Spharagemon bolli bolli (Seudder) 
~pharagemon collare (Scudder) 
Trimerotropis verruculatus verrueulatus (Kirby) 
Stethophyma lineatum (Scudder) , 
Stethophyma gracile (Scudder)" 

Subfamily GOMPHOCERINAE 

Orphulina speciosa (Scudder) 
Chloealtis conspersa (Harris) , 
Chloealtis abdominalis (Thomas) 
Chorthippus curtipennis curtipennip (Harris) 

Members of the SubfamiIy Gompho~inae can be distin

gu'ished. from the o,edipodinae by several ·taxonomie features, 

such as' general- size and stridulatory apparatus. Distinguishing 

features of the two subfamilies cbmpiled from Dir~h ,(1975) are ' 

eompared in Table 1~ 

- . 
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Adul t grasshoppers, of the sUbfamily Gomphocerinae are 

generally sma11er in size and,stridulate by rubbing the hind 

6 

femora, each of which bears a row of pegs on the inner surface, 
,1 

ag~inst toughened veins of the tegmina. 

Most men\bers of the oedipodin~e possess sharp carinulae 

on the inner side of_the hind femora. Sound is produced by . \ 

rubbing these carinulae against the'serrated intercalary 

veins of the medial area of the tegmina. The stridulatory 

appax:atus of ~ome genera, .notably Stethophyma, is ·rather 

similar ta that of the gomphocerines, although a roughened 

ridge' .is present on the inner surface of the hind femur 

instead of a row of pegs, and th~ actual mechanism of sound 

production may differ. 
o 
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TABLE l 

, - . 
A COMPARISON -OF THE TAXONOMIC rEATURES OF THE 

SUBFAMILIES, GOMPHOCERINAE AND OEDIPODINAE 

" 

l' 

1 

\~EATURE-S 
, ,. 

10DY SIZE 

E ODY SHAPE 
, fi! 

HEAD 

FACE 
(profile) -

ANTENNAE 

PRONOTUM 
. (dorsum) 

POSTERNAL· 
PROCESS 

TEGMINA 
AND WINGS 

" 

1 

0 

GOMPHOCERINAE 

Sma Il to niedi um : 

Short,cylirrdriéal _ 

Obtuse1.y conical 

Straight or slightly 
outcurvedi fastig,ium 
of' vortex short at 
apex; angular or 
roundèd/? f~stigial 
foveolae present; 
concave or flat 

Filiform, phylifor~ 
or clavate 

Flat,subcylindrical 
_ or slightly. ~addle

shaped 

Ab~ent, rarely low 
tubercle p~esent 

Fully developed 1 

shortened, rarely 
absent; reticulation 
sparse; intercalary 
vein 'of medial 'area 
of tegmen absent 

) 

.J 

OEDIPODINAE 

Small to large ~ 
11\ -

1 

Relatively stout, 
cylindrical, rood- 1 

erately elongate \ 
1 

1 

S'ubglobular to i short conical 

St~aight, outcurved 
or slightly incurvedj 
fastigi~ of vortex 
short; subglobular or 
angular, fastî:gial 
foveolae absent or 
pre~ent 

Filiform 

Tectiform . 

Absent 

Fully developed or 
shortèmed,reticulatiol 
dense,'strong and -most
ly with serrated in te 
calary-vein of medial 
area of tegrnen ! 

Ctd; 

- . 
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FEl1TURES GOMPHOCERI.NAE 

HIND WINGS Sometimes specialized 
~orming widened areas 
and speculum, thickened 
costal vein and inflateè 
cost~~ area~ clear in 
coJ.our \ 
,r-J ',-, 

/' 

HIND FEMORA r~~deratelY widened 

" "'\ 

HI ND FEMUR- WJ.'th rounded. or ,
_=J . 

obtuse 
"TIBIA a gular Itobes 

ARTICULATION -

HIND TIBIA 

PHALLIC 
COMPLEX 
Endophallus 

Basal halves 
of penis 

Gop,opore 
Process 

Apical 
Valves 

'" 

Epiphallus 

STRIDULATION 

strongly outcurved at 
proximal ends; 
Large and wid~ 

Present 

Relativély wide,upcurveè 
flexure long and rel- l'(j 

atively wide 

Bridge-shapedl,short and 
narrow 

Serration~on'inner side 
of hind femora consist
ing of a row of small 
pegs in a straight or 
r,egularly undulating 
or irregularly shaped 
line.' 0 

8 . 
• . 

OEDI'I?ODINAE . 
'\' 

Bri~htly colouted 
to colourless and 
transparent; 

. 
usually with sorne 
degree of colour 

". 

1 Short and mostly 
widened 1 

Short and mostly 
widened,with short 
rounded lobes,or 
rarely with angular 
lobes 

sometimes with apic
al half ~li9htly 
expanded 

, 

Slightly curv'd side
ways at proximal ends 
Small' and narrow 

Pres-ent 

Relatively short and 
wJ.de,flexure rnoder
ately short 

.Bridge-shaped, 
moderately narrow 

, 
Serrated intercalary 
'vein on medial are a 
of tegrnen and sharp 
carinula, on inner 
surface o~ hind femui 

Ctd. 

,-------~_. '-'-' .--'-------~ 
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\FEATURÈS 

, , 

TRIDU~ATION 
ctd. _,:; . " -, 

GOMPHOCERINAE 

Pegs articulatèd to 
femur by rnembraneous 
connections on their 
bases enclosed by 
follièles 

# 

l , 

Sound is produced by 
rubbing row of pegs 
against veins of the 
tegrnen (radial and 
medial) 

9 

OEDIPODINAE 

Soun~ is produced by 
rubbing carinulae 
over serrations of 
,the intercalary vein 
of the medial area 
of the tegmen 

/ 

, 

! 
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This part of the thesis is confined to the study of 

three of the four Quebec species of Gomp~ocerinae, which 

may be di,stinguished from each other as indicated below: 

J 
;r 

- Orphulina s'peclosa (Scudder, 1862) 

10 

A species which is relatively, small in size. The average 

adult male body length is 13.5 mm and that of the adult female 

18.5 mm. Although the colour is variable, green is the most 

cornnfdni~n Quebec. This invqlves the head, pronotal disc and 

"tegmina being green. The co1our and size of this species make 

'it inconspicuous in grass. The antennae ~re short, and are 

generally less th an half as long a~ the body, the average male 

antenna being,S.7 and the female 5.6.mm long. The slender hind 

femora and clear hind wings are not distinguishing features. 
~ 

The tegmina are variable in le~gth, but usually reach the ends 

of the hind femora. The foveolae (depressions or pits) of the 

front of the head ar~ distinct but are not visible from above. 

l' 
Chorthippus cUftipennis curtipennis (Harris, 1841) 

J , 

This is a small species, with an average male body 1ength .. , 

of 15 mm, and the female.18:Smm long. The colour i~ variable, 

from green to olive-gray or to brownish-red, with dark 1ines 

on the he~d dnd sid~s ~f'the pronotum. ~he antennae ar~ longer 

~those of o. seeciosa. In the adult male they are approx

imatelY three-~uarters th~ body length, averaging 11. 35 run.) J ,'" 
The aver~g~1ength of female antennae is on1y 6.62 mm, consid-

l ' 
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erably shorter than those of the male. As in the case of O. 

speciosa both the slendér femora ana the clear hind wings are 

not distinguishing fe~tures. However, the hind femur-tibia 
~ , ' .. ( : ~ . 

articulations are bïaak>~n ·-colour, and are '~nspicu'OUs when 
1'1 

the hind legs are moved,! especially when stridulating. The 

tegm'ina 'of the male uatlallY reach the end. of the ab'domen. 
,~J __ 

, 
The foveolae of the head are visible'from above as linear 

depressions •. 

Chloealtis conspersa (Harris, 1894) -,. 

This is a small species with an average male body length 

of~16.5 mm, tha~ of the female being 21.3 mm. The male is ,dark 

brown in cqlour with the sides of the pronotum and the base of 

the abdomen black. The female is pale brown to gray, without 

black sides. The area above the antennae is blàÇk in both sexes. 

The ayerage antennal length of males is- approximately half that. 

of the body len?th, being, 9.4 mm. The average length of thé 

female 'antennae is 9.2 'mm. The' hind tibia and undersides of the 

slender hind femora are '''dark red. 

The tegmina of the male usually reach the end of the 

abd;men, whilst in th~ female onl:y about two-thirds of the 
'. , ' 

abdomen is covered. The t~gmina are broa~ly ~ounded at the 

tips,- those of, the male bearing either few or no spots, whilst 
1 

those of the female ~re conspicuously speckled. 1 
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Table 2 shows a eomparison of sorne di~tinguishing 

features of Q. speèiosa, c. eonspersa and s.. curtipennis 

curtipennis. For a more detailed taxonomie discussion, and 

for an account of the other less cornrnon Quebec gornphocer ine , 

Chloealtis abdominalis (Thomas), seè Vickery et al (1974). 
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TABLE 2 

A GENERAL TAXONOMIC COMPARISON OF Orphulina spec~osa, Chloealtis conspersa 
and Chorthippus curtipennis curtipennis 

~ 

-

~ 

,,-..., 
\ 

! FEATURE Orphulina speciosa Chloealtis conspersa Ch.~ c. curtipennis --- --

AVERAGE - Male: 13.5 mm Male: 16.5 mm Male 15.0 mm 
BODY LENGTF Female: 18.5 mm Female 21.3 mm Female: 18.5 mm , 

' .. , -
1 

COLOU~ Variable; head, Male: dark brown with Variable, from green 
pronotal dis~ and 'sides of pronoturn and to olive-gray to brown-
tegmina green ~st base of abdomen black. ish red~ 
common in Quel::;le Female: pale brown to Dark lines on head and 

. gray, without black side of pronotum . 
sides. Area above the 
antennae black in 

( both sexes -
0 

l . 0 , 
AVERAGE About one-third.of. Male,over half body Male,about three quart-t 
ANTENNA body length. Ma~e: t length 9. 4mm, female ers body length,11.4rnm 
LENGTH 5.7nun,Female S.6nun 9. 2 mm Female, 6.6mm 

0 , 
HIND 'FEMORP. Slender Slender,underside red Slender, femur-tibia 

- joint black 
.' / 

. 

HIND WINGS Clear CH~ar Clear 
<> 

0 . 
" . 

TEGMINA Variable,usually Malê,usually"reaêhes Male,usùally reaches 
+>ENGTH reaches end of hind end of abdomen.Female end of abdomen.Female 

femora. 
, 

In Quebec us:ually covers about usually covers about 
-, - usually green in two thirds 0 f abdomen. two thirds of abdomen 

colour Broadly rounded tips, 'Brown in co lour 
" , 

- ---_.-
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-FEATURE 

TEGMINA 
,LE~GTH 

C!;:d. 
...... 

FOVEOLAE ' 

-

; 

orphulina speciosa 
, 

., 
. 

0 

Distinct but not 
visible from above 

-

... 

? "" ,. 

v-
} 

ca 

Chloealtis conspersa 

those of male without 
spots or with a few 
dusky spots, those of 
female speckled 

, 
Absent \o:..~. 

" 

-~~,.. ~~ ~ 

" 

:~ 

1 

Ch. 5:..:.. curtipennis 
~ 

. ;, 

Visible from a~ve 1 

as linear depr~ssion$ 
i 
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PART II. THE GENERAL BIOLOGY OF Orphulina speciosa, Chloealtis 
cons}2ersa AND Chorthippus curtipennis c,~rtipennis 

f "',," 

al Range 

Orphulina speciosa 

o. speciosa is the only species of the predomï nan t l Y -
Neotropica1 genus Orphulina which occurs in the province of 

Quebec. It is found over the southwestern part of the province 

west of Tadoussac and Quebec C~ty (Fig. 1). It is abundant in 

certain eastern and central regions of Canada, but it is not 

very common in Quebec (Cantrall, 1943; Vickeryet al, 1974; 

Crozier, 1977). 

Chloealtis conspersa 

f..., consp~rl?.a is a northern species, extending from Maine 

to Quebec (Fig. 2) and Ontario and south in the mountains to 

Virgina and west to Nebraska and Brftish Columbia (Vickery et 

al, 19'74). It is chie~1y a woodland species, found in clear-

ings or along the edges of woodlands. Females oviposit in 

rotting wood (Vickery et al, 1974; Crozier, 1977). 

Chorthippus curtipennis curtipennis. 

C. c. curtipenhis is widesprea'd in the northern United 

States and much of Canada. With the possible exception of 

Dissoteira carolina " (Linnaeus) , it has the widest distribution 

of any of the Orthoptera known from eastern Canada, where it 

is by far the1most w~dely distributed species (Fig. 3). 

,}'fr 
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It occurs in aIl provinces and terri tories and in the state 

of Alaska, in the, south along the mou~tains it reaches Ten-

nessee and even New Mexico; in southern California it is 
, 

replaced by a different subspècies (vickery et al, 1974). 
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Figure l~ Map - Orphulina speciosa distribution 
in northeastern North America 
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Figure 2. Map. 
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Chloeal tis conspersa distribution 
in northeastern North America 
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Chorthippus c. C*fti~enniS 
distribution-inàrt eastern 
North America 
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Chorthlepua C. 

CUIlIpeoms. 
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bl Habitat 

f 

Orphulina ,speciosa occupies the more open parfs of 

a mixed grass-herbaceous habitat with the substrate dry 

and sandy. Chortpippus c~rtieennis curtipennis, as well 

as inhabiting dry areas similar ta those occupied by o. , 

speciosa, also occurs in wet habitats around marshes and 

bogs (Cantrall, 1943). Both species appeared to be more 

abundant in areas having sandy soil. Chlaealtis c~nspersa 

is chiefly a woodland species occurring in clearings or 

23 

along the edge of woodland. The most productive col1e~ctions 

were made along the perimeters of. sand pits and nearby' 

roadsides. 

c) Food 

1 .... 

o. speciosa, C. conspersa and C. ~. curtipennis are aIl 

grass-feeders. As shown by Gangwere et al. (1976) the diet of 

o. speciosa consist9' largely of Canada B1uegrass, Poa com-- ~ ---
pressa (L.), with 1esser amounts of Arrowfeather, Aristida 

purpuresoens (Poir.). The main f90d of ~. ~. curtipennis is 

Kentucky Bluegrass~ ~ pratensis (L.) and les5er arnounts of 

Pigeon Grass, Seteria lutescens (Weigel) Hubb, and other 

graminoids, but not dicotyledons. Chloealtis conspersa is a 

gramniv)e thM. occasionally varies' its di et with dicotyled

QnQllS material. Its preferred food is Poa spp. 
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d) ~ Cycles 

O. seeciosa, c. canspersa and C. ~.<curtipennis aIl 

exhibit the saroe type of life cycle in which overwinter-

ing occurs in the egg stage. In the fallowing spring and 

early summer the eggs hatch and the nymphs matur .... e to adults 

after developing through five instars. 

24 

In southwestern Quebec the nymphs of o. speciosa appear 

from June ta July. The fifth nymphal instars mature ~a adults 
1 

during late July and these generally live 'until October (Craz-

ier, 1977). 

c. conspersa' nyniphs first appear in southwestern Quebec 

in mid-May, and the adul ts live through mid-June ta September 

(Crozier, 1977). 

The nymphs of f . .s. curtipennis emerge in southwestern 
,Ao 

Quebec in ear~y June and like o. spec\osa live until October 

(Crozier, 1977). Low tempe;-atures and the carresponding lack 

of suitable food plants bath contribute to the demise of adult 

individuals in the autumn. 
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PART III. MATERIALS AND METHODS AND ASSOCIATED PROBLEMS 

This study was started in the summer of 1976 and is 

based on observations of natural populations of Q. sp~ciosa, 

f. conspersa and f. c. curtipennis. Observations were also 

made on field-captured and reared grasshoppers kept in cap-

tivity. 

Grasshoppers were observed and collected at Rigaud, 

Hudson, ste. Anne de Bellevue and Lanoraie, Quebec (Fig. 4). 

The standard observation procedure was to walk to the edg~ 

of an area known ta contain a certain population of grass-
p 

hoppers, to sit down and remain still. After severa1 minutes 

the grasshoppers begin to move about! Movements and inter-

actions were noted using a miniature cassette tape-recorder. 

When background noise was sufficiently low, fie~d recordings 
J-

of stridulation were made using a Sennheiser MKH 815 T 

directiona1 microphone,- and ai Uher 4000 Report Ie tape-, ,J ;.: 
r 

recorder with a tape speed of 19 cm/sec (system frequency -

response Sdb at 20hz-20khz). These recordings were later 

analysed. 

In the laboratory, the most successful observations were 

made by housing i'ndividuals in glar-fronted wooden cages 

measuring 3~3X48 cm (Outs'ide, djAriensiOns). 'l'he cages ha,?, 9.

taIse floor constructed of 3 ~ mesh hardware c10th posi'tione8. 
/' ,-----/ 
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- Figure 4 .. Map - Montreal and surrounding are a • 
Observation and col~ection sites: 
1. Rigaud, 2. Hudson, 3. ste. 
Anne de Bellevue, 4. Lanoraie 
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10 cm above the floor of the cage.' Beat and Hght were pro-

vided by a 25-watt inc~ndescent light bulb. A temperature of 
o 0 

26 C - 30 C was maintained. A 15 hour light and 9 hour dark 

photoperiod was used. A fresh supply of lettuce and Canada 

Or Kentuc,ky Bluegrass was, placed in tj:le ?ages daily. A sup

plementary mixture,consisting of 200g bran, 200 9 alfalfa 

meal, 20g Brewers' yeast and 46 ml of corn, oil was fed to 
, 

the grasshoppers. A coü:on-stÇlPped water vial Was placed in . 
each cage ta provide moisture for the insects. 

Eggs of Q. speciosa and C. ~. curtipennis were reared 

and hatched using the method described by Crozier -(1977). ' 

The behaviour of the caged adults was 'subs~quently ob$erved. 

Raising of C. ~onspersa was not attempted. 
~Io\< ' 

"" 

Except for pos~ible signals involving flight of Q. 

speciosa, there appeare~ 'ta be a close correlation between 

behaviour occurring~in the field and that occurring in the 

laboratory. 

, 
Figure 5 i8 a photograph of the author in the field, 

recording stridulation. Figures 6 and 7 indicate two methods 

used-to record and observe behavioural interactions. Cages 

used ~n the field were bottomless 50 as to sim~~ate natural 
" 

candi tians. 
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Figure 5. Recording in the fleld 

, " 

y 
Figure 6. Small bç>ttomless cage and recording 

equipment 
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Figure 7. Large walk-in bottomless cage 
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The habitats where the grasshoppers ~ere found consisted 

of grass~s and sedges of varying lengths~ which hindered 
-

accurate observations. To add ta the difficulty~ the grass-

hoppers, when alarmed or disturbed, attempted to conceal 

themselves in the vegecation or to leap away from the obser-

ver. Their cryptic colouration made them extremely incon

spicuous. It is for these reasons that detailed observatians 

on caged individuals were made, which w~re then verified by 

field observations. 
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PART IV. GENERAL GRASSHOPPER BEijAVIOQR 

Acridoid grasshoppers are mostly diurnal and have rel-

atively short antennae. However, they possess large compound 

eyes, which allow them to utilize many' visual signaIs, mostly 

. involved with sexual behaviour. Their colou~, size", shape, 

motion, and ~artic~l:~Y the large hind leg~, all appear ta 

be important in close range interaètion, and in aIl cases 

tp.ese prelude tactile communication. 

Grass~oppers have evolved an acoustic system entirely 

separately from that_ o~their rel.atives the crickets (Gry

lloidea) and katydids l (Tettigonioid~a) • The majority of the 
~ 

mambers.of the latter two groups have in cornmon an acoustic 

system in which the signalling device is a stridulatory 
\ 

apparatus on the forewings of the male and the auditory 

organs are tympana located within slits or foramina on the 

fore tibia. Acridoid grasshoppers, on the other hand, have 
-

(ex'cept for a few which lack them) tympan a si tuated at the 

base of the abdomen, and, if they stridulate at all, they 

utilizevarious metrhods, all quite unlike those of crickets 
" 

and katydids, the most conunon being the rubb~ng of the spec-:. 
, . 

ialized inner faces of the hind femora against the outer faces 

of the tegmina (Fig. 8), and Qccasionally the sides of the 

abdomen. In addition or sometimes in place of this 'male grass-
o 

hopp~rs of the subfarnily Oedipodinae in particular, may produce 

sound during flight in order to attract a mate. The flapping 
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hind wings of oedipodines produce a snapping or crackling 

noise usually referred to as crepitation. 
fJ 

Though nearly aIl grasshoppers poss'ess abdominal tym-

pana, a great many species neither stridulate or crepitate, 

and in those species that do 50, usually ohly the males 

produce appreciable sounds by either QI the two methods 

çle s cr i bed ab ove •. 

oa) Stridulation and Sound 

Many insects produce sound by rubbing a roughened part 

of the ~ody against another part. This type of frictional 

mechanism for sound production is employed by a variety of 

insects but i~~particu1arly associated with insects of the 

35 

orders Orthoptera, Hemiptera and Coleoptera (see, for example, 

Has~ell" 1961). During the course of evolution" different 

body parts of these'insects have become modifed to produce 

sound in this mânner. 

In orthopt.eroid insects, as a1ready noted, two main, 

methods of 'Stridulation are used: elytral or tegmi.nal str~

dulation in crickets (Grylloidea) and katydidsviTettigonioidea) 
-~ 

of the order Grylloptera and fe~o~a_~~J stria~lation in 

grasshoppers (Acridoidea) of the o~orthoPtexà. 
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Figure 8. Diagram illustratinq the sound-producing 
and hearin~ apparatus and forewing 
venation in a typical ~edipodine grasshopper 
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In crickets each tegmen or fore-wing of the male has a 

cubitàl vein near the bas~ of the underside modified to forro 

a toothed file" while'on the edge of the opposite tegrnen is 

a ridge forrning a scraper. The right teg~en overlaps the left 

'so tI:tat only the right file and the left scraper a~e function-

al. Sound is produc~d, when the tegrnina are raised at an angle 
0 

'1 ' 
of 15-40 to the body, and then opened and closed so that the 

. i~ ... i,; 

scraper rasps on the file causing the tegroeh to vibrate and 

produce a sou~d (Chapman, 1969). Female crickets do not possess 

stridul;tory apparatus and therefore make no sound. 

The stridu1atory apparatus of the katydids is sirnilar to 
. , 

that of cri~kets, but the left tegrnen overlaps the right and 

in most fu11y-winged forms only the left file and right scraper 

are ·present. Sorne female katydids have stridulatory apparatus, 

but this is usually much less weIl developeâ than in the males 

and of a different nature. 

Many of~,the stridulatory acridoid grasshopp.ers of the' 
~', 

subfamilies Oedipodinae, Acridinae 3!0--GOltîpîlOcerinae produce 
~--

sound by' rubbing the ~ora against a pronounce~ scler-
- -~ 

otized tegminal vein of the same side. Depending upon the 
~ ,d 

species, the femora are m?ved either in ùnison or alternately. 

Sound is produced w!len a ridge (Oedipodi'nae and -Acridinae) ôr 
, 

row'of pegs (Gomphocerinae) à10ng the inner surface of the 

o hind f~rnora (Fig. ~9), ras'ps aJainst the pronounced rigid teg-
-' 

" 

" .' , 
i 
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Figure 9. Diagram·of the inside left hind leg showing 
the position of the stridulat?ry pegs 
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minaI veins. This causes the tegmina to ,vibrate with their . 
natural fre;quency anÇi thus produce a sound, the frequency , 

of whiCh varies from' 2-50 Khz. To sorne' extent the frequency , 

of the sounds -varies with the_ s_pecies, ,bft1t even in a single 

insect a wide freque'ncy spectrum results ,from the different 

41 

resonances of different parts of the elytra. Each movement of 

the femur produces a single pulse of sound. Stridulatol?Y 

apparatus is often present in ·the. female as well as the male, 
1 

as is found in Chorthippus spec_ies, ~ut :1;:here are very few 

reports of fema1e stridu~ation' (Ragge, 1955). As wi th crickets . , 

each species has a different song and ~ndividual species may 

be differentiated by _ their' pulse repeti tion frequenciE1s. 

b) Crepitation and Sound 

In addition ta, or instead of, stridulating, sorne acrid

oid, grasshoppers, as pr~viously stated, produce f?ound during 

specialized fl~ghts of the male, made in arder to attract a 

'mate. The hirid wi~gs are opened ,and cl9sed, producing a snap-
, , 

pÜlg br crackling noise, usually 'referred tb~:as, crepitati.on. 
/ 

Crepitating flight in many speci,es is associated wi th the 
" . 

exposure of colour pC1;tterns on the hind' wings when the grass-

hopper is in fl~ght, fo~ example in the case of the black and 

yellow, colQur of a flying Carolina' Gr~sshopper, Dissoteira 

carolina" (L.'). In such cases the male becomes conspicuous in . 

fli~ht, and attracts a receptive conspecific female, either 
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, 

by the flashing of coloured wings or the production of loud 

flight noises or both. The fact that flash colouration is 

displayed by non-cr~pitating speci~s and that sorne females 
-

alsa possess çonspicuously caloure'd" wings, has leÇl to the 

belief that flash colouratian is,also a probable escape 

rnechanisrn used to confuse large predators. 
~ 

It is not yet known precisely how the snapping sounds 
t 

are' produeed during flig'ht. Cutting o'ff fore-winqs did not , 

affect the sound produced, but crushing the thic~ened anal ~ 

veins did suppress the soun~ (1se1y, 1936). It was suggested 
, 

that the ,membranes between the anal veins produced a snapping 

sound when they suddenly became taut. ~Otte (1970) investigated, 
, 

the possibl~ mechanism of crepitation, and found that when he 

extended the hind wing and lowered it at the sarne tirne, the 

distal half, of the m~mbranes Qetween the thickened anal veins 
-

suddenly popped out and flattened. This was due to tension on 
, 

the veins, for the ,membrane popped back in ta the folded pos-
. 

i tion again when the ~ngs" were' released and allowed to return 

to thei;' res't~rrg position. Membranes nO,t associated wi:th thick

ened veins did not pop out in this fashion and therefore prad-

uced no sound. 

A slow play-back of sound produced by these species and 

audiospectrogrë;Lphs of their sounds suggest that as the thick-

'. ened velns and the membrane between them fi~st pop into the 
. ' 

taut position, they produce the louder snapping saunds, and as 

, 
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~ 

the y pOp out into the relaxed posi tion t':leyproduce a softer 

popping sound (otte, 197'0). rf this is the mechanism by'which 
. , 

sound is p:t;'odqced, therf it is unique in grasshoppers, but in 

certain respects oi t; is quite ana1agous to the mechariism emp-

loyed in the case, of the abdom~na1 tymba1.s of cicadas. In 

these, a1so, it is the vibrat.ion of a membrane which produces 

the sound (Haskell, 1961). 

In point of faet, a very- credi table 'imitation of oedipod-

ine crepitation can be produced simp1y, by means of a cheap 

J,apqnese paper fan-, rapidly opened and closed whi1st being 
1 

jerk~d in the hand. It would seem that the sound thus pro-

dueed is made in the same manner as that of, grasshoppers 

during .flight (D.K.MeE. Kevàu, 'personal eommu'nication) • 
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PART V. MAJOR COMMUNICATIVE PATTERNS 

The principle patterns· o'f grasshopper behaviour in-

volving communication are associated with pair formation 

and courtship, also aggression and repulsion. 

SignaIs can be named according to the function the y 

serve, ~or 'exampIe, calling and male sEacing, or they can be 

named according to the patterns of mov'ements of the display, 

such 'as st"ridulating or femur-j erking. At tirnes, however, the 

function of a certain display is not immediately obvious, and-

even if i t is known for one species, i t may not be the sa!!l€ in 
t 

a different species. Therefore' i t i~ usually safer to narne 

the display according to the pattern lf movernent. When the 

function is known, 'movements of fiisplays are named according 

to the function they·serve. , , 

~ .... 
Wh_en describing the behavioural traits of any animal, it 

is important to systernàtize and 'gi~e deta·iled accounts of 

behavio~r' cur-rently recognized in the field, as a necessary 

aid to further study. AIso, the names given to various types 

of behaviour should be used in subsequent studies, to minimize 

confusiori. " 

Otte (1970) has been respons'ible for narning the cornrnuni

catio~ signaIs and behaviours in grasshoppers. Wi th use of his 
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_ termino1og~ behavioural descriptions. have been standardized, 

as in the pub1~cations of Willey and Wi11ey (1969,1971), 

Lohn and Chandrashekaran (1972), Kerr (1974), Steinberg and 

Wi11~y (1974) and others. 

a)pair Formation and Cou~tship 

Pair formation was described by Otte (1910), as the 

ini tial coming together of a male and a female in connection. 

with copulation. "Courtship was defined as the interaction of 

a male and female aft~r ~he pair has been forrned and before 

the pair copulates. The ~xact poipt at which pair formation 

ends and cou~tship begins is not always clear. In sorne species . 
• 

separation of the two phases seems quite arbitrary and is made 
1 

for convenience only. However, the inabi1ity to differentiate 

the two is not important if the entire process of pairing ald 

'courtship is described. 

~) Pair Formation 

1 • ' 

The attraction of females by the males is the first step 

in pair formation. ,In many grasshopper s~ecies soli tary males 

produce calling signaIs which attract a female. Sorne species '. . 
of Oedipodinae perforrn'specialized flights as weIl. Males of 

the subf~ilies Oedipodinae, Acridinae, Gornphocerinae and a 

few others stridulate. Many acridoid species, however, evid-

1 
1 
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ently do not util,ize audible calling signaIs, 50 far as is 

known. 

Flight displays, approaching flights and stridulation 

are three basic behavioural' types involved in female attract-

iorl. These ~isplays are discus~ed on the following pages. 

1. Flight Displays 

In rnany species of oediPOdine~olitary males perform 

speciàlized'flights which evidently attract sexually receptive 
, J 

females of their own species. In such performances males fly 
'1.' • 

up from the ground,and snap their hind wings (crepitate) and 

/or display flash colouration, then settle back to the ground 

again. The flight noise of crepitation is usually species-

specifie COtte, 1970). A responsive fernale will'move toward 

the area wh€re the male landed. The male will then approach 

her. 

2. Approaching Flights 

Male grasshoppers-may orientate themselves toward the 
Q 

, 

movement of the fernale. Once visual . contact has been made, 
~ 

many oedipodine males approach the ,females by flying, acc-
-, 

ompanied by wing flashing and/or crepitation. 
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3. stridulation 

Three distinct types of stridulation occur throughout 

the Oedipodinae, Acr idinae and Gomphocer inae: 

(i) the rnost common type, which consists of a rel-

atively slow, high amplitude up-and-down movernent of the 

hind femora against the tegrnina (Fig. IOa). 
, 

(ii) 'vibratory stridulation, which consists of rel-

atively low amplitùde, rapid vibration of the hind femora 

against the tegmina (Fig. lOb). 

(iii) "ticking", which consist~ of raising the fernora 

and then kicking out with the tibia so as to strike the end 

of the'tegrnina (Fig. 10c). 

Vision in pair formation and courtship is very important 

in aIl diurnal g~asshopper species. Males are highly sensitive 

to movement and' orientate toward and approach rnoving indi vid'" 
. 

uals by sight. The final stage in pair formàtion, even in those 

species where the male attracts the female, is also d'ependant 

on visual orientation and approach. Pair formation in these 

species can 'therefore occur in the ab~ence of female attracting 

signaIs. 

" ) 

Male oedipodines and rno~t acridines and gomphocerines 

approach the female by both flying and walking on different 
-

occasions. This approach is accompanied by vis~al and/or 

'acoustica~ signalling by the male (O~te, 1970). 

-" 

" ' 
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c) Courtship 

As previously defined courtship is the interaction of 
'> 

male and female af~er the pair has formed and before the pair 

copulates. The signaIs which oceur in a' courtship context are: 

"ticking", presenting, flight display" approach flight str id-

ulation and femur-tipping. 

1. nT icking" 

A repeti ti ve or non-repeti ti ve movement in which tl;te Ieg 

is extended sa that the tibia strikes the end of the tegmina, 

producing a "tick" sound,' as noted - previ6usly under "stridul-

ation" (Fig. ~'Oc). 

2. Presenting 

Sexually responsive femaies of many species lower the 

qind femur ne~rest. the approachi~le and spreaù both femora 

away from the abdomen (Fig. lOh). The presenting response is 
1) 

gradecf,) and seems both to attract m~ües and to render the fem-

ales more accessible to males. Responsive females always allow 

males to mount them and to attach their genltalia. This mating 

posture varies in elaborateness both within and among species. 

3. Flight DisijJay 

This dis play oceurs in sorne but not aU species. It was 
c 

previously de'scribed under "Pair ,formation". . 
/" -

----) 

) " , . 
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4. Approaching Flights 

These flights occur in many species, and were previously 

noted ~nder "Pair formation". 

5. Stridulation 

This has already been discussed under "Pair formation". 

6. Femur-tipping 

This is the most common fernoral rnovement ix\ oedip;dine 

grasshopper's. ~t consists 

ering of the fJmora (Fig. 

of a single quick raising and la\,

lOd), wi thoui; sound production. This 

movement 

normally 

is dijPlayed by sorne species in courting' males, but 

occur in ma~e-male interactions and results in their 

separation. Th~ movem~nt is rendered conspicuous by the markings 

on the inside f the i femur. When the femora are in the resting 

position these br ight markings are not visible • 

lt must b pbintea out t,hat Figs. IOc,d,e and f are not 

restricted to ourtship behaviour. See Otte (1.970) and Kerr 

(1974). 

Sign~l'S c n faci,.1i tate copulation by transmitting info

rI{lat?-on ?bout he species, sex, the reproductive state, the 

vigor afldÎ'or m tivation of the sender. This informati6n could 
./ 

be èoded into wo categories: appropri~te mate and inappr?pruiate 

mate (Kerr, 19- 4) • 
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Figure l 0 ~ SignaIs and postures cornmonly 

occurring ip grasshoppers 

From OUe (1970) 
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, 
The flight display and 'stridulation 'm,ay have a dual 

.function as courtship and calling ~i.g'na-ls ~ ,The species 

information would 'be important in both contexts, while 
" 

location information would be functional in -callin~ and 

extraneous in courtship. Presenting seerns to function in 

the timing of copulatiqn. The contribution of the other 
~ 

patterns is uncertatin, but 'each of these patterns 'will 
Ir ' 

hœve encoded in it information f~om one of the caterories 

O~"I discussed. 

d) Mounting 
• 

1 

J 

In aIl species, the male rnounts the female. When on top, 
, 

the mal'e lowers the end of .nis abdomen beneath that of his 

mate and grasps her genitalia with hi~ own. In the three sub-
i 

, 
farnilies discussed in this paper (Oedipodinae, ~cridinae and , 
Gornphocerinae) the female is aware of the impending attempt of 

1 

a male to mount her, because he usually signaIs before doing 

so. ,Sexually receptive females either remain passive or signal 
~ • 1 

their receptivity in sorne fas'hion. Females ~hat ar~ sexually 

unreceptive perform movements which inh±bit mount~ng and gen-

italial linking by males (Otte, 1970). 

. e) Copulation 

, , 

After the male has attached his genitalia to those of the 
-~ 

'j 

fernale,-inseminàtion occurs. This 'is indirected and involves 

~ ~.,," '" ~ ,tJ, ... ' .. 1'. ""4 
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the transfer of a spérmatophore, produced by the,male after 

ID9unting and attachment of genitalia. Its shape is deter~ned 
r 

,by the openin~ of the male' ~ oedeagus- ~nd by the lumen of othe 

female's receptaculurn, into which the ge1-like spermatophore 
, " 

15 pressed. After .copulation the spermatophore breals, and 

the female retains the tube while the male retains·the sac. 

The presence of a s~ermatophore in the ,female makes her un

receptive to further copuLations until the tube is absorbed 

by the receptacu1um (Haskell, 1958). 

f) Aggression and, Repulsion 
, . 

'\ 
...... ,l 

Grasshoppers do not fight. The term traggressfbn" is used , 
to denote any behaviour "which. seems-to have the. function of 

" • '1 

separating individ~als. Thus a display by one individual which 

causes an approaching individual to turn asid~ 'or to stop'ad

vancing is..- an aggressive display. '.'Repulsion" denotes any' type 

of behavi0ur performed by either males or females which causes 

the.respondent to leave. Aggression and repulsion have ~een 

'used ~nterch~ngeably to somè extent, although the former term 

has usually been applied t~ interactions between males in 

wllich no contact was made (Otte, "1.970) • 

~ggressive and repulsive behaviours 

as follows: 

l 
! 

• 
( S 't t l' H .. 

1..10:;:1 '117 n'l!; N'''' • '-" 

have been 

. ' ----

., 

categor ized 
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1. Femur-tipping 

Occurs in male-male encounters (Fig. lOd). Tipping is 
, 

a vis~al dis play which usually leads to th~ separation of 

males before they touch one another (Otte, 1970). 

of shaking,the femora, usually 

repetitively. There are several kinds of shaking: 

ri) ,silent 

(ii) shaking in which' the tibiae strike the substrate 

and (iii)shaking in which the femora strike the fore~wings 

(Figs. 10e, f). It is ·perfor.med by both males and females and 

causes separation of individuals. In a few species, femur

shaking is a courtsnipsigna1 (otte, 1910). 

( 

1 
,3. Femur-jarking 

6 

iThis is a disturbance movement produced only by indiv-
, 1 1 . , 
~duals touched or mounted by other individuals. The i'ntensi:ty 

: ' 
of ttie movernent se~ms tO,depend on the dêgree o~ disturbance. 

AlI gradations occ~r, from a sm~ll up~ard jerk'ot ferno~a 

through . a few degrees, to an extensive upward thrust to about 

the vertical position accompanied by a ~icking~out of the 

tibiae Cotte, 1970). 

''1 
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4. Femur-raising 

Raising the fernora and holdtng them in a nearly ve~tical 

position'-is a disturbance posture or a male rejection posture 
) 1 

assumed by most species (Fig. 109). The degree of raising and 

for~ard tH ting depends on 'the extent: of, the disturbance. The 
, 

posture is assumed by both males and females. If mounting is 

attempted, the intruder is kicked away with quick upward 

thrusts of the tibiae, (Otte,-1970). 

5. Kicking 

. . 

Both sexes of' aIl species.kick out with their hind tibia~ 

when disturbed by other: individua1s (Otte, .1970). 

6. Femur-forwa~d-swinging 

• J 

In sorne specles, individuals swing their fernora from the 
~ 

resting position aIl the way ta the head and back again in a 

" single rapid motion, when touched from the side or the front. 

Usually the 1eg nearest the intruder is the only one that i5 

swung (Otte, 1970). 
1 

, . 

7. Sparring -
When individua1s touch each other with their forequarters 

they often strike out at one another with their fore-legs and 

occasionally with\~heir middle legs lOtte, 1970). ~ \. 

.:, 
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8. Siaeways body jerkinq 

A few species have been observed to rock their bod~es 

fr9m side to side when disturbed, and others do this while 

m~unting females (Otte, 1970). 

9. Regurgitation 

Most.grasshoppers regurgitate a brown fluid when hand1ed. 

This is sometimes done when an individua1 i5 disturbed bodi1y , 
by another individua1 (Otte, 1970). It is main1y a defence 

! • 

mechanism against p~edators. 
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PART VI. OCCURRENCE 'OF SIGNALS IN Chorthippus c. curtipennis, 
9rphulina speciosa AND Ch~oealtis conspersa. 

Interaétions between two grasshoppers were classified 

according to the sex of the participants. Male-male interactions 

were the most frequently observed; male-female inter~ctions were 
, . \ 

less common, land female-female interactions were even more rare. 

Interactions involving'more than two individuals were classified 

into two ~ps: those involving 

ale and i~eractions between two 

two or more males and one fem-

or more fernales and one male. 

Thesé grouping usually invblved a ~ounted pair being confronted, 

by another individual, either ~ale or female. 

Interactions were observed to be initiated by both males, 

and fern'ales in all the species concerned. 

The following action sequences occurred most frequently 

during various conspecific interactions of o. speciosa, C.con-

spersa and C. c. curtipennis. 

a} Male-Female Interactions 

Chorthippus curtipennis curtipennis (n: 132) \ 

Sexual activity varied considerably among individuals. 

Interactions were usually initiated by the males, by stridul

ating and/or jumping or' walking towards a' female. stridulating 

is performed both before and ~fter sighting a female~ 

1 

1 
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The rasping st~idulatory 'sound appears to be a calling 

song that attracts responsive females o~ the same species. The 

males are fàr more active than the females and spend most of 

the daylight hours browsing and randomly .mov~ng abo~ their 

habitat. They also appear to spend a considerable amount of· 
.- .. 

time pursuing and attempt1ng to cop~late with conspecif.ic fem-

ales. 

The females were never observed to stridulate. It is 

however a cornmon behaviour of males. The black colour of t,he 

hind femora-tibiae j'oints are very noticeablè when the le<:ts are 

moving in unison and both this visual signal and the stridul-

ation sounds are .species and sex identification signaIs. 

The females, if sexua~ly receptive, move toward a strid-, 

ulation sound or to the malè's movement if he is visible. 

virtually aIl instances of observed interactions, 

made. This was tollowed by normal male ... 

as weIl as a vibratory stridulation lasting from 

one to seconds, the pulsatidn of wh!ch increased te a 
, 

. climax or enzy after which the male·would pounee' upon and 

mo~nt the.f ale.' Mounts, when successful, 'that is when gen-

it~lial and spermatophore transfer was achieved, lasted 

from 20 s to more than an hour. 

.> 

A frequent occu~rence was for females to rep~lset the males 
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, J 

when th~y attempted to mount. This was achieved by two methods, 

active and passive avoidance. Active avoidance involved the 

female ei ther j\lmping away or kicking the mounting male away. 
/ 

The female was able passively to avoid genitalial linking with . . 
th~ male on tqp of her by elther curving the end Ilof her abdomen 

down or by blocking her postarior cabdomen with her hind legs, 

thus rendering her genitalia unavailable for copulation. The 

repulsed male, or in the lat;ter case, the frustrated, male, us-

usally lost interest, moved away and attempted to mate with 

another fernale. However the male sornetimes persisted courting 

the sarne female, and began the courtship sequence again. On one 

sûch occasion a male was observed lJIaking mounting attempts with 

the same female three times in, succession, being unsuccessful 

in aIl instances. See Table 3, p~.ge 6ypage 67. 

Orphulina speciosa (n: 127) 

The females as well as the males are equally active in 

'browsing and randomly moving about their habitat. The females 

were .obser~ed to initiate almost as many interactions as the 
l 

males. Interactions were generally initiated by a walking app-
\ 

roach. stridhlation by mal~s, for attracting females, was not 

easy ta observe because' the resùlting 'ftick" noise was barery 

audible. Stridulation, however, appeared to be 'used almost 

exclusively as an aggression or repulsion signal. 

1 

Antennal contact was made when two indi viquals were close 

enough to each other. If a female was unrecepti ve she would 
, 

. -', 
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o 
raise her femora in unison,. 90 to her body, and extend her 

tibiae distally and/or move away from the male. I.f the male 

was not repulsed by the fernale after antennal contact, he 

would sornetimes, stridulate. His fernora were raised' and low-

ered in unison, wi th the accompanying "tick Il sound, 3 to 10 

times in one sequence. Atternpted mounts were often sh':lken off 

by the unreceptive female. 
(J 

The most frequent sequence of actions preceding mounting 

and copulation involved relatively few displays of the cÇlurting 

sequence when compared to Chorthippus' c. curtipenriis .. In rnost - {~ 

cases males approached females slowly, and when sufficiently 
~ . . 

close, pounced on them, without any prior sign~lling. If mount-

ing was succes~ copulation lasted from 30 to 90 minutes. 

Males that were repulsed neve~ irnrnediately attempted to 

rernoun t the sarne female.' In the field ,_ males were observed to 

make short, audible flights. However no fernale was se en to be 

~ttracteq. Flight noises seemed to be incidental to flight 

generally, and not cromparable with oedipodine crepitation. 

See Table 3, Page 66-page 67. 

Chloeal tis. conspersa (n-:- 48) 
1 

Intneractions wer:e usually ini tiated by males, by strid-

ulating and/or jumpihg or walkihg toward Çl female. Followi~g " 
, , ' 

an approach, antennae contact was generally. made. If the fem-. ' , 

ales were strongly unreceptive they would repulse the males 
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by kicking at tnem and rnoving. away at this ear ly stage o'f 

the interaction. More often, however, the male, after ant-

ennal contact, would either stridulate or make silent fe~ur 

moveménts. Stridulatory movemen,ts invol ved the hind femora 

\ of a male individual moving simultaneously up and down. During 

the first two to four downstrokes no' sound was produced, sub-

sequently the femora were held çloser to the nOdy, 50 that the 

stridulato~y pegs on the inner surface of the femora came i~ 

contaçt 'with 'the tegmina and sound was generated. It was noted 

Iè • that sorne sound was produced ~uring the upstroke, unlike the 
, ? 

other two species under study. s~~nt femur mov~ments, also 

made by males only, involved the hind femora being raised at 
o 

90 tothe body, with the tibiae held close ta them. The femora 

are then dropped with a !'vibratory-bounce", t'o a low amplitude 
. 

position, .almbst parallel to the body. The amplitude of the · , ,-, 
vibrat6ry-bounce decreases with ~~e and lasts from one to two 

~' seconds. 

) . 
Following stridulation or the silent vibratory-bounce 

movements, t~e ·male.would in most instance~attempt to mount 

the female. If the fernal~ was not receptive she would dislodge 

~he male 'by jumping or k~ck'in~: ttis w6uld, s~metimes' ~e follow-
~ ~ , 

ed by the fernaie making femur-raising motions. This movement 

ùsually e-lici.ted"further stridulation from the rejected male 

and eventual separati~n'of the two individuals. qhly once was ~ 

recourting and subs~quent remounti~g by a ma·le observed. See 
, , 

Table J, Ppge 66-page 67. 
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b) Male-Male Interactions 

ChorthiP~us curtipennis curtipennis (n: 68) 

Males usually approached each ether at random by walking. 

Occasionally one male would be attracted by the st.ridulation 

of another. Antennai contact was made when lndividuals were in 

range of 'each other, after which one or both would stridulate. 

stridulation was occasionally performed before antennal,centact. 

In most cases the males moved awayl from each ether, thus term-

inating the interaction. In rar~ instances, a sexually excited 

male would attempt to ~çunt another male, if that male did not 

stridulate, but the mounter was quickly repulsed by kicking 
-

and/or jumping rnovements of the mounted male. See Table 4, Page 
J 

68. 

.orphulina speciosa:- (n: 62) , 
, 

Males usually approached each- other by walking. This would 

occasionally be followed by oné of them stridulating. Antennal 

contact, though, wa? v~ry frequent after two males converged. 

This generally resulted in one or both of them mov~ng ~way from 

the other., In other instances on~ or both of the males stridulated 

before parting.'Attewpted mounting between two 2. speciosa males, 
\' . 

although uncommon, occurred more frequently than,with Chorthipp~s. 

It is possible that the absence of conspicuous markings'and move-

ments and the low"audibility of striduYation are responsible for 

iq;htificatio~es, ~e~ Table 4, pa~e-68. j 
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ChloeaLtis conspersa (n: 18) 

The initiation of male-male interactions was similar to 

Chorthippus curtipennis curtipennis, wjth the males generally l 

approaching each other' randomly by walk~ng. Occasionally str·i .... 

dulation by one individual would attract another. When male 

individua]s were close enough to each other, antennal contact 
, 

was made. This resulted in either stridulation, followed·by 

separation or immediate separ~tion with no stridulation. See 

Table 4 , Page 68 • 

. , 
.' 

c) Female-Female I~teraction 

( 

Chorthippus curtipennis curtipennis (n: 34) '\ 

Approach ·was made by walking, fo~owe~. by antennal ~ontact, 

wh~eupo~ one or bath of the females 'made repeated femur-forward 

swinging movements, similar to the stridulation action of the 
, , 

.' males, but less precise and with. no sound being produced. The" 

females moved awày' from ea~h other after this femur moyement was 
\ .. ,',f· 

-
-perforrned. See Table 5, Page 6·8. , ~ 

. ' 
Orphulina speciosa (n: 46) 

• ) i 

ApproacH wa~ mqde by walking followed by antennal contact. 

- One or both females would th en perform femur-rais~ng rnovernents 
, ~. , 

wit~ outstretched 'tibiae. It,appears that this motion-was a rep-

ulsi ve or aggFessi ve signal, ,as in aIL instances after thé signal 

was observed one or both females would then move away. ~ee TaQle 

5, Page 68. 
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Ch10ealtis conspersa (~: 7) 

Ihteractions between f~ma1es were, comprised of three 
" /<7 

acts. Aftêr an approach, antenna1 contact was made, fol1owed 
o 

by the séparation of the two individuals. See Table 5, Page 68. 

~. 

d) Male-Copulating Pair Interactions 

The actions observed'when a solitary male approached, or 
- - ~-- -- ~ ...... - - ---

was appr<?ached by,- -a: copulatory pair, -were simfiilr--to - those of 

male-male interactions. 

~e following sequenc~ of displ~ys were performed by the 

three species studied (Chorthippus, n: 14; Orphu1ina, ,n: 22 and 
- . ,,'- ~ 

Ch1oealtis, n: 5)'. After a walking approach antennal çontact 

wa~UallY made, but regardless, the presenGe of an intruding 

male'stimulated stridulation by the copulating male. This app-
, 

eared to be a repulsive or aggressive signal" as either the 

sol~tary male and/or the mounted female moved away fol1owing' 

the s:êridulation. See Table 6, page 69. 

el, Female-Copu1ati.ng Pair Interactiohs 

This intera~tion was observed only in' the' casé of'O. 

speciosa (n: 15), where a walking approach was made either by 
, , 

the solitary female or the e9pulating ~air. Àntennal contact 

was sometimes made but, regard~ess, repylsion or aggression 

movements were performed. Thi~ involved ~i~ulat~on by the 
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mounting male, or the solitary female'making femur-raising 

movements. Either action resulted in the solitary female or 

the mouI.' '~male moving away. See Tab~e 7, Page 69'. 

f} Copulating Pair-Copulating Pair ~nt~ractions 
"j 

" 1 
• l ' 

This behaviour was observed o~lYlin)he case of O. 

speciosa (n: 4), where the'two pairs a~ac~ed each other 
1 

,while walking. Ei·ther -'antennal contact or mergly the close 
\1 l, 

'! 1 

proximity of the other individuals,wo~ld cause the mountèd 

65 

• 1 . 

males to striâulate. The-.R~irs then p rted. See Table 8, Page 
• 

70. 
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<... TABLE 3 " 

COMMON BEHAVIOURAL SEQUENCES OF MALE(M)-~EMALE(F) INTERACTIONS/ .-

.# 
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Ch. c. curtipennis 

Stridul~tion before 
"sighting, by M 

Approach, usually by M 
1 

Stridulation after 
- approach, by M 

Antennal contact 

Stridulation ~~er 
ant:nn~l cont~jt, 'by M 

,Vibrator~i~plation r-r---bY M~-\-,-"o8 
~ M mounts ~ 

~ 
HI 
E-l 
.Ç; 
~ 

~. 
rLI 
E-l 
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~ . , 
Copulation 

CopuLation time: 20-60 
min. 
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Orphulinà speciosa 
0 

Crepitation flights 
sometimes 

Approach 'by M or F 

Antennai' èontact, . 
sometimes 

" 

M mounts F 

Copulation 

'" 

-

Copu1ation time: 30-90 
min: :-; 
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Chloeal~is conspersa 
~ 

-: 

stridulation before, 
si~hting, by M ~_ 

Approach, usually by M 

(' 

Antennal contact 

Stridulation after 
antennal contact, by M 

M mounts F 

Copulation 
, 

Copu1ation-time: 30-60 
min. -
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Ch. c. curtipennis 

, 
Stridulation befo~e 
sighting, by M 

Approach, by-M 

Stridulatiàn after 
approach, by M 

Antennal contact or 
F moyes away, END 

Stridulation after 
antennal contact, by M 
cr F moves away, END 

vibratory stridulation 
by M 

M mounts ,F 

F repulses M {actîve 
or passive), END 

Attempt to recourt and 
remount by M,sometimes 

/ 
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TABLE 3 ~ CTD • 

Orphulina speciosa 

-
Crepit9tion flights 

sometimes 
".r 

Approach, by M or F 

Antennal'contact, or 
F femur-raising or-P 
moves aW<;ly, END 

Stridulation after 
antennal contact, by M 
or F moves away, END 

, 1 

, M mounts F 

F repulses M (active}, 
END "" 

'" 

/} 
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-' 

~ 
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Chloealtis conspersa 

Stridulation berore 
sighting, by M 

o 

Approach, usua.lly by M . 

Antennal contact 

( 

~Stridulation after 
antennal contact, by M 
or F repulses M (active) 
ÉND' " 

<Y 

M mounts F 

F repulses M, ~active 

~~ passive), END 

Attempt to recourt and 
remount by M, rare 
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TABLE 4 

COMMON BEHAVIOURAL SEQUENCES OF MALE(M)-MALE(M) INTERACTIONS 

Ch. c. curtipennis Orphulina speciosa' Chloealtis &conspers~ 

f 
Stridulation before 

j 

sighting, - sometimes 
Approach Approach_ 

\ 
Approach 

Stridulation Stridulatio~,sometimes 
Antennal contact Antennal contact Antennal ,contact 
Stridulation or Stri:dulation or stridulation or 

, Sep~ation, END separation~ E!'!D Separation, END 
,Separation, END Separation",. END sepa~.ation , END 

---- -~-

G 

TABl;.E 5 

, . 
COMMON BEHAVIOURAL SEQUENCJ?S OF FEMALE(F)-FEMALE(F) IN"I:ERACTIONS 

~ o 

-". 
. 

Ch. E..ocurt~pennis Orphulina sp~èiosa 
.< 

. Chloealtis çonspersa 
'-

,- , 
Approach Approach Approach 
,Antennal 'contact Antennal contact' Antennal contact 

-' 
Femur-forward Femur-raising - -
swinging l ' 

v 

, Separation, END separation, END Separâtion, END 
- - --- " , 
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TABLE 6 
• 1 

., 
COMMON BEH~VIOURAL1EQUENCES'OF MALE(M)-COPULATING PAIR INTERACTIONS 

, d 

. ~ 

,(' -

~ . 

..,r-

l, 

. • ..,. 

Ch. c. curtipennis Qrph~lina speciosa Chloealtis consper?a . . 
ç 

"'- ~APproach Approach Approach . . 
, . 

Antennal contact - Antennal contact 
Stridulation by Stridulation by 'striduLation by . . " 

mounted M mounted M mounted M 
... Separation,usually Separation, EbiD Separation,usùally 

solitary.M moves off - . solitary M moves off 
END - END \ 

-- -- - - - -- - _.- -

"\ J 

TABLE 7 

COMMON BEHAVIOURAL SEQUENCES OF fEMALE(F}-COPULATING PAIR INTERACTIbNS 
• 1 

Ch. c. curtiRennis 

No interactions 
observed 

/' 

Orphulina speciosa 

Approach 
Antennal contact, 

sometimes . 
Str"idulavtion by 
mounted M or femur
raising by-Solitary ·F 
Separation, END 

l 
1 

Chloea~tis conspersa 

No interac.tions 
observed 

" 

.. 

0'1 
1.0 
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TABLE 8 

COMMON BEHAVIOURAL SEQUENCES' OF TWO ~OPULATING PAIR INTERACTIONS 

... 
, 0 

" 

Ch. c. curtipennis OrEhulina speciosa Chloealti~sa 
~ 

, 

No interactions Approach No interactions-
-observed Antennal contact observed 

1 Stridualtion by 
1 

mounted M'S 
- ' Separation, END 
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PART VII. A COMPARISON OF CONSPECIFIC INTERACTIONS 

Conspecific interactions of Chofthippus ~. curtipennïs 

and Ch'loealtis conspersa werê generally initia,ted by the males 
- , 

of the two species. This was due largely ta th~ higher level 

of activity of the males, relative to that of the fe~ales. The 

more an individual·moved about its nabitat,' the greater thé 

oppportunity it had of interacting with other inâividuals. 

, . 
If' 

Females of OrphÜlina speciosa, however, were as active 

as. the males of their own species.' Such female activity was 

responsible, for the number of male-female interactions, which 

in the other'species had been initiated predominantly by'the --
b 

mal'es alone, .either by stridulating calis or walking. The stri-

t 

'dulation of Q. speciosa is barely audible, at least to the hum~~ {"\ 

ear~-which might explain why it is not used as a calling device • ., 

-' 
Antennal contact was usually made when individuals were 

-
close eno?gh. This behaviour was common to the three species 

iJ under study. The frequent preening, waving, painting and contaét 

... 

" 1 
,-of the antennae suggests thëit these sensory ~p~ndages 'p,lay a 

majQr role in ~ex identification and cOIlUJl~nication (Pickford· and> 

Gillott, 19J2; Ca11ahan, 1975). Perhaps even individua1 recog

nition and/or state o;,sexual readiness are réalized through 

antennal contact. 

Interactions where antennal contact wa~ lacking frequently"'l 
, . 

' . 
.r, 
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resu1ted in mistaken identity, especially among males, where 

one male would attempt to moun~ another: When antennal contact 

was made, howeyer, this mistaken mounting seldom ocqurred, i11-

ustrating the importance of antennal sensory perception. 

, ' 

To further determine the relevance of the8e appendages~ 

the antenna~ of five males and two females were amputated, and 

the individuals housed in an observation cage. It was noted that 

the aétivity pf all individuals was severely reduced. 1 believe 

that the 108s of sensory inputs was responsib1e' for the decreased 

rnovement and interàctions., 

. 
Ântehnal preening behaviour was observed periodically, 

even though the antennae had been removea. Il is probable that 

when antennal sensory inputs are ei~her unclear or non-existant 
t 

preening behaviour is stimulated, in order to remedy ,the situat-

ion. 
,\ 

. . 
Aggressive signals were observed most jrequently during 

interactions where the participants were of the sarne sex. In'the 

1/ \ three species studied, stridulation ·was used, to sign'al aggress:i:on 

in:' male-male interactions. Stridul,ation indicating aggression by 

the males of Chorthippus s. curtipennis and Chloealtis cansper~a 

was indist~nguishable from the normàl calling stridulation per-' 
, 

formed by t&e. males te attract conspecifi'é females. However the 
\ 

s~ridulation of Orphulina speciosa was observed only in aggressive 

signalling. 
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Aggression by females -was displayed by movements and 

posture. Females of Chorthippus ~. curtipennis usually per-

formed femur-forward-swinging movements when confront~d by 
Q 

another female. These movements were ve,ry siI;nilar ta. the male 

stridulatory action, although no sound was produced ànd the 

,performance was much slower. Females of Orphulina speciosa 

in similar femaie-femaie interactions, signalled their agg-

reSsion by femur-raising movements. This involved both the 

hind femora being raised perpe~dicular to their bodies and 
Il ' 

the tibiae being eJitended. Thi~ posture was maintained for' 

'" one ,to four seconds and sometimes repeated. These movements 
, 

were aiso displayed by unreceptive females. when approached' 

by courting males. No aggressive si9na1s were exhibited b~ 

females of Chloealtis consp~rsa. , 

Performance of the'aforementioned aggressive signa~s 

usuaIIy resultedOin the intended receiver of the signaIs moving 

away. .. -
; . 

'/ 
As stated previously, r~Sion dènotes any behaviour 'î 

per.forrned'by males or females that causes the respondent to 

" leave. This behaviour wa~'commonly seen when a courting male 

at1~Pted t~ mount an unreceptive female. In such' interactions, 

Çifo''i:-thipeus ~. curtipennis." and Chloêaltis conspersa exhibited 
l ' t, \ 

either active or passive repulsi9n behaviour. Active repulsion \ 

W~s ,assoçiated with a'femal~ ridding hersalf of a male by force, 
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'l 1 1 

; / "... ' 1 which u!'lùally invol ved kicking the mount~d/male of'f wi th her 
,. / . ., f . hind legs. P~SSlve repu1sion was ach~eved .by the emale remal.n-

ing motionles~, 
..,. 

except for down-curving her genitalia,'so , 

as to prevent the male' froW coupling with her,. This, r~sulted 

in the frustrated male losing interest and eventually lUoving 

off a1f1d' away from the- female. Femal'es of Orphulina speciosa ' 

did not exhibit t~is passive ~ehaviour, but rather'repulsed 

the mounted male actively by kicking. 

, 
A common behaviour to aIl three species wa .. 

o 

for an in-

dividual to jump sudden1y if mounted by surprise. Thi~ occurred' 
tI 

whether the mounted indiyidual was male or female. The resu~t 

of this
è 

sudden jump was ta dislodge the mounted male, thereby 

terminating the interaction. 
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PART VIII. STRIDULATION AND ACOUSTICS . 

Adult male gomphocerine grâsshoppers produce stridula-

tory sound by rubbing a row of pegs located on the hind 

femora, across pronounced velns of the tegmina. Adult fema1es 

of Chorthippus~. curtipennis and Orphulina speciosa which 
i 

have not been observed to produce sound, also possess pegs, 

though the y are of greatly reduced size. 

The number of stridulatory pegs of males for the three 

. species (n: 20, two legs, 10 specimens of each species) are as 

follows: Chorthippus~. curtipennis, average number 120.1 

(range: 100-132), drphulina speciosa, average number'17.6 

(range: 10-27), and Ch10ealtis conspersa, av~rage number 112.1 

(range: 84-128). 

The stridulatory pegs of Chorthippus and Chloea1tis are 

distributed along a ridge' over a distance of 4 mm (Figs. Il 

and 12). orphulina have fewer pegs, which are situated along 

a fiat surface on the inner sides of the hind femora, over a 

distance of 2 mm (Fig. 13). 

'l'he 'size, héight and spacing of the pegs are, irregular 

in each of the thr~e species. 

f 

Along the row of pegs are groups of three to six pegs 

which have cornmon heights and similar spacings. These group-
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Figure Il. Diagram - Chorthippus ~. curtipennis, male 
(A) St~idulatory pegs 
(B) A view of the.inner surface of the 

right hind femur, showing the proximal 
portion of the row of stridulatory pegs 
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Figure 12. \Diagram - drphUlir~ sEeciosa, male 
(A) Stridulatory pegs ~ 
(B) A view of the inner surface Df the 

right hind femur, showing the row 
of stridulatory pegs 
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Figure 13., Diagram - Chloea!tis conspersa, male -
(A) Stridulatory pegs 

, (B) A view of the {nner surface of the 
right hlnd femur, showing the proximal 
port~on of the row of stridulatory pegs 
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., 
ings are responsible for specifie sounds produced during a 

downstroke of the femora, °during stridulation. 

Recorded sounds were analysed using a storage oscillo-

scope (Gould, Type Os 4000) with a rnernory bank (Madel 4001). 

A 60 hz activ~ filter was also used to reduce background noise. 

To make permanent records, 'the storage display was traced by a 

chart recorder (Perkin-Elrner, Model 56). By reducing the play

back tape speed, it was possible to ohtain individual sound 

impulses produced by single pegs. 

a) thorthippus c. curtipennis 

The stridu1atory sounds of C. ~. curtipennis are reprod

uced through osci1lo9rams in Figures 14 to 18. Figure '14 rep

resents a stridu1atory ~equence. Each c1uster of peaks averaging 

about 20 mm on the graphs, symbolize a single downstroke of the 

hind fernora. 

,0 pre~OUSlY the sound emitted from one downstroke of the 

fernora was referred to as a "Glhrp", but Broughton (1976) pro-

posed that the word "echerne" replace "chi:x;p". The word "chirp" 
,/' '. 

irnplies that ~he sound is unitary and undivide~. Analy~is has 
, 

shawn that a "chirp" is cornpr ised of syllables, which in turn 

are compos'ed of impulses, resu1ting from the impact of one 

stridulatory peg at the tegminal vein. 
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Figure 15 represents one echeme ~rom the' middle of a 

sequence. The echeme consists of a series of syllab1es which 
o 

corrèspond to the peg-frequency of the femora. These are illus-

tra1:ed by the peak-groupings of the oscillograrn, and are 

more visible in Figures 16, 17 and 18, which are enlargernents 

of the echeme of Figure 15. 

Figure 19 ~ an enlargernent of an oscillog.rarn by Elsner 
,':J,; 

(1974) of three echernes produced by diôrthippus biguttu1us 

(Linnaeus). Wh~n compared with Chorthippus ~. curtipennis (Fig. 

15) this European species appears to have a greater sy11abic 

separation, although its stridu1atory movements are faster. 

Oscillograms of the two other European species Chorthippus 

brunnéus (Thunberg) and Chorthippus parallelus (Zetterstedt) by 

Broughton "(1963) show that they aiso have_ a greater syIIabic 

division, even though they stridu1ate at a faster rate. 
J 

The .accelerated stridul·a-a'ory movements combined with an 

increased syllabic separation, indicate that the stridulatory 

"" pegs responsib1e for producing sound are prQbably spaced f~r-

ther apart than those of the North American species Chorthippus 

c. curtipennis . 

• ' A' comparison with Chorthippus montanus {Charpdwas rnost 

desirable because of its close relationship to' Chorthippus c. 
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curtipennis, but unfortunately no stridulatory oscillograms 
7 

for this Europ:art species could be obtained~ 
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Figure 1-4. Oscillogram - Chorthippus c. curtipennis 
A Stridulatory sequence 
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Figure 15. Oscillogram - Chorthippus c. curtipenrlis , o· 
An echeme from the middle of a ' . .... 
stridula tory sequence . 
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Figure 16. 
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Osci11ogram - Chorthippus c. curtipenn~s 
Syllab1es frpm the first part of the 
echeme in Figure 15 
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Figure 17. Osci11ogram - Chorthippus c. curtipennis 
Sy11ab1es from the middl~ part of the 
echeme in rigure 15 
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Fi9ure 18. Oscillogram - Chorthippus c. curtipennis 
Syllab1es from the la st part of the 
echeme in-Figure 15 
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Figure 19. Oscillogram - Chorthippus biguttulus 
Three echemes from a stridulatory 
sequence. 

Fron E1sner (1974) 
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bl Or~hul~na speciosa 

- ' 

The stridulaJion of, 0,. speciosa 15 barely audible. 
/( 

" 
Rather th an the loud pulsating hissing sounds made by Chor-

thippus and Chloealtis during stridulation, Q. speciosa 

produces 'only a "tïck" sound with each downstroke of the 

hind femora. This i5 due to only a few pegs striking the 
-

tegmina. The raised hind fernora are held slightly away from 
, 

the b9dy, and during the downward movement of the fernora arê 

adducted 50 that only a few stridu1atory pegs 'mak'e c'ontact 
1 , 

with the tegrnina and produce the ~'tick" sound. 

Figures 20, 21 and 22 are oscillograms of o. speciosa 

stridulation. 

F~gure 20 represents an echerne from the middle of a 

stridulatory sequence. The peak clusters representing sylla-

bles ~re clearly evident even though background noise was 

present and is responsible for' the undulating base line of 

the trp.ce. 

Figures 21 and 22 illustrate inaividual syllables with-

in an echeme r Each peak. of the tra~e represents the sound 

produced by a single peg striking the tegrnina. figure 22 rep-
-

resents the syllables which are formed by :thr~e stridulatory 

pegs str~g the tegmina. 

~ 
:~ 

t 
j 

, .... " f' 



c 

o 

dt±' 

r 
1 

" 

... 

/ 

J. 

, 

98' 

l, 

p , 



1 
-1 , 

i 
! 

1 ., 

Figure 20. Oscillogram - Orphulina,speciosa 
An echeme from the middle of'a ' 
stridulatory sequence 

l 

Figure 21. Osci11ogram - Orphu1ina,speciosa 
Four syllables from the echeme 
in Figure 20 

,Figure 22: 
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. 
Osci11ogram Orphulina speciosa 
Two syllables from the echeme in 
Figure '20 
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c) Chloealtis conspersa 

Stridulation of C. ~onspersa is slower th an that of 
" 

Chorthippus by approximately a half. The first t~o ta four 

downstrokes of the hind femo~a are silent. The hind legs are 

then brought closer to' the body of the indivQdual, 50 that 

the st~idulatory 

duce so~nd. 

pegs rub against the tegminal veins and pro-

23 shows two complete echemes. Sorne sound is 

produced,~uring the upstroke of the f~mora, A to B, as weIl 

as the downstroke, B ta C. Figure 24 is an enlargement of the 
- ' 

<, 'first part of the echeme. Included is the upstroke sound from 

A ta B and the first four syllables of the downstroke from B 

to C. 

'Nine syllables comprise the downstroke.portion of an 

echemè. Isolation of separate syllables is possible due to 

an increased temporal separation.' This distinctness is' due 

to the: reduced speed of stridulatory movements and the in-

_ creas~d spacing between the stridu,latory pegs" relative"to 

. Chorthippus. ' 

Figures 25 and 26 represent the fourth and,last (ninth) 

sy.llables of an eçbeme from the middle of a stridulatory 

sequence. , 
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Oscillogram - Chloealtis conspersa 
Two echemes from the middle of a 
stridulatory sequence 
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Figure 24. Oscillogram - Chloealtis conspersa 
An enlargement of the first part 
of an echeme 
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Figure 25. Oscillograrn - Chloealtis conspersa, 
The fourth syllable of the first 
eche~e in Figure 23. 

Figure 26. Oscillograrn - Chloealtis conspersa 
The last (ninth) syllable of the 
first echeme in Figure 23. 
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SUMMARY AND CONCL,USIONS 

Although studies of grasshoppers have increased during 

the past few decades, only a limi ted amount of work has been 

dane that relates especially ta c~omparati ve studies concern

ing North American, species of the subfamily Gomphocerinaè, 
) 

such as Chorthippus c. curtipennis, Orphulina speciasa'and 
- 1 

Chlo~altis conseersa. Individuals of the t~ree species of 

gra~shoppers were observed and recôrded fram 1976 ta 1978, 

and a camparison of their communicative behaviours has been 

made. 

Conspecif.ic interactions were usual1y initiated by the 

males of ChtJrthippus E. curtipennis and Chloe1atis conspersa, " 
er 

which were more activa; than the females. Males also stridulated 

to attract. females. Since males and females of Orphulina spec

ios'a are equally active,' females began as many interactions as 

did the males. The males stridulated on1y ta signal aggression, 

nat to attract females( as did the other two species. This is 
\ 

probably\ due ta the low volume af the stridulation, rnaking it 
• 

inaudible at q.istances .greâter than a metre. 

The general behaviour 9f Chorthippus c • curtipennis 
. 

Chloealtis conspersa was similar, although the latter did not 
o 

stridulate é!-s aften nor as fast, as the former. This was because 

Chorthippus ~. curÙpennis is general~y more active and aggress

ive than the other two-species. 

(' 
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Individuals of th~ three species usually initiated 
• 

conspecific interactioris thro~gh antennal contact. Inform-

ation regarding the sex and possibly the st~te of se~ual 

reaqiness of the participants of an interaction appeared 
,- Il 

to be' sensed by this contac"t. It is clear that studies of 

both antennal detection capabilities and cuticular wa~ 

composition of the grasshoppers concerned is neçessary to 

confirtn or' refute this hypothesis-. 
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Aggression by males was signalled.by stridulation and 

q.sually occurred during male-male inte'ractions. This type of 
~ 

sign~lling ~y Chorthippus and Chloeai tis ~as indis~inguishable 

from the,ir normal ca1ling or femaie-atttacting stridulation. 

It is probable"that this ~ggressive stridulation merely asserts 

the fact that an individual is a male • 

Females of Chorthippus and Orphulina displayed aggression, 
~ 

by.nitid 1eg movements and posture. No'aggressive signaIs were --
exhib~ted by females of Chloealtis conspersa. 

l' 

Reco~dings of stridulatiqn by the t~ree species were an

alySed by means'of oscillogram traces. By reducing the playback 
1 

speed'Qf a stridu~atory sequence, indiv.idual echemes, and syll-

ables were isolated and compared. 

. ' 

Syllables of an echeme from çhloealtis conspersa were 
{-

more separated and distinct when compared wi th thoase 0 f ' Chor-
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thippus c. cUftipennis. This was owing to both an increased 

spac~ng of stridulatory pegs and to slower movements of the 

hind'femora during stridulation. 
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Oscillogram analysis of ~tridulation by Chlaealtis con--,- , 

spersa confirmed.observations. that sound was praduced during 

the upstroke of the hind femora, as weIl as on the downstroke. 

This discovery contradicts Otte (1970) who stated that sound 
i" 

appeared to be made exc1usively on the downstroke in ~his 

,.. 
A faint n tick" sound was found to be produceq wi th each 

downstroke when Orphulina speciosa made stridulatory movements. 

This consisted of severa1 syl1ab~es which in turn were cômposèd , 
of groups of three stridulatory pegs striking the tegmina in 

.close succession. l believe this to be due to the abduct-adduct 

-abdu'ct movement of the. hind femora in the course of a downstroke 

during striduiation. 
y 

A compar.ison of stridulation oscillograms of the three 

'\ EU:J:'0pean species of Chorthippis (f!!.. ,biguttulus~' ..ch. brunneus' 

and Ch. paralle1usf7with those of the North American species .. , 
-Chorthippus~. curtipennis show that aIl three European species 

stridulate at a ,faster rate and have greater syliabic ?eparation 

than the North_ American'Chorthippus species. ThIs indicates that 

the s~ulatory pégs of the European species which are respon-

.. 
.-

.' 
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sible for producing sound, are spaced further apart than 

those of Chorthippus 9.- curtipennis. 
1 
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